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ABSTRACT
CLASSROOM IMPLEMENTATION OF THE PRACTICES LEARNED IN THE
MASTER OF CHEMISTRY EDUCATION PROGRAM BY THE SCHOOL DISTRICT

OF PHILADELPHIA’S HIGH SCHOOL CHEMISTRY TEACHERS

Uma Devi Jayaraman
Doctor of Education

Temple University, 2009

Major Advisor: Dr. Joseph Schmuckler

This dissertation reports the results of an exploratory case study utilizing
quantitative and qualitative methodologies intended to ascertain the extent and
differences of implementation of research-based instructional practices, learned in an
intensive 26-month professional development, in their urban classrooms. Both the extent
and differences in the implementation of practices were investigated in relation to the
lesson design and implementation, content, and classroom culture aspects of research-
based practices. Additionally, this research includes the concerns of the teachers
regarding the factors that helped or hindered the implementation of research-based
practices in their classrooms.

Six graduates of the Master of Chemistry Education Program who were teaching a
chemistry course in a high school in the School District of Philadelphia at the time of the
study (2006-8), were the case.

The teachers completed a concerns questionnaire with closed and open-ended

items, and rated their perceptions of the extent of implementation of the practices in their



urban classrooms. Additionally, the teachers were observed and rated by the researcher
using a reform-teaching observation protocol and were interviewed individually. Also,
the teachers submitted their lesson plans for the days they were observed. Data from
these sources were analyzed to arrive at the findings for this study.

The research findings suggest that the group of teachers in the study implemented
the research-based practices in their classrooms to a low extent when compared to the
recommended practices inherent to the MCE Program. The extents of implementation of
the practices differed widely among the teachers, from being absent to being
implemented at a high level, with inconsistent levels of implementation from various data
sources. Further, the teachers expressed the depth of knowledge (gained in the MCE
Program), formal laboratory exercises and reports, administrative support, self-motivated
students, and group/collaborative work as several factors that enabled or would have
enabled the implementation of practices. Among the many factors that hindered the
implementation of the practices in their urban classrooms were, the core curriculum and
pacing schedule, followed by test preparation, administrative paper-work, large class-
size, students not prepared for student-centered work, poor math and reading skills of
students, students’ lack of motivation, unsupportive department head, unresponsive

administration, and lack of resources.
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CHAPTER 1

INTRODUCTION

Statement of the Problem

A challenge has been posed to the science education community to alter the
manner in which science is taught in an effort to improve student learning outcomes
(NRC, 1996). Science education reform efforts have suggested ways for teachers to
move away from the traditional teaching practices to using more student-centered,
teacher-guided strategies geared towards inculcating the depth of understanding of
content through the vehicle of inquiry-based instruction. Despite the fact that reform
efforts have come and gone, the traditional method for the teaching of science and the
related dismal learning outcomes for students continue.

The “traditional” (Von Secker, 2002, p.151) teaching practices prevalent in most
high school chemistry classrooms are driven by lectures and textbooks with exposition
as the primary mode of instruction (Kelly, Suzuki, & Gaillard, 1999; Von Secker, 2002).
Further, science is transmitted as a body of facts, terms, and procedures, i.e., as a
“recitational” (Kennedy, 1998, p. 253) subject matter knowledge, with little connection
among the parts, tasks, and activities, and not as a discipline with conceptual structures
and scientific reasoning (Von Secker, 2002). Students are passive recipients of
knowledge, sometimes working independently on seat work (Porter, Kirst, Osthoff, &
Schneider, 1993; Porter et al., 1994). Labs are either ‘cookbook’ (they don’t allow
students to make choices or judgments) or ‘confirmatory’ (they follow lectures or student

reading), neither being relevant to sense-making (Hilosky, Sutman, & Schmuckler, 1998;



NRC, 2001; Webster & Hooper, 1998). The traditional view of learning consists of
students accepting the facts and theories without much thought, memorizing and reciting
these on demand, defining terms accurately, recognizing the correct answers on multiple
choice tests etc., with little emphasis on developing understanding and relevance of
knowledge and its applications in the real world contexts (Duschl & Gitomer, 1997,
Kennedy, 1998; Lopez, 2000).

Several undesirable consequences of the continued use of these practices have
been reported in the literature:

1) It does not empower students with the conceptual knowledge of chemistry
(Dinan & Frydrychowski, 1995; Phelps, 1996; Stofflett & Stoddart, 1994; Zoller,
Lubezky, Nakhleh, Tessier, Dori, & Yehudit, 1995);

2) It does not promote the critical scientific literacy skills such as knowledge and
understanding of scientific concepts and processes, analysis, problem solving, critical
thinking etc., so essential to maintain the United States’ competitive edge in the world
economy (Carter, 2005; Friedman, 2006);

3) Students’ lack of ownership and inability to see connections between science
and the real world has resulted in a decline in attitude towards science among
high/middle school students of all ability levels, with the urban students and students of
color exhibiting exceptionally negative attitudes towards school science and their futures
in the field (Atwater, Wiggins, & Gardner, 1995; Ayers & Price, 1985; Basu & Barton,
2007; Bohardt, 1975; Cannon & Simpson, 1985; Disigner & Mayer, 1974; Haladyna &

Shaughnessy, 1982; Hill, Atwater, & Wiggins, 1995; Hofstein, Maoz, & Rishpon, 1990;



Ormerod & Duckworth, 1975; Randall, 1975; Simpson & Oliver, 1990; Wright &
Wright, 1998; Zacharia & Barton, 2004); and,

4) Declining average score in science on the NAEP, with only 18% of 12 grade
students performing at or above the proficient level (NCES, 2005, 2007a) and, in 2003,
students in seven countries scoring significantly better than our 8" grade students on the
Trends In Mathematics & Science Study (Martin, Mullis, Gonzalez, & Chrostowski,
2004; NCES, 2007b).

In the past four decades there has been an explosion of research on human
cognition and epistemology in educational philosophy, cognitive psychology, and a
diverse array of sciences (Bransford, Brown, & Cocking, 2000; Laws & Hastings, 2002;
Luehmann, 2007). The cumulative knowledge from these disciplines has fundamentally
altered the conception of best practices in teaching & learning and the processes that
promote learning and understanding (Donovan, Bransford, & Pallegrino, 1999; Yager,
2000). These research-based practices, with the potential to address the problems
mentioned above, are advocated by the current reform movement in science (AAAS,
1993; NRC, 1996).

Research-based reform teaching and learning practices require that the teachers
relinquish control of student learning and allow the students to take responsibility for
their learning, with the guidance of the teacher (Barr & Tagg, 1995; Heller &
Hollabaugh, 1992; Heller, Keith, & Anderson, 1992; MacGregor, 1990). This entails that
the teachers utilize student-centered instructional practices, e.g., probing for students’
preconceptions, actively engaging students in activities and conversations that will

promote construction of deep understanding of content through inquiry-based methods,



providing opportunities for social construction of understanding via seeking answers to
student generated questions, experiencing phenomena, conducting authentic
investigations, reasoning, thinking critically, sharing ideas within small groups and the
whole class, developing explanations, communicating their ideas, using computer
technologies, and connecting science to other disciplines and the real world. (Blumenfeld,
Marx, Patrick, Krajcik, & Soloway, 1997; Brown, Collin, & Duguid, 1989; Champagne
& Bunce, 1991; Driver, Asoko, Leach, Mortimer, & Scott, 1994; Duschl, 1990; ENC,
1996; Gardner, 1991; Hodson, 1992a, b; Lunetta, 1998; McGilly, 1996; Minstrell & Van
Zee, 2000; NRC, 1996; NSTA, 2003; Pintrich, Marx, & Boyle, 1993; Roth, 1995a;
Schneider, Krajcik, & Blumenfeld, 2005; Tobin, 1993; White & Gunstone, 1992).

There is evidence to support that “inquiry environments support student thinking
in ways qualitatively different from traditional science classrooms” (Schneider, Krajcik,
& Blumenfeld, 2005, p. 284) and the understanding of science content and process is
enhanced through engagement in inquiry methods (Brown & Campione, 1994; Cognition
& Technology Group at Vanderbilt, 1992; Metz, 1995; Zhou, 1995). Additionally, studies
have established a link between the use of research-based practices and higher
achievement scores in math and science (Adamson, Banks, Burtch, Cox III, Judson,
Turley, Benford, & Lawson, 2003; Klein, Hamilton, McCaffrey, Stecher, Robin, &
Burroughs, 2000; Roth, Druker, Garnier, Lemmens, Chen, Kawanaka, Rasmussen,
Trubacova, Warvi, Okamoto, Gonzales, Stigler, & Gallimore, 2006; Wenglinsky, 2000,
2002).

It is reported that in spite of the substantial empirical and theoretical evidence that

points to the fact that research-based instruction is a starting point for personal



construction of meaning and can lead to higher achievement of all students (Anderson,
1997; Burkam, Lee, & Smerdom, 1997; Carey, 1985; Ertepinar & Geban, 1996;
Freedman, 1997; Lee, Chen, & Smerdon, 1996; Schroeder, Scott, Tolson, Huang, & Lee,
2007; Stohr-Hunt, 1996; Von Secker & Lissitz, 1999), vast majority of chemistry
teachers continue to practice traditional methods and perpetuate its detrimental
consequences for the students (National Science Board, 2004, National Commission on
Mathematics and Science Teaching for the 21" Century, 2000; NRC, 2000, 2001, 2005;
Weiss, Pasley, Smith, Banilower, & Heck, 2003).

The following reasons have been advanced in the science education literature for
the inability of teachers to practice research-based methods:

1) “Teachers teach as they were taught” (Goodlad, 1990, p. 35; Adamson, Banks,
Burtch, Cox III, Judson, Turley, Benford, & Lawson, 2003; Lortie, 1975; NRC, 1996).
Teachers are products of traditional content courses that promote delivery of content as
bodies of disconnected and disorganized superficial facts with no mechanism to address
their novice conceptions/misconceptions of the subject, little importance given to
acquiring the depth of conceptual understanding, and the absence of any reference to
pedagogical content knowledge required to make the content comprehensible to the
students (Abd-El-Khalick & Akerson, 2004; Abd-El-Khalick & Lederman, 2000; Allen,
2003; Arons, 1990; Banerjee, 1991; Birk & Kurtz, 1999; Carlsen, 1988; Carnegie Forum
on Education & the Economy, 1986; Gess-Newsome & Lederman, 1995; Gorin, 1994;
Hashweh, 1987; Hawkes, 1998; Holmes Group, 1986; Koballa, Graber, Coleman, &

Kemp, 2000; Kokkotas, Vlachos, & Koulaidis, 1998; Lin, Cheng, & Lawrenz, 2000;



McEwan & Bull, 1991; Millar, Osborne, & Nott, 1998; Roehrig & Luft, 2004; Selley,
2001; Wheeler, 2007);

2) Similarly, in their methods courses, the teachers are introduced to general
pedagogical strategies (e.g., classroom management, lesson planning, scientific method,
etc.) in a transmission mode of being passive recipients of information. This passive
mode does not afford the teachers sufficient, if any, opportunities for full exploration and
the necessary inculcation of necessary skills required to employ these strategies. As
Kagan (1992) points out, “University courses fail to provide novices with adequate
procedural knowledge of classroom, adequate knowledge of pupils or extended practica
needed to acquire that knowledge, or a realistic view of teaching in its full
classroom/school context (p.162).” Other researchers have voiced similar opinions of the
inadequacy of traditional teacher preparation programs (Anderson, 1994; Bowman, 1997;
Brown & Melear, 2006; Bullough, 1990; Eisenhart, Behm, & Romagnano, 1991; Feimen-
Nemser, 1990; Fuller & Brown, 1975; Melear, Goodlaxen, Warne, & Hickok, 2000;
Roth, McGinn & Bowen, 1998; Tom, 1985; Zeichner & Liston, 1990). Exposure to,
much less experience with, engaging in inquiry-based methods such as exploration,
analysis, critical thinking, data interpretation, providing explanation, and communication
etc., is rarely the repertoire of the science methods course syllabus (Anderson, 2002;
Davis, 2003; Good, Wandersee, & St. Julian, 1993; Tobin, Tippins, & Gallard, 1994; Van
Driel, Beijaard, & Verloop, 2001; Von Secker, 2002; Weinburgh, 2003; Wells, 1995;
Windschitl, 2002). As Beisenherz & Dantonio (1991) state very succinctly, “teachers

cannot be lectured at, demonstrated to, and asked to regurgitate facts, in course after



course, and semester after semester, and then be expected to teach the processes of
science without having experienced them” (p. 44; Borko & Putnam, 1996);

3) The school’s cultural norms, constraining bureaucratic environment, and public
expectations, generally, favor traditional teaching practices (Anderson, 2002; Cuban,
1993; Becker & Riel, 1999; Sarason, 1991);

4) Lack of access to laboratory facilities, safety equipment, laboratory instruments
and supplies, and the lack of administrators’ understanding and support of inquiry-based
approaches in urban areas are a serious hindrance to the implementation of research-
based methods (Lombardo, 2000);

5) Teachers in urban settings, such as Philadelphia, are additionally challenged by
poverty, low student achievement and preparedness, disconnect between students’
communities and science classrooms, and students’ uncooperative and resistant behaviors
towards classroom participation in activities and discussions (Barton, 2001; Bouillion &
Gomez, 2001; Fusco, 2001; Seiler, Tobin, & Sokolic, 2001). These issues are just
beginning to be addressed through research and are rarely discussed in any teacher
preparation programs; and,

6) Urban areas have a serious problem attracting and retaining teachers, especially
teachers of math and science. In the school district of Philadelphia, 70% of newly
recruited teachers left the system between 1999-2005 (NCTAF, 2007), resulting in a large
number of chemistry teachers teaching out-of field, i.e., without a major or minor in
chemistry (NRC, 2007), and the resulting lowered academic achievement of students

(Fetler, 1999; Ingersoll, 1999).



7) As waves of science education reform have surfaced from time to time, reform
of education itself in America has been on the national scene, especially since the
beginning of the 20™ century (Callahan, 1964). Reform efforts in education have been
strongly influenced by the political and social conditions of the time and have represented
the dominant cultural and moral values (Harvey, 2005). The dominant values, those
worthy of emulation, continue to be the core values of business and industry. Examples
of the core values are efficiency and scientific management (Morgan, 2006), as well as
‘accountability’ which recently has been epitomized by the No Child Left Behind
(NCLB) act of 2001.

Hallmarks of the current reform movement driven by NCLB include: state
standards; district mandated curriculum; high emphasis on rote learning; (especially for
poor children who predominantly reside in urban areas); performance on predominantly
multiple-choice tests as a measure of academic proficiency etc. (Kohn, 2008). With the
focus on technical skills rather than ideas, Gibboney (2008) articulates that the essential
purpose of education is lost. Specifically, Gibboney (2008) maintains that what is lost is
the “cultivation of democratic values and the cultivation of the mind” (p. 29). This is the
case when the curriculum taught in schools reflects what the society values. In support of
this, Kliebard (1995) states “ Whatever else the curriculum may be in terms of what
actually gets taught to children, it is also the arena where ideological armies clash over
the status of deeply held convictions” (p. 250). In other words, the values inherent in the
mandated curriculum may not have much in common with the research-based methods of
science teaching, and may even be diametrically opposed to it, making it very difficult to

implement the research-based methods in classroom instruction.



8) To implement the research-based practices guided by the mandated curriculum
requires that the instructional leaders in the school (the principals) “understand the
dynamic relationship among curriculum, instruction, and assessment’ (Gross, 1998, p.
14). Also, they need to view the guidelines provided by the mandated curriculum as
liberating, rather than restricting and locate the areas where there is freedom to operate.
Gross (1998) states “once you accepted the contours of the bottle, you could concentrate
on the freedom you had in organizing the sand in beautiful layers (p. 51).” When viewed
in this way, the design of an instructional program that operated within the confines of
the mandated curriculum yet implemented the research-based practices is possible
(Gross, 1998). However, it requires creativity, flexibility, and willingness to experiment,
if certain preconditions such as: success according to traditional definitions, safety,
attendance, good communication, and team spirit are met (Gross, 1998). Urban schools
are typically characterized by a high turnover of instructional leaders and other staff and
the attendant instability (Flanary & Laine, 2006; Gates, Ringel, Santibanez, Guarino,
Ghosh-Dastidar, & Brown, 2006; Hill & Banta, 2008; Partlow & Ridenour, 2008; Scott,
2003; Starr, 2007; Useem, Christman, Gold, & Simon, 1997). Therefore, in these schools
the opportunity to build the solid foundation (the preconditions) that is the substratum of
a functional curriculum leadership is scant, resulting in the sand not being poured into the
bottles and acceptance of the rigidity of the surface of the bottles rather than exploration
of the fluidity and possibilities of pouring the sand.

There is sufficient evidence to show that well-prepared teachers with deep
conceptual understanding of their subjects, and applying research-based methods in their

classrooms have a significant impact on student achievement (Carlsen, 1988; Chaney,



1995; Darling-Hammond & McDonald, 2000; Druva & Anderson, 1983; Ferguson,
1991; Ferguson & Ladd, 1996; Hashewh, 1987; Hawk & Swanson, 1985; McDiarmid,
Ball, & Anderson, 1989; Monk, 1994; Nye, Konstantopoulos, & Hedges, 2004; Rivkin,
Hanushek, & Kain, 2005; Sanders & Horn, 1998; Sanders & Rivers, 1996; Steinberg,
Haymore, & Marks, 1985; Wright, Horn, & Sanders, 1997).

To actualize the change to research-based practices, the solution emphasized in
science education literature is that, the teachers themselves need to acquire the depth of
content knowledge via construction of understanding of new experiences/topics based on
their prior knowledge, experience inquiry-based practices, and internalize these before
implementing them in their classrooms (Ball, 1998; Borko et al., 1993; Brown & Borko,
1992; Coble & Koballa, 1996; Cooney, 1994; Manouchehri, 1997; Wright & Wright,
1998).

The vehicle to bring about the change in classroom practices from the traditional
to research-based is effective and sustained professional development of in-service
teachers informed by social constructivism and the assumptions of Andragogy
(Desimone, 2002; Education Trust, 1998; Fullan, 1993; Guskey, 2000; King & Newman,
2000; Knowles, Holton, & Swanson, 2005; Levitt, 2002; Loucks-Horsley, Hewson, Love,
& Stiles, 1998; Lumpe, Haney, & Czneriak, 2000; NCTAF, 1996; Vygotsky, 1978;
Wright & Wright, 1998). During the effective and sustained professional development,
teachers are modeled those practices by their instructors that they are expected to
implement in their classrooms in a supportive environment of exploration, collaboration,
reflection, and communication of ideas with the realization that change occurs in stages,

often idiosyncratically, over time, and requires constant adjustments (Coble & Koballa,
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1996; Kennedy, 1998; Loucks-Horsley, Stiles, & Hewson, 1996; Loucks-Horsley,
Hewson, Love, & Stiles, 1998; National Staff Development Council, 1994; Palincsar &
Brown, 1984; Prawat, 1991, 1993; Shulman, 1986,1987; Siegel, 1978, 1993).

Some studies have found that the teachers are able to implement the research-
based practices in their science classrooms after having participated in effective and
sustained professional development programs, typically, for 80 or more hours (Cohen &
Hill, 2000; Garet, Biman, Porter, Desimone, Herman, & Yoon, 1999; Irving, Dickson, &
Keyser, 1999; Porter, Garet, Desimone, Yoon, & Birman, 2000; Radford, 1998; Supovitz,
Mayer, & Kahle, 2000; Supovitz & Turner, 2000). However, these studies have occurred
in, typically, suburban settings and/or in K-8 classrooms, utilizing teacher self-reported
and/or observation data (Corcoran, McVay, & Riordan, 2003; Harcombe, 2001).

Complementary theories that support research-based practices are social
constructivism and Andragogy (Zappala, 2007). Social constructivism is a theory of how
people learn that takes the position that all cognitive functions originate in, and can be
explained as a product of social/cultural interactions. Vygotsky was the main proponent
of this theory that has the potential to integrate various schools of psychology. The main
ideas of this theory are the concepts of higher mental functions and the zone of proximal
development. Higher mental functions are uniquely human, as opposed to lower mental
functions possessed by all animals. The transformation from lower to higher mental
functions is cognitive development and it is always mediated by more mature members of
the society using culturally sanctioned signs, symbols, and language etc. As the children
actively engage in problem solving in the company of adults or more mature members of

society, they appropriate the methods, processes, representations, and tools (i.e.,
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“cultural artifacts’) used by the more mature members (Kozulin, 1990). As this continues,
the cultural artifacts undergo a series of qualitative, dialectical transformations (Moll,
1990) within the child, ultimately resulting in their internalization and ‘owning’ by the
child. Thus, the characteristics of culture that were initially situated outside in the signs
and symbols and processes (of others) are now encapsulated within the child as a
uniquely transformed entity, brought about by the intersocial interactions and the efforts
of the child (Davydov & Kerr, 1995). Development of scientific concepts in children,
guided by a competent teacher is an important example of the development of higher
order mental functions.

The second concept, Zone of Proximal Development (ZPD), is the “distance
between the actual development level as determined by independent problem solving and
the level of potential development as determined through problem solving under adult
guidance or in collaboration with more capable peers” (Vygotsky, 1978, p. 86). ZPD is
the “construction zone” (Newman, Griffin, & Cole, 1989, p. 1) where individuals
participate in teaching-learning process, “an apprenticeship in thinking” (Rogoff, 1990, p.
8) to co-construct new knowledge, inculcate new skills and to appropriate (i.e.,
personalize) these. Scaffolding is a technique teachers use in guiding the children in the
ZPD through activity, and other means that promote students’ construction of knowledge.

The theory of Andragogy is actually a set of assumptions about the adult learning
process. It is a perspective that makes “an honest attempt to focus on the learner” (Feur &
Gerber, 1988, p. 130). It is a set of six core adult learning principles that can be
considered a set of rubrics to understand adults as learners. These principles are flexible

enough to be adapted to any adult learning context and conform to the goals of the
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particular program (Knowles, Holton, & Swanson, 2005). There are six principles of
Andragogy:

1) The learner’s need to know: This is the primary need that drives the adults to
enroll in programs (such as the MCE) where they can further their learning, and broaden
their horizons. Educators can tap into this preexisting need, and enhance the outcome by
collaborating with the adult learners (Clark, Dobbins, & Ladd, 1993);

2) Self-directed learning: Adults take ownership of their learning. However, due
to differences among them, the adult learners are self-directed in various degrees, so will
need different amounts of help to become independent and self-regulating learners and
problem solvers (Candy, 1991);

3) Prior experience of learners: Adults come to a learning situation with a wealth
of prior experiences that influence their new learning by acting as the foundation or the
scaffold on which new learning is built (Savery & Duffy, 1996);

4) Readiness to learn: “Adults become ready to learn those things they need to
know and be able to do in order to cope effectively with their real-life situations”
(Knowles et al., 2005, p. 67);

5) Orientation to learning: Adults prefer a problem-solving orientation to learning
as opposed to a subject-centered orientation to learning. They prefer to test their learning
against new experiences and learn further as a result of the interaction; and,

6) Motivation to learn: Adults are more likely to be driven by internal rewards
than external. Although external rewards are important, the internal rewards such as
learning something of value and enjoyment of learning are, generally, better motivators

of learning (Wlodowski, 1985).
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Purpose of the Study

Many studies report that, as a result of participation in effective and sustained
professional development programs, teachers are able to implement research-based
practices in their classrooms. The purpose of the study was to ascertain the extent to
which a group of six chemistry teachers in the study were able to implement the research-
based practices, learned in an intensive 26-month professional development, in their
urban classrooms. The extent of implementation was investigated in relation to 3 aspects
of the research-based practices: 1) lesson design and implementation, 2) content, and 3)
classroom culture. Further, this study also ascertained how the implementation of
research-based practices differed among the six teachers. Also, this research determined
the concerns of the teachers regarding the factors that helped or hindered the

implementation of research-based practices in their classrooms.

Research Questions

This study attempts to answer the following research questions:
Question 1

How does graduation from a twenty-six month content intensive professional
development program for high school teachers, whose goal is to improve the teachers’
knowledge of research-based instructional practices (in the domains of lesson design and
implementation, content, and classroom culture), affect the classroom practices of the
group of teachers in an urban environment?

Three contributory questions assisted in answering this research question.
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Contributory Question la

To what extent does the group’s lesson design and implementation reflect the research-

based instructional practices?
Contributory Question 1b

To what extent are the group’s content knowledge and application of supportive

procedures exhibited during their classroom instruction?
Contributory Question 1c

To what extent do the group’s lessons promote a student-centered classroom culture,

consistent with the research-based practices?
Question 2

How are the teachers' classroom practices (in the domains of lesson design and
implementation, content, and classroom culture) different from each other when
implementing the research-based MCE program practices?

Three contributory questions assisted in answering this research question.
Contributory Question 2a

To what extent are the teachers' designed and implemented lesson plans different from
each other when implementing the practices?

Contributory Question 2b
To what extent are the teachers’ content knowledge and application of supportive

procedures exhibited during their classroom instruction different from each other?

15



Contributory Question 2¢
To what extent is the teachers' promotion of a student-centered classroom culture
different from each other, consistent with the research-based practices?
Question 3

What concerns do teachers express as factors that enable the implementation of
the MCE program practices in their classrooms?
Question 4

What concerns do teachers express as the factors that hinder the implementation

of the MCE program practices in their classrooms?
Definitions
Andragogy

The academic discipline that reflects and researches the education and learning of
adults. “It is any intentional and professionally guided activity that aims at a change in

adult persons” (Knowles, et al., 2005, p. 60).
Classroom Culture (Student-centered)

It is a social and intellectual classroom environment that enables the students the
opportunity to develop the skills and dispositions to be lifelong learners (Hurd, 2002;
NRC, 1996). When teachers promote this in their classrooms, they allow students’
thinking to be made transparent and enable them to be responsible for and involved in
their learning. Some of the methods the teachers use are ; allowing the students to engage
in discussions, expressing their ideas/explanations, generating conjectures and alternative

strategies, critiquing each others’ work, providing guidance for students to construct their
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ideas, questioning, engaging in activities, and reflecting (AAAS, 1990; Bransford,

Brown, & Cocking, 2000; NRC, 1996).
Conceptual and Depth of Understanding of Subject Matter

Conceptual and depth of understanding of subject matter refer to an integrated and
functional grasp of scientific ideas generally built around central concepts. Students with
conceptual understanding know more than isolated facts and methods. They understand
why a scientific idea is important and the kinds of contexts in which it is useful. They
have organized their knowledge into a coherent whole, which enables them to learn new
ideas by connecting those ideas to what they already know. Conceptual understanding
also supports retention. Because facts and methods learned with understanding are
connected, they are easier to remember and use, and they can be reconstructed when
forgotten. If students understand a method, they are unlikely to remember it incorrectly.
They monitor what they remember and try to figure out whether it makes sense. They
may attempt to explain the method to themselves and correct it if necessary. Although
teachers often look for evidence of conceptual understanding in students’ ability to
verbalize connections among concepts and representations, conceptual understanding
need not be explicit. Students often understand before they can verbalize that

understanding (Glaser & Bassok, 1989).
General Pedagogical Knowledge (GPK)

This encompasses every category of knowledge that is relevant to teaching in
general, independent of teachers’ subject matter knowledge (Morine-Dershimer & Reeve,

1994).
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(Classroom) Instructional Practices
Traditional Practices

These are didactic, logical-positivist, accept a body of empirically tested
knowledge as truth, and believe that science is taught by transferring knowledge from the

teacher to student.
Research-based Practices

These are based on the recommendations of National Science Education
Standards, Benchmarks for Science Literacy, and Science for All Americans. The
practices include constructivism, cooperative learning groups, students taking an active

role in their learning, and inquiry etc. (Anderson, 2002; Tobin & McRobbie, 1996).
Lesson Design and Implementation

This reflects the structure and nature of a reformed lesson. It includes design,
sequence, and pedagogical setting within which the lesson is presented, e.g., a reformed
lesson acknowledges student preconceptions, envisions them as a community of inquirers
who engage in exploration before attempting explication or definition (Sawada, Piburn,

Judson, Turley et al., 2002).
Master of Chemistry Education (MCE) Program

A 26-month professional development program for inservice high school teachers
of science, where the participants acquire a deep understanding of the content of
chemistry and are modeled the best practices for teaching these concepts. This is
achieved through ten graduate courses. Eight of these courses are content intensive and

two are focused on chemistry education (Blasie & Palladino, 2005). At the successful
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completion of the requirements of the program, the teachers are awarded the Master of

Science in Chemistry Education (M.S. Chem. Ed.) degree.
National Assessment of Education Progress (NAEP)

It is also known as the “Nation’s Report Card”, the only nationally representative
and continuing assessment of what America’s students know and can do in various
subject areas. Since 1969, the assessments have been conducted periodically in

mathematics, reading, science, writing and other subjects (NCES, 2007a).
Pedagogical Content Knowledge (PCK)

This “refers to the transformation of Subject Matter Knowledge, SMK (see
definition below), used by teachers in the communication process with learners” (Gilbert,
Jong, Justi, Treagust, & Van Driel, 2002, p. 371; Kennedy, 1998; Shulman, 1986). PCK
focuses on a particular domain, such as chemistry. PCK becomes even more distinct
when it is topic or concept specific (e.g. stoichiometry or equilibrium etc.) within the
domain. Van Driel, Verloop, & DeVos (1998), as reported in Gilbert, Jong, Justi,
Treagust, & Van Driel, (2002, p. 371), attribute the following elements to PCK;

1) knowledge of student conceptions with respect to a domain or topic,
understanding specific student difficulties in the area,

2) knowledge of representations of subject matter for teaching, and

3) knowledge of instructional strategies incorporating such representations.
Professional Development (Inservice)

“Professional development is the ongoing growth of knowledge, skill, and values

through deliberate learning efforts to enable individuals to more competently perform
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their professional roles, support their organization’s objectives, and contribute to the

evolution of the profession” (McLagan, 1987, p.28).
Reformed Teaching Observation Protocol (RTOP)

It is a classroom observation instrument designed to measure ‘reformed’ science
and math teaching. The two referents for reformed science teaching are Science For All
Americans (AAAS, 1990) and National Science Education Standards (NRC, 1996).
RTOP consists of 25 statements, each with a Likert-type response on a scale of 0-4
(Never occurred to-Very descriptive). The 25 statements are clustered around 3 domains
of: 1) Lesson design and implementation, 2) Content, and 3) Classroom culture. A high
score on the RTOP represents a lesson that is closely aligned to the tenets of ‘reformed’

science teaching (Sawada, Piburn, Judson, Turley et al., 2002).
Reformed Teaching Observation Protocol Teacher Survey (RTOPTS)

This is a survey based on the RTOP. Each of the 25 statements in the survey
closely resembles the 25 statements of the RTOP. However, the RTOPTS statements are
in the first person singular, completed by the teachers, and designed to measure the
teachers’ self-reported assessment of how well their classroom practices are aligned with

‘reform’ practices.
Science Education Reform

It is the vision of science education leading to scientific literacy for all the
students. This vision emphasizes a way of teaching and learning about science that is in
alignment with the methods of scientists, engaging in inquiry to know and understand the

world, changing the content and assessment of science, education of teachers, and the
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relationship between schools and the community (AAAS, 1993; Benfey, 1964; Crilly,

1974, NRC, 1996; Osborne, 1969; Pimentel, 1963; Pode, 1966; & Sherwood, 1978).
Social Constructivism

It is an epistemology that situates all learning in the sociocultural context. The
basic tenet of the theory is that as children actively engage in problem solving under the
guidance of adults, they appropriate the methods, processes, representations, ultimately

transforming and internalizing these, resulting in ‘learning’ (Kozulin, 1990; Moll, 1990).
Stages of Concern Questionnaire (S0CQ)

The purpose of this questionnaire is to determine what teachers, who are using the
MCE program practices in their classrooms, are concerned about at the time they
complete the questionnaire (Hall, George, & Rutherford, 1977, 1979). It consists of 35
statements, each requiring a Likert-type response on a 0-7 scale (No concern-Prominent
concern). The 35 items are evenly clustered around 7 developmental stages of concern.
The researcher has attached 3 open-ended items at the end of the SoCQ to probe the

teachers’ self-ratings and specific concerns.
Subject Matter Knowledge (SMK)

It is the content knowledge of chemistry and its organization in a coherent
structure that promotes depth of understanding and interconnectedness of topics. This

knowledge changes over time (Gess-Newsome, 1999; Hashweh, 1996).
Trends in Mathematics and Science Study (TIMSS)
TIMSS is an international assessment that provides reliable and timely data on the

mathematics and science achievement of U.S. students compared to that of students in
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other countries. TIMSS data has been collected in 1995, 1999, and 2003. The United

States has also collected TIMSS data in Spring 2007 (NCES, 2007b).

Delimitations

The study was limited to the classroom practices of six chemistry teachers, who
have graduated from the MCE program for 1-6 years, and were teaching chemistry in

various high schools of the School District of Philadelphia in the year 2007-2008.

Limitations

The following points defined the limitations of this study.

(1) All the teachers, although graduates of MCE program, had diverse educational
and teaching experiences.

(2) The teaching contexts of the teachers in the study admitted of a wide variation,
from a comprehensive neighborhood school in one of the poorest sections of the city to a
highly acclaimed magnet school.

(3) Corresponding to the diversity in schools, the diversity in students also varied
a great deal. This ranged from students with substantial gaps in prior knowledge to very
well prepared students working at the IB and AP levels.

(4) Although all the students were taught chemistry using the same curriculum,
the core curriculum, or the IB/AP curriculum set by the IB Directorate/College Board,
there was a large variability in the resources that schools could draw upon to aid in
teaching.

(5) The researcher’s field notes and the instrument (Reform-based Teaching

Observation Protocol) were the only two sources of information on class observation.
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(6) Only one type of teacher generated document, the written or typed lesson plan,
was examined.

(7) Student work of any sort was neither collected nor analyzed in any way.

(8) The responses of teachers on the SoOCQ questionnaire and the semi-structured
interview were assumed to be an honest and accurate representation of their perceptions
and feelings.

(9) The artifacts pertaining to the courses in the MCE program were not analyzed.

(10) The exploratory case study design of the study bounded the generalizability

of the research findings to the conditions defined in the study.

Need for the Study

This researcher offers several needs associated with the execution of the study.
The needs fall into the categories of: 1) To Add to Current Research, 2) To Find New
Avenues for Research, and 2) To Promote the Public Agenda. These needs are further

discussed below.
Add to Current Research

a) Most science teachers are not fully implementing research-based teaching
strategies in their classrooms (Haney & Lumpe, 1995; National Commission on
Mathematics & Science Teaching for the 21" Century, 2000; Radford, 1998; Rhoton,
Madrazo, Motz, & Walton, 1999). A great deal of research in ascertaining if the teachers
are implementing the research-based practices in their classrooms employs attitude
surveys or other teacher reported measures, and interviews that do a pre-post comparison
of teachers’ attitudes and beliefs to derive their conclusions (Abd-El Khalick & Akerson,

2004; Posnaski, 2002; Supovitz & Turner, 2000). All of these instruments report only the
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teacher perspective, rather than a combination of different perspectives. In light of the
fact that teachers interpret and remold reform initiatives into prior constructs and views,
making existing practice resistant to change (Yerrick, Parke, & Nugent, 1997), it is
important to incorporate observational data in determining the extent of implementation.
This study has triangulated multiple sources of data, e.g., teacher concerns questionnaire,
teacher interview, examination of teacher lesson plans, and direct observation by the
researcher using a valid and reliable instrument, to draw its conclusions.

b) Most of the extant research utilizes large databases, generally encompassing
school-wide, system-wide, or multiple-systems approach (Dass, 2001; Johnson, 2006;
Radford, 1998; Supovitz & Turner, 2000). The advantage of this broad base is greater
confidence in the generalizability of the outcome. However, the breadth is gained at the
expense of depth, the unique advantage of the case study approach, such as this study.
Research suggests that only as few as 10% of teachers transfer their learning from
professional development experiences to the classroom (Hirsh & Ponder, 1991).
Therefore, an in-depth small-scale case study is better suited to probing the cause (s) of
the lack of transfer. Additionally, case study’s “naturalistic design contributes to the
ecological validity of the data” thus strengthening the study (De Jong, Veal, & van Driel,
2002, p. 372).

c) In the literature, generally, the teachers participate in professional development
that is geared towards changing their classroom practice, as a result of the school or
district’s decision, not by individual choice (Corcoran, McVay, & Riordan, 2003; Dass,
2001; Priestley, Priestley, Sutman, Schmuckler, Hilosky, & White, 1998; Supovitz,

Mayer, & Kahle, 2000). There are two studies where teachers participate in professional
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development based on voluntary individual choice based on their desire to improve their
practice, as is the case in this study (Bretz, 2002; Irving, Dickson, & Keyser, 1999). In
Irving, Dickson, and Keyser’s study secondary science teachers took three courses to
improve their content and pedagogical skills. Pre-post survey, journals, lesson plans, and
other teacher generated documents (no direct observation instruments) were utilized to
arrive at the conclusion that transfer of skills to classroom practice had occurred. Bretz’s
study is the only one currently geared towards the improvement of content knowledge
and inquiry skills of in-service chemistry teachers leading to a Master of Science in
Chemistry Education (M.S. Chem. Ed.) degree, similar to MCE program (however, it is
structured very differently). The evaluation of classroom implementation was conducted
using surveys, focus group, and the analysis of classroom discourse using the RTOP. The
conclusion was that the teachers are more likely to try new methods and assess student
understanding in more substantive ways. The study was silent on many other aspects of
implementation, such as the RTOP domains of lesson design and implementation,
content, and classroom discourse. This study attempts to shed light on these missing areas

of implementation.
Find New Avenues for Research

a) As Barton & Tobin (2001) point out,

Urban centers provide unique settings and challenges for teachers and researchers
alike. Yet, a cursory analysis of the science education literature shows that there
has been a dearth of studies in major refereed science education journals over the
past 10 years that have a primary focus on the needs of urban students and their
teachers. (p. 843)

This study examined how a group of six in-service chemistry teachers in an urban

setting (both in-field and out-of-field at the time they joined the program), working with a
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high percentage of poor and minority students, implemented research-based practices
(acquired in an intensive 26-month program) in their classrooms, how did their practices
differ from each other, and the challenges and supports they faced in this endeavor. This
study fills a void in the current research on urban science education. In addition, this
study serves as a point of departure for the continuation of related studies to achieve a
better understanding of the issues involved in implementing research-based methods in
the urban context.

b) In this study, the implementation of classroom practices of inservice chemistry
teachers (who had participated in an intensive training in using research-based methods)
was examined through the dual lenses of social constructivism (Vygotsky, 1978), and
Andragogy (Knowles et al., 2005). The analysis and conclusions can serve to open yet
unexplored dimensions in the extant literature in both of these areas, as well as those of
professional development, implementation of current reform agenda in science, and

teaching chemistry in an urban setting.
Promote the Public Agenda

a) Promoting scientific literacy for all with excellence and equity is the goal of the
current reform movement in science education (NRC, 1996). Insights from the study can
help to identify the aspects of reform-based practices that are easy to implement and
those that pose challenges with the students. This information can be useful to the
stakeholders and can incite further research.

b) The discussions and conclusions from this study can better inform teacher
preparation programs and inservice programs, whose goals are to produce competent,

qualified science and chemistry teachers.
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CHAPTER 2

REVIEW OF THE LITERATURE AND RELEVANT RESEARCH

Introduction

The literature review for this study commences with an examination and
description of the construct ‘research-based classroom practices’, particularly in relation
to the ‘traditional practices’, and the rationale for espousing said practices. Since
implementation of research-based practices is the overarching theme of the study, these
will provide the focal points of the chapter, permeating each of the subsequent sections.
Further, each of the subsequent sections in this chapter deals with a particular aspect of
the practices that influence its implementation.

The second section describes constructivism, the theoretical substratum that
informs and anchors the classroom practices. Since these practices are learned by adults
and practiced by them in their respective classrooms, the next section discusses the
process of adult learning informed by constructivist methods.

Professional development, the vehicle that exposes the teachers to these practices,
is the topic of the following section. This section concludes with a description of the
MCE program (i.e., the professional development program the teachers in this research
participated in and the implementation of whose practices in their classrooms is the
subject of this research). Since a very important factor in the implementation of the
practices is the role played by teachers’ knowledge base and beliefs, these are also

discussed.
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Very often, the context of practice determines the extent (scope) of its
implementation. Therefore, the impact of an urban setting on the classroom practices, as
expounded in the literature, is described in the next section. Since implementation of
change in practices is tied to the concerns the practitioners have, these concerns are
explored via a questionnaire that is described in the next section. An account of the
available classroom observation instruments to ascertain the extent of implementation of
research-based practices follows. This chapter concludes with a brief summary of each of

the aforementioned topics.

Classroom Practices

For the purpose of this research, classroom practices refer to the methods of
conducting and carrying on instruction in the classroom employed by the Chemistry
teacher participants described within. The concept of ‘research-based’ classroom
practices is best understood in contrast to its antithesis, the prevalent ‘traditional’
practices. Therefore, the traditional practices are described first. Both the practices,
traditional as well as research-based, are described with respect to the following 3
domains: (1) lesson design and implementation; 2) content (propositional and procedural
knowledge); and (3) classroom culture (communicative interactions and student-teacher

relationships) (Sawada, Piburn, Judson, Turley, Falconer, Benford, & Bloom, 2002)
Traditional Classroom Practices

Some salient characteristics of traditional lesson design and implementation,
content, and classroom culture are described below. Although the list offered is not
exhaustive, it serves to provide the reader with a substantial flavor for the strategies used

by the practitioners of this type of craft.
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Lesson Design and Implementation

As described in the literature, a teacher who utilizes traditional teaching strategies
typically makes no attempt to explore and challenge students’ prior knowledge, and the
engagement of students is often absent while planning or implementing the lesson (Carey
& Gelman, 1991; Driver, Squires, Rushworth, & Wood-Robinson, 1994; Vosniadou &
Brewer, 1992). Furthermore, when traditional strategies are employed there is no
exploration of students’ ideas, and laboratory work typically provides verification
exercises rather than exploration (Harcombe, 2001; Tobias, 1990). In this type of
learning environment, students are not encouraged to look for alternative explanations
when seeking the solution to a problem and/or interpreting observations of science
phenomena. Rather than pursuing student-generated ideas (Fosnot, 1996), the goals of

traditional instruction defer to a set of behaviors and skills that are scheduled to be taught.
Content

The teacher is an expert in the field who primarily delivers/transmits knowledge
to the students via lecturing/telling about, very often, the basics (Ball & Cohen, 1995;
Kennedy, 1995; Lampert & Ball, 1995). Using this didactic approach, he/she relies
heavily on the text books that explain the material. In addition, the goals of the lectures
and the textbooks are to expose the students to the “factual findings” (Hurd, 1970, p. 7)
or “rhetoric of conclusions” (Schwab, 1962, p. 24) in science, rather than to develop a
depth of understanding of the true nature of science and the particular content (Moss,
2001). Typically, students memorize a multitude of facts, formulas, and procedures and
reproduce these with fidelity on tests of achievement (Tobin & McRobbie, 1996; Weiss,

1997). Heavy reliance on textbooks provide only one view of complex issues, one set of
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truths (Ben-Peretz, 1990) with no emphasis on critical assessment, active engagement, or
reflection (Russell, 1995). Also, the focus is on coverage of isolated topics and skill
building, and concepts within a topic are presented in isolation and are not interrelated
(Welch, Klopfer, Aikenhead, & Robinson, 1981). Students are not encouraged to apply

the concepts, or to draw connections among concepts/topics (Lord, 2004).
Classroom Culture

The classroom culture is teacher-centered and teacher talk dominates the
classroom, with the students as passive receivers, rather than generators of knowledge
(Flanders, 1973; Goodlad, 1984). Students are required to replicate certain behaviors
determined by the teacher (Ravitz, Becker, & Wong, 2000; Yager, 1991). Most of the
interactions take place between the students and the teacher and very little check for
understanding occurs between and among students (Fraser, 1994). Students work in
relative isolation and are given tasks from worksheets, the chalkboard, and the textbook
that require low-level skills, rather than higher-order reasoning and divergent thinking
(Tobin & Gallagher, 1987; Tobin, Kahle, & Fraser, 1990). Since the minds of students
are considered tabula rasa, their opinions are not valued (Byrnes, 2001).

Efficiency of covering the material is valued (Tobin & McRobbie, 1996), rather
than listening patiently to students’ ideas. Further, the teachers are interested in knowing
if students know the ‘right’ answers, rather than in their conjectures and alternative

solutions (Brooks & Brooks, 1993).
Research-based Classroom Practices

Now, the hallmarks of research-based practices in the same three domains are

presented for reader edification.
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Lesson Design and Implementation

In a classroom where research-based methods are practiced, teachers gauge
students’ prior knowledge on the subject and find ways to build on it. If misconceptions
in the knowledge are detected, these are addressed in a variety of ways, including by
directly challenging them (AAAS, 1990; Blumenfeld, Marx, Patrick, Krajcik, &
Soloway, 1997; Borko, Peressini, Romagnano, Knuth, Yorker, Wooley, Hovermill, &
Masarik, 2000; Bransford, Brown, & Cocking, 2000; Caravita & Hallden, 1994; Jones,
Rua, & Carter, 1998; Novak, 2002; Pearsall, Skipper, & Mintzes, 1997). Overall, the
lessons emphasize student engagement, exploration, and explanations prior to formal
presentation by the teacher (Brooks & Brooks, 1993; NRC, 1996; Trowbridge, Bybee, &
Powell, 2000). Furthermore, the lesson plan is flexible to accommodate inquiry into

student-generated questions (Brooks & Brooks, 1993; NRC, 1996, 2000, 2001).
Content

The teacher who has a deep knowledge of the subject, and the pedagogical skills
and abilities can translate these into effective instruction (Evertson, Hawley, & Zlotnick,
1985; McDiarmid, Ball, & Anderson, 1989). These teachers strive to develop a deep
understanding of the subject among the students, similar to those of experts in the
discipline, by focusing on ‘big ideas’ around which explorations of content-specific
topics are woven (Brooks & Brooks, 1993; Chi, Feltovich, & Glaser,1981; Kozma &
Russell, 1997). In the process of acquiring a depth of understanding and building their
own knowledge structures, the students learn related skills through active engagement.
Some of these skills developed are: (a) gathering information; (b) making predictions; (c)

devising experiments to test their ideas; (d) reflecting; (e) thinking critically; (f)
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challenging each other’s ideas; and (g) using multiple representations to explain their
findings (Alexander & Murphy, 1998; Borko & Putnam, 1995; NRC, 1996; Trowbridge,
Bybee, & Powell, 2000). The instructional practices include emphasis on the tentative
nature of scientific knowledge, and establishing connections to other disciplines and to
the real world (AAAS, 1990; Anderson, Greeno, Reder, & Simon, 1997; Brown, Ash,
Rutherford, Nakagawa, Gordon, & Campion, 1993; Brown, Colloins, and Duguid, 1989;

Gollub, Bertenthal, Labov, & Curtis, 2002; NRC, 1996).
Classroom Culture

The classroom culture is said to be student-centered, when the teachers place less
emphasis on lecture and more emphasis on acting as the “guides on the side” who
provide students opportunities to test the adequacy of their current understandings
(Hoover, 1996, p.1). This is facilitated by allowing the students to interact, collaborate,
and communicate ideas with each other, in small groups and as a whole class, and with
the teacher (Ravitz, Becker, & Wong, 2000). Students are encouraged to actively engage
in ‘substantive conversations’ about the subject matter to build improved or shared
understanding of topics/concepts (Alexopoulou & Driver, 1996; Carpenter and Lehrer,
1999; Frantz, Lawrenz, Kushner, & Millar, 1998; Newmann & Wehlage, 1995; Towns &
Grant, 1997). Teachers encourage student inquiry by asking thoughtful, open-ended, and
divergent questions, wait for answers, and patiently listen to student responses before
responding (Brooks & Brooks, 1993; Trowbridge, Bybee, & Powell, 2000).

The reader is directed to Appendix A for a comprehensive list of research-based

practices.
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Rationale for Espousing the Research-based Practices

The major goal of science education has been to develop, in students, ways of
thinking that mirror how the scientists think about the natural world (NRC, 1996). Some
of the skills that can be taught in science classrooms towards achieving this goal are the
skills of problem solving, critical thinking, reflection, science process, scientific method,
and inquiry (Anderson, 1998). Research on learning focused on these areas has been a
part of the history of science education for over a hundred years (DeBoer, 1991).
However, in the past 4 decades, two bodies of research, one psychologically based,
mainly on the works of Piaget, Ausubel, Vygotsky, and Bruner, and the other, research
on brain function, have substantially increased our understanding of human cognition,
organization of knowledge, metacognition, role of experience in understanding, and
acquisition of expertise etc. (Alexander & Murphy, 1998; DeBoer, 1991; Donovan &
Bransford, 2005; Gollub, Bertenthal, Labov, & Curtis, 2002; Jansen, 1998; Kotulak,
1996; Lasley, 1997). A synthesis of the two strands of research reveals that there is
considerable agreement on some of the key findings (Bransford, Brown, & Cocking,
2000; Lambert & McCombs, 1998; Michael, 2006). These findings include:

(1) Learning involves active construction of meaning of the experiences the
learners have, i.e. knowledge cannot be transmitted but must be constructed by the mental
activity of the learner (Bruer, 1994; Driver, Asoko, Leach; Mortimer, & Scott, 1994;
Driver, & Oldham, 1986; McGilly, 1994; Sachse, 1989; Watson, & Konicek, 1990)

(2) Learning facts and learning problem solving involve two different processes

(Anderson, 1983; Romiszowski, 1999; Ryle, 1949; Segal, Chipman, & Glaser, 1985)
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(3) Some things that are learned are context specific, while others are more
amenable to transfer to other domains (Haskell, 2001; Mestre, 2005; Perkins, & Solomon,
1987, 1989).

(4) People learn more in collaboration with others than individually (Blumenfeld,
Marx, Krajcik, & Soloway, 1996; Bossert, 1998; Gardner, Greeno, Reif, Schoenfield,
DiSessa, & Stage, 1990; Johnson, Johnson, & Stanne, 2006).

(5) Meaningful learning is facilitated by communicating explanations to oneself
or others (Chi, deLeeuw, Chiu, & LaVancher, 1994; Evens, & Michael, 2006; Lemke,
1990; Rivard & Straw, 2000).

For science education to be effective, this body of research should guide
classroom instructional practices (Tobin, Tippins, & Gallard, 1994). The theory that
undergirds these research findings is constructivism. This ‘constructivist’ approach
requires very different classroom practices in science instruction in the secondary school
(Trowbridge, Bybee, & Powell, 2000), necessitating a change from the traditional
practices. Some characteristics of these practices were described in the previous section.

The next sections elaborate on a brief historical overview of constructivism,
including proponents of the theory of constructivism, epistemology, as well as the roles

of both the teachers and the students.
Constructivism
A Brief Historical Overview

As alluded to earlier, “the idea that knowledge is constructed by the knower is as
old as Western philosophy” (von Glasersfeld, 1995a, p. 24). In the recent past, writings of

many thinkers, particularly, Vico in the 17" century (Bettencourt, 1995), and Dewey
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(Fosnot, 1996) in early 20" century reveal a definite constructivist stance. Rousseau’s
ideas on the education of Emile and, Pestalozzi’s “object-teaching” (Null, 2004, p. 184)
methods relate very closely to the advocacy of contemporary constructivist practices in
classroom instruction in the process of teaching and learning.

However, for the greater part of the last century, the dominant epistemology that
eclipsed constructivist ideas, and was the driving force behind the classroom practices in
K-20 education, has been (and still is, to a great extent) behaviorism (Dana, & Davis,
1995; Fosnot, 1996; Herron, 1975; Herron & Nurrenbern, 1999; Mintzes, Wandersee, &
Novak, 2005; Roth, 1995b). Beginning in the 1960s, the works of psychologists such as
Piaget, Ausubel, Bruner, and Vygotsky turned the tide in favor of constructivism as the
most discussed and written about paradigm in science education research (DeBoer, 1991;
Duit, 1995). Very aptly, Fensham (1992) posits that “the most conspicuous psychological
influence on curriculum thinking in science since 1980s has been the constructivist view
of learning” (p. 801). Strong support from research in education, psychology, and brain
function, as well as, the National Standards in mathematics and science (“student
understanding is actively constructed through individual and social processes” (NRC,
1996, p. 28)) have contributed greatly to the sustenance of constructivist epistemology as
the basis for the desirable practices to aim for in K-20 classrooms (Jenkins, 2001;

Jonassen, 2006; Matthews, 1998).
Constructivist Epistemology and Varieties of Constructivism

As von Glasersfeld (1995b) commented, "constructivism does not claim to have

made earth-shaking inventions in the area of education; it merely claims to provide a
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solid conceptual basis for some of the things that, until now, inspired teachers had to do
without theoretical foundation" (p.15).

Constructivism is simultaneously a theory of knowledge and how one comes to
know the world. It is not a theory of teaching. However, the principles of constructivism
can be the basis for classroom teaching practices (Fosnot, 1996; Tobin, 1993).

The essence of constructivist epistemology is expressed in the following
sentences. Knowledge is constructed in the mind of the learner rather than transmitted by
an outside agent (Bodner, 1986; Eisner, 1993). "Meaning is not given to us in our
encounters, but it is given by us, constructed by us, each in our own way, according to
how our understanding is currently organized" (Duckworth, 1987, p. 112).

Constructivism has been described as ‘post-epistemology’ (Noddings, 1990) since
it is not concerned with the traditional view of knowledge as a representation of an
ontological reality, rather it “focuses on the manner in which knowers construct viable
knowledge” (Tobin & Tippins, 1995, p. 4). Coherence of knowledge with extant
understandings and fit with experience makes it viable and leads to its acceptance by the
scientific community, whose goals, in turn, are tied to the societal context (Kuhn, 1970).
As described in the literature, two views of constructivism are embraced by its
practitioners in classrooms. These are, constructivism as a referent (Wheatley, 1991), and
as a teaching methodology (Fosnot, 1992). Since this study is concerned with the
classroom practices of Chemistry teachers, both of these approaches find their places in
it.

There are many varieties of constructivism (Bodner, Klobuchar, & Geelan, 2001;

Geelan, 1997; Good, 1993; Good, Wandersee, & St. Julian, 1993; Phillips, 1995).
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However, there are some common themes that run through this multiplicity of
interpretations. The prominent themes discussed in the literature are: (1) active agency-
human beings are active constructors of knowledge and meaning makers, not passive
receivers of information; (2) order- much of meaning making by humans involves
ordering, organizing, or restructuring of conceptual structures; (3) self- the mental
activities mentioned above are self-referent and recursive, rendering a sense of self-
identity; (4) social-symbolic relatedness — human beings can be understood only in the
context of their social and cultural systems; and (5) lifespan development- all of the
above constitute a developmental flow marked by essential dialectical tensions
(Mahoney, 2004).

With the setting of this present research being the classroom, the variety of
constructivism considered here is educational constructivism. Both the subdivisions of
educational constructivism, personal and social are expounded in this section.

Personal constructivism emphasizes the creation of knowledge, primarily, as an
individual activity, whereas social constructivism lays stress on the importance of the
sociocultural milieu in the development and validation of knowledge (Matthews, 1998).
Piaget and von Glasersfeld are the best known proponents of two closely related types of
personal constructivism (cognitive and radical, respectively), and Vygotsky’s work
informs social (or sociocultural) constructivism.

As with any theory, constructivism’s presence in science education has been
challenged, especially the notion of connecting its epistemology and pedagogy. The

reader is referred to the works of Gross, Levitt, & Lewis (1996), Matthews (2000), and
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Scerri (2003) for accounts of arguments and supporting explanations regarding the
challenge.

In the next three sections the theories of Piaget, von Glasersfeld, and Vygotsky
are considered and elaborated upon with respect to epistemology, role of the teacher, and

the role of the learner.
Piaget and Cognitive Constructivism

Piaget was primarily interested in the development of knowledge in humans. He
wrote and conducted research on the development of understanding (cognition) in
children for over six decades (Kamii & DeVries, 1980). His general theoretical
framework called ‘genetic epistemology’ was influenced by concepts in Biology and
Philosophy (London, 1988). It has been a powerful influence in the recent paradigm shift

towards constructivism in education in the U.S.
Epistemology

Piaget’s theory of cognitive development has two parts, one is stage dependent
and the other stage independent. When Piaget’s theory was introduced in the U.S. in the
60s, the focus was on the stage dependent part, represented by the four stages of
development (sensorimotor, preoperational, concrete operations, and formal operations)
that humans presumably progress through in sequence in advancement of thinking across
a broad set of problems (Mayer, 1983; Rogoff, 1990). Since the 80s and beyond, the
stage independent part has received greater attention. It consists of two complementary
and dynamically interacting processes: adaptation (the response of an individual to make
sense of a constantly changing environment); and organization (the need to achieve

stability and coherence in the knowledge and understanding of the world (the organized
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structure of knowledge and understanding possessed by an individual is called a
schemata). The contrasting goals of the two processes create an intrinsic conflict that
provides a platform for lifelong learning (Rieber, 1995). This conflict is resolved through
the process of equilibration using the mechanisms of assimilation and accommodation.
Upon exposure to new information, an individual attempts to assimilate (incorporate) it
by subsuming it under existing schemata, thus expanding the schemata (Singer &
Revensen, 1978; Tsou, 2006). When the new information does not fit into the existing
schemata, accommodation, or a reorganization of existing structure/s takes place. This is
the source of learning (Santrock, 1998).

As posited by Forman & Pufall (1988), “central to constructivism is that to know
is to continually reconstruct, to move from a more to a less intuitive state” (p. 240). As
Piaget (1971) expresses it “the essential functions of the mind consist in understanding
and in inventing, in other words, in building up structures by structuring reality” (p.27).
Children at all ages possess schemata. However, only older children, adolescents, and
adults possess ‘concepts’ that are formed as a result of abstraction across different objects
and situations (Byrnes, 2001). To summarize, according to Piaget, there are three
essential properties of constructivism: (1) epistemic conflict; (2) self-reflection; and (3)
self-regulation (Forman & Pufall, 1988). Epistemic conflict is a problem encountered by
an individual that is not a part of his/her repertoire that the individual seeks to resolve.
Resolution is achieved by individual construction through the process of self-reflection,
an attempt to represent reality objectively and explicitly. Self-regulation is the outcome,
the spontaneous restructuring of knowledge and thought. In addition, Piaget related the

importance of social interaction ( DeVries, 1997) and the role of language (Becker &

39



Varelas, 2001) for intellectual development of children. However, Piaget’s primary
efforts were devoted to examining how the individual makes sense of an unexamined
generic world. The sociocultural context was an add-on and did not receive as much
attention as the individual in the bulk of his work. It was viewed as another source

providing the cognitive conflict, leading to efforts at establishing equilibrium.
Role of the Teacher

For Piaget (1973), “knowledge is mental activity which actively organizes and
acts on reality and thereby also fits itself to it” (p. 52). Therefore, in keeping with this
tenet, the teacher’s role is to

organize situations that create useful problems for students and discussion which

creates the need for reflection and reconsideration....What is desired is that the

teacher cease being a lecturer, satisfied with transmitting readymade solutions;
his/her role should be that of a mentor stimulating initiative and research.. This
obviously leads to placing all educational stress on the spontaneous aspects of

students’ activity. (Piaget & Inhelder, 1973, p. 11, 16)

The most important role of the teacher in a constructivist class room is that of a
facilitator of student learning with understanding, a provider of the “fertile soil”
(Brainerd, 1978, p.286) for students’ cognitive growth. A constructivist classroom is a
student centered environment, not teacher centered (Jakubowski, 1995). To fulfill this
role, the teacher organizes the classroom learning environment such that it promotes the
following cognitive practices: (1) Perturbing the environment of the students in such a
way that their extant knowledge is constrained; (2) focusing on how students organize
methods/ideas not on answers; (3) asking students to generate and organize models and
observations; (4) probing for student’s preconceptions and adopting instructional

strategies that make children aware of conflicts and inconsistencies in their thinking

(Kyle, Lee, & Shymansky, 1989); (5) letting students produce and ‘own’ the results of
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their activities (feedback via presentation to peers provides opportunities for correction);
(6) posing problems and following student explanations leading to activity and
investigation; (7) appealing to children’s interests and engaging their purposes (DeVries,
1997; DeVries & Zan, 1994); (8) allowing students time for reflection and construction of
their model and procedures; (9) letting understanding precede vocabulary building; (10)
emphasizing understanding over recall and active organizing of information and
experiences over storage (Saettler, 1990); (11) developing imagery by having students
transform objects in thought and drawings; (12) inference making; (13) negotiation of
meaning (Dana & Davis, 1995; Oregon Department of Education, 1989; Wheatley,
1995); and (14) modeling the class activities after the practices of scientists, e.g., devising
investigative methods, consulting colleagues on details etc. (Linn & Burbules, 1995), and
using the learning cycle (Abraham, 1997; Lawson, 1995; Renner & Marek, 1990).

In the role of a constructivist, the teacher exercises great flexibility in the
pedagogical methods employed to achieve meaningful learning. The repertoire of
methods include: lecture; whole class interactions; use of cooperative learning group;

working in pairs; and individually (Driscoll, 1994; Linn & Burbules, 1995).
Role of the Student

In keeping with the student centered nature of constructivist practices, the most
important role of the student is to accept responsibility for his/her learning. A student
does so by the following: actively participating in the activities arranged by the teacher,
reflecting on and testing his/her ideas individually, with the teacher and peers, asking
questions and providing explanations, discussing the differences in understanding and

disagreements and resolving these through shared understanding, articulating and
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monitoring their learning, and being metacognitive (Donovan & Bransford, 2005;

Jakubowski, 1995).
von Glasersfeld and Radical Constructivism

von Glasersfeld’s philosophy was influenced by the works of Berkeley, Vico,
Vaihinger, Kant and, above all, Piaget. Like Piaget, he was interested in how we come to
know what is called ‘knowledge’. His “theory of knowing” (von Glasersfeld, 1995a, p.
24) is called radical constructivism because it breaks from convention by conceptualizing
knowledge as an organization of the world comprised of our experiences, rather than a

representation of the objective ‘truth’ (von Glasersfeld, 1984).
Epistemology

In the radical constructivist epistemology also, as in Piaget’s, knowledge is
always built up by human beings to make sense of their experiences. Even the transmitted
knowledge is transformed by the receiver using the elements of his/her experience
(Bettencourt, 1995; Fleck, 1986; Inhelder, 1977; von Glasersfeld, 1983). In fact, the
fundamental ideas of how we come to know something, according to Radical
constructivism, are drawn from Piaget’s concepts of accommodation, organization, and
equilibration. The added contribution of radical constructivism is its forceful explication
of the unrelatedness of the constructed knowledge with the ‘truth’ or ‘reality’, which does
exist, but is not knowable through the senses and space-time bound experiences at our
disposal (von Glasersfeld, 1992). When one encounters a new experience, existing
knowledge structures have to pass through four selecting devices: characteristics of our
previous experiences; reference to other human beings; the range of our experiences; and

the network of our cognitive structures (Bettencourt, 1995). The result of this filtration is
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either the rejection of the solution (knowledge/knowledge structure) that does not fit the
experience, or its intact/modified acceptance. There may be several solutions that fit the
experience (or, are viable), with neither matching the underlying reality, just as several
keys can fit and open a lock, with none matching the lock (Bodner, 1986; Pring, 2000;
von Glasersfeld, 1984). Therefore, to know something in the radical constructivist
epistemology is to look for keys that fit (viable knowledge constructions), the totality of

our experiences in the context, rather than to look for one perfect match.
Role of the Teacher

In radical constructivist conception of learning teachers play, with patience and
imagination, the role of a "midwife in the birth of understanding" (von Glasersfeld,
1995c¢, p. 383) as opposed to being "mechanics of knowledge transfer" (von Glasersfeld,
1995c, p. 383). Their role is not to dispense knowledge but to provide students with
opportunities and incentives to build it up (von Glasersfeld, 1996). The teachers are
variously described as guides, co-ordinators, facilitators, resource advisors, tutors or
coaches (Gergen, 1995; Mayer, 1996).

Understanding the role of the teacher in the constructivist classroom provides a
useful vantage point from which to grasp how the theory impacts on practice. Some
examples of actions associated with the role of the teacher are: creating opportunities to
trigger students’ thinking, connecting situations of interest to the students with the
concepts to be learned, acknowledging student efforts (even if ‘wrong’), then arranging
learning situations to steer their thinking in the ‘right’ direction, probing students’ extant

ideas and theories on topics, provoking and providing time for reflection, encouraging
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articulation of student ideas through conversation or explanation to the class, peers, and

teacher (Bettencourt, 1995; von Glasersfeld, 1995a).
Role of the Student

Just as the role of the teacher in radical constructivist stance is similar to that in
Piaget’s theory of cognitive constructivism, so is the students’ role. Here also, the

students are regarded as responsible ‘sense makers’ (Gergen, 1995; Mayer, 1996).
Vygotsky and Social Constructivism

Vygotsky was a teacher turned psychologist who lived during the infancy of the
Russian revolution. Therefore, many of his ideas were shaped by Marxism (Moll, 1990).
Commenting on Vygotsky’s work, Bruner (1987) said that his “educational theory is a
theory of cultural transmission as well as a theory of development” (p. 1-2). His approach
to the study of dialectic phenomenon was holistic, rather than reductionist. The analogy
he advanced in support of this approach was that the properties of water cannot be known
by studying the properties of its constituents, hydrogen and oxygen (Vygotsky, 1987). In
keeping with this view, Vygotsky regarded education as a quintessentially sociocultural

activity as well as central to cognitive development.
Epistemology

The cornerstones of Vygotsky’s epistemology are the development of higher
(uniquely human) mental processes and the zone of proximal development. Both of these
ideas are expounded upon in this section.

First and foremost, the definitions of terms like individual, context, environment

etc., take on a very broad, inclusive, and interconnected meaning in his theory. His unit of
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analysis is not the individual, but the “(processes of) sociocultural activity, involving the
active participation of people in socially constituted practices” (Rogoff, 1990, p.14).
Therefore, an understanding of the social context of the child is essential to understanding
his/her cognitive development. For Vygotsky, the social context is “not so much a set of
stimuli that impinge upon a person as it is a web of relations interwoven to form the
fabric of meaning” (Rogoff, 1990, p. 27). In other words, the cognitive development of
the child is inseparable from the sociocultural context he/she is a part of. It is the social
context that plays a vital role in the construction of meanings and the development of

understandings.
Appropriation and Internalization of Higher Mental Functions

Culture, the unique medium of human existence that sets us apart from other
organisms, plays a central role in cognitive development in Vygotsky’s theory
(Vygotsky, 1978). As Cole (1990) posits, “(higher) human psychological functions differ
from the psychological processes of other animals because they are culturally mediated™
(Cole, 1990, p. 91). The psychological processes of other animals, also called the lower
order mental processes include basic biologically determined processes such as
“perceptual, attentional, and memory capacities (e.g. capacity to perceive contrast and
movement, the capacity for eidetic memory, and arousal/habituation responses to
environmental stimuli” (Diaz, Neal, & Amaya-Williams, 1990, p. 127)). Through
enculturation and stage wise development, these lower mental processes (or functions)
are transformed into higher psychological functions (e.g. voluntary attention, logical
memory, and thinking), the unique possessions of humans. This transformation

constitutes human cognition and is mediated by more mature members of society via
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culturally sanctioned signs, symbols, and tools. In this theory, cognition and thinking are
not passive, rather these are active, functional, and goal directed manifestations of
problem solving. As the children actively engage in problem solving in the company of
adults and other members of society, they appropriate the methods, processes,
representations, and tools (i.e., ‘cultural artifacts’) used by the more mature members
(Kozulin, 1990). As this continues, the cultural artifacts undergo a series of qualitative,
dialectical transformations (Moll, 1990) within the child, ultimately resulting in their
internalization and ‘owning’ by the child. Thus, the characteristics of culture that were
initially situated outside in the signs and symbols and processes (of others) are now
encapsulated within the child as a uniquely transformed entity, brought about by the
intersocial interactions and the efforts of the child (Davydov & Kerr, 1995). The most
important point here is that the origin of all higher psychological processes (or functions)
“cannot be found in the mind or brain of an individual person but rather should be sought
in the social ‘extracerebral’ sign systems a culture provides” (Vygotsky & Luria, 1994, p.
103). Unlike lower functions, higher psychological functions are; self-regulated rather
than stimulus controlled, originate in social or cultural activity rather than biological, the
object of conscious awareness rather than automatic, and mediated through culturally
accepted signs and tools (Vygotsky, 1994; Wertsch, 1985). Since the origin of higher
mental processes is social and cultural, they necessarily appear in an external form first,
i.e., the child practices the activities in social settings, attains mastery and then
internalizes them (Bakhurst & Sypnowich, 1995; Wertsch, 1985, 1990). The

transformations of interpersonal processes and the emergence of intracultural thought
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processes is called the “general genetic law of cultural development” (Vygotsky, 1981a,
p. 163). Vygotsky (1981a) states that
Any function in the child's cultural development appears twice, or on two planes.
First, it appears on the social plane, and then later, on the psychological plane.
First, it appears between people as an interpsychological category, and then
within the child as an intrapsychological category. This is equally true with regard
to voluntary attention, logical memory, the formation of concepts, and the
development of volition.... It goes without saying that internalization transforms
the process itself and changes its structure and function. (p 163)
In other words, the students’ construction of meanings begins with classroom
interactions with the teacher and peers. The ongoing construction of meaning constitutes
the transformation of the cultural processes and artifacts through mediation guided by

more mature members (e.g., teachers) through active engagement in problem-solving

activities with peers and reflection of related experiences.
Concept Development

Development of scientific concepts in children is an important example of the
development of higher order mental functions. Children, often, possess lower-level
pseudo concepts (or spontaneous concepts) arising from their everyday experiences.
These concepts are personalized, perceptual, functional, contextual, idiosyncratic, and
show familiarity with the labels without an understanding of the defining criteria. On the
other hand, scientific (or true) concepts are characterized by their systematicity,
generality, abstract nature, and context independency. According to the sociocultural
theory, the transformation of everyday concepts into scientific concepts takes place in
social interactions with competent teachers (and more competent peers) in a school
setting, mediated by signs, symbols, and tools such as language, symbolic

representations, instruments, and equipments etc. Everyday concepts are the foundations
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upon which teachers help the students build scientific concepts, i.e. the spontaneous
concepts ‘grow up’ to meet the scientific concepts. Similarly, with consistent instruction,
the scientific concepts ‘grow down’ to meet the spontaneous concepts, allowing these to
be more accurate, general, and abstract (Vygotsky, 1987). This aspect of Vygotsky’s
theory is especially important in a secondary science classroom, such as in this study,
since many students come to science classes with misconceptions about natural
phenomena based on their everyday experiences (Bransford, Brown, & Cocking, 2000).
They often hold on to these misconceptions tenaciously. Therefore, one of the important
goals of a science teacher is to address these misconceptions and to promote the
understandings held by the scientists (Driver, Asoko, Leach, Mortimer, & Scott, 1994;

Driver & Bell, 1986).
Zone of Proximal Development (ZPD)

Children acquire the higher mental processes (or intellectual skills), mentioned
above, in a progressive manner. In between the two extremes of novice and expert levels,
children can perform well with assistance from adults or more capable peers. The range
of skills that can be developed with adult guidance or peer collaboration exceeds what the
child can attain on his/her own (Cole, 1985; Kearsley 1994; Moll, 1990; Rogoff, 1998;
Rogoff & Wertsch, 1984). The guided/collaborative participation with adults or peers is
ultimately responsible for transitioning from naive concepts to scientific concepts, the
internalization of culturally mediated signs of language and thought, as well as
emergence of meaning (Rogoff, 1990).

This potential for advancing children’s cognitive development, given appropriate

assistance, is expressed by the concept of the ‘zone of proximal development’ (ZPD). It is
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the “distance between the actual development level as determined by independent
problem solving and the level of potential development as determined through problem
solving under adult guidance or in collaboration with more capable peers” (Vygotsky,
1978, p. 86). ZPD is the “construction zone” (Newman, Griffin, and Cole, 1989, p. 1)
where individuals participate in teaching-learning process, “an apprenticeship in
thinking” (Rogoff, 1990, p. 8) to co-construct new knowledge, inculcate new skills and to
appropriate (i.e., personalize) these. ZPD consists of four learning stages (Kearsley,
1994), ranging between the "lower limit of what the student knows and the upper limit of
what the student has the potential of accomplishing" (Gillani & Relan 1997, p. 231).
These stages are: assistance provided by more capable others (teachers, coaches, peers,
and experts); assistance provided by self; internalization; and going through the above
stages recursively (Tharp & Gallimore 1988).

Therefore, the ZPD is an important analytic tool for instruction and when

deployed takes place in the context of formal schooling (Hedegaard, 1990).
Role of the Teacher

In this sociocultural theory, the teaching and learning situations in classrooms are
described as working in the ZPD. Working in ZPD is operationalized through a teaching
technique called scaffolding. Scaffolding is a conceptual metaphor for the quality of
teacher intervention in student learning (Hammond, 2002; Mercer, 1995). It describes the
way that “teachers or peers supply students with the tools they need in order to learn”
(Jacobs, 2001, p. 125). Since the idea is to use any means to mediate student learning, it
admits of a range of roles played by the teacher in order to facilitate student learning (i.e.,

appropriation of higher mental functions). At one end is the behavioristic approach as
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teacher driven imposition of structure on the passive learner (Stone, 1998). On the other
end it is characterized by the co-construction of knowledge in a dialogic discourse,
mediated through activity and cultural artifacts (defined earlier) that promote learning
(Wells, 1999). This is the constructivist stance consonant with research-based practices,
and it will be pursued in this study. The distinguishing feature of this interpretation of
scaffolding is the role of dialogue between teacher and student. As Moll (1990) states

Within the ZPD the child is not a passive recipient of the adult’s teachings, nor is

the adult simply a model of expert successful behavior. Instead, the adult —child

dyad engages in joint problem solving activity, where both share knowledge and
responsibility for the task. Rather than simply modeling, the adult teacher must
create first a level of “intersubjectivity”, where the child redefines the problem
situation in terms of the adult perspective. Once the child shares the adult’s goals
and definition of the problem situation, the adult must gradually and increasingly

transfer task responsibility to the child. (p. 219)

Therefore, the role of the teacher is to facilitate the intent of the above statements
in their classroom instruction, so that the student progressively moves toward being an
independent and self-regulating learner and problem solver. In his/her role as the
planner/organizer of the lesson, the teacher should arrange the tasks to progressively
spiral up with regard to the level of challenge and spiral down with regard to the level of
teacher support (Hartman, 2002; Henry, 2002). Also, the extent of teacher intervention
slowly decreases, fading away ultimately. This implies dynamic and multiple roles of the
teacher. The teacher must find the optimal balance between supporting the students and
pushing them to act independently towards the desired goal, always challenging them to
reach beyond their current ability level without frustrating them (Roth, 1995b). Some
strategies that help accomplish this are: using demonstrations; dividing the task into

simpler steps; providing clear guidelines; keeping students’ attention focused;

questioning; breaking content into smaller chunks; giving hints; providing
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comprehension tasks that start at the accessible level and progress to difficult; motivating
or enlisting the child’s interest related to the task; and cooperative learning (Berk, 2002;
Eggen & Kauchak, 1999; Krause et al., 2003; Lewin, 2001; McDevitt & Ormorod, 2002).
Appearing in the literature are three metaphors applied in this context that
describe the relationship between the teacher and the students: “participatory
appropriation”; “guided participation”; and “cognitive apprenticeship” (Rogoff, 1995, p.
141). To actualize these, the teacher practices the following techniques and assumes the
concomitant roles; modeling of desired behaviors, offering explanations, inviting student
participation, verifying and clarifying student understandings, and inviting students to
contribute clues, thus progressing from teacher-centeredness to student centeredness.
These techniques can be used individually or in combination, depending on the material
taught (Lange, 2002). An important role of the teacher that undergirds all the above
strategies is that of a perpetual learner, with the understanding that teaching & learning is

a bidirectional exchange, not a unidirectional flow from the teacher to the student

(Crawford, 1996; Driscoll, 1994; Vygotsky, 1978; Wertsch & Sohmer, 1995).
Role of the Student

Vygotsky’s most important contribution was to acknowledge children as active
agents in the educational process (Blanck, 1990). They are elaborators of the content
presented to them (Vygotsky, 1978). In keeping with the statement, “in the ZPD adult-
child dyad engages in joint problem solving activity, where both share knowledge and
responsibility for the task” (Diaz, Neal, Amaya-Williams, 1990, p. 140), students
participate collaboratively with the teacher and peers (Finkel & Monk, 1983; Whipple,

1987). Students need to be reflective, engage in dialog and discourse with the teacher
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(Mercer, 2000), and make their thinking explicit through “active redefinition of the
problem situation in terms of the adult’s goals and perspective” (Diaz et al., 1990, p.140).
As the teachers provide them with increasing responsibility for problem-solving tasks,
students should be willing to take these responsibilities (Rogoft & Gardner, 1984;
Wertsch, McNamee, McLane, & Budwig, 1980), till they become independent problem-
solvers and acquire the ability to control and regulate their own behavior (Vygotsky,

1981Db).
Some Salient Points of Sociocultural Theory

Vygotsky considered “school the best lab for human psychology and formal
education an essential tool of enculturation” (Blanck, 1990, p. 49). During the active
engagement of teachers and students, students are provided the psychological tools that
will enable them to reorganize their mental functions (Blanck, 1990).

The learning processes resulting from teaching lead to cognitive development.
This results in the creation of the zone of proximal development. The typical way it
works is; student is presented with a difficult problem solving activity and solves it with
the assistance of the teacher. He/she is offered another challenging activity that he/she
solves with some assistance from the teacher, or by him/herself and the process continues
till the student can engage in problem-solving activity independently (Gallimore &
Tharpe, 1990; Hedegaard, 1990; Rogoff & Wertsch, 1984; Tudge, 1990).

Sociocultural theory’s framework has the potential to integrate various schools of
psychology, varying from many postulates of classical and operant conditioning to
Piagetian ideas of ontogenesis (Blanck, 1990). In Piaget’s (also von Glasersfeld’s) theory,

instruction and teachers provide the fertile soil for cognitive development. The
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implication being that, although the presence of teachers and instruction is highly
desirable, development will follow its natural course even in their absence. For Vygotsky,
instruction and teachers (and more capable members of society) are the soil,
quintessential for cognitive development, the development of higher order processes, of
which scientific concept development (the essence of science education) is an example.
As Rogoff, Matusov, & White (1996) posit

Learning is a process of transformation of participation in which both adults and

children contribute support and direction in shared endeavors.... The sociocultural

context in which learning occurs, and the way in which something is learned, are
necessarily a part of the learning. (p. 389)

Rationale for the Choice of Sociocultural Theory

As reported in the literature, there are central ideas of research-based reform in
science education that are identified: the primacy of learning and learners; the active
nature of science learning with teachers and students as members of a learning
community; use of inquiry in which students interact with teachers and peers; teachers
guiding and facilitating learning through orchestrating discourse among students about
scientific ideas; challenging students to accept and share responsibility for their own
learning; and the need for school science to reflect the “intellectual and cultural traditions
that characterize the practice of contemporary science” (NRC, 1996, p. 21; AAAS, 1990).
As is evident from the above summary, as well as the rest of the section, of the three
constructivist theories presented above (Piaget’s, von Glasersfeld’s, and Vygotsky’s), the
one that encompasses all of these principles is Vygotsky’s sociocultural theory.

Therefore, it provides the theoretical support for this present research.
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Adult Learning
A Brief Historical Overview

Great teachers in many cultures, such as Lao Tse, the Hebrew prophets, Socrates,
Plato, and Cicero etc., were teachers of adults who realized the need to engage their
students in inquiry through methods such as the case method and Socratic dialog. It is
curious that although historically adult learning has been an area of concern, little
research has occurred in the field till the end of World War I, the time when the unique
characteristics of adult learning began to receive attention (Knowles, Holton, & Swanson,
2005). With the founding of American Association for Adult Education in 1926 and the
pioneering work of Thorndike, Sorenson, and Lindeman, most of the components needed
to constitute a theory of adult learning were in place by 1940. These components were
discussed and elaborated upon in the subsequent decades (Gessner, 1956; Knowles et al.,
2005). Lindeman (1926), strongly influenced by Dewey’s educational philosophy,
distinguished adult education from the ‘conventional’ education by emphasizing the
centrality of the learner and his/her experiences. Also, he identified certain assumptions
behind adult learning. These assumptions were later supported by research and became
the cornerstone of a framework of adult learning called Andragogy. Many theories of
adult learning were advanced in the latter half of the 20th century. In this section, some of
the important theories of adult learning will be explained (Merriam, Caffarella, &
Baumgarten, 2007) and the theory most in consonance with the research-based classroom

practices based in constructivism will be elaborated upon.
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McClusky’s Theory of Margin

According to this theory, some of the experiences faced by adults such as growth,
change and integration require them to seek a balance between ‘load’ and ‘power’
(McCluskey, 1970, 1971). Load consists of internal and external factors that dissipate
energy, while power consists of factors that add to the energy of the adult learner.
Examples of ‘load’ are; family responsibilities, work, desires, and aspirations etc.
Examples of ‘power’ are; family support, good income, resilience, and personality
attributes etc. Adults need some ‘margin in life’ (ratio of power to load) in order to
engage in learning activities. Most adult learners relate to this theory as “an epiphany in
terms of their own life circumstances” (Hiemstra, 1993, p. 43). This theory is helpful in
explaining developmental changes that characterize adult life and is a better counseling
tool than an explanation of how adults learn. Therefore, in a classroom learning situation
such as the present research, this theory has limited application and will not inform this

study.
Illeris’s Three Dimensional Learning Model

In this model, adult learning consists of three dimensions: (1) cognition; (2)
emotion; and (3) environment that occur within the society (Illeris, 2002). The three
dimensions are pictured to be at the apices of an inverted triangle, with cognition and
emotion at the apices of the base and the environment at the vertex. In any learning
situation, all the three interacting dimensions are always present in a variable mix. The
cognitive, emotional, and environmental dimensions involve knowledge and skills,
feelings and motivation, and participation/communication respectively. The

cognition/emotion/environment triangle is embedded in society that provides the context
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of learning. “The strength of Illeris’s model lies in its comprehensiveness but also its
simplicity” (Merriam et al., 2007, p. 99). However, since this theory has not been tested
sufficiently for its power to explain or predict adults’ learning behavior, it will not be

used in this research.
Jarvis’s Learning Process

In this model the learning process begins when an adult encounters an experience
in his/her social context that provides a “disjuncture” (Jarvis, 2006, p.9). “A disjuncture
occurs when our biographical repertoire is no longer sufficient to cope automatically with
our situation so that our unthinking harmony with our world is disturbed to some degree
or other” (Jarvis, 2006, p.9), At this point, a person can choose to dismiss the unease
caused by the disjuncture, or choose to learn. Learning can occur through thinking, doing,
and feeling, or any combination of these. The learning may change a person’s self-
concept, meaning of concepts, or coping mechanisms. Now, this changed/learned person
is ready to repeat the cycle, awaiting the next disjuncture. Jarvis’ model is the most
comprehensive of the above models. It emphasizes learning as an interactive process in a
social context. However, it suffers from the same shortcoming as the Illeris’s model, i.e.,
lack of adequate research to verify the veracity of its application. Additionally, this model
has been evolving for the past 20 years. The new version, proposed in 2006 looks quite
different from its predecessor proposed in 1987 (Jarvis, 1987). For these reasons, this

model will not inform the present study.
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Knowles’ Andragogy
Introduction

Andragogy is derived from the Greek words and¥ (man) and agogos (leading).
Principles of andragogy are eclectic, drawn from the philosophies of pragmatism,
behaviorism, humanism, and constructivism, and “free from any single idealogical
dogma” (Knowles, 1989, p. 112). It is a learner centered process model of adult learning
that emphasizes the “procedures and resources for helping learners acquire information
and skills” (Knowles et al., 2005, p. 115), as opposed to the content-driven pedagogical
model that is teacher centered and is concerned with transmittal of information (Grace,
1996; Hartree, 1984; Knowles, 1990; Merriam & Brockett, 1997). Also, andragogy
places a great deal of importance on the learner’s prior knowledge/experience and
desire/motivation to learn. Due to the similarity of these characteristics with the research-
based classroom practices and constructivism, andragogy is the approach to adult

learning that will inform the present research.
Andragogy - A Process Model

This model was first proposed by Knowles in 1968 and it also has evolved. The
final version, proposed in 1980, consists of six assumptions or principles of adult learning
embedded in the context of individual and situational differences (acknowledging the
differences among learners) which, in turn, are situated within the goals and purposes of
learning (admitting of diversity, also) (Henschke, 1998; Hiemstra, 1993; Knowles,

Holton, & Swanson, 2005; Merriam & Caffarella, 1999; Reischman, 2000; Savicevic,
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1999; Schugurensky, 2005; Zmeyov, 1998). The model can be visualized as a set of three
concentric rings, with the six core principles of andragogy as the innermost ring,
surrounded by the middle ring of individual and situational differences, and the outermost
ring of the goals and purposes of learning (Knowles et al., 2005). See Appendix B for a
diagram of the model. This model results in a unique characteristic of andragogy that is
absent in other models, i.e., its flexibility of application, responsiveness to the context in
which it is applied, and capability of alteration depending on the situation. As Knowles
(1984a) articulates

The andragogical model is a system of elements that can be adopted or adapted in

whole or in part. It is not an idealogy that must be used totally without

modification. In fact, an essential feature of andragogy is flexibility. The
appropriate starting point and strategies for applying the andragogical model

depend on the situation. (p. 418)

Some of the areas of adult learning where this model has been applied are; adult
education, critical theory, transformative learning, and self-directed learning (Brookfield,
1986). The application useful to this present study is that of adult education. In this
research this application occurred twice. First as the chemistry teachers engaged in
acquiring the reform-based practices (including depth of content knowledge) in the MCE

program classes, and then as they implemented these practices in their classrooms-a

forum for learning for both the teachers and their students.
The Six Assumptions of Andragogy

Providers of adult education find the six assumptions to be a helpful rubric to
understand adults as learners. There is a significant research base that buttresses each of

the six core principles or assumptions articulated by Knowles' Theory of Andragogy
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(Knowles et. al, 2005). Each of the six assumptions, their supporting research, and

applications will be discussed now.
Assumption 1: The Learner’s Need to Know

This is the primary need that drives the adults to enroll in programs (such as the
MCE) where they can further their learning, and broaden their horizons. Educators can
tap into this preexisting need, and enhance the outcome by collaborating with the adult
learners. Collaboration will satisfy their “need to know” (Knowles et.al, 2005, p.183) as
well as appeal to their self-concept as independent learners. Various aspects of
collaboration, such as informing the adult learners of the goals and objectives of the
program, finding out about their expectations, involving them in planning and connecting
to their jobs will improve their commitment, motivation, and satisfaction with the
program of learning (Clark, Dobbins, & Ladd, 1993; Tannenbaum, Mathieu, Salas, &

Cannon-Bowers, 1991).
Assumption 2: Self-directed Learning

Self-directed learning is conceptualized in two ways; as self-teaching and as
personal autonomy or autodidaxy (Candy, 1991). In this study the autodidaxy (taking
ownership of learning) definition will be most appropriate, since the teachers have chosen
to enroll in the MCE program and are not teaching themselves. Due to differences among
them, the adult learners are self-directed in various degrees. Therefore, one of the goals
of the program will be to work in the teachers’ zones of proximal development, resulting
in all the teachers ‘becoming independent and self-regulating learners and problem
solvers’ (see ‘Role of the Teacher” in the section under Vygotsky). Since self-directed

learning is context dependent, factors such as learning style, prior exposure to subject

59



matter, social orientation, efficiency, previous learning, socialization, and locus of control
play a part in how the learners will behave and their progress towards the goal of being

self-directed (Garrison, 1997; Grow, 1991).
Assumption 3: Prior Experience of Learners

Adults come to a learning situation with a wealth of prior experiences. These
experiences influence their new learning by providing a rich resource for learning, and
creating biases that facilitate or hinder new learning. In any event, prior learning acts as
the foundation or the scaffold on which new learning is built (Savery & Dufty, 1996).
Therefore, programs for adult learners need to ascertain their prior knowledge and use it

as a springboard to build new knowledge and skills.
Assumption 4: Readiness to Learn

“Adults become ready to learn those things they need to know and be able to do in
order to cope effectively with their real-life situations” (Knowles et al., 2005, p. 67).
Generally, readiness to learn is context specific and is triggered by life situations. By
enrolling in the MCE program, the teachers have declared their readiness to learn the
research-based reform practices. However, their preparedness and levels of commitment

may differ and may need different kinds and amounts of support (Pratt, 1988).
Assumption 5: Orientation to Learning

Adults prefer a problem-solving orientation to learning as opposed to a subject-
centered orientation to learning. They prefer to test their learning against new experiences
and learn further as a result of the interaction (Cross, 1981; Knox, 1986). An application

of this approach is Kolb’s (1984) experiential learning cycle (similar to Karplus’ learning
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cycle). The four steps in this cycle are; the exposure to/involvement in concrete
experiences, observation and reflection from multiple perspectives, formation of abstract
concepts and generalizations, and applying the concepts learned to solve problems. Two
similar methods, POGIL and PIM (Appendix C), are practiced in the MCE program

courses.
Assumption 6: Motivation to Learn

Adults are more likely to be driven by internal rewards than external. The degree
of importance that external versus internal rewards have depends on many factors,
particularly the stage of life. Although external rewards are important, the internal
rewards such as learning something of value and enjoyment of learning are, generally,
better motivators of learning (Wlodowski, 1985). For the teachers in the MCE program,
some of the internal rewards consist of being more knowledgeable in chemistry content
and teaching through research-based practices that they can take back to their classes and
apply. The external rewards are the free tuition and a Master’s degree from a reputed

university.
Andragogy in Relation to Pedagogy

In later years, Knowles (1980a) amended his view of andragogy as the opposite of
pedagogy and proposed that the two be viewed as two ends of the learning continuum,
“the seamless robe of learning” (Kidd, 1978, p. 49). Therefore, age is not the
distinguishing feature that separates andragogy from pedagogy. Rather, andragogy is a
set of learner-centered assumptions (supported by progressive education) and pedagogy is
teacher directed learning (supported by the traditional education) (Knowles, 1970;

Rachal, 1983). See Appendix D for a juxtaposition of the assumptions of the two
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methods. Knowles (1980b) adds that the goal of all the learning situations should be to do
everything possible to help learners take increasing responsibility for their own learning.
In practice this requires the instructor to determine where the adult learner falls in the
continuum and use the corresponding pedagogical (teacher-directed) or andragogical
(learner-centered) strategies in the beginning, with the goal of facilitating/guiding the
learner to the androgogical end of the learning spectrum (Friedman, 2001; Hiemstra,

2006).
Application of Andragogical Principles in the Classroom

In keeping with andragogical principles, the role of a teacher needs to change to
being a facilitator of learning, a co-learner, and a resource person. Some of the teaching
methods in harmony with this role include: actively engaging the learners; initially
scaffolding the learning and gradually withdrawing as the learner becomes self-directed;
building on the learner’s prior experiences; making learning experiences relevant to
learner’s lives; establishing a collaborative and supportive learning environment; and
providing opportunities for reflection etc. (Brookfield, 1986; Knowles, 1975, 1984a,

1984b; Lawler,1991; Pratt, 1993; Smith, 1996, 1999; Zemke & Zemke, 1984).
Professional Development
Definition and Introduction

American Society for Training and Development (ASTD), the society
representing “professional developers” (McLagan, 1987, p.27), defines professional
development as “an ongoing process enabling professionals to improve their

performance. It is a benefit to the professional, the professional’s organization, and the
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profession in which he or she works” (McLagan, 1987, p. 28). In the teaching context,
professional development constitutes those experiences that enable educators to acquire
and apply knowledge, understanding, skills, and abilities to facilitate the learning and
achievement of students (Fenstermacher & Berliner, 1985). It is a bridge between where
the educators are now and where they need to be to guide the students in meeting the
challenges of being scientifically literate in a society whose progress depends on
advancements in science and technology (NCMST, 2000). National Science Education
Standards (NRC, 1996) recommends that the professional development for teachers
should be a continuous process that stretches from preservice experiences to the end of
their professional career.

The first subsection of this section begins with establishing a need for
professional development. It includes the reasons for the perpetuation of traditional
classroom practices and the need to institute research-based practices through the vehicle
of professional development. A description of the traditional professional development
practices and the guiding principles and characteristics of effective practices follows. The
last subsection cites some findings from the implementation of effective professional
development practices, culminating in a description of the MCE program (the

professional development program examined in this research).
Need for Professional Development

There is an overwhelming evidence of the lack of preparedness of our population

in science and math and its detrimental effects (Cavanaugh, 2006; 2007).
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Scientific Literacy and its Consequences for the Economy

According to Holton (1998), "Less than 7 percent of U.S. adults can be called
scientifically literate by the most generous definition, and only 13 percent have at least a
minimum level of understanding of the power of science” (p.11). While over 67% of new
jobs created in this century will be in the fields of science and technology (Brown, 2004;
Bureau of Labor Statistics, 2003; CEO Forum on Education and Technology, 2001;
Chao, 2001), less than 20% of the current workforce possesses the skills required to fill
them (Gardner, 1993; National Science Board, 2002; Uchida, Cetron, & McKenzie,
1996). The major consequence of this will be the erosion of U.S.’s economic and
scientific/technological advantage in a world where advanced knowledge is easily
acquired and widespread, low-cost labor is readily available (Carter, 2005; Friedman,
2006; NRC, 2007).

Therefore, to participate productively in a world increasingly shaped by science
and technology, citizens require, at least, basic scientific literacy (NRC, 2007).

Schools cannot conduct business as usual, yet successfully train its students to
take up these demanding jobs (Day & McCabe, 1997; McCabe & Day, 1998). Schools
need to provide students with deep knowledge of science and technology and the ability
for performing at high levels (Darling-Hammond, Berry, Haselkhorn, & Fideler, 1999).
Towards achieving this goal, several national organizations and commissions have
underscored the importance of improving math and science teaching in our schools by
professionally developing the teachers to acquire a deep understanding of these subjects
and the ability to teach in ways that will enable all the students to learn at high-levels

(NCMST, 2000; NCTAF, 1996; NSB, 2006).
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Students’ Low Test Scores

The inadequate preparedness of our students is reflected in low scores on national
and international assessments.

National Assessment of Educational Progress (NAEP- 1996, 2000, and 2005) the
nation’s report card, assesses students’ knowledge of facts and the ability to integrate and
apply these in physical, earth, and biological sciences. The most recent result showed that
only about 18% of 12" graders have attained mastery in these areas, with 54%
performing at the basic level (Cavanagh, 2006; NCES, 2005, 2007a).

Results of the international assessment, Trends in Math and Science Study
(TIMSS, 1995; 1999; 2003) show that U.S. students start out in the 4™ grade science
ahead of their counterparts in many developed and underdeveloped nations. However,
this advantage is systematically eroded by the time they graduate from high school,
placing them towards the very bottom. Analysis of the data shows that their learning is
too superficial, factual, and fragile, with little ability to reason and apply the knowledge
(Kearns & Harvey, 2000; NCES, 2007b).

At least a part of the reason for the poor performance of students is the low
quality of teaching caused by weakness in the knowledge and skills of the teachers in the
subject (Schmidt, McKnight, Houang, Wang, Wiley, & Cogan, 2001).

Recently released results of the math and science performance of our 9™ graders
on the Program of International Student Assessment (PISA) reinforce the above trends

(Cavanagh, 2007).
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Inadequate Teacher Qualification/Preparation and High Teacher Turnover

It is expected that about two-thirds of the nation’s K-12 teachers will retire or
leave the profession in this decade, leaving over 200,000 positions to fill in secondary
math and science classrooms (NCES, 1999). Thousands of these positions will be filled
by teachers without proper credentials to teach the subjects, since more than 40 states
allow districts to hire teachers who have not met basic requirements (NCTAF, 1996).
Studies show that nearly a quarter of newly hired American teachers lack the
qualifications for their job and, in 1999-2000, 61% of students in public schools were
taught chemistry by teachers without a major or certification in the subject (NCES,
2003). A recent survey of 40 large urban schools, for example, showed that more than
90% had an immediate need for a certified math or science teacher (Ingersoll, 2001;
Lewis, Baker, & Jepson, 2000), and the nation made no progress in reducing out-of-field
teaching. In fact, the problem got worse between 1994-2000 (Ingersoll, 1999, 2002;
Jerald, 2002). Nationwide, about 40% of beginning math and science teachers leave
teaching within 5 years, creating a perpetual demand for qualified teachers and a constant
need for professional development, lending support to the assertion that teaching is
increasingly an “occupation with relatively high flows, in, through, and out of schools”
(NCTAF, 2003, p. 25; Glenn, 2000). The turnover is a third higher in low income urban
districts (NCTAF, 2003, p. 28). In Philadelphia, 70% of new teachers left the school
district between 1999 and 2005 (NCTAF, 2007). These grim statistics underscore the lack
of adequately qualified teachers and the inability to retain them as two quintessential
factors responsible for the poor quality of science education in our nation’s schools.

Effective professional development has the potential to impact both the factors.
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There is a robust research base that illustrates a very strong correlation between
the preparedness of teachers and those of their students, as well as the effectiveness of
qualified teachers in improving students’ academic achievement (Darling-Hammond &
Berry, 2006; Ferguson, 1991; Ferguson & Ladd, 1996; Fetler, 1999; Goldhaber &
Brewer, 2000; Hanushek, Kain, & Rivkin, 2001; Hill, Rowan, & Ball, 2005; Monk, 1994;
Murnane & Phillips, 1981; Sanders & Horn, 1998; Sanders & Rivers, 1996; Sparks &
Hirsh, 2000; Wright, Horn, & Sanders, 1997).

Cochhran-Smith & Zeichner (2002) posit, “Students learn best from teachers who
have strong content knowledge and pedagogical skills” (p. 35). Research shows that
teachers assigned to teach subjects for which they are not adequately prepared, tend to
overly rely on the textbooks, resort to low level of questions, emphasize rote learning,
and assessment of factual recall, i.e., use low level traditional teaching methods
(Ingersoll, 1999).

Kruse & Roehrig (2005) examined the performance of chemistry teachers
participating in a professional development using a Chemistry Concepts Inventory. They
found that teachers holding a degree in chemistry or a teaching credential in chemistry,
held significantly fewer misconceptions than did those who were teaching chemistry but
whose subject matter background was in a different field. Additionally, the students’
misconceptions paralleled those of their teachers (Lantz & Kass, 1997).

Exacerbating these conditions is the fact that a vast majority of science teachers,
even those with proper credentials, do not themselves have a deep understanding of the
subject, the research-based practices espoused by the science standards, and the science

standards’ intent of inculcating a deep understanding of the subject in all the students,
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consistent with the twin goals of equity and excellence (Banilower, 2000; NRC, 1996;
Weiss & Paslay, 2006). Evaluators of Local Systemic Change, one of the biggest NSF
funded initiatives to promote research-based practices in K-12 math and science
classrooms, cited “glaring differences in teacher self-reported changes in their instruction
and their actual classroom practice” ( Banilower, Boyd, Paslay, & Weiss, 2005, p. 51).
These conclusions are also supported by the videotape study of eighth grade math
teachers who said that they were using research-based methods, but actually were

teaching traditionally (Stigler, Gonzales, Kawanaka, Knoll, & Serrano, 1999)
Traditional versus Research-based Classroom Practices

To review, as described earlier in this chapter, the traditional practices place
teachers at the center of the process of teaching and learning as the “chief conduit of most
of the content knowledge to be transmitted to students” (Simmons, Emory, Carter, Coker,
Finnegan, & Crockett et al. 1999, p.936). Additionally, knowledge is viewed as facts,
learning as memorizing, knowing as reproducing the facts, teaching as telling, and lab
work as following a recipe to get predetermined results (Singer, Hilton, &
Schweingruber, 2005). There is little evidence to show that the traditional methods of
teaching promote conceptual understanding of (chemistry) content (Dinan &
Frydrychowski, 1995; Phelps, 1996; Zoller, Lubezsky, Nakhleh, Tessier, Dori, &
Yehudit, 1995). However, teachers have witnessed this method in their sixteen or more
years’ “apprentice of observation” (Lortie, 1975, p.25) as students, resulting in a deeply
ingrained view of teaching as a tradition of transmission of knowledge from the teacher
to the passive learners (Tsai, 2002).Therefore, these teaching practices stubbornly endure

and get perpetuated when the teachers teach their own students, confirming the adage,
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teachers teach the way they themselves were taught (Adamson, Banks, Burtch, Cox I1I,
Judson, Turley, Benford, & Lawson, 2003; Haberman, 1985; Lortie, 1975; Nemser,
1983).

The research-based practices, on the other hand, emphasize the centrality of the
learner, “Learning science is something students do, not something that is done to them”
(NRC, 1996, p. 20). In this paradigm, according to Thompson & Zeuli (1999), the
learners need to develop a deep understanding of the subject that is always a result of
thinking in order to

solve problems, resolve dissonances between the way they initially understand a

new phenomenon and new evidence that challenges that understanding, put

collections of facts or observations together into patterns, make and test
conjectures, and build lines of reasoning about why claims are or are not true.

Such thinking is generative. It literally creates understanding in the mind of the

thinker. Thinking is to a student’s knowledge as photosynthesis is to a plant’s

food. Plants do not get food from soil. They make it through photosynthesis, using
nutrients and water from the soil and energy from the sunlight. Students do not
get knowledge from teachers, or books, or experience with hands-on materials.

They make it by thinking, using information and experience. (p. 346)

In this mode, the classrooms are regarded as learning communities in which
members communicate with each other, struggle together to solve challenging problems
and develop a body of shared knowledge that slowly evolves towards the knowledge held
by experts in the field, i.e. “classrooms are scientific communities writ small” (Thompson
& Zeuli, 1999, p. 347). Research-based practices consider knowing as a form of cognitive
constructivism nested within social constructivism (Phillips, 1995). The scientific
understandings are first externalized through social processes and later internalized by the
students as they learn how to carry out the thinking processes played out in the classroom

with the teacher’s guidance. Therefore, the teachers need to be knowledgeable about the

students’ thinking/understanding/preconceptions, have sufficient depth of knowledge of
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the subject, and necessary skills to pose questions, engage in discussions, and use inquiry
methods that will lead the students from their current level of understanding to that of the
practitioners in the field (NRC, 1996). The role of the teacher in this paradigm is that of
an expert facilitator and guide as the students construct their own understanding of the
subject.

Thus, the reform vision of science teaching is a complete departure from the
traditional methods that both qualified/well established, as well as “out of field”
(Ingersoll, 1999, p. 26) teachers are familiar with, and practice. The change in practice
requires that science teachers’ instructional repertoire be retooled (Thompson, Spillane,
& Cohen, 1994) to include, first and foremost- a deep knowledge of content, learner-
sensitive pedagogy, multimodel assessments, focus on understanding and application of
concepts, active inquiry, communication, collaboration, reflection, integration of
technology in teaching, facilitating the learners to “make sense of their experiences in
terms of their extant worldview and the way others, including peers and teachers, mediate
the sense-making process” (Taylor, Gilmer, & Tobin, 2002, p.121).

According to the recommendation of American Chemical Society’s Science
Teacher Preparation team, this retooling of teachers’ arsenal of strategies is highly likely
to occur when they experience professional development in “chemistry in the context of
well-designed, inquiry-based courses” (Moore, 2003, p.719).

The teachers themselves need to be taught via the new practices before expecting
changes in their classroom practices. Professional development of teachers in and using
the research-based practices is the most important vehicle to effect the change (AFT,

2002; Elmore, 2002; Hawley & Valli, 1999). To be effective, the professional
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development practices themselves need to be equally substantive and challenging to
realize the change and to bridge the gap between the current state of affairs and the one

envisioned by the reform movement in science (Porter, 1993; Wright & Wright, 1998).
Traditional Professional Development Practices

School districts spend, on an average, between $1,700 to $3,500 per teacher on
staff (professional) development [Stout, 1996 (citing research of Little, Miller, Lord, &
Dorney)]. Professional development encompasses a wide array of activities, from highly
focused work with teachers around specific curricula and teaching practices through
short-hit and run workshops designed to familiarize school personnel with new rules and
regulations, to university-based credit-bearing courses designed to improve
content/technology knowledge. Some are mandated by the school district, while the
others are chosen by the teachers for various reasons (Hargreaves, 1991; Little, 1993).

In 1999-2000, 95% of public school teachers reported that they had attended a
workshop, seminar, conference or training, 70% of teachers mentioned that they had
participated in activities that focused on teaching methods, and 57% on in-depth study of
content in their main field (Choy, Chen, & Bugarin, 2006). A vast majority of these
traditional professional development endeavors can be characterized as shallow-“a mile
wide and an inch deep” (Kahle, 1999, p. 1), fragmented, scattered, brief (often one-shot
sessions), offering unrelated topics, having ‘expert’ presenters with passive teacher-
listeners, emphasizing skill development, atheoretical, often based on current
instructional fads, and expecting quick visible results (Cohen & Hill, 2000; Collinson,

2004; Corcoran, 1995; Desimone, 2002; Elmore, 2002; Fenstermacher & Berliner, 1985;
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Loucks-Horsley, Love, Stiles, & Hewson, 1998; McDiarmid & Corcoran, 2000; Smylie
& Conyers, 1991; Sparks, 1995; Supovitz, 2003; Sykes, 1996).

The success of above events is “typically judged by a ‘happiness quotient’ that
measures participants’ satisfaction with the experience” (Sparks, 1995, p. 2). There is
little connection between these ‘adult pull-out programs’ and the enhancement of
knowledge and skills of the teachers in classroom practice as envisioned in the reform
agenda, let alone the academic improvement of students (Feiman-Nemser, 1983; O’Day
& Smith, 1993; Smith & O’Day, 1991).

According to Thompson & Zeuli (1999), even coherent, aligned and sustained
professional development programs delivered in the training or presentational mode
perpetuate the traditional practices steeped in the culture of “knowledge as facts and
skills, teaching as telling, and learning as remembering” (p. 353). These kinds of
professional developments, often, do not present a strong enough reason for teachers to
even reflect on their current practices, let alone transition to research-based practices. In
the absence of this impetus to change, ‘inquiry groups’ of teachers easily become
emotional support groups, techniques designed to bring about fundamental change in
practice are molded to adapt to the existing structures resulting in superficial changes,
discussion and dialog about true change in practice become forums to exchange
craftsmanly techniques within the existing paradigm of teaching, and transformation to
new methods is equated to tinkering with new materials/techniques and fitting them to
one’s familiar style. Thus, it is quite easy to defeat the true purpose of professional
development due to the “bricoleur” or “instructional handyman” (Huberman, 1995,

p-195) habits and dispositions of most teachers.
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This is why, inspite of the amount of resources spent on professional
development, virtually every effort to improve the quality of instruction has left the
classroom practically untouched (Sparks & Hirsch, 2000). It is suggested that the
traditional varieties of professional development lack focus, intensity, and continuity
needed to change classroom practices and prepare the teachers to meet the challenges
posed by research-based practices (Corcoran, Shields, & Zucker, 1998; Fullan, 1993;
Joyce & Showers, 1988, 1995; Little, 1993).

This has led many researchers to examine the characteristics of effective
professional development and come to a widespread agreement that the guiding
principles of effective professional development should be the same as that of the
research-based instruction, i.e., learner-centered strategies and emphasis on building the
depth of understanding of the subject (Goals 2000, 1998; Grant, 2002; Hawley & Valli,

1999; Loucks-Horsley, Hewson, Love, & Stiles, 1998; Sparks, 2002; USDoE, 1996).
Guiding Principles of Effective Professional Development

Alexander & Murphy (1998) expound these principles as the following 5 core
points:

(1) One’s existing knowledge serves as the foundation for subsequent learning.

(2) Reflection on one’s thoughts and behaviors is essential for the growth of
knowledge and understanding

(3) Motivational factors, both within the learner and task-related, play a
significant role in learning, e.g., teachers’ belief that participation will enhance student

learning, or their need to resolve some dilemmas of teaching (Smylie, 1995). Not
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acknowledging or addressing the personal identities and moral purposes of teachers, their
contexts of work, will not lead to the desired changes (Hargreaves, 1995).

(4) Learning, although idiosyncratic, proceeds through developmental stages,
influenced by factors within and without the learner.

(5) Learning is a result of both individual and social processes

These principles are in concert with the constructivist principles and the core

assumptions of andragogy.
Characteristics of Effective Professional Development

Although, the ultimate goal of every professional development of teachers of
science is to enhance students’ academic achievement, there is no agreement among
researchers as to the criteria to rate the effectiveness of professional development
(Loucks-Horsley & Matsumoto, 1999). According to Joyce & Showers (1988), the degree
of transfer of content knowledge and pedagogical skills from professional development
programs to actual classroom practice is the most relevant measure of the effectiveness of
the program. In line with this definition, in this study the effectiveness of professional
development is gauged in terms of the extent of implementation, in high school
classrooms, of the depth of understanding of chemistry and research-based practices that
the participants were immersed in, in the MCE program.

There are many complex characteristics that influence the effectiveness of
professional development. According to Hawley & Valli (1999), there is consensus on 8
points of effective professional development. However, Guskey (2003) adds that it is
highly unlikely that a consensus will emerge out of the 13 major lists and 21 major

criteria published in the last decade. Loucks-Horsley et al. (1998) have synthesized
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research on professional development in science (Coble & Koballa, 1996), based on the
recommendations of national organizations interested in improving science education
(AAAS, 1990, 1993; National Center for Improving Science education,1993; National
Staff Development Council, 1994, 1995; NRC, 1996), to propose seven principles (and
their elaborations and premises) that need to be addressed in an effective professional
development in science. These seven principles are:

(1) Use of classroom teaching and learning ‘best’ practices such as an emphasis
on inquiry-based learning, investigations, problem-solving, applications of knowledge,
understanding of core-concepts, challenges likely to promote construction of new
understandings, and the use of instruments to measure meaningful achievement. Change
occurs over time through active engagement with new ideas, understandings, and real-life
experiences.

(2) Exposure to experiences and opportunities for teachers to develop in-depth
content knowledge and pedagogical content knowledge, listening to students’ ideas,
recognizing common and naive misconceptions, and choosing strategies that will aid in
constructing understanding similar to those of experts. Change occurs as beliefs are
restructured through new understandings and experimentation with new behaviors.

(3) Model with teachers the strategies they will use with their students, start with
their current understandings and build on it, provide sufficient time for explorations,
collaboration, reflection, and connect with teachers’ other professional development
activities. Learning through constructivist principles themselves is the only way for the
teachers to understand why their students learn this way and to break away from

traditional practices (Little, 1993; Loucks-Horsley et al., 1996).
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(4) Build a learning community, where teachers continuously learn, take risks,
and share together. Recognize that change in attitudes and behaviors is iterative, mediated
by practice (Guskey, 1989; Hollingworth, 1989).

(5) Support teachers to serve as leaders in supporting other teachers, recognize
that change occurs in stages and at variable rate, be change agents, and reform promoters.

(6) Link to and integrate with other school/district initiatives, actively supported
by the school community (Corcoran & Goertz, 1995).

(7) Continuously assess its impact on teaching practices, student learning,

leadership, and community and make improvements. (p. 36-39)
Examples of Effective Professional Development Programs

Elucidated in the literature are several examples of programs or schools
professionally developing their teachers using the effective practices delineated above, to
inculcate a deep understanding of the subject and practice research-based methods. These
teachers are, in turn, using the understandings and practices with their students,
essentially changing their traditional practices to those aligned with research-based. Some
insights from these studies are given below.

In a study of California’s mathematics teachers, Cohen & Hill (2000) reported
that sustained professional development of teachers, situated in curriculum aligned to
standards, enhanced their knowledge of the curriculum and the use of research-based
instructional practices in classroom practice. Also, greater opportunities for teachers to
learn and practice were linked with higher performance of their students.

Using the data from Local Systemic Change initiative, a teacher enhancement

program funded by the NSF, Supovitz & Turner (2000) showed that the teachers who
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participated in 80 or more hours of reform-based professional development were strongly
inclined to use inquiry-based practices in their classrooms and promote an investigative
classroom culture. Also, a big shift towards investigative classroom culture occurred after
160 hours of professional development. Teachers’ content preparation had a powerful
influence on both inquiry-based practices and investigative classroom culture.

Supovitz, Mayer, & Kahle (2000) conducted a longitudinal study of the impact of
Project Discovery’s (Ohio’s Statewide Systemic Initiatives, SSI, funded by the NSF)
professional development on teachers’ attitudes towards inquiry-based instruction and its
use in their classrooms. Their findings reveal that sustained professional development
leads to changes in classroom practice in the desired direction (Kahle, Meece, &
Scantlebury, 2000).

Project LIFE, a Louisiana SSI, reported similar results (Radford, 1998).

Secondary science teachers from a variety of public schools took 1-4 professional
development graduate courses at a university. The courses integrated content with
constructivist pedagogy. Analysis of data confirmed that teachers transferred the content
knowledge and constructivist practices to their classrooms (Irving, Dickson, & Keyser,
1999; Fowles, 2005).

The Eisenhower Professional Development Program, Title II of the Elementary
and Secondary Education Act (ESEA), was the federal government’s largest investment
solely focused on developing the knowledge and skills of classroom teachers. The
national evaluation of this program (Garet, Biman, Porter, Desimone, Herman, & Yoon,
1999) found that

professional development focused on specific, higher-order teaching strategies
increases teachers’ use of those strategies in the classroom. This effect is even
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stronger when the professional development activity is a reform type (e.g., teacher

network or study group) rather than a traditional workshop or conference;

provides opportunities for active learning; is coherent or consistent with teachers’
goals and other activities; and involves the participation of teachers from the same

subject, grade, or school. (p. 5)

With a commitment of $20 million over 10 years from Merck Pharmaceuticals,
Merck Institute of Science Education (MISE) developed partnerships with 4 school
districts in PA and NJ, aimed at reforming K-8 science education. The initiative sought to
teach science with active engagement and use of inquiry through guided instruction using
standards-based curricular units like FOSS/ STC. The main vehicle to achieve this goal
was professional development of science teachers over several summers with support
throughout the year. Results show that teachers who had 80 or more hours of professional
development were much more likely to change their teaching practice to be aligned with
the reform methods. Also, teachers more familiar with content were more likely to use
reform-based practices. There was some positive relationship between the achievement of
fifth graders and the extent of professional development of their teachers (Corcoran,
McVay, & Riordan, 2003). Similar results were found in Washington State’s LASER
program (Weaver & Wiitala, 2006).

Model Science Laboratory, a partnership between Rice University and Houston
public schools affords 8 middle school science teachers each year with time, space, and
support to enhance their professional skills. The teachers spend a year away from their
schools in a Model Lab/Classroom complex located in an urban middle school,
immersing themselves in learning and teaching science through reform-based methods.

They enroll in special courses to improve their content knowledge and pedagogical skills

where they are taught through constructivist methods, and team teach one class per day
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where they apply the newly learned strategies. They also engage in research with
scientists, and attend conferences. It is a unique experiment that combines the best
practices in professional development and adult learning with constructivist practices in
an urban setting. At the end of the year, the teachers are required to return to their own
schools. Even five years after attending their residency, teachers continue to use research-
based reform practices and their students continue to outperform students taught by other

teachers on standardized tests (Harcombe, 2001).
Professional Development in this Study: Master of Chemistry Education Program
Introduction and Goals

The Master of Chemistry Education (MCE) is a degree program offered by the
Chemistry Department of the University of Pennsylvania in collaboration with the
University’s Graduate School of Education. The impetus for the program was the acute
need for adequately prepared chemistry teachers in the region, especially in the School
District of Philadelphia. MCE program has been cited by the National Academies Press’s
recent publication, ‘Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future’, as a rigorous program of professional
development for high school chemistry teachers that emphasizes “content knowledge,
keeping them updated and providing the skills to teach for the future” (NRC, 2007,
p-130). MCE program strives to provide extensive professional development for teachers
who are underprepared or inadequately prepared to teach chemistry according to the
standards-based practices. To do so, it focuses on the development of deep knowledge of
content, pedagogical content knowledge, and inquiry-based methods to teach high school

chemistry.
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Design of the Program

MCE is a 26 month program spanning 3 summers and the two intervening
academic years. Between 20 and 22 teachers are admitted to the program each year and
move through the courses as a cohort. Each cohort of students takes 8 chemistry content
courses and 2 chemistry education courses. As teachers in a cohort progress through the
sequence of courses, a community of learners develops that continues well beyond the
completion of the program. Unlike typical graduate degree programs, where one takes
either the teaching courses (thereby improving expertise in pedagogy), or the content
courses (designed to enhance the subject matter knowledge), with no attempt to integrate
the two, MCE courses are designed to “work in concert to provide the pedagogical
content knowledge that is necessary if teachers are to develop the skills they need to
implement inquiry-based, deepened content knowledge in their high school science
classes” (Blasie & Palladino, 2005, p. 567). Integration of courses, their sequencing, and
alignment with the professional development standards (learning science, learning to
teach science, and learning to learn- NRC, 1996) are important consideration in the
design of the program.

The first two courses, taken during the first summer, are very intense and serve
the dual purposes of attaining graduate level content development and learning
appropriate technological skills useful throughout the program. Each of the 3 summers,
the teachers spend 8 weeks@ 4days a week on campus, taking 2 courses. Mornings are
used for class meetings and afternoons are spent in small group tutoring sessions or
problem solving related to group projects led by graduate TAs and/or MCE graduates.

During the academic year, the teachers take two courses alternating between two
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Saturdays per month from September to April. One of these courses is a chemistry
content course and the other is a chemistry education course. The chemistry education
course is purposefully placed during the academic year, rather than during the summer.
This allows the teachers to conduct action research on a problem chosen by them, unique
to their classroom context, with guidance from the instructor and their peers. Another
reason for the placement of education courses during the academic year is for teachers to
collectively dialog the results of implementation of the content and methods and learn
from each other. The culminating project for the program is a master’s thesis, where
participants apply their understanding of chemistry to their chosen real life situation.
They create a unit of study around this application for their classroom, complete with
inquiry activities and assessment, and present their research to a group of peers and
instructors. These presentations are disseminated as a resource to all the teachers, past
and present, on CDs, in print, and website (Blasie & Palladino, 2005). The database of all
the teachers is regularly updated and communications sent to them via periodic listserve
e-mails. Other details of the program, a description of its10 courses, and their sequence

can be found in Appendix E.
Teaching and Learning Methods

In all the courses, the content of chemistry is developed in depth and the
interconnectedness of concepts and connections to real world is emphasized. This is
achieved through the locally developed Penn Inquiry Model (PIM), used both in the
classroom and in assignments (see Appendix C for a schematic diagram of the model).
This model is a device to build on the teachers’ existing knowledge through the processes

of inquiry to attain deep understanding of scientific concepts. It provides instructors the
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necessary flexibility to teach the content in a rigorous manner while allowing teachers
with diverse backgrounds to acquire the pedagogical content knowledge necessary to
teach the subject in their classrooms (Blasie & Palladino, 2005). Two other learner
centered approaches are modeled in teaching and learning chemistry in these courses.
These methods are Process Oriented Guided Inquiry learning (POGIL) and Peer Lead
Team Learning (PLTL).

POGIL is a classroom and laboratory technique that seeks to simultaneously teach
content and key process skills such as the ability to think analytically and work
effectively as part of a collaborative team (Farrell, Moog, & Spencer, 1999). POGIL is an
inductive method in which information is provided, followed by asking leading questions
to get the students to think in the right direction, and ultimately they come up with the
general idea, close to the scientific thinking on the concept (Farrell, Moog, & Spencer,
1999; Hansen & Wolfskill, 2000; Hinde & Kovac, 2001).

PLTL model engages teams of students (in this case, teachers) in learning
chemistry guided by a peer leader (Lewis & Lewis, 2005). It provides an active
engagement in various problem solving techniques, opportunities for guidance, and
creates leadership roles, helping to fulfill one of the goals of the program to empower the
teachers to be the catalysts of change in their schools. It fosters a classroom culture where
individual points of view are respected, criticism is constructive, and everyone has an
equal opportunity to participate (Alger & Bahi, 2004), ideas consonant with the
recommendations of National Science Education Standards (Cracolice, & Deming, 2001;

Kampmeier, 2001; Roth, Goldstein, & Marcus, 2001).
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Cogenerative dialog is the driving force in the two chemistry education courses
(Roth, Tobin, & Zimmerman, 2002). It allows the participants to “reflect on and
transform classroom structures while at the same time creating opportunities for all the
stakeholders to develop collective responsibility for teaching and learning” (Lavan, 2004,
p.1).

The teachers are provided the means and support to build on their prior
knowledge, be life-long learners, reflective practitioners, and metacognitive thinkers, by
instructors and peers modeling these practices.

Accepted Applicants and Graduates from the SDP

Between the years 2000, when the MCE program commenced, and 2006, the year
this study got underway, 33 teachers from the School District of Philadelphia were
accepted in the program. Ten of these teachers dropped out of the program, and 8 left the
school district after successful completion. In Fall 2006, only 15 graduates of the
program were working in various schools in the school district. Of these fifteen, eight
teachers were not teaching any Chemistry course, and only seven teacher graduates had at
least one chemistry course (at any level) in their rosters. Six of these seven teachers
agreed to participate in this multi site case study. Therefore, this study is an account of
how these six teachers are implementing the research-based practices that they were
exposed to in the MCE program, how are their implementations similar or different, and

the factors that help or hinder the implementation.

Teachers’ Knowledge Base and Beliefs

Reference is made in the earlier sections of this chapter to the importance of

enhancing the depth of knowledge base of teachers, if they are to implement research-
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based practices in their classrooms. National Science Education Standards states,
“Professional development for teachers of science requires integrating knowledge of
science, learning, pedagogy, and students; it also requires applying that knowledge to
science teaching” (NRC, 1996, p. 62; De Jong, Korthagen, & Wubbles, 1998).

Furthermore, the personal components of all the above requirements, broadly
termed beliefs, are powerful undercurrents that influence the decisions teachers make
about implementing the practices learned in the professional development. Beliefs also
help or hinder the advancement of teachers’ knowledge base (Veal, 2004). There are
studies that show that both, teachers’ knowledge base and beliefs, deeply affects their
classroom practice (Baxter, Richert, & Saylor, 1985; Carlsen, 1988, 1991; Clermont,
Borko, & Krajcik, 1994; Dobey & Schafer, 1984; Hashweh, 1987, 1996; Nespor, 1987;
Smith & Neale, 1991). The reciprocal effect, teaching practices influencing the
knowledge base is even stronger (Gess-Newsome & Lederman, 1995; Gess-Newsome,
1999; Hauselien, Good, & Cummins, 1992). A teacher’s knowledge base is intertwined
with his/her beliefs in the guidance of classroom practice (Bullough & Baughman, 1997,
Gess-Newsome, 1999; Grossman, 1990).

Therefore, this section first explores what constitutes teachers’ knowledge base
for teaching the subject supported by research, and then investigates the construct of

teacher belief.
Teachers’ Knowledge Base

Dewey (1902/1990) was, perhaps, the first educator to draw attention to the
teachers’ knowledge of the subject matter. He drew a distinction between the subject

matter for teaching science and the subject matter of the discipline of science. According
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to him, the subject matter for a scientist entails the logical aspect of the experience and
the subject matter for the teacher entails its psychological aspect (Deng, 2001). A
scientist’s knowledge base of the subject is research oriented with the focus on adding to
the body of knowledge. Different from this, a science teacher’s knowledge base is
organized for teaching, in order to facilitate students’ conceptual understanding of the

subject.
Traditional Knowledge Base of Teachers

Teacher preparation/development programs, the bedrock of courses that build the
knowledge base of teachers, come in many varieties distinguished by a dichotomy
between those primarily emphasizing pedagogy and those focusing on content. In recent
years, the focus between content and pedagogy has shifted frequently (Hurd, 1997).
However, historically the teacher preparation/development programs have stressed the art
of teaching at the expense of content knowledge (Shulman, 1987). The teaching methods
courses teach generic teaching and classroom management strategies, and are “notorius
for presenting philosophical theory without assisting teachers in translating those
constructs into practice” (Mason, 1999, p. 277). On the other hand, the content courses
emphasize vocabulary, detail and facts over articulation and depth of conceptual
understanding. This results in teachers “who have learned science as discrete bits of
information and lack an overall view or understanding of the relationship among the bits”
(Mason, 1999, p. 278; Mason, 1992; Kennedy, 1998). Both the teaching methods and
content courses provide teachers with “an array of noncontextualized, unconnected
activities, concepts and demonstrations” (Mason, 1999, p. 277), never achieving a

coherence of the two aspects required for effective teaching. As alluded to earlier in this
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chapter under the classroom practices section, in the absence of an alternative, the
teachers model the familiar teacher-centered, text-driven, lecture style of teaching devoid

of rich discourse and depth of content.
Research-based Knowledge Base of Teachers

Based on his research, ‘knowledge growth of teachers’, Shulman (1986, 1987)
proposed that the knowledge base relevant to teaching should consist of seven categories:
(1) subject matter knowledge; (2) pedagogical content knowledge; (3) curricular
knowledge; (4) general pedagogical knowledge; (5) knowledge of learners and their
characteristics; (6) knowledge of educational contexts; and (7) knowledge of educational
purposes. Over the years several domains constituting the knowledge base teachers need,
to practice research-based instructional strategies, were proposed (Shulman, Sykes, &
Phillips, 1983; Grossman, 1990). The interrelated domains common to all of the above
knowledge bases are: (1) general pedagogical knowledge; (2) subject matter knowledge;
(3) pedagogical content knowledge; and (4) knowledge of general and specific
educational context (Carlsen, 1999; Zeidler, 2002). As referred to earlier in this section,
the undercurrent permeating all the domains are teachers’ beliefs and personal practical
experiences, to be dealt with later in this section. Now, these domains will be elaborated
upon individually. However, consistent with the hallmark of research-based knowledge
base (as opposed to traditional), the strong connections among these domains will be
established through the cementing force of the pedagogical content knowledge exercised
in the contextual milieu. The unique characteristics of the context of practice (the urban
science classroom) of the teachers in the present research, warrants a separate section and

follows.
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General Pedagogical Knowledge (GPK)

General pedagogical knowledge refers to teachers’ knowledge of generic
variables that impact the classroom instruction irrespective of the subject matter. Some
general factors that enhance student learning are; the amount of time students spend on
appropriate academic tasks, structuring of new information, relating to students’ prior
knowledge, monitoring students’ performance, and providing feedback (Brophy, 1997;
Brophy & Good, 1986).

Additionally, scholarly research mentions three categories of GPK that impact
teaching and learning: (1) classroom organization and management; (2) instructional

models and strategies; (3) and classroom communication and discourse.
Classroom Organization and Management

Some effective classroom management techniques that need to be a part of the
repertoire of ‘best practices’ include: setting clear behavioral expectations and standards
for work; productive use of time; using group and instructional strategies with high levels
of student involvement; and being consistent (Evertson, 1997; Evertson and Harris,
1992). However, these strategies must be adopted to conform to the specific context in
which the teachers work, e.g., the age, ability level, cultural background, and

circumstances of the institution etc.
Instructional Models and Strategies

Teachers’ familiarity with a variety of instructional approaches to accomplish the
goals of the lesson, is likely to provide greater flexibility in the execution of the lesson

and enhance its impact.
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Based on theory and research in psychology, and the learner capabilities
emphasized, Joyce, Weil, & Showers (1992) have organized models of teaching into four
categories that teachers need to be cognizant of: (1) Social, with a focus on cooperative
and productive interaction in the classroom; (2) Information Processing, with a focus on
acquiring and organizing information and problem solving; (3) Personal, with a focus on
understanding oneself and taking responsibility for one’s growth; and (4) Behavioral
Systems, with a focus on behavior modification based on feedback. The reader is referred
to the source for details.

To adapt to a variety of circumstances, the teachers’ GPK needs to include a
continuum of academic tasks (Rosenshine, 1993), with highly structured tasks such as
direct instruction (including skill of presenting material in small steps, high levels of
student practice, guided practice, and feedback) at one end (Rosenshine and Stevens,
1986), and less well-structured tasks like expert scaffolding (with skills of modeling,
thinking aloud etc.) at the other end (Palincsar & Brown, 1984).

To implement research-based practices, teachers’ GPK knowledge base needs to
include constructivist approaches, such as emphasis on active and purposeful learning,
recognizing individual differences, exchange of ideas and higher level thinking, and
teaching in the zone of proximal development (Brown, 1997; Brown & Campione, 1990,

1994).
Classroom Discourse

Teachers need to have the knowledge and skills to create an effective climate of
discourse in the classroom, to ensure full and culturally appropriate interactions among

the participants (Green, 1983; Heath, 1982; Michaels, 1984). In constructivist
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classrooms, the teacher’s role is shifted from an all knowing lecturer to that of a
‘metacognitive coach” as the students make observations, analyze data, actively apply
their knowledge to solve problems, and appropriate and internalize reasoning skills,
(Gess-Newsome, 1999, p. 32; Joyce, Weil, &, 1992; Morine-Dershimer, 1983). Teachers
need to “understand the questions to ask during problem definition, information location,
analysis and synthesis, and to sort through potential interpretations and/or resolutions”
(Gallagher, Stepien, Sher, & Workman, 1995, p. 138). Teachers’ GPK needs to include
scaffolding student experiences, in the zone of proximal development, to be able to effect
a shift from their extant understanding of the topic to those of a community of scientists.
Some discourse patterns that promote this shift are; students working in cooperative
learning groups, engaging in discussions, and carrying out investigations to test their
hypothesis. The teacher needs to be aware of these strategies and facilitate their usage
(Lonning, 1993). An understanding of the patterns of discourse in reform-based diverse
classrooms is a necessary component of a science teacher’s GPK (Morine-Dershimer, &
Kent, 1999).

Often, teachers’ deeply entrenched traditional behaviors are resistant to change
(Calderhead & Robson, 1991). Teachers’ practical experiences, active examination of
behaviors, and reflection may help in the shift towards constructivist practices (Kagan,

1992; Tobin, 1990).
Subject Matter Knowledge (SMK)

SMK of a science teacher refers to his/her quantity, quality, and organization of
information, conceptualizations, and underlying constructs in the subject and its field of

specialization (e.g. Chemistry, Physics, and Biology etc.). Inadequate and/or ill-organized
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SMK has been a barrier to science teaching (Gess-Newsome, 1999; Gess-Newsome &
Lederman, 1995; Koballa et al., 2000). Students’ understanding of many chemistry topics
appears to be related to the conceptual problems of their teachers (Birk & Kurtz, 1999;
Kokkotas, Vlachos, & Koulaidis, 1998; Lin, Cheng, & Lawrenz, 2000)

Traditional or recitational subject matter knowledge involves the ability to
produce specific facts on demand, recognition and use of correct terminology and the
correct answer on multiple-choice tests (Kennedy, 1997). In the reform-based view, the
recitational subject matter knowledge is not sufficient, rather it must include these five
characteristics: (1) a deep conceptual understanding; (2) subject matter structure; (3)
nature of discipline; (4) content-specific orientation to teaching; and (5) contextual

influences on curricular implementation (Gess-Newsome, 1999).
Conceptual Understanding

In the extant literature, conceptual understanding is defined as, a sense of size and
proportion of things (Paulos, 1988), attending to connections and relationships among
ideas in a discipline often through the use of a tool such as concept mapping (Lederman,
Gess-Newsome, & Latz, 1993; Shymansky, Woodworth, Norman, Dunkhase, Matthews,
& Liu, 1993), capacity for a high degree of elaboration including lots of details and
examples, and the ability to reason, argue, problem solve, and defend one’s solution

(Bennet & Carre, 1993; Greene, 1990), and focusing on key ideas (Prawat, 1991,1993).
Subject Matter Structure

For ease of storage and recall, the conceptual knowledge is assumed to be
organized in the long term memory in a structured and integrated fashion, unique to the

individual and the context (Champagne, Klopfer, Desena, & Squires, 1981; Gagne &
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Glaser, 1987; Hiebert & Carpenter, 1992; Roehler, Duffy, Hermann, Conley, & Johnson,
1988). The tension between the structure of the discipline (the philosophical construct)
and the cognitive structures in the minds of individuals (the psychological construct)
gives rise to various interpretations of the subject matter structure. A representation of
this interpretation is the subject matter taught in schools (Beane, 1995). Most novice
teachers appear to have fragmented knowledge structures (Gess-Newsome, 1999),
whereas experienced teachers are more likely to “hold subject matter structures that are
coherently structured and rich in relationships” (Gess-Newsome, 1999, p. 69), making it

readily accessible to students (Anderson, 1989; Gess-Newsome, 1999).
Views of the Nature of the Discipline

This includes a “teacher’s understanding of the history, philosophy, and sociology
of the discipline, as well as the questions asked within the discipline, the modes of
inquiry used, the nature of discourse, and the cannons of evidence that characterize
accepted answers” (Gess-Newsome, 1999, p. 57). Research shows that most teachers
viewed science teaching as a transmission of facts, the rhetoric of conclusions, marked by
objectivity, rather than as a powerful form of making meaning of the world that is often
tentative and problematic, the stance advocated by the reform view of science education
(Gess-Newsome, 1999; King, 1991; Lederman, and Latz, 1995). Even the teachers who
had the correct understanding of the nature of science, fail to imlplement it in the
classroom, often citing various environmental constraints as the reason (Lederman &

Zeidler, 1987)
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Content-specific Orientations to Teaching

It is a complex combination of content knowledge, beliefs, and values that have
the potential to impact teaching and learning (Gess-Newsome, 1999; Grossman, Wilson,
& Shulman, 1989; Gudmundsdottir, 1991). In his research Hashweh (1996) found that
secondary science teachers who held constructivist views used a wider repertoire of
teaching strategies, including conceptual change model, and were likely to spot students’
alternative conceptions. However, well-regarded experienced teachers that taught by
traditional methods, and whose students achieved academically, were resistant to

adopting reform-based methods (Hollon, Roth, & Anderson, 1991; Wildy & Wallace,

1995).
Contextual Influences on Curricular Implementation

As Talbert, McLaughlin & Rowan (1993) posit, “knowledge, as it is socially and
contextually formed, both influences and is influenced by the situations [such as
administration, school culture, resources, students, parents etc.] in which it is manifested”
(p- 50). Teachers with limited content knowledge or confidence, tend to overly rely on
the textbook (Wineburg & Wilson, 1991). Teacher beliefs are powerful determinants of

curricular implementation and are highly resistant to change (Hollon et al., 1991).
Pedagogical Content Knowledge (PCK)

Opposed to the traditional view of content and pedagogy as dichotomous
constructs, PCK restores the balance between them (Morine-Dershimer & Kent, 1999).
PCK is the “special amalgam of content and pedagogy that is uniquely the province of

teachers, their own special form of professional understanding” (Shulman, 1987, p. 8). It
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is the knowledge teachers use to “provide teaching situations that help learners make
sense of particular science content” (Loughran, Milroy, Berry, Gunstone, & Mulhall,
2001, p. 289), and represents a science teacher’s ability to convey the subject matter in a
manner that makes it accessible to students (Kennedy, 1997; Zeidler, 2002). PCK, as an
embodiment of aspects of content most germane to its teachability, includes the most
useful forms of representation of ideas in the subject, the most powerful analogies,
illustrations, examples, explanations, and demonstrations etc., that make the ideas
comprehensible to the students (Shulman, 1986).

A critical amount of SMK and clear conceptual understanding of the subject
matter are a prerequisite to bring this to fruition, i.e., to use a metaphor to capture the
essence of the original idea. One of the finest examples of PCK is Richard Feynman’s
explanation of the size of an atom in his lectures on Physics. It goes, ““ if an apple is
magnified to the size of the earth, then the atoms in the apple are approximately the size
of the original apple” (Feynman, 1963/1995, p.3). This metaphor gives students an
immediate sense of how minute the atoms are. “The ability to generate such metaphors is,
for Shulman, at the heart of pedagogical content knowledge. And it is, presumably,
important for any teacher who aims to teach important ideas rather than lists of facts and
procedures” (Kennedy, 1997, p. 10). This clarity, parsimony, and immediate connection
to students’ frame of reference contrasts sharply with how the size of the atom is defined
in the traditional course/s teachers take in colleges/programs, hence propagate in their
own classrooms. In these courses, an atom’s size is typically mentioned as 1 to 2
Angstroms, with an Angstrom being equal to 10 cm. Ability to recite this fact does not

assist the teachers or their students to grasp the meaning of the size of the atom, as the
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metaphor mentioned earlier does. Therefore, “if PCK is not sufficiently present in
teaching, then we may be quite efficient in presenting students with rote memorization”
(Zeidler, 2002, p. 7) and continue to perpetuate the fact-driven classroom culture. On the
other hand, sufficient presence and good execution of PCK allows the students the
opportunity to construct meaning from symbols and images and see the underlying
relationships among ideas much like the experts (Kennedy, 1998; Ma, 1999), consistent
with the research-based practices that emphasize the development of deep understanding
of the subject matter in the students.

Other ways that PCK differs from the traditional methods is that the metaphors
used are not only accurate, they are within the zone of proximal development, therefore
accessible for understanding, of the targeted audience. As teachers make their PCK
explicit, it brings to light the possible problems they may encounter during instruction.
Reflecting on these, and coming up with solutions, starts the next iteration of refinement,
further enriching their PCK. “PCK is developed (via multiple pathways) by an iterative
process that is rooted in classroom practices, implying that prospective or novice teachers
usually have little or no PCK at their disposal” (De Jong, Veal, & Van Driel, 2002, p.
371). Through their PCK, the teachers are “representing the character of the subject, just
as they represent its ideas through their sentences” (Kennedy, 1997, p. 12). Additionally,
the teachers should possess a taxonomy of PCK, ranging from the general PCK that all
teachers of science should possess, to those that are subject specific (i.e., specific to
Chemistry), to those that are specific to topics within the subject (stoichiometry,

acid/base titrations etc.) (Veal & MaKinster, 1999). Therefore, a rich repertoire of PCK
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needs to be a part of the classroom practice of teachers implementing research-based
methods.

There are several “structuralist” (Carlsen, 1999, p. 135) conceptualizations of the
components that constitute PCK. These view PCK to be made up of interrelated
components such as SMK, GPK, and the contextual knowledge etc. Many examples of
this type of model are found in the literature, including several proposed by Shulman and
his associates (Grossman, 1990; Grossman, Wilson, & Shulman, 1989; Hashweh, 1987,
Magnusson, Krajcik, & Borko, 1999; Shulman, 1986; Tamir, 1988). The three mutually
interacting domains, common to all of the above models, that affect each other and the
SMK, and in turn are affected by it, are GPK, SMK, and the contextual knowledge.
Therefore, these domains are considered in this study. GPK and SMK have already been
described earlier in this section. The relevant contextual knowledge will be described in
the section entitled ‘Urban science classrooms’.

Later, Carlsen proposed a “poststructural view” (Carlsen, 1999, p. 139)of PCK, in
which he argued for the rejection of a compartmentalized, fixed, systemic concept of
knowledge and its substitution with one that is sociocultural, idiosyncratic, and situated in
the community rather than the individual.

Regardless of the two views, at one extreme the PCK can be regarded as an act of
integrating knowledge across the three distinct domains of GPK, SMK, and the context.
This is how, novice teachers access this construct, i.e., for planning and executing a
lesson, they draw from individual domains separately as needed. At the other extreme is
the transformative view of PCK, obtained through a synthesis of the three fuzzy

domains, moving flexibly and seamlessly among the domains, into the “only form of
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knowledge that impacts teaching practice” (Gess-Newsome, 1999, p. 10). The
transformative view “‘signals that PCK is more than the some of its parts, more than
simply fitting together bits of knowledge from different domains” (Magnusson et al.,
1999, p. 116). Generally, experienced teachers practice this form, arriving at it through
reflection, ongoing inquiry, collaboration with peers/guides, active processing etc. “This
capacity to transform subject matter knowledge into forms that are pedagogically
powerful and adaptive to particular groups of students is at the core of successful science
teaching” (Zembal-Saul, Starr, & Krajcik, 1999, p. 243). The characteristics of the two
extreme views, integrative and transformative, are compared to those of a mixture and a
compound made of the same elements, respectively (Gess-Newsome, 1999).

Neither the college courses nor the traditional professional development programs
build a deep knowledge of the three domains separately, much less, how to integrate
these to teach a specific lesson to build the teachers’ PCK. Effective professional
development programs need to do this to promote research-based classroom practices.
Also, the teachers need to be exposed to exemplary instances of teaching and be equipped
with the tools necessary to progress towards the transformative model, such as informed
decision making, use of inquiry, reflection, and collaboration etc. in their
preparation/professional development programs. Since teaching is a complex task whose
end product cannot be packaged as a ‘teachers’ bag of tricks’ and delivered to the
teachers ready for use without adaptation, this reinforcement of tooling will enable them
to use their creativity, and problem solving skills to achieve personal growth as teachers
and accumulate their own unique PCK, “their own special form of professional

understanding” (Shulman, 1987, p. 8), as they implement the ‘best practices’ in their
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classrooms. One of the goals of the MCE program is to enable the teachers to build their
PCK through modeling exemplary teaching and the capacity to implement the practices
in their classrooms (Gess-Newsome, 1999).

As mentioned earlier, apart from teachers’ knowledge base, the factor that affects
teachers’ understanding of PCK and its domains and their implementation in the
classroom, is their beliefs (Brickhouse, 1990; Magnusson et al., 1999; Tobin, McRobbie,
& Anderson, 1997). Therefore, the role of teachers’ beliefs in instruction is described in

the next section.

Role of Teachers’ Beliefs in Instruction

Beliefs are the dyes that permeate the fabric of SMK, PK, and PCK, and color
their use, organization, and retrieval, and are powerful indicators of the affective and
evaluative aspects of behavior (Bandura, 1986; Beck & Lumpe, 1996; Haney et al., 1996;
Nisbett & Ross, 1980)

However, there does not seem to be a common definition or use of the term
‘belief” (Tobin, Tippins, & Gallard, 1994). It has been variously identified with personal
or subjective knowledge (Green, 1971), “attitudes, values, judgments, axioms, opinions,
ideology, perceptions, conceptions, conceptual systems, preconceptions, dispositions,
implicit theories, explicit theories, personal theories, internal mental processes, action
strategies, rules of practice, practice principles, perspectives” (Pajares, 1992, p. 309).

Beliefs are described as both evidential and non-evidential, static, emotionally
bound, organized into systems that develop episodically (Gess-Newsome, 1999; Nespor,
1987; Pajares, 1992) as opposed to knowledge that is evidential, dynamic, emotionally-

neutral, and develops with age (Alexander, Schallert, & Hare, 1991; Hiebert & Carpenter,
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1992). According to Tobin, Tippins, & Gallard (1994), “studies... suggest that teacher
beliefs are a critical ingredient in the factors that determine what happens in classrooms”
(p. 64). Beliefs that enable the teachers to meet their goals are used as a guide for actions
and those do not, are not used as referents in those contexts (Tobin & McRobbie, 1996).

The role of belief in the implementation of research-based practices has been well
investigated (Batista, 1994; Beck & Lumpe, 1996; Bryan & Abell, 1999; Cornett, Yeotis,
& Terwilliger, 1990; Hashweh, 1996; Richardson, 1996; Tobin et al., 1994; Tobin &
McRobbie, 1996). “Epistemic beliefs of teachers strongly influence their efforts to bring
about educational reform” (Lavonen, Jauhiainen, Koponen, & Kurki-Suonio; 2004, p.
310; Brickhouse, 1990; Clark & Peterson, 1985; McComas, Clough, & Almazroa, 1989).
Teachers with traditional beliefs typically transmit knowledge through lectures, their
students solve problems from textbooks, and do cookbook type of labs, i.e., activities that
do not assist in constructing depth of understanding of scientific concepts (Arons, 1990;
Berry & Sahlberg, 1996; Stinner, 1992). On the other hand, teachers subscribing to
constructivist beliefs are more likely to detect students’ alternative conceptions, have a
richer repertoire of teaching strategies, use more effective strategies to effect conceptual
change and use these more often, and are likely to evaluate their strategies (Hashweh,
1996; Veal, 2004).

Often, the distinction between teacher knowledge and beliefs is blurred in
classroom practice ((Bullough & Baughman, 1997; Grossman, 1990). The transformation
of these in action is complex (Fenstermacher, 1994). To acquire new knowledge and
beliefs, teachers’ current knowledge and beliefs need to be challenged (Borko & Putnam,

1996; Cohen & Ball, 1990), and they need to be provided support, feedback, and
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opportunities to examine, reflect upon, elaborate, and integrate the new knowledge and
beliefs. According to Veal (2004), “A teacher’s personal science background, peers,
teachers, and personal traits facilitate a teacher’s transition of beliefs into practice”
(p.331). Context, sociocultural, and institutional factors can also constrain the
implementation of beliefs into classroom practice (Palmeri, 1995; Roth & Roychoudhari,
1994; Tobin et al., 1990).

What follows is a section that considers the contextual factors, the milieu of
practice of the teachers in the present research, influencing their classroom practice, i.e.,

the urban science classroom.

Science Education in the Urban Context

Although some of the issues underlying the problems faced by schools in urban
areas are not uniquely urban, teacher preparation, teacher morale, access to resources,
teacher beliefs, student attendance, student self-esteem and achievement, as well as
parental/administrative support etc., often coalesce to become uniquely urban concerns
(Hewson, Kahle, Scantlebury, & Davis, 2001; Kopetz, Lease, Warren-Kring, 2006).

This section describes the characteristics of the urban setting and the unique
challenges it poses for science education. Then, the origins of these challenges and
strategies for dealing with them are discussed, with insights from the nascent literature on

science education in the urban context.
Introduction

In the past several decades, the urban demographic landscape across the United
States has changed considerably and it continues to change (Barton & Tobin, 2001).

According to US Census (2000, 2001a, 2001b) over 70% of US population lives in urban
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areas. Large urban districts educate 25% of all school-age students, 35% of all poor
students, 30% of all English-language learners, and nearly 50% of all minority children
(Pew Charitable Trust, 1998). Thus, urban areas constitute a widely diverse population,
with the largest concentration of ethnic minorities (New York City 57% and Philadelphia
86%), immigrants, and foreign-born residents (Barton, 2001; Barton & Tobin, 2001).

In the SDP, 64.4% of students are African American, 5.6 % Asian, 15.8%
Hispanic, 0.2% Indian, and 13.3% white (School District of Philadelphia, 2007). These
children attend impoverished schools characterized by high student mobility, inadequate
fiscal and other resources, high rates of truancy, and low rates of graduation. Also, their
teachers are more likely to be underprepared, and their achievement levels are lower than
those of their peers in nonurban settings (Clewell et al., 1995; Kozol, 1991; Linden, 1995;
Rury & Mirel, 1997; Rainwater & Smeeding, 2003; Tobin, Seiler, & Walls, 1999;
Waxman & Padron, 1995).

The recent wave of reform in science education has been largely concerned with
epistemology, cognition, systemic change, policies at various levels, teacher preparation,
standards, accountability, curriculum, instruction, and assessment etc. As a perusal of the
literature on the subject indicates, challenges facing the science education of urban youth
has received scant attention until recently (Barton, 2001; Gabel, 1994). The twin goals of
equity and excellence for all the students, espoused by the National Science Education
Standards (NRC, 1996), are far from becoming a reality for the urban students due to the
needs in four highly interrelated areas: (1) academic achievement; (2) resources; (3)

policies and schooling practices; and the (4) culture of schooling (Barton, 2001).
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Achievement Gap

“The goal of ‘science for all’ continues to be unattainable, particularly in the
urban setting where science achievement gaps exist between some groups of African
American, Latino, Native American, and Asian American students and their white
counterparts” (Fraser-Abder, Atwater, & Lee, 2006, p.599; Atwater, 1994). Between
2000 and 2005, the achievement gap between African —American and White students and
also between White and Hispanic students, has widened on the 12" grade science test on
the NAEP (Cavanagh, 2006). Analysis of science achievement data suggests that an
important factor in the creation and maintenance of this gap is the fact that educational
system favors the groups in power (Rodriguez, 1998). Tobin, Roth, & Zimmerman
(2001) hold the view that “National standards are a component of the hegemony, which

maintains the achievement gaps between Whites and African Americans” (p. 961).

The cause for a large part of the gap in scholastic performance has been attributed
to the disparities in job opportunities and disadvantaged socioeconomic status of these
groups, rather than race (Sowell, 1977, 1995). Data from the turn of the century when
White immigrant groups from Europe performed poorly compared to blacks in northern
United States, and from many parts of the world support this connection (Benson, 1995;
Klich, 1988; Lynn, Hampton, & Magee, 1984; Ogbu, 1978, 1992a, 1992b).

Steele (1999) has suggested that stereotype threat could be one of reasons for the
low performance of urban minorities. Reducing the stereotype threat, supporting, and
validating the students are some of the ways to improve their performance and reducing
the achievement gap (Turner & McCann, 2000). According to Norman et al. (2001, p.

1106) “students who are socioculturally disadvantaged respond to these societal
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disparities in ways that may impede learning”. Due to their own (lack of) preparation, the
science teachers perceive these responses as resistance to learning, and turn it into matters
for disciplinary action, instead of finding ways to harness these into “cultural capital that
will enhance rather than impede learning” (Norman et al., 2001, p. 1106).

One of the causes of disparities leading to the achievement gap is the allocation

and activation of resources in urban settings. Attention is devoted to discussing this next.

Resources

Resources available to urban classrooms can be divided into the four categories of
temporal, fiscal, intellectual, and social. To facilitate teaching and learning, the resources
must not only be available, but be actualized by the teachers and students. It is their
agency that converts these resources into learning, the “return” (Knapp & Plecki, 2001, p.
1092) on the investment. Given the meager resources, urban settings require that the
administrators utilize their resources creatively to yield a high return on instruction

(Spillane, Diamond, Walker, Halverson, & Jita, 2001).

Temporal Resources

Reform-based methods in science advocate the use of inquiry methods. These
methods require substantial investment in time to allow the students the opportunity to
learn the content. Additionally, adequate allocation of time has a positive impact on
student learning (Darling-Hammond, 1999b; Miles & Darling-Hammond, 1998;
Newmann & Associates, 1996). In urban settings, the time allocated to science is
generally not sufficient to afford a deep engagement with content (Knapp & Plecki, 2001)

due to a variety of reasons, some of which are discussed in the section on practices and

102



policies. In many high schools in this study, there were no double lab periods for the

subject.
Material and Fiscal Resources

There are both structural and implementation barriers regarding this resource.
Urban classrooms are notoriously undersupplied in terms of scientific instruments and lab
supplies and their allocation is, often, mismanaged (Fraser-Abder, Atwater, & Lee, 2006;
Tate, 2001). NAEP 1999 Trends in Academic Progress found a positive correlation
between using scientific equipment and science assessment score (Campbell, Hombo, &
Mazzeo, 2000). The best technology-rich experiences students receive, often, occur in
extracurricular programs available to a few high achieving students (Tate, 2001). On the
other hand, institutions like museums, lab on wheels, colleges, and universities are
sometimes within reach, and can be partnered with, but many teachers do not tap into

these important resources for a variety of reasons.
Intellectual Resources

Urban children are often taught by underprepared or out-of-field teachers,
especially in math and science (Ingersoll, 1999). These teachers lack the subject matter
knowledge and the pedagogical content knowledge (Shulman, 1986) required for deep
conceptual understanding of the subject. They, therefore, “lack the tools to teach high-
level skills or to implement appropriate innovations to support this kind of teaching”
(Tate, 2001, p. 1021). This impacts the students’ opportunity to learn science concepts
and ultimately student achievement (Darling-Hammond, 1999a). The inadequacy of
teacher preparation is exacerbated by the high rate of absenteeism, low attendance at

professional development sessions, and lack of relevant and sustained professional
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development (Tate, 2001). Sometimes, as a result of participating in reform-oriented
professional development using inquiry/discovery methods, teachers are enthused and
intend to use these in their classrooms. But, due to various constraints described
throughout this chapter, they are handicapped in their efforts and fall back into their

routine practices (Hewson et al., 2001).

Social Resources

According to Elmore & Fuhrman (1995), shared norms, knowledge, and skills of
teachers are the most powerful factors in enhancing student learning and achievement
outcomes. Often, there is no common planning time and there is little opportunity for
teachers to collaborate and learn from each other. In the school district of Philadelphia,
teachers take part in mandatory monthly professional development that covers topics
developed centrally, often disconnected to their local needs. Even in situations where
time/resources for collaboration are available, there may not be an enthusiastic
support/promotion from the administration, or such partnerships are not part of the school
culture, i.e., the supportive infrastructure consisting of responsive parents, motivated
colleagues, effective administrators, supportive school district policies, a culture of
collaboration etc,. that is taken for granted in many suburban contexts is more likely to be
absent in urban settings. To add to these, there may be English language learners and
students with special needs in the class, with the teachers neither being provided the
support nor the training in instructional strategies to impart quality instruction to these
students. Also, frequently due to a shortage of substitute teachers, a science teacher may
be asked to combine classes, seriously affecting the quality of instruction (Hewson et al.,

2001).
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Since the allocation and activation of resources are determined by the policies and

practices of the institution, these constitute the topics for the next sections.
Policies and Practices

This section is divided into two subsections. The first section describes policies
that directly and indirectly impact classroom instruction. The remaining section discusses

urban classroom practices that contribute to the low achievement of students.
Policies

Fraser-Abder, Atwater, & Lee (2006) posit that “urban education policies are
shaped by issues of power and control, race/ethnicity, culture, language, social class and
gender (p. 604; Darden, 1981; Freire, 1971; Giroux, 1981; Kahle, 1998). Additionally,
these policies favor the privileged, and the marginalized groups are treated “in a
hegemonic way” (Hill, 2005, p. 344; Kivel, 2004).

Policies formulated at several levels (federal, state, district, and school), impact
urban science teaching. Teachers generally have no say in their formulation, but are
charged with the agency of their enforcement. Some policies directly impact teaching and
learning, and the effects of their implementation are all too pervasive, encroaching on all
the aspects of teaching and learning. Examples of these policies are:

(1) Policy regarding what is taught in the classroom, how is it taught, and what
materials are used is often determined at the district level in the form of a curriculum
guide or framework (Knapp & Plecki, 2001). In the case of Philadelphia, the core
curriculum based on the state standards, and its plan of daily activities, the planning and

scheduling timeline, drive instruction at the classroom level, in every subject in the
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district. Teachers are monitored, especially in low performing schools, for adherence to it
and reminded to be on track.

(2) Policy regarding what is assessed in the classroom, and therefore is the
primary focus of teaching the content and drives the instruction, is also determined at the
district and state levels. In SDP, the benchmark tests at the end of each 5-week cycle and
PSSA in most grades drive the instruction. Teachers are required to analyze the results of
the benchmark tests and reteach the material the students fared poorly in. Many teachers
are held accountable by their principals for the performance of their students on the
benchmark tests, so are the principals by their regional superintendents. Thus a formative
assessment tool assumes the status of a high stakes test dreaded and hated by a large
number of stakeholders. Ironically, most teachers do not find the benchmark tests to be
aligned to the content, therefore not a good diagnostic tool regarding gaps in instruction.
The teachers express the concern that they are asked to implement the assessment, are
judged by its outcome, but their suggestions for changes are not considered.

Policies regarding hiring, staffing, assignment of classes, teacher preparation, and
professional development indirectly impact classroom instruction. In an urban setting,
many factors determine the deployment of teachers, qualification being one of them, and
not often the one that takes precedence, resulting in many science classes being taught by
unqualified/uncertified teachers (National Commission on Teaching & America’s future,
1996). Policies regarding class size (max. 33 in Philadelphia, max. 25 in Upper Dublin)
and configuration do not favor quality science instruction (Center for the Study of

Teaching and Policy, 1998).
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In sum, the prevalent policies form a teaching policy environment (Center for the
Study of Teaching and Policy, 1998) that, in an urban setting, is characterized by a lack
of coherence, comprehensiveness, and stability, resulting in little guidance or
professional support from the district and colleagues and is inadequate in addressing the

needs of teachers (Knapp & Plecki, 2001).
Practices

The dominant pattern of discourse in an urban classroom is teacher monologue
and triadic dialog (Lemke, 1990). Students are, generally, passive recipients rather than
active participants. Student response is limited to answering recall type questions, rather
than those requiring higher order skills (Haberman, 1991). Student talk is viewed as
disruption and is discouraged. To deal with large classes and little equipment many urban
teachers use whole-class instructional techniques, and the ‘pedagogy of poverty’
(Haberman, 1991), such as lectures, class readings, completing worksheets, textbook
assignments (Barton & Darkside, 2000; Nieto, 1994), rather than the reform-based
science teaching methods including open-ended discussion, project work, and activities,
in which the learners assume responsibility for their learning (Knapp & Plecki, 2001).

Students’ opportunity to learn (Carroll, 1963), the amount of time required to
learn a concept, is seriously encroached upon by two practices (elaborated upon in the
last section) that the teachers cannot escape from. These are; curriculum pacing
schedule, set by the central office which demands that only a predetermined amount of
time be spent on a given topic, and the NCLB driven standardized test oriented
pedagogical strategies (Olson, 2001; Tate, 2001). About 60% of teachers whose classes

had a high number of minorities indicated going over test-taking skills (significantly
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more than in classes without sizeable minorities), teaching topics known to be on the
assessment, emphasizing tested content, and beginning test preparation more than a
month before the assessment (Madaus, West, Harmon, Lomax, & Viator, 1992), and the
climate of standards and assessments continues to fail to prepare the students
meaningfully (Seiler, Tobin, & Sokolic, 2003; Shepard & Dougherty, 1991). Overall, the
quality of science instruction available to many students is restricted due to the tracking
practices in many urban schools (Oakes, 1990; Oakes, Gamoran, & Page, 1992).

Science education in urban settings typically reflects middle class experiences and
views of knowing and doing science. It excludes the lives of marginalized students
(Atwater, 1998; Brickhouse, 1994; Lee & Fradd, 1998; Moses, Kamii, Swap, & Howard,
1989).

This (conscious or unconscious) exclusion leads to students’ disengagement and
opposition to learning science (Bourdieu, 1977; Brickhouse & Porter, 2001; Holland,
Lachicotte, Skinner, & Cain, 1998).

Inside the school, learning and achieving in science requires being able to
memorize the answers and reproduce these correctly in the exam, whereas in the real
world sociocultural context, “learning is a dynamic and recursive process of constructing
meaning” (Fusco, 2001, p. 861; Rogoff & Chavajay, 1995; Vygotsky, 1978). This lack of
correspondence between learning inside the school and in the outside world of the
students’ community minimizes the relevancy of school learning (Lave & Wenger, 1991;
Nieto, 1994; Resnick, 1987; Saxe, 1990; Sleeter & Grant, 1991).

The next section elaborates on this disconnect and its consequences.
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Culture of Schooling

According to recent studies, urban students and students of color have
exceptionally negative attitudes towards school science and their futures in the field, with
feelings of boredom, anxiety, confusion, and frustration, especially in the high school
(Atwater, Wiggins, & Gardner, 1995; Ayers & Price, 1985; Basu & Barton, 2007;
Bohardt, 1975; Cannon & Simpson, 1985; Disigner & Mayer, 1974; Haladyna &
Shaughnessy, 1982; Hill, Atwater, & Wiggins, 1995; Ormerod & Duckworth, 1975;
Randall, 1975; Simpson & Oliver, 1990). This attitude appears to be affected by the
students’ interest levels in science, their abilities in school science, the curriculum and
learning climate, their access to extra curricular experiences, their family, teachers, their
own self concept, and their peer groupings (Cannon & Simpson, 1985; Fouts & Myers,
1992; George and Kaplan, 1998; Hansen, 1999; Simpson & Oliver, 1990; Simpson &
Troost, 1982; Wang & Waldman, 1995).

Further, identity is a strong determinant of what one participates in and how
(Brickhouse et al., 2000; Carspecken & Apple, 1992). Most urban students envision
science to be the realm of Einstein, lab coats, and goggles that is far removed from their
own identities (Boullion & Gomez, 2001; Brickhouse, 1994; Burkham, Lee, & Smerdon,
1997). These issues arise since the nature of science and what it encompasses remains
narrow, intact, and exclusionary, a far cry from the context and experience of the students
(Atwater, 1996; Barton, 1998a; Delpit, 1995; Fusco, 2001; McShane & Yager, 1996;
Moses, Kamii, Swap, and Howard, 1989; Nespor, 1987; Rodriguez, 1997, 1998).

Boullion & Gomez (2001) express this disconnect very succinctly as, “Schools

are in communities but often are not of communities” (p. 878; Fraser-Abder, 2001).
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According to Vygotsky, learning is mediated by sociocultural factors. Patterns of activity
that students take part in outside of the school are, often, well articulated compared to
those within schools. This is a source of disconnect, that leads to student disengagement.

Schools need to bridge the world of science classroom and the children’s
community-based experiences and find ways to enrich each in meaningful ways in order
to make the world of science relevant to students’ lives (Boullion & Gomez, 2001; Lee,
2003; Moll & Greenberg, 1990). Activities such as integrating science learning across the
curricular areas, social interaction with outside experts/mentors, using other community-
based resources, tapping in to science-related ‘funds of knowledge’ existing in different
contexts and communities, using students’ lived experiences in the context of science etc.
help to ‘decenter’ science (Barton, 1998¢c; Moll & Gonzalez, 1992; Gonzalez, Moll, &
Amanti, 2005).

Making such connections is part of the vision of science education for all, as
expressed by the following statements from the National Science Education Standards:
“teaching for understanding requires responsiveness to students, so activities and
strategies are continuously adapted and refined to address topics arising from student
inquiries and experiences, as well as school, community, and national events” (NRC,
1996, p. 30) and “Inquiry into authentic questions generated from student experiences is
the central strategy for teaching science” (p. 31).

Since the student inquiries, experiences, understandings, and communities in a
culturally diverse setting are inherently different from the mainstream science that
currently drive the curricula, if these culturally diverse students are to find science

relevant, science teaching “must respond to and emerge from the life experiences,
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questions, and interests of all learners” (Fusco, 2001, p. 874), such that the students
perceive science as something important to their lives outside of school (Eisenhart et al.,
1996). There are several instances in the literature where students show a great deal of
involvement and ownership in after-school, community-based programs that provide
opportunities for students to explore, give expressions to their creativity, be authors and
creators of knowledge rather than mere recipients, and does not marginalize their culture
(Fusco, 2001). The same level of participation needs to occur in urban science
classrooms, which seems to be elusive so far.

This now leads into the vision of urban classrooms where the goals of equity and

excellence need to be realized for all the groups of students.
Urban Science Education - A Vision

As stated earlier, the literature on inclusive urban science education practices is
still in its infancy. However, it is clear that to realize the goals of equity and excellence
for all, rethinking is required in the following areas; 1) the nature of scientific knowledge,
2) the role of teachers and other experts, 3) the relationship of the learner to the
knowledge presented, and 4) the context of teaching and learning (Barton, 1998c).

The view of science as an objective, positivist body of knowledge needs to be
abandoned. It needs to be replaced by the post-colonial view that regards science as a
product of the Western culture (Aikenhead, 1997, 2001; Aikenhead & Lewis, 2001) and
teaching science as a transmission of this subculture (Heath, 1982; Ogawa, 1995;
Phillips, 1983; Spindler & Spindler, 1997). Recent reform efforts in science, described
extensively in the earlier sections of this chapter, envision students as active constructors

of meaning rather than passive recipients of knowledge. However progressive this view
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is, it still does not go far enough to embrace the pedagogical needs of students from
different sociocultural backgrounds to achieve the goals of equity and excellence, since it
only deals with ‘how’ science is learned, leaving ‘what’ is learned untouched (Atwater,
1996; Barton, 1998b; Bianchini & Kelly, 2003; Carter, 2006, 2007; Cross, 1997;
Cunningham & Helms, 1998; Lee, 1999; Lemke, 2001; McNay, 2000; McShane &
Yager, 1996; Ninnes, 2001; Rodriguez, 2001; Settlage & Meadows, 2002; Wong, 2001;
Zacharias & Barton, 2004). To include the perspectives and experiences of diverse
groups of students, meaningful reflection and dialog must occur and the confines of
Western science need to expand to make room for indigenous science (Atwater, 1996;
Barton, 1998b; Collins & Pinch, 1993; Hammond, 2001; Harding, 1998; Jasanoff et al.,
1995; Knorr-Cetina, 1995; Paty, 1999; Seiler, 2001; Snively & Corsiglia, 2001). This will
lead to a new definition of scientific knowledge as “any systematic attempt to produce
knowledge about the natural world including local knowledge systems, ethnosciences,
and science as a local cultural practice” (Carter, 2007, p.3, 2004, 2005). As these
experiences are included and valued, definitions of what constitutes science and who can
participate in it are bound to change resulting in a more or less seamless transition for
urban youth as they negotiate the two cultural strands, find relevancy and meaning in
school science, as opposed to silencing their cultural perspective in order to participate in
school science (Barton, 2000, Fine, 1991; Fusco, 2001; Roychoudhury, Tippins, &
Nichols, 1995; Siegel, 2002; Stanley & Brickhouse, 2001).

In such a classroom, the role of the teachers will change from the transmitter of
western science to that of a cultural broker communicating with various voices. As

Aikenhead (1996, 1997) put it succinctly, the teachers must be ‘tour guides’ assisting
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students with border crossings (between their culture and culture of western science). As
teachers are better equipped to navigate the cultural interface zones, classrooms will
become places of cultural cooperation, rather than of cultural conflict (Giroux, 1992;
Norman et al., 2001).

Teachers need to learn to harness the cultural capital students come to class with,
e.g., African American students’ extensive orality, communalism, and rhythm, towards
social construction of scientific knowledge, rather than labeling these as elements of
resistance to learning (Seiler, Tobin, & Sokolic, 2001; Tobin, 2000; Tobin, Seiler, &
Walls, 1999) and punishing the students. Teachers can reshape the classroom discourse
and gain insights into their own pedagogical approaches through cogenerative dialog
(Tobin, Elmesky, & Seiler, 2005) and negotiated agreements (Bodley, 2000) with the
students.

As Tobin, Elmesky, & Seiler (2005) express it so clearly, “teachers need to ask
difficult questions about their own practice and beliefs towards developing a more
reflective and inclusive pedagogy. Improving urban science education begins with our

own individual beliefs and practices” (p. 37).

Change and Its Implementation

Change in the present study is defined as “teachers doing something that others
(in this case, national science standards) are suggesting they do. A critical feature is that
someone outside the classroom decides what changes the teachers will make”
(Richardson, 1990, p. 11). However, the change is centered on the individual teachers.

Some assumptions about change posited by Hord, Rutherford, Huling, and Hall

(2006), are utilized in the present research:
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Change is a process, not an event. It occurs over time, usually a period of several
years.

Change is accomplished by individuals. Therefore, individuals must be the focus
of attention in implementing a new program.

Change is a highly personal experience. Therefore, different responses and
interventions will be required for different individuals.

Change involves developmental growth in terms of feelings and skills, by those
involved in the process.

Change is best understood in operational terms. By addressing the concerns of
those involved in change in concrete, practical terms, communication can be
improved and resistance to change decreased.

The focus of facilitation should be on individuals, innovations, and the context.
The real meaning of change lies in its human, not material, component. (p. 6-7)

Barriers to the Implementation of Change

Implementation of new ways of thinking and practice usually necessitate some
organizational changes, particularly in the roles and role relationships of the members
directly involved with putting the changes into practice. Problems inevitably arise during
the attempt to implement the changes, often, resulting in the implementation not
occurring at all, or, in ways not intended (Fullan and Pomfert, 1977). As discussed in the
literature, lack of success of the implementation of many research-based practices has
been attributed to several factors. These factors fall into three general categories; teacher
characteristics, organization, teacher self-efficacy. Some of the factors related to teacher
characteristics are; resistance to change (Duffy & Roehler, 1986; McLaughlin, 1987),
beliefs and perceptions (Roehrig & Kruse, 2005), lower level of rational and analytic
abilities (Lortie, 1975), lack of use of scientific or objective measures in assessing student
growth (Jackson, 1968), and intuitive and non-technical behaviors (Berlak & Berlak,
1981; Feiman-Nemser & Floden, 1986). Some organization related factors that enable or
hinder implementation of change by teachers are; the norms of collaboration, collegiality

and experimentation (Hatton, 1985; Little, 1987), instructional coordination (Rosenholz,
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Bassler, & Hoover-Dempsey, 1986), and significant cues from the environment (March
& Simon, 1958). Lastly, self-efficacy factors such as teachers’ beliefs (e.g., about how
students learn and how they should learn etc.), attitude, knowledge, goals, concerns about
student engagement and performance, knowledge and experience gained from the
professional development, and orientation to specific contextual concerns impacted by
the implementation of change (Bryk, 1988; Doyle & Ponder, 1977; Guskey, 1988;
Hargreaves, 1984; McLaughlin & Yee, 1988; Mitchell, Ortiz, & Mitchell, 1987; Stern &

Keislar, 1977; Tobin, 1987).
Implementation of Change and Teacher Concerns

Adoption and implementation of change requires that the culture of reform-based
practices become the culture of classroom practice of the affected teachers (Hatton,
1985). Although the objective characteristics of an innovation are important, the
perceptions of teachers who will implement it are even more so, for a successful
realization of its intent. The meaning realized during the process of implementation is
central to its successful implementation (Fullan, 1993; Nias, 1996). The meaning finds
expression through the concerns teachers express as they practice the new culture.

“Although personalized interventions can facilitate change, in the end individuals
determine for themselves whether or not change will occur” (George, Hall, &
Stiegelbauer, 2006, p.9). Therefore, to understand the implementation of new ways of
thinking and practices in classrooms, it is imperative that a great deal of attention be paid
to how the teachers construe their new role, to understand their subjective realities, and to
have an awareness of their concerns and experiences that will ultimately determine their

behavior and the success or failure of implementation (Fuller, 1969; Hall, George, &
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Rutherford, 1977; Richardson, 1990). Here, concerns refer to the questions, uncertainties,
the composite representation of the feelings, preoccupations, thoughts, and
considerations, and possible resistance that teachers may have in response to new
situations and/or changing demands (van den Berg & Ros, 1999). Hall et al. (1977)
describe concern as “an aroused state of personal feelings and thoughts about a demand

as it is perceived” (p.5).
Procedures for Assessing Concerns

Three procedures are, generally, used for assessing concerns of teachers
implementing new practices. “These provide a framework from which to understand the
personal side of the change process” (George et al., 2006, p.2). The three are: (1) an
informal; one-on-one interview with appropriate questions to elicit the concerns and
feelings of the respondents. This method is appropriate in individual cases; (2)
responding in complete sentences and sufficient detail, to open-ended
questions/statements. This is a more formal approach, appropriate for groups (Newlove &
Hall, 1976); and (3) responding to the Stages of Concern Questionnaire. Again, this is a
formal approach, suitable for groups of teachers. There are several strengths of the SoCQ
approach. It identifies concerns by quantitative scores for each stage, eliminating the need
for inferring concerns from verbal or written statements. It can be used to provide a
pattern of concerns. Pattern of concerns for individuals can be compared. By
administering the SoCQ several times to a person, the changes in the pattern of concerns
can be recorded. In this study, a SoCQ will be used to determine the concerns of teachers
as they implement the reform-based methods and depth of content experienced in the

MCE program in their classrooms, for all the strengths, except the last one, stated above.
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Three SoCQs will be considered for the purpose, with their prominent features,
method of analysis, available instrument statistics, and pros and cons of using each. A
rational will be provided for the chosen instrument and its characteristics and method of

analysis will be described in detail.
Van den Berg’s SoCQ - The Dutch Model

Based on research done in the Netherlands, Belgium and other European
countries, van den Berg’s team revised Hall’s SoCQ (Hall et al., 1979; van den Berg &
Ros, 1999; van den Berg and Sleegers, 1995; van den Berg, Sleegers, & Geijsel, 2001).

There are seven distinct stages of concern in this model: (1) Awareness; (2)
personal concern/need for information; (3) consequences for pupils; (4) management; (5)
collaboration; (6) refocusing on the basis of experiences with pupils; and (7) refocusing.

Awareness (7): Teacher knows very little about the innovation, or has little/no
interest in it.

Personal Concern/Need for Information (12): The teacher is interested in the
changes that may occur in his/her personal work, would like the opportunity to study and
discuss about the innovation.

Consequences for Pupils (5): The teacher would like some indication of the value
and necessity of innovation for his/her students.

Management (10): The teacher’s attention is focused on daily tasks, and solving
practical problems arising regularly.

Collaboration (8): The teacher is concerned with collaboration with colleagues to

better implement the innovation.
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Refocusing on the Basis of Experiences with Pupils (5): Teacher is geared
towards revising the innovation based on students’ reactions and assessments.

Refocusing (5): The teacher sees clear alternatives to the innovation and would
like to replace it, when necessary.

These stages are clustered around three dimensions, Self-concern (Awareness,
Personal Concern/Need for Information, and Consequences for Pupils), Task concern
(Management), and Other concern (Collaboration, Refocusing on the Basis of
Experiences with Pupils, and Refocusing). There are 52 items in this SoCQ, with a
Likert-type response on an 8 point scale (0-7). The number of items to assess each stage
is different. The number of items for each stage is indicated beside the stage headings
above, i.e., there are 7 items pertaining to the Awareness stage. Inclusion in a scale was
done on the basis of the item (statement) loading highest on that factor and some degree
of correspondence between the interpretation of the factor and the meaning of the
particular scale. Additionally, the questionnaire asked for the demographic information
from the participants. The SoCQ was administered to K-12 teachers involved with
implementation of innovations. Based on the factor analysis of this data, internal
consistency of the scales was developed by calculating Cronbach’s alpha coefficient.
These ranged from .55 to .95 and the results were very similar with 4 other studies using
this SoCQ. These studies have shown this SoCQ to be a reliable and valid instrument
(van den Berg, 1993; van den Berg & Sleegers, 1995).

Depending on the research questions to be answered, the method of data analysis
varies. The first method requires summing the scores of items pertaining to a stage,

converting this number to a percentile and plotting the percentiles of all the stages to
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obtain a profile of the stages of concern. The next method requires using ANOVA or
MANOVA to compare the questionnaire data for various groups and find if the results
were significant.

Although this is the most detailed of the 3 SoCQs examined with 52 items spread
over 7 stages to explore the concerns of teachers implementing an innovation, it was not
used in the this study due to the following reasons: (1) The construct validity of data from
the SoCQ was not examined by confirmatory factor analysis (Cheung, Hattie, & Ng,
2001); (2) While preserving the construct of teacher change progressing through a
developmental series of concerns, the model suggests that the nature and sequence of
concerns is less universal than implied originally (Anderson, 1997); (3) There is no
literature about its use in studies conducted in the United States. It has been used in some
western European, mainly Scandinavian, countries therefore it may suffer from cultural
bias. The original instrument is in Dutch, with English translation available; (4) It has
been used for some very large studies, none as small as this one, hence data on its
versatility is not available, and (5) some of the statements in the questionnaire are too

specific and may not apply to this study.

Cheung’s SoCQ - The Hong Kong Model

Cheung used Hall’s (1979) SoCQ to collect data on the teacher concerns when a
large scale curriculum innovation was implemented in Hong Kong. As a result of
exploratory factor analysis of this data, only 22-items were retained clustered around five
stages of concern. The alphas of the five stages ranged from .75 to .84 (Cheung, Hattie, &
Ng, 2001). Two years later, using data from the introduction of a high level chemistry

course in secondary school, this SoCQ evolved to the present 25-item questionnaire,
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clustered around 5 stages with different labels. These are: (1) evaluation; (2) information;
(3) management; (4) consequence; and (5) refocusing (Cheung and Yip, 2003).

Evaluation (5): The teacher feels uncertain about the worth, fairness and
feasibility of the innovation.

Information (5): The teachers concerns focus on rationale, requirements of use,
and moderation mechanism, as well as the type of support and his/her role in the
innovation.

Management (5): In this stage, the concerns are about the tasks and process
involved in implementation, efficiency, and time demands for planning assessment tasks.

Consequence (5): The teachers are concerned about the impact of the innovation
on student learning and are eager to cooperate with other teachers for greater
effectiveness.

Refocusing (5): The teachers are keen on refining the strategies learned during
implementation and explore, institute alternatives.

Consisting of 25 items only clustered around 5 categories, this is the most
economical questionnaire examined in this study that captures the essential information.
The items are randomly arranged and an 8 point Likert-type response format is used
(scale of 0-7). All the items were in Chinese originally, however, English translation is
available. Reliability tests of items show that the total correlations ranged from 0.4 to 0.7.
Further confirmation on reliability is provided by the Cronbach’s alphas of the five
subscales, that ranged from 0.68 to 0.84. Data were analyzed through various quantitative
methods to suit the research question. As for the earlier model, the hypothesized

sequence of the five SoC constructs is not evidenced. Therefore the five stages need to be

120



regarded as 5 categories, rather than sequential stages of concern (Cheung & Yip, 2004).
The psychometric properties of this SoCQ were explored most thoroughly of the three
instruments considered here. Using this questionnaire, the peak concerns of science
teachers in Hong Kong were identified as they implemented school-based science
curricula and professional development to address their needs was provided (Cheung,
2005).

This questionnaire was not used in the present study for the following reasons: (1)
Although this SoCQ was used to examine the concerns of teachers involved in one of the
largest curriculum change efforts in Biology and Chemistry in Hong Kong, it has not
been tested on a variety of sample sizes for its feasibility of use in a small sample as is
the case in this research study; (2) There may be possible cultural biases in the
questionnaire that have not been explored, limiting its use to Southeast Asia; (3) and by
the authors’ own admission, the SoCQ may be innovation specific and needs to be tried
in a variety of situations to improve its versatility (Cheung, 2002; Cheung, Hattie, & Ng,

2001).
Hall’s SoCQ

Hall’s SoCQ is one of the tools of the Concerns Based Adoption Model (Hall &
Hord, 1987; Hall & Loucks, 1978, 1979). The concept of Stages of Concern was based
on the work of Fuller (1969), who studied the concerns of teachers as they implemented a
curricular innovation. Early researchers hypothesized the developmental characteristic of
the concerns and delineated their 7 stages (Hall, Wallace, & Dossett, 1973). These were
later modified and named: (0) Awareness, (1) Informational, (2) Personal, (3)

management, (4) Consequence, (5) Collaboration, and (6) Refocusing (Hall et al., 1979).
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Awareness (5): The teacher expresses little concern or involvement with the
innovation.

Informational (5): The teacher expresses interest in learning about the general
characteristics, effects and requirements for use.

Personal (5): The teacher is uncertain about the demands of the innovation,
his/her ability to fulfill them, and his/her role with it. Some additional concerns may be
about his/her role in decision making, conflicts with existing structures, and other
commitments.

Management (5): The teacher is focused on tasks and processes of using the
innovation, such as efficient use and management of resources, schedule, organizational
features etc.

Consequence (5): The teacher is concerned about the relevance and impact of the
innovation on his/her students, evaluation of students’ competencies, and the changes
needed to improve student outcomes.

Collaboration (5): The teacher is focused on coordinating and cooperating with
others regarding the use of innovation.

Refocusing (5): The teacher explores ways to improvise the innovation to benefit
all, by making changes/replacements/introducing alternatives etc.

These stages are grouped in to three dimensions: (1) self; (2) task; and (3) impact.
Self concerns include the stages of awareness, informational, and personal. Task concerns
include the management stage, and impact concerns include the stages of consequence,

collaboration, and refocusing. These stages of concern are distinctive but not mutually
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exclusive. A teacher may have concerns at all the stages simultaneously with varying
intensities.

The questionnaire has 35 items, 5 items per stage, that are distributed randomly in
the questionnaire. The response format is a 0-7 point Likert-type scale.

Validity of SoCQ was established by examining how the scores on the seven
stages related to one another and to other variables suggested by concerns theory
(Cronbach, & Meehl, 1955). Several methods, such as intercorrelation matrices,
judgments of concerns based on interview data, and confirmation of expected group
differences and changes over time, were used to establish the validity of SoCQ scores.
The internal consistency for each of the seven stages of concern as measured by
Cronbach’s alpha ranged from 0.64 to 0.83 (Hall, George, & Rutherford, 1979).

Hall’s SoCQ, with the addition of 3 open-ended questions at the end of the 35
items (Appendix F), was the instrument used in the present research to examine the
concerns of chemistry teachers as they implement the depth of conceptual understanding
and practices experienced in the MCE program, in their high school classrooms. This
instrument was chosen for the following reasons:

(1) Although the 2 instruments mentioned above have some desirable
characteristics regarding internal consistency data and the number of items to respond to,
they have been used on a small number and variety of samples. Hall’s SoCQ has been the
most widely used instrument for measuring teachers’ concerns for 30 years. Its validity
and reliability have been established through application to a vastly greater variety of

contexts and sample sizes.
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(2) The ease of using, scoring, and displaying the data. Data can be displayed
either graphically or through a variety of tables.

(3) Availability of a thorough, well developed literature on the interpretation of
data.

Using and Scoring the SoCQ

The SoCQ has 4 parts: (1) the cover letter; (2) the introductory page; (3) thirty-
five statements on two pages with numbers 0-7 beside each statement; and (4) the last

page with 3 open-ended questions (see Appendix F).
Classroom Observation Instrument
Introduction

In recent times many groups have focused on what reform-based classroom
practices in math and science education entail (AAAS, 1990, 1993; Adamson, Banks,
Burtch, Cox III, Judson, Turley, Benford, & Lawson, 2003;Aldridge, 1989; Grouws &
Schultz, 1996; National Committee on Science Education Standards and Assessment,
1992; National Council of Teachers of Mathematics, 1989, 1991; National Research
Council [NRC], 1996, 2000).

Reform-based (also referred to as standards-based) practices emphasize a
constructivist view of learning and teaching such as supporting inquiry and problem
solving, engaging students in their own learning, encouraging discourse among students,
emphasizing conceptual understanding of content, and connecting the content to real life
situations etc. (Morrell, Flick, & Wainwright, 2004)

However, these documents are silent on how these practices manifest themselves

in terms of observable teaching and learning behaviors in the classroom. There are no
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agreed upon classroom teaching and learning behaviors that represent or exemplify the
standards espoused in these documents. This leaves the subject of standards-based
practices to multiple interpretations, e.g, engaging students in inquiry can be associated
with a number of different activities or combinations of activities. The challenge of
designing reform-based classroom observation instruments is, then, to distil the intent of
the standards into a number of associated statements representative of reform-based
teaching and learning behaviors (Sawada, Piburn, Judson, Falconer, Turley, Benford, &

Bloom, 2002; Wainwright, Flick, & Morrell, 2003).

Classroom Observation Instrument as an Evaluation Tool

The most common approach to evaluating the implementation of reform-based
instructional practices in science classrooms is the use of an observation instrument (also
referred to as a protocol). In essence, an observation instrument requires a trained
observer to rate the happenings in a classroom during a lesson as they complete items
regarding the methods utilized for instruction, content of the lesson, and the prevalent
classroom culture. The observers respond to a set of statements representative of reform-
based practices by indicating the degree to which the elements of the lesson matched the
statements. All the protocols described below were adapted from, or derived from, or
were influenced by the Horizon Research Inc.’s Local Systemic Change (LSC)
Classroom Observation Protocol and measure the construct ‘reform-based (standards-
based) classroom practices of math and science teachers’ (HRI, 1999, 2000, 2005). The
instruments were developed primarily for two reasons: (1) to evaluate the implementation

of (standards-based) LSC programs; and (2) to improve reform-based teaching in
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undergraduate teacher preparation courses. Some commonly used classroom observation

instruments are now described.

Horizon Research’s Local Systemic Change (LSC) Classroom Observation Protocol

(1997, 2000, & 2005)

This instrument consists of a composite of sub-categories which include lesson
design, implementation, math/science content, and classroom culture. Seven to ten
statements, illustrative of reform-based practices, are organized under each of the sub-
categories. The observer rates the statements based on a seven point Likert scale, ranging
from ‘not at all’ to ‘to a great extent’. Observer also gives an overall rating to the
categories, the lesson, and combines these ratings with post observation teacher interview
to derive a composite picture of the lesson. The face validity of the instrument was
established through several iterations of review and revision by a group of sixty math and
science educators, till a broad agreement on item content as well as integrity and
completeness of the protocol was reached. Ninety two percent of a trained group of
observers rated a set of videotaped lessons within one point of the norming group’s rating

key (HRI, 2000), which attests to a high degree of interrater reliability of the instrument.
CETP-Core Evaluation Classroom Observation Protocol (CETP-COP) (2001)

In this instrument the observer provides a rating for twelve statements illustrative
of reform-based practices, on a seven point Likert scale, ranging from ‘not applicable’ to
‘to a great extent’. Additionally, the observer is required to keep a record of the type of
instruction, student engagement, and cognitive activity at 5-minute intervals using an
extensive coding system. Field notes, pre and post observation teacher interviews, as well

as results of a student survey feed into creating a total picture of the lesson and its
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evaluation. To ensure the face validity of the instrument, items were chosen from a
variety of sources and reviewed by external experts, pilot tested and revised. Reliability
was ensured by a thorough training and communication with other observers leading to
reconciliation (Lawrenz, Huffman, Appeldoorn, & Sun, 2001; SSI, 2000).

In addition to the features mentioned above, this instrument utilizes a checklist, a
pre-observation teacher interview, student input, and recording of the status of the type of
activity, student cognitive activity, and engagement every five minutes to evaluate the

extent of reform-based practices implemented in the class.
OCEPT Classroom Observation Protocol (O-TOP) (2001)

In this instrument, the observer responds to ten statements, each on a five point
Likert scale ranging from 1 to 5 based on a ‘not observed/observed frequently/very
frequent’ response format. Each statement focuses on a reform-based practice with
examples of teacher/student behaviors illustrative of the practice. These responses, in
conjunction with the field notes and teacher interview generate a descriptive profile of the
happenings in the classroom, whose rating determines the degree of alignment of the
lesson with reform-based practices. To achieve face validity of the instrument, it was
examined, discussed, and revised by a team of six researchers. Interrater reliability was
established among seven observers of a videotaped lesson and was found to be 100% on

most of the statements (Wainwright, Flick, & Morrell, 2003).
Reformed Teaching Observation Protocol (RTOP) (2000)

RTOP was developed as an observation instrument to provide a standardized
means for detecting the degree to which K-20 classroom instruction in mathematics or

science is reformed (Maclssac & Falconer, 2002; Piburn, Sawada, Falconer, Turley,
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Benford, & Bloom, 2000). The observer responds to twenty-five statements, clustered
around three domains: (1) lesson design and implementation (5 items); (2) content (10
items); and (3) classroom culture (10 items). The response format is a five point Likert-
type scale ranging from 0 to 4, encompassing ‘never occurred’ to ‘very descriptive’. The
sum of all the scores on the 25 items produces the overall score, which, in turn,
determines the degree of lesson’s alignment with reform-based practices. A high value
exemplifies a lesson utilizing standards-based practices to a great degree.

The scores on the statements in each domain are added to produce a domain
score. Maximum possible scores in the lesson design and implementation, content, and
classroom culture domains are 20, 40, and 40 respectively.

Of the currently available observation instruments, RTOP is the only one that
satisfies all of the following criteria (Maclssac, Sawada, & Falconer, 2001):

1) Focused on math and science; 2) aimed at classroom K-20; 3) focused

exclusively on reform rather than general characteristics such as classroom

management, lesson closure etc.; 4) brief to administer; 5) very high interrater
reliability; 6) factor analyzed for construct validity; 7) proven predictive validity;

and 8) readily available training and reference manuals. (p. 1)

RTOP (Appendix Q) is also the instrument used by MCE program to evaluate the
alignment of teaching practices of its instructors with reform-based practices. Therefore,

it was used to evaluate the extent to which the teachers in this study were implementing

reform-based practices emphasized in the MCE program, in their own classrooms.

Chapter Summary

The purpose of this chapter was to examine the literature related to the present
research. First, the literature was reviewed to ascertain the characteristics of traditional

and research-based classroom practices in the domains of lesson design and
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implementation, content, and classroom culture (Sawada, Piburn, Judson, Turley,
Falconer, Benford, & Bloom, 2002).

In the traditional classroom practice, little consideration is given to the
exploration of students’ preconceptions and their active engagement. Science is delivered
to students as facts with heavy reliance on textbooks, emphasis on memorization/
coverage of material rather than on understanding, and it is dominated by teacher talk
rather than communication for understanding among students and the teacher (Driver,
Squires, Rushworth, & Wood-Robinson, 1994; Fosnot, 1996; Lampert & Ball, 1995;
Tobin & McRobbie, 1996; Weiss, 1997). On the other hand, research-based practices lay
emphasis on examining students’ ideas and address these in a variety of ways with a view
to building scientific understanding of concepts, explore student generated questions,
content and skills are geared towards developing depth of understanding of the subject,
connections are made to other disciplines and to the real world, and students are allowed
to actively interact, collaborate, and communicate with each other and in investigating
their ideas (AAAS, 1990; Alexopoulou & Driver, 1996; Borko & Putnam, 1995;
Bransford, Brown, & Cocking, 2000; Brooks & Brooks, 1993; NRC, 1996; Pearsall,
Skipper, & Mintzes, 1997; Trowbridge, Bybee, & Powell, 2000). Then, a rationale for
switching to research-based practices is presented, with key findings drawn from two
streams of recent research. These are; psychological aspects of learning, e.g., the works
of Piaget, Ausubel, Vygotsky and Bruner etc., and how the brain functions (Alexander &
Murphy, 1998; DeBoer, 1991; Donovan & Bransford, 2005; Lambert & McCombs, 1998;
Michael, 2006). The constructivist approach to learning undergirds these findings.

Therefore, constructivism is the theory underlying this study and is considered next.
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The section on constructivism begins with a very brief historical account to
underscore the point that the idea has been around for millennia, although it has gained
currency lately with strong support from research. According to this theory, knowledge is
constructed in the mind of the learner rather than transmitted by an outside agent
(Bodner, 1986; Eisner, 1993). "Meaning is not given to us in our encounters, but it is
given by us, constructed by us, each in our own way, according to how our understanding
is currently organized" (Duckworth, 1987, p. 112). A variety of shades of constructivism
is found in literature, with some common themes. Three of these varieties, the theories of
Piaget, von Glasersfeld, and Vygotsky are considered and elaborated upon with respect to
epistemology, role of the teacher, and the role of the learner.

Piaget’s cognitive constructivism has a stage dependent part, the four stages of
cognitive development that humans go through (sensorimotor, preoperational, concrete
operations, and formal operations), and a stage independent part consisting of the
processes of organization and adaptation and their resolution through the process of
equilibration utilizing the mechanisms of assimilation and accommodation. The most
important role of the teacher is to organize the environment to facilitate learning
(Brainerd, 1978; Rieber, 1995). The most important role of the student is to actively
participate in the activities organized by the teacher, reflect, ask questions, offer
explanations, communicate with peers and the teacher to promote understanding, and be
metacognitive (Jakubowski, 1995).

Von Glasersfeld’s radical constructivism maintains that the constructed
knowledge is different from the reality, which is not knowable in our experiential world.

What is important about the constructed knowledge is its viability, given the constraints
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of the experience. There may be many viable constructions that fit an experience, with
none matching it, just as many keys can open a lock, with none matching the lock
(Bettencourt, 1995, Bodner, 1986; von Glasersfeld, 1992). The teacher’s role is to act as a
guide, co-ordinator, facilitator, resource advisor, tutor or coach. Here also, the students
are regarded as responsible ‘sense makers’ (Gergen, 1995; Mayer, 1996, von Glasersfeld,
1996).

The fundamental difference between Vygotsky’s sociocultural theory and those of
Piaget and von Glasersfeld is that the unit of analysis is not the individual, rather, it is the
sociocultural activity of which the individual is a part (Rogoff, 1990). Two important
concepts in Vygotsky’s epistemology are the development of higher (uniquely human)
mental processes and the zone of proximal development (zpd). The uniquely human
higher psychological functions differ from the psychological processes of animals by
virtue of their cultural mediation (Cole, 1990). Human cognition is the transformation
from the lower processes to the higher psychological functions mediated by more mature
members of the society via the tools, signs and symbols of culture. Through the active
agency of the student and the intersocial interactions, the methods, processes,
representations, and tools of the culture are appropriated, uniquely transformed and
ultimately internalized by the student (Davydov & Kerr, 1995; Kozulin, 1990; Moll,
1990; Wertsch, 1985, 1990). Development of scientific concepts in children from the
concepts based on their everyday experiences, mediated by competent teachers, using
language, symbols, representations, instruments, and equipments, is an example of the
development of higher psychological functions, hence human cognition (Vygotsky,

1987). Children’s cognitive development can be potentially advanced in the zpd (Gillani
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& Relan 1997). ZPD is the “distance between the actual development level as determined
by independent problem solving and the level of potential development as determined
through problem solving under adult guidance or in collaboration with more capable
peers” (Vygotsky, 1978, p. 86). The role of the teacher is to facilitate the movement of
the student across the zpd, often using an instructional technique called scaffolding.
Scaffolds are the supports/interventions teachers use in their teaching. As the student
becomes progressively more independent, the scaffolds are slowly withdrawn
(Hammond, 2002; Mercer, 1995). The role of the students is to participate collaboratively
with the teacher and peers, be reflective, engage in dialog and discourse (Finkel & Monk,
1983; Mercer, 2000; Whipple, 1987), and take increasing responsibility for their learning
(Rogoff & Gardner, 1984; Wertsch, McNamee, McLane, & Budwig, 1980).

Both, Vygotsky’s sociocultural theory and research-based classroom practices,
emphasize exploration of students’ preconceptions and the teachers’ facilitation towards
transforming these into scientific concepts, probing deeper and connecting with other
disciplines, and the important role of a variety of classroom interactions in building the
understanding of concepts. Due to this alignment of the salient features of the two,
Vygotsky’s theory is the theoretical perspective chosen to inform this study.

In this research, adults participate in a professional development program to learn
the research-based practices and then implement these in their classrooms. Therefore, the
next section sheds light on the characteristics of adult learning, beginning with a brief
historical introduction. This is followed by a description of four of the theories of adult
learning found in the literature; McCluskey’s Theory of Margin, Illeris’s Three

Dimensional Learning Model, Jarvis’s Learning Process, and Knowles’ Andragogy. Due
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to a paucity of research, the first three theories are rejected. Knowles” Andragogy is a
learner centered process model of adult learning (as opposed to pedagogy, the teacher
centered practices) that emphasizes the learners’ prior knowledge/experience,
desire/motivation to learn, and the “procedures and resources for helping learners acquire
information and skills” (Knowles et al., 2005, p. 115), similar to the research-based
classroom practices. Six assumptions are at the core of Knowles’ model of Andragogy,
flexibly applied to situations by taking into account contextual factors, such as individual
differences and the goals and purposes of learning (Henschke, 1998; Hiemstra, 1993;
Knowles, 1980a; Knowles, Holton, & Swanson, 2005; Merriam & Caffarella, 1999;
Reischman, 2000; Savicevic, 1999; Schugurensky, 2005; Zmeyov, 1998).

The six assumptions of Andragogy are: (1) The learner’s need to know- The
primary need that drives the adults to enroll in programs (such as the MCE). Educators
can tap into this need by collaborating with the adult learners in designing their learning
(Knowles et.al, 2005);

(2) Self-directed Learning-Adults take the ownership of their learning. Therefore,
working in their zones of proximal development will lead to the teachers ‘becoming
independent and self-regulating learners and problem solvers’ (Candy, 1991);

(3) Prior experience of learners- The wealth of experiences adults bring with
them, needs to be tapped into as scaffolds, to build new learning (Savery & Duffy, 1996).

(4) Readiness to learn- The preparedness and levels of commitment may differ
among adults and may need different kinds and amounts of support (Pratt, 1988);

(5) Orientation to learning- Adults prefer a problem-solving orientation to

learning as opposed to a subject-centered orientation to learning. They prefer to test their
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learning against new experiences and learn further as a result of the interaction (Kolb,
1984); and

(6) Motivation to learn- Adults are more likely to be driven by internal rewards
than external, such as learning something of value and enjoyment of learning
(Wlodowski, 1985).

The learning undertaken by adults (the teachers) in this study occurs in a 26-
month long graduate professional development (MCE) program. Therefore, the next
section commences with a definition of professional development as an ongoing process
geared towards improving their performance. Then, the needs for professional
development are discussed. Some of the needs cited are; improvement in the scientific
literacy of the students (as members of the future workforce) as it impacts the economy,
increase in students’ science test scores, improvement in teacher
qualification/preparedness, and promotion of research-based practices (Cavanagh, 2006;
Darling-Hammond & Berry, 2006; Darling-Hammond, Berry, Haselkhorn, & Fideler,
1999; Gardner, 1993; Goldhaber & Brewer, 2000; NCTAF, 2007; Schmidt, McKnight,
Houang, Wang, Wiley, & Cogan, 2001; Simmons, Emory, Carter, Coker, Finnegan, &
Crockett et al. 1999; Singer, Hilton, & Schweingruber, 2005; Sparks & Hirsh, 2000).

A vast majority of traditional programs of professional development are shallow
rather than coherent, of brief duration rather than sustained, emphasize skill development
rather than depth of understanding, are taught in the traditional manner by ‘experts’ with
teachers as passive recipients, and measure their success by the satisfaction of the
recipients (Cohen & Hill, 2000; Collinson, 1996; McDiarmid & Corcoran, 2000;

Desimone, 2002; Elmore, 2002; Feiman-Nemser, 1983; Loucks-Horsley, Hewson, Love,

134



& Stiles, 1998; O’Day & Smith, 1993; Sparks, 1995; Supovitz, 2003). These professional
developments are steeped in the traditional practices of “knowledge as facts and skills,
teaching as telling, and learning as remembering” (Thomson & Zeuli, 1999, p. 353),
resulting, at best, in the teachers tinkering at the fringes of their current knowledge and
practice, leaving the bulk of these untouched, with no perceptible change on any
meaningful measure affecting classroom practice (Fullan & Steigelbauer,1991;
Huberman, 1995; Joyce & Showers, 1988, 1995; Little, 1993; Sparks & Hirsch, 2000). A
plethora of research-based suggestions have been proposed to improve the design of the
professional development programs to make them more effective. Bulk of this research
emphasizes five core principles, all of which resonate with the research-based classroom
practices, Vygotsky’s sociocultural theory, and the principles of andragogy. These are:

1) New knowledge is built upon one’s existing knowledge and skills, 2) reflection
on one’s thought and behaviors is essential for knowledge growth, 3) it is important to
address teachers’ beliefs, purposes, contexts of work, and identity issues, 4) learning
proceeds through developmental stages, and 5) both social and individual processes
impact learning (Alexander & Murphy, 1998; Hawley & Valli, 1999).

Based on a large body of research, Loucks-Horsley et al. (1998) have compiled a
list of 7 characteristics of effective professional development programs to promote
research-based practices in science education.

1) Using inquiry skills, investigations, and problem solving, 2) providing
opportunities for teachers to develop deep content knowledge and pedagogical content
knowledge, 3) modeling with teachers the strategies they are expected to use in their

classrooms and providing enough time for exploration, collaboration, and reflection, 4)
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building a learning community where teachers learn together, 5) supporting teachers to be
leaders and change agents, 6) linking and integrating the professional development with
other school district initiatives, 7) continuously assessing the impact of professional
development on teaching and learning and making changes as needed (Corcoran &
Goertz, 1995; Guskey, 1989; Hollingworth, 1989; Little, 1993).

The last part of the section on professional development exposes the readers to
some exemplary professional development programs that have made an impact on the
classroom practices of its participants.

Cohen & Hill (2000), working with California’s mathematics teachers found that
sustained professional development situated in the curriculum aligned to standards
improved their classroom practice.

Using data from Local Systemic Change initiative, Supovitz & Turner (2000)
showed that the teachers who participated in 80 or more hours of research-based practices
were strongly inclined to use these practices in their classrooms and this shift occurred
significantly for teachers who attended 160 hours of professional development. Some
other studies have also reported the impact of sustained, intensive, research-based
professional development on the use of these practices in the classroom and improvement
in student achievement (Corcoran, McVay, & Riordan, 2003; Garet, Biman, Porter,
Desimone, Herman, &Yoon, 1999; Harcombe, 2001; Irving, Dickson, & Keyser, 1999;
Radford, 1998; Supovitz, Mayer, & Kahle, 2000).

An important finding of this analysis was that the teachers’ content preparation
(and beliefs) have a powerful influence on the use of inquiry methods and investigative

classroom culture, the cornerstone of research-based methods (Supovitz & Turner, 2000).
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The section on professional development concludes with a detailed description of the
MCE program, the professional development that the teachers in this study participated
in.

The next section explores teachers’ knowledge base and beliefs that impact the
implementation of research-based practices.

Teachers’ knowledge base and practice affect each other reciprocally, and beliefs
influence all the decisions teachers make regarding their practice as well as advance or
hinder their knowledge base (Carlsen, 1988, 1991, 1999; Gess-Newsome & Lederman,
1995; Gess-Newsome, 1999; Grossman, 1990; Hauselien, Good, & Cummins, 1992;
Nespor, 1987; Smith & Neale, 1991; Veal, 2004).

Traditionally, the teachers’ knowledge base is developed in teacher preparation
programs dealing with either content courses that emphasize vocabulary and facts over
depth of content, or methods courses that focus on generic classroom management and
teaching strategies. Both the teaching methods and content courses provide teachers with
“an array of noncontextualized, unconnected activities, concepts, and demonstrations”
(Mason, 1999, p. 277), never achieving an integration and coherence of content and
methods required for effective teaching. Several knowledge bases relevant to teaching
with research-based methods have been proposed. These are organized into four common
domains; 1) general pedagogical knowledge, 2) subject matter knowledge, 3) pedagogical
content knowledge, and 4) the knowledge of the teaching context (Carlsen, 1999;
Schulman, 1986, 1987; Zeidler, 2002).

1) General pedagogical knowledge is teachers’ knowledge of generic variables

that impact the classroom instruction, independent of the subject matter. Important
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among these are, effective classroom management and organization best suited to high
level engagement of students and the context, a repertoire of teaching strategies that
promote problem solving with a focus on cooperative and productive interactions in the
classroom, and a variety of classroom discourse techniques including scaffolding
strategies (Brown, 1997; Brown & Campione, 1990, 1994; Everton & Harris, 1992;
Evertson, 1997; Gess-Newsome, 1999, p. 32; Joyce, Weil, & Showers, 1992; Kagan,
1992; Morine-Dershimer & Reeve, 1994; Palincsar & Brown, 1984; Tobin, 1990).

2) Subject matter knowledge of a science teacher refers to his/her quantity,
quality, and organization of information, conceptualizations, and underlying constructs in
the subject and its field of specialization. It consists of five characteristics: 1) a deep
conceptual understanding, 2) presence of subject matter structure, 3) knowledge of the
nature of discipline, 4) content-specific orientation to teaching, and 5) contextual
influences on curricular implementation (Gess-Newsome, 1999; Green, 1990; Grossman,
1990; Hashweh, 1996; Hiebert & Carpenter, 1992; Lederman, & Latz, 1995; Talbert,
McLaughlin & Rowan, 1993).

3) Pedagogical content knowledge is best expressed in the words of Schulman
(1987) as the “special amalgam of content and pedagogy that is uniquely the province of
teachers, their own special form of professional understanding” (p. 8). It represents a
science teacher’s ability to present the subject matter through representations, analogies,
illustrations, examples, explanations, and demonstrations etc., so that it is comprehensible
to the students. Good execution of PCK allows the students the opportunity to construct
meaning from symbols and images and see the underlying relationships among ideas

much like the experts (Kennedy, 1997, 1998; Shulman, 1986; Zeidler, 2002). A teacher’s
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pedagogical content knowledge should typically include a taxonomy of this knowledge
pertaining to the subject (science), the field of study (chemistry), and the topics (e.g.
stoichiometry) within the field (Veal & MaKinster, 1999).

4) Beliefs, variously described as teachers’ attitudes, values, perceptions,
dispositions, internal mental processes, action strategies, and action principles etc.
powerfully influence teachers’ actions in the classroom (Pajares, 1992; Tobin, Tippins, &
Gallard, 1994). Beliefs that enable the teachers to meet their goals, guide their actions
(Tobin & McRobbie, 1996). Reciprocally, actions influence beliefs (Gess-Newsome &
Lederman, 1995).

In classroom practice, the distinction between teachers’ knowledge and belief is
blurred (Bullough & Baughman, 1997; Grossman, 1990). To change the teachers’
classroom practices from traditional to research-based approaches, their knowledge and
beliefs must be challenged, supported by opportunities to examine, reflect upon, provide
feedback, elaborate, and integrate (Borko & Putnam, 1996; Cohen & Ball, 1990). Beliefs
pertaining to classroom practices are colored through the lenses of contextual,
sociocultural, and institutional factors (Palmeri, 1995; Roth & Roychoudhari, 1994;
Tobin et al., 1990). Therefore, the next section will elaborate on the context of practice,
the urban science classroom.

The urban schools consist of a highly diverse population, with a high percentage
of children from the lowest rungs of socioeconomic stratum, such as minorities,
immigrants, English language learners, and poor. Some of the problems plaguing the
urban schools are, inadequacy of resources, high rates of truancy and student mobility,

low rates of graduation, underqualified teachers, and low achievement of students
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compared to their suburban counterparts (Fraser-Abder, Atwater, & Lee, 2006; Clewell et
al., 1995; Darling-Hammond, 1999b; Kozol, 1991; Linden, 1995; Miles & Darling-
Hammond, 1998; Tobin, Seiler, & Walls, 1999; Waxman & Padron, 1995).

In addition to the above mentioned factors, the requirement to follow the scripted
district mandated curriculum, without adequate opportunity to learn via inquiry/
investigative methods hinders the implementation of research-based practices in urban
classrooms (Knapp & Plecki, 2001). Some other impediments to the implementation of
these practices are the frequent district (Benchmark) and federally (NCLB) mandated
testing of students with a large amount of time spent in preparing for the tests, as well as
the entrenched classroom practices, such as frequent use of worksheet, asking questions
that primarily require information recall, repetitiously teaching low-level skills etc.,
characterized as the ‘pedagogy of poverty’ (Haberman, 1991).

A serious problem for science education of urban youth is their strongly negative
attitude towards the subject as it is taught in urban classrooms (Atwater, Wiggins, &
Gardner, 1995; Ayers & Price, 1985; Basu & Barton, 2007). Some of the causes
underlying the negative attitude are identified as; the disconnect between the cultures of
students’ communities and the science classrooms, the marginalization of minorities in
the science classroom through exclusionary teaching practices, and students’ inability to
identify with the stereotypical images of the practitioners of the subject (Boullion &
Gomez, 2001; Brickhouse, 1994; Brickhouse et al., 2000; Carspecken & Apple, 1992;
Fraser-Abder, 2001; Fusco, 2001).

To engage the urban students in science education, it is suggested that the

definition of science be broadened to include the ‘funds of knowledge’ from other
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cultures, teachers become facilitators of communication among students from different
cultures and ‘western’ science, students be given opportunities to contribute to science
knowledge rather than just be its recipients, and that the teachers be reflective of their
practice and reshape classroom discourse through cogenerative dialog with their students
(Aikenhead, 1997, 2006; Norman et al. 2001; Seiler, Tobin, & Sokolic, 2001; Tobin,
2000; Tobin, Elmesky, & Seiler, 2005; Tobin, Seiler, & Walls, 1999).

In the urban environment, the teachers in the study plan to implement the changes
in their classroom practices, to which they were exposed to in the intensive professional
development (MCE) program. This study utilizes the following assumptions about
change. Change is a highly personal experience, accomplished by individuals, and is a
developmental process, not an event. Additionally, change is best understood by
addressing the concerns of the teachers implementing the change (Hord, Rutherford,
Huling-Austin, & Hall, 2006). Several barriers may hinder its implementation or result in
its inadequate implementation. These barriers are teachers’ resistance, attitudes, beliefs,
concerns about students’ engagement and performance, norms of collegiality and
experimentation, instructional coordination etc. (Duffy & Roehler, 1986; McLaughlin,
1987; Rosenholtz, Bassler, & Hoover-Dempsey, 1986). The meaning realized by the
teachers as they implement change is expressed by their thoughts, questions,
uncertainties, feelings, etc., collectively referred to as teacher concerns (Hall et al., 1977,
1979; van den Berg & Ros, 1999).

Literature mentions three ways of assessing the concerns of practitioners. These
are; conducting a one-on-one interview, responding to open-ended questions, and

responding to the questions on the Stages of Concern Questionnaire (SoCQ). In this
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study, the SoCQ will be used for its ease of use and the quantitative data yield. Three
SoCQs were considered for this study. These were; Van den Berg’s, Cheung’s , and
Hall’s. The first two instruments were not suitable, since they were not used in the US
and not used in a small case study such as this study (Cheung, Hattie, & Ng, 2001; van
den Berg & Ros, 1999; van den Berg & Sleegers, 1995; van den Berg, Sleegers, &
Geijsel, 2001). The instrument of choice was Hall’s SoCQ, for its extensive use in a
variety of studies and easy availability in the U.S. It has 35 items, divided equally among
7 stages of concern, with a response format of 0-7 on a Likert type scale. Three open-
ended items were added to the SoCQ to gauge the specific concerns of teachers as they
implemented the program. The 7 developmental stages of concern are; 1) awareness-
teacher is not involved with implementing the research-based practices, 2) informational-
teacher seeks more information about it, 3) Personal-teacher concerns are about the
ability to handle the responsibility, his/her role in implementation, 4) management-
teacher is preoccupied with the tasks, processes, management of resources, schedule,
organization etc., 5) consequence-teacher is concerned about its relevance, impact on
student skill level, and achievement, 6) collaboration-teacher is interested in cooperating
and collaborating with other teachers, 7) refocusing- teacher explores ways to improve
the innovation by making changes, replacements, and suggesting alternatives (Hall,
Wallace, & Dossett, 1973).

The internal consistency for each of the seven stages of concern, as measured by
Cronbach’s alpha, ranged from 0.64 to 0.83 (Hall, George, & Rutherford, 1977, 1979).

Both the standards documents in science education, NSES and Benchmarks for

Science Literacy delineate the characteristics of constructivist, research-based ‘reform’
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practices to be followed in the classroom (AAAS, 1990, 1993; Adamson, Banks, Burtch,
Cox III, Judson, Turley, Benford, & Lawson, 2003; Aldridge, 1989; Grouws & Schultz,
1996; National Committee on Science Education Standards and Assessment, 1992;
National Research Council [NRC], 1996, 2000).

Horizon Research’s Local Systemic Change Classroom Observation Protocol was
the first classroom observation instrument to operationalize these characteristics in to
observable teaching and learning behaviors to rate a classroom for the occurrence of
constructivist, research- based practices by distilling the intent of the standards into a
number of associated statements. Four reform-based classroom observation protocols
were considered in this study. These were: 1) Horizon Research’s Local Systemic
Change (LSC) Classroom Observation Protocol (HRI, 1997, 1999, 2000, & 2005), 2)
CETP-Core Evaluation Classroom Observation Protocol (CETP-COP) (SSI, 2000), 3)
OCEPT Classroom Observation Protocol (O-TOP) (Wainwright, Flick, & Morrell, 2003),
and 4) Reformed Teaching Observation Protocol (RTOP) (Judson & Sawada, 2001).

The RTOP was chosen for use in this study due to reliable statistics, readily
available online training, and its use by the MCE program to evaluate its instructors
(Maclssac, Sawada, & Falconer, 2001). There are 25 statements in the protocol, with 5
statements in the lesson design and implementation domain, and 10 each in the domains
of content and classroom culture. The response format is a five point Likert-type scale
ranging from 0 to 4, (‘never occurred’ to ‘very descriptive’). One can find domain scores
for lesson design and implementation, content, and classroom culture, as well as the
overall score that determines the degree of lesson’s alignment with research-based

‘reform’ practices.
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CHAPTER 3

RESEARCH DESIGN AND METHODOLOGY

Overview

This chapter describes the research design and the qualitative and quantitative
research methodologies employed in this study. The unit of analysis, rationale and details
of the research design (including methods of data collection and analyses), issues of
verification, and validity constitute the other important sections of the chapter.

This study focused on how the chemistry teachers in the School District of
Philadelphia (SDP), who graduated from the MCE program, implemented its practices as
a group in their classrooms, and how the implementation of these practices differed
among the teachers. This study also probed the concerns the teachers had regarding the
factors that promoted and inhibited its implementation.

As described in Chapter 2, MCE program is a 26-month long, content intensive
professional development program for in-service teachers. Its goal is to improve the
teacher participants’ knowledge of chemistry and research-based instructional practices.
The teachers in this study have graduated from the program for 1-6 years.

In this study the examination of classroom practices of teachers was confined to
the three domains of ‘lesson design and implementation’, ‘content’, and ‘classroom
culture’ consisting of communicative interactions and student/teacher relationships
(Sawada et. al, 2002).

For the purpose of this study, the construct classroom practices was defined as

research-based teaching practices modeled in the MCE program (henceforth referred to
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as MCE program practices, or just practices), consonant with the recommendations of
National Science Education Standards (NRC, 1996). Teaching practices included the
following; active student engagement, probing student preconceptions, encouraging the
students to seek alternate solutions, promoting deep conceptual understanding,
connecting with other disciplines and the real world, promoting a variety of
representations of the phenomena, predicting outcomes and devising plans to test them,
students discussing and communicating their ideas, encouraging divergent thinking,
encouraging interpretation of evidence, and the teacher acting as a facilitator and resource
person etc. (see Appendix A for a complete list).

To explore the phenomenon and derive an understanding of the implementation of
research-based teaching practices, the teachers were administered a concerns survey first.
Then the researcher observed three chemistry classes of each of the six teacher
participants in this study over a period of 12-15 weeks. Teacher generated lesson plans
(See Appendix H for a sample) and handouts, if any, were collected on the days of
observation. At the end of this duration, the teachers completed a survey and were
interviewed individually. These sources provided quantitative, qualitative, and both

quantitative and qualitative data to answer the research questions.

Research Questions

This study answered the following research questions.
Question 1

How does graduation from a twenty-six month content intensive professional
development program for high school teachers, whose goal is to improve the teachers’

knowledge of research-based instructional practices (in the domains of lesson design and
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implementation, content, and classroom culture), affect the classroom practices of the
group of teachers in an urban environment?

Three contributory questions assisted in answering this research question.
Contributory Question la

To what extent do the group’s lesson design and implementation reflect the research-

based instructional practices?
Contributory Question 1b

To what extent are the group’s content knowledge and application of supportive

procedures exhibited during their classroom instruction?
Contributory Question 1c

To what extent does the group of teachers promote a student-centered classroom culture,

consistent with the research-based practices?
Question 2

How are the teachers' classroom practices (in the domains of lesson design and
implementation, content, and classroom culture) different from each other when
implementing the research-based MCE program practices?

Three contributory questions assisted in answering this research question.
Contributory Question 2a

To what extent are the teachers' designed and implemented lesson plans different from

each other when implementing the practices?
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Contributory Question 2b
To what extent are the teachers’ content knowledge and application of supportive
procedures exhibited during their classroom instruction different from each other?
Contributory Question 2¢
To what extent is the teachers' promotion of a student-centered classroom culture
different from each other, consistent with the research-based practices?
Question 3
What concerns do teachers express as factors that enable the implementation of
the MCE program practices in their classrooms?
Question 4
What concerns do teachers express as the factors that hinder the implementation

of the MCE program practices in their classrooms?

Rationale for a Multi-site Exploratory Case Study Research Design

There are many characteristics of a case study design that apply to this study.
According to Yin (2003), “In general, (exploratory) case studies are the preferred strategy
when “how” or “why” questions are being posed, when the investigator has little control
over the events, and when the focus is on a contemporary phenomenon within some real-
life context” (p. 1) or ““a case study is an empirical inquiry that investigates a
contemporary phenomenon, within its real-life context, especially when the boundaries
between phenomenon and context are not clearly evident” ( p. 13). The primary question
explored in this investigation was, how does graduation from the MCE program, that

stressed the conceptual understanding of content and modeled research-based practices,
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affect the group of teachers’ own classroom practices? The investigator had no control
over any event pertaining either to the professional development of the teachers or their
classroom practices. It is a real life phenomenon, currently taking place in the SDP.

As Yin (2003) proffers, “the case study’s unique strength is its ability to deal with
a full variety of evidence-documents, artifacts, interviews, and observations” (p. 8). In
this study the sources of data included questionnaire, survey, observation, interview, and
teacher generated lesson plans. All of these sources strongly support the case study
design. Since the primary purpose of this research was to inquire into how the group of
teachers implemented the practices (modeled in the MCE program) in their classrooms,
how these practices differed among the teachers, and the factors that enabled and
inhibited their implementation, it is an exploratory study. In this process, the researcher
heard stories, described happenings, acquired insights, and interpreted the findings in an
attempt to deepen her understanding of individual meaning (Patton, 1990). Since these
can only be realized in context (Creswell, 1998; Ritchie, 2003), the researcher immersed
herself in the classroom environment of the teachers (Kelly & Lesh, 2000), and asked
many questions to elicit rich descriptions of the teachers’ milieu (Cline & Mandinach,
2000). Wolcott (1992) describes a case study as an “end-product of field-oriented
research” (p. 21). The immersion of the researcher in the field of the classroom yielded
data whose findings were used to produce a “thick rich” description (Geertz, 1973, p.
420) and answer the research questions. Thus this study fits both the process and product
definitions of a case study.

Case studies reveal “understanding of humans as they engage in action and

interactions within the contexts of situations and settings” (Collins & Noblit, 1978, p.
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160). This researcher administered a concerns questionnaire to the teachers whose sole
purpose was to ascertain the concerns, reactions, feelings, and thoughts of the teachers in
this study regarding the implementation of the practices in their classes.

The quintessential defining characteristic of the case study is the case, the unit of
study and its being an inherently bounded system (Smith, 1978). Stake (1995) describes
the case as “an integrated system” (p.2). For Merriam (1998) it is something that can be
“fence(d) in” (p. 27). Miles and Huberman (1994) posit that “the case is a phenomenon of
some sort occurring in a bounded context” (p. 25). In this study, the unit of study was the
group of six teachers who graduated from the MCE program and were teaching
Chemistry in the SDP. The two common factors that united this group of teachers and
bound them together with one thread were; their graduation from the MCE program and
their current assignment as teachers of chemistry in the SDP. This study was temporally
(all the participants were currently teaching), spatially (although spread over many
schools, all the teachers worked in the same school district), and most importantly,
conditionally (all satisfied the same two conditions of participation) bound. Since the
teachers were working in different schools, it made this study a multi-site single case
study. The same research question was addressed in all the settings and the same data
collection and analysis procedures were used in all the settings. A multi-site (exploratory)
case study “consciously seeks to permit cross-site comparisons without necessarily
sacrificing within-site understanding and strengthens the ability to generalize while
preserving in-depth description” (Herriott and Firestone, 1983, p. 14). However, in this
study, ‘multi-site’ was used in the literal sense of subunits of a case being situated in

different locations, rather than in the ‘classical sense’ defined in the above quotation.
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This study used sampling logic, rather than replication logic for the subunits (Yin, 2003),
the classrooms of teachers. In this study, teachers’ classroom practices were examined in
depth. Then a comparative analysis of the teachers’ practices was offered in the domains
of lesson planning, content, and classroom culture and the factors that promoted and
hindered the implementation of the practices.

Thus, the nature of this study called for a design that was responsive to the unique
perspectives and situations of the participants and was coincident with the essential

features of a multi-site exploratory case study design as shown above.

Rationale for Quantitative and Qualitative Methodologies

According to Yin (2003), “case studies can be based on any mix of quantitative
and qualitative evidence” (p.15). Further, in comparing the two terms, qualitative and
quantitative, Merriam (1998) states, “quantitative research takes apart a phenomenon to
examine component parts (which become the variables of the study), [and] qualitative
research can reveal how all the parts work together to form a whole” (p.6). The goal of
this research was to arrive at a deep understanding of how the practices of MCE program
were being implemented by the group of teachers in the classrooms, how were these
practices different among the teachers, and what factors promoted and inhibited their
implementation. Achievement of this goal required both, pulling apart the happenings
and examining the component parts, as well as piecing together the component parts into
a meaningful whole. All the means that supported this endeavor were employed.
Therefore, the use of a variety of data sources was the most pragmatic course of action
for this study, resulting in both qualitative and quantitative categories of data. This

diversity of data sources only served to strengthen this study “because qualitative and
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quantitative methods involve differing strengths and weaknesses, they constitute
alternative, but not mutually exclusive, strategies for research” (Patton, 2002, p. 14).

In addition, Creswell (1994) reports five purposes to combine the two approaches,
as proposed by Greene, Caracelli, & Graham (1989). These five purposes are; “to seek
convergence in findings, each may reveal a different facet of the phenomenon, one
method informs the other, contradictions and fresh perspectives emerge, and adding
breadth to the study” (p. 175). This study used a number of sources of data that fell under
quantitative and/or qualitative methods and every effort was made to ensure that all of the
above purposes of combining the two methods were met, leading to a robust study.

Next, the sources of data used in the quantitative and qualitative phases of this
study are described.

Quantitative Phase

In general, quantitative research “is used when one begins with a theory (or
hypothesis) and tests for confirmation or disconfirmation of that hypothesis” (Newman &
Benz, 1998, p.3). However, this research is a qualitative study that utilized some of
quantitative data gathering techniques, such as questionnaire and survey research and
structured observations (Bogdan & Biklen, 1998). The purpose of the quantitative phase
of data collection was not to test a hypothesis. In fact, the researcher entered the field of
observation with as much of a ‘clean slate’ stance as possible and let any patterns,
propositions, or theories arise from the unbiased (as far as possible) observations. Any
propositions and theories (that she had) were held in abeyance and data was allowed to

speak for itself. Only after data spoke for itself, was it related to established theories.
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Theories did not hold sway before or during observation and description. Therefore, even
in the quantitative phase of data, no theory was tested.

In this case study, the quantitative data was primarily generated from three
sources, the SoCQ (Stages of Concern Questionnaire- Appendix F), RTOP (Reformed
Teaching Observation Protocol - Appendix G), and the RTOPTS (RTOP Teacher Survey-
Appendix I). The SoCQ and the RTOP Teacher Survey were completed by the teachers,
hence represented their perspectives. RTOP was recorded by the researcher. An
advantage of quantitative data is that they are “succinct, parsimonious, and easily
aggregated for analysis” (Patton, 2002, p.20). These data were “summarized, organized
and simplified” (Gravetter & Wallnau, 2000, p.8) by using descriptive statistics. In
particular, following descriptive statistics were calculated from the data gathered from
these three instruments; mean, standard deviation, frequency counts and percentages.
Inferential statistics was not an appropriate quantitative method for this small sample.

Therefore, it was not applied.
Qualitative Phase

Qualitative research is “an inquiry process of understanding a social or human
problem, based on building a complex, holistic picture, formed with words, reporting
detailed views of informants, and conducted in a natural setting” (Creswell, 1994, p.2-3;
Taylor & Bogdan, 1984). In this research, three types of qualitative data informed the
process of understanding how the group of teachers implemented the practices of the
MCE program in their classrooms, how did the implementation differ among the
teachers, and the factors that helped and hindered the process. These sources were field

notes collected during teacher observations, teachers’ responses to 3 open-ended
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questions added to the SoCQ (see above) and the semistructured interview (Appendix J).
These sources represented multiple perspectives to aid in the deep understanding of the
problem. Some of these data were quantified through the generation of descriptive
statistics, when possible. Details are discussed in the data analysis section.
Researcher’s Background

The researcher is a teacher, turned administrator, who has taught science and
mathematics at various levels, ranging from middle school to undergraduate. She has
been involved with public education in various capacities for the past 21 years, mainly in
the SDP and a neighboring suburban school district. She started her career in the SDP as
a teacher of Physics and Chemistry and taught in schools similar to those described in the
study for 10 years. Then she moved towards the administration side of public education,
serving as the roster chair and assistant principal in a large neighborhood high school.
She also served as the department head of science in a neighboring suburban high school,
before joining her current position as an administrator in the Office of Assessment in the
SDP, responsible for coordinating and professionally developing stakeholders about
many large scale (NCLB and other) mandated assessments. She has kept in touch with
science education via her position as an adjunct professor who trains aspiring high school

science teachers in a local university.

Roles of the Researcher

In this study, the researcher was committed to spending one 12-15 week semester
in the field making 3 observations of a chemistry course, of every teacher in this study.
These observations of classroom practices were roughly 4-5 weeks apart. At the

beginning of the semester, the teachers completed the SoCQ. At the end of the semester,
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the teachers completed a survey and the researcher conducted one interview with each
teacher. For the completion of the questionnaire and the survey, the researcher just sent
and received these documents to the teachers via e-mail or inter-office mail. However, to
observe, collect lesson plans, and interview the teachers, the researcher played two
interactive roles, that of an (almost) “complete observer” (Gold as reported in Merriam,
1998) and an interviewer respectively. These required the researcher to be in the presence
of the teacher and/or interact directly with him/her. To prepare for these situations, the
researcher met with every teacher in this study individually at least once prior to the
commencement of this research. At these meetings, the purpose and design of the study,
their roles, and researcher’s expectations were explained to them and their
questions/concerns were responded to. Since then, the researcher contacted the six
teachers via telephone and e-mails, and most importantly, acted as a resource person by
providing them with chemistry resources for their classes. These interchanges and some
of the binding factors between the researcher and the teachers, such as, working for the
same school district (although in different positions), being aware of and having faced the
challenges of teaching chemistry in the district, served to establish a sense of collegiality,
rapport, and trust between them. This relationship stood in good stead as the researcher
assumed the roles of an observer and an interviewer to collect the data for this study.

Now, these two roles are described in detail.
Observer

Gold (1958) suggests that a complete observer is that role assumed when “the
researcher is hidden from the group (for example, behind a one way mirror) or in a

completely public setting such as an airport or a library” (p. 101). In this study, the

154



researcher entered the classroom before the students and occupied an empty seat on the
periphery (either in the back or on the side) of the classroom. The researcher stayed, as
inconspicuously as possible, in the same location in the classroom for the entire duration
of the class. There was no attempt to communicate with the teacher or the students during
the teaching of any class. Although the researcher was in close proximity of the students
and the teacher in the class, the intent of this researcher was to observe the classroom
setting unobtrusively (short of being hidden) in the stance of as close to a complete
observer as possible. The role and activities of the researcher were not disclosed to the
teacher and the students. According to Merriam (1998), “the interdependency between
the observer and the observed may bring about changes in both parties’ behaviors.
Finally, the mere presence of the observer in the setting can affect the climate of the
setting, often effecting a more formal atmosphere than is usually the case” (p. 103).
Merriam (1998) adds that "the researcher must be sensitive to the effects one might be
having on the situation and account for those effects" (p. 104). With this
acknowledgement, the researcher's impact on the classroom interactions were not
examined in this study.

As an almost complete observer, the researcher documented the classroom
interactions in the domains of lesson planning and implementation, teachers’ content
knowledge and application of supportive procedures, and the classroom culture, using the
instrument RTOP. The classroom interactions for each of the RTOP domains were
further elaborated upon in the researcher's field notes, as needed. The field notes also
include student, school, and teacher characteristics, such as type of school, diversity of

student body, resources, and teaching experience.
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Being a former chemistry teacher, the researcher brought a well-informed
subjectivity to the whole exercise. This subjectivity could be a double edged sword. It
could be viewed as “a necessary and vital element of the inquiry process” (Mehra, 2001,
p.81) as well as a potential source of bias. Awareness and acknowledgement of the

subjective stance of the researcher was noted.

Co-observation

The researcher observed one lesson of a teacher with a colleague, who was also
trained in using the RTOP, had experience using it, and was quite familiar with the
research-based practices. After the observation, the researcher and the expert colleague
scored the lesson independently, then discussed the score on each indicator and resolved
the differences, to arrive at a consensus. This procedure insured that the subjectivity of

scores was in check.

Interviewer

Since “as a good hammer is essential to fine carpentry, a good tape recorder is
indispensable to fine fieldwork™ (Patton, 2002, p. 380), the interview was taped. Tape-
recording was one of the means of collecting the data. As Patton (2002) says, “the use of
the tape recorder does not eliminate the need for taking notes” (p. 380).

However, it allowed the interviewer freedom to focus on the content, on taking
strategic and focused notes, key phrases, words in quotation marks, and major points that
facilitated her to better capture the flavor of the respondents’ language.

In the role of the interviewer, the researcher began the interviews by asking basic
descriptive information about the teachers and their experiences of the MCE program.

The interviewer followed this by asking probing questions that required exploration,
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explanation, clarifications, and insights regarding any piece of data that may lead to
answering the research questions (DeSimone & LeFloch, 2004). Examples of questions
asked to achieve this purpose were; ‘What do you mean?’, ‘I am not following you’,
‘Could you explain that’, ‘Can you give an example of that?’ The researcher was “captive
to the larger goal of the interview-understanding-not to the devices, gimmicks, questions,
or the like that were invented as strategies and techniques of obtaining information. The
researcher must always be prepared to let go of the plan and jump on the opportunities
the interview situation presents” (Bogdan & Biklen, 1998, p. 97). Therefore, any lead that
had the potential to answer the research questions, i.e., how did the group of teachers
implement the practices of the MCE program in their classrooms, how were these
practices different among the teachers, and the factors that enabled and inhibited their
implementation, were pursued, even if these deviated from the set of written questions,
since “the actual stream of questions in a case study interview is likely to be fluid rather
than rigid” (Rubin & Rubin, 1995), as quoted in Yin (2003, p. 89).

Since, “the interview is the main road to multiple realities” (Stake, 1995, p.64),
the interviewer listened to what the teachers had to say attentively and was its repository.
The interviewer, perhaps, improved the quality of data derived from the interview by
communicating personal interest, nodding her head, and using appropriate, encouraging

expressions to elicit teachers’ responses.

Research Setting

Classes in the Schools

This study ascertained how the group of teachers, who graduated from the MCE

program, implemented the practices learned in the program in their classrooms. In
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addition, this study also explored how this implementation differed among the teachers
and the factors that promoted and inhibited the process. The six teachers in this study
were teaching chemistry in six different high schools spread throughout the SDP, the fifth
largest urban school district in terms of the size of student population. Four of the
teachers were teaching in special admission/criteria-based schools, where the students
had to pass an examination and/or meet set criteria to be admitted. The other two teachers
were teaching in comprehensive neighborhood high schools. The classes of these teachers
were scheduled at different times during the school day, between 8 am to 3 pm. The
duration of classes ranged from 45 minutes to 90 minutes. The number of students in a
class varied approximately in the range of 20-30 students. Students of all the participating
teachers, except one, were juniors. The exceptions were sophomores. Chemistry is,
typically, a third year mandatory course taken to fulfill the science requirement for
graduation. The student population was overwhelmingly African-American in two
schools and was a mixture of African-American, White, Asian, and Hispanic in the other
four.

In every school, the classroom instruction occured at least 4 of the 5 days of the
week. On the 5™ day, the students took part in a double or single period lab activity,
aligned to the content taught previously. At the teacher’s discretion, the lab periods were,
often, used for instruction also.

Teachers were asked to submit their weekly lesson plans by the beginning of the
week to the department head/lead teacher. It was apparent that there was no
accountability regarding this submission. Also, the format of the lesson plan varied

among the teachers. There were two curricular features common to all the schools in the
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system. These were; a requirement to follow the core curriculum with a pacing schedule
determined by the district’s curriculum office, and benchmark assessments at the end of

every 5-week cycle of instruction.
Sample

As Patton (2002) states,

Sample size depends on what you want to know, the purpose of inquiry, what is at

stake, what will be useful, what will have credibility, and what can be done with

available time and resources. The validity, meaningfulness, and insights generated

from qualitative inquiry have more to do with the information richness of the

cases selected and the observational/analytical capabilities of the researcher than

with sample size. (p. 244)

The participating teachers in this study comprised a “purposeful sample”’(Patton,
2002, as cited in Maxwell, 2005, p. 88) of teachers, deliberately chosen, who met the
following three criteria; (1) graduation from the MCE program for 1-6 years, (2)
currently teaching chemistry, and (3) employment in the SDP. Only seven teachers in the
entire district met the three criteria. All, except one, agreed to participate in this study.
Therefore this is a case study, not of a sample, but almost the whole population of

teachers who graduated from the MCE program, and were teaching chemistry in the SDP

in 2007-8.

Data Collection Procedures and Protocols

A case study admits of the widest possible array of data collection (Creswell,
1998). According to Yin (2003), six important sources of data are; documents, archival
records, interviews, direct observation, participant-observation, and artifacts. According
to Yin (2003),

some overriding principles are important to any data collection effort in doing

case studies. These include the use of (a) multiple sources of evidence (evidence
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from two or more sources, but converging on the same set of facts or findings),

(b) a case study database (a formal assembly of evidence distinct for the final case

study report) and (c) a chain of evidence (explicit links between the questions

asked, the data collected, and the conclusions drawn). The incorporation of these

principles into a case study investigation will increase its quality substantially. (p.

83)

(a) In this study, five sources of evidence (questionnaire, classroom observation,
survey, interview, and the lesson plan) were used to explore the research questions, how
did the group of teachers implement the practices of the MCE program in their
classrooms, and how did these practices differ among the teachers? Two sources of data,
the two open-ended questions added to the questionnaire and the interview, informed the
research questions what factors enabled and inhibited the implementation of the program.
This variety of data collection procedures guarded against the threat of systematic bias
inherent in a given method and it had the potential to lead to a deeper and more secure
understanding of the issues under investigation, an aspect of triangulation (Maxwell,
2005; Fielding & Fielding, 1986).

(b) A collection of evidence was coded into various categories as the information
was interpreted and the final report was written.

(c) The data analysis section of this chapter provides a link between the research
questions, data collected, and possible conclusions.

Finally, data collection, in case studies, is a flexible process (Eisenhardt, 2002).
The most flexible of all the data sources in the present study was the (semistructured)
interview, followed by the open-ended questions on the questionnaire. The questions in
the interview protocol were adjusted before and during the interview with every teacher

to allow for exploration of emergent themes, follow a line of inquiry, or to take advantage

of a situation, always keeping in mind the goal of optimizing the yield to be able to
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answer the research questions in sufficient breadth and depth. This flexibility of data
collection procedure can be characterized as “controlled opportunism in which researcher
takes advantage of the uniqueness of the specific case and the emergence of new themes

to improve resultant theory” (Harris & Sutton, 1986, p. 16-17).
Direct (Classroom) Observation Protocol

In order to acquire an understanding of the classroom practices actually employed
by the teachers in their chemistry courses, observations of classes constituted an
important source of the data collection. Since the course was not created for the purpose
of this research and all the conditions in the environment, e.g., the course structure,
content, and materials etc. preexisted, data obtained through direct observation was most
appropriate. There are six advantages to the method of direct observation as enumerated
by Patton (2002). All of these applied to this study. First, it better enabled the researcher
to capture the context within which people interacted since “understanding context is
essential to a holistic perspective” (Patton, 2002, p. 262). Second, first hand experience
like direct observation allowed the researcher to be open, discovery oriented and
inductive without being hindered by prior conceptualization. A third strength of direct
observation was that the researcher noticed things that might routinely escape the
participants’ attention, hence might not have been captured in interviews and surveys.
Fourth, it afforded the researcher a chance to witness and learn things that participants
might be uncomfortable talking about. Fifth, direct observation afforded the researcher an
opportunity to move away from the selective perspectives of the interviewee. However,
the researcher’s perspective merged with the data to arrive at a unique, possibly holistic,

view of the observation. Finally, reflection on the experience and the impressions created
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by it assisted in the interpretation and analysis stage of this study. Keeping these
advantages in mind, the researcher acted as an (almost) complete observer and collected
data in the “natural field setting” (Merriam, 1998, p.94) of the classroom. The
researcher’s experiences as a chemistry teacher, head of science department in a high
school, and an administrator were an integral part of this process.

The researcher observed three complete classes of a chemistry course of every
teacher in this study. The three observations occurred approximately in the beginning,
middle, and at the end of a 12-15 week semester. This time spent in the field was
sufficient to record the information delineated above.

According to Patton (2002), “Fieldwork should last long enough to get the job
done-to answer the research questions being asked and fulfill the purpose of the study”
(p. 274). Merriam (1998) says that

there is no ideal amount of time to spend observing, nor is there one preferred

pattern of observation. For some situations observations over an extended period

of time may be most appropriate, for others, shorter periodic observations make

the most sense given the purpose of the study and the practical constraints. (p. 98)

Since every effort was made to be unobtrusive, and create the least amount of
perturbation in the natural setting, the classroom observations were not tape recorded or
videotaped.

Direct observation data consisted of two components. The first component, the
field notes, aided in creating a rich, “thick” (Geertz, 1973, p. 420; Denzin, 2001)
description and interpretation of the observations. Information on the six elements that
are “likely to be present in any setting” (Merriam, 1998, p. 97) were the source of data for

this component. These elements were related to physical setting, participants, activities

and interactions, conversations, subtle factors, and observer comments. The second
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component of classroom observation was the evidence of the use of research-based
practices by the teachers, collected through the instrument RTOP (Piburn et al., 2000-
Appendix G). This instrument was used as a “means for detecting the degree to which K-
20 classroom instruction in mathematics or science is reformed” (Adamson et al., 2003,
p.941). The reader is reminded that information on RTOP can be found in the 2" chapter

and the instrumentation section of this chapter (Piburn et al., 2000).
Teacher Interview Protocol

According to Yin (2003), “one of the most important sources of case study
information is the interview” (p. 89). Further, Patton (2002) posits that

We interview people to find out from them those things that we cannot directly

observe. The issue 1s not whether observational data are more desirable, valid, or

meaningful than self-report data. The fact is that we cannot observe everything.

We cannot observe feelings, thoughts, and intentions. We cannot observe

behaviors that took place at some previous point in time. We cannot observe

situations that preclude the presence of an observer. We have to ask people
questions about those things. The purpose of interviewing, then, is to allow us to
enter into other person’s perspective. Qualitative interview begins with the
assumption that perspective of others is meaningful, knowable, and able to be
made explicit. We interview to find out what is in and on someone else’s mind, to

gather their stories. (p. 340-341)

In this study, the collection of teachers’ stories began with the administration of a
concerns survey, the SoCQ (with 35 multiple—choice items and 3 open-ended items
added by the researcher), at the commencement of the 12-15 week observation period.
The two major sources of questions for the “semistructured” (Merriam, 1998, p.74)
interview were the concerns questionnaire and the classroom observations.

One semistructured interview was conducted with every teacher after the

completion of his/her classroom observations. The interviews were audiotaped by the

researcher and transcribed by an independent source. A copy of the transcript was mailed

163



to the participating teachers to affirm accuracy and receive their feedback. Although the
researcher had some structured and open-ended focus questions (see Appendix J), there
was enough flexibility during the interview process to mold or change the questions into
those that succeeded in eliciting meaningful responses and insights from individual
teachers. Therefore, a part of the interview protocol was generalized and the other part
was customized to the needs of individual teachers. This method of data gathering shed
light on the gaps in data obtained from other sources and, therefore, assisted in answering
the research questions, i.e. how did the group of teachers in this study implement
research-based practices in their classrooms, how did these practices differ among
teachers, and what factors helped and hindered the process? Another function of the
information generated from interview questions was to inform, corroborate, or dispute
what was known from other sources of data collection (Seidman, 1991). The interview
data helped cement certain findings and revealed new ones, in either case enriching this

study.
Documents Protocol

According to Bogdan and Biklen (1998),“document refers to materials such as
photographs, videos, files, memos, letters, diaries, clinical case records, and memorabilia
of all sorts that can be used as supplemental information as part of a case study” (p. 57).
Merriam defines the word more broadly, referring to documents as “any communication”
(Merriam, 1998, p. 112) that can be used as a source of data and is not gathered through
observations and interviews. Only document procured for this study was the teacher

generated lesson plans. A sample can be found in Appendix H.
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Since the lesson plans were not produced for the purpose of this research, but
happened to be present in the field, often these were not readily useful (Merriam, 1998).
However, this document was a good source of data for qualitative case study, since it
“lends contextual richness and help ground an inquiry in the milieu of the writer” (Guba
& Lincoln,1981, p. 234).

As Creswell (2003) and Yin (2003) enumerate, there are several advantages and
limitations to using documents in case study research. The advantages are; being an
unobtrusive source of information, convenience of access, enabling the researcher to
obtain the language and words of the participants, work that was created thoughtfully
with participants careful attention, an existing written evidence that does not need
transcribing, a source of clues for further investigation, and its potential to provide
specific details to corroborate information from other sources. The limitations are; it may
require a great deal of time from the researcher to search out the necessary information in
hard-to-find places, it may be incomplete, and it may not be accurate. As the researcher
examined the teacher generated lesson plans, she was cognizant of the advantages and
limitations of document examination.

According to Yin (2003), “because of their overall value, documents play an
explicit role in any data collection in doing case studies. The most important use of
documents in case studies is to corroborate and augment evidence from other sources”
(p-87).

Keeping this in mind, as the researcher examined the lesson plans, she looked for
evidence of how well aligned these documents were with the research-based practices of

lesson design and implementation, content, and classroom culture. In addition, how the
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documents generated by different teachers supported or did not support the research-

based practices were noted and recorded.
Self-Administered Protocols

“Self-administered questionnaires (surveys) are instruments used to collect
information from people who complete the instrument themselves. The stimulus in such
questionnaires is exclusively visual” (Borque & Fielder, 2003, p. 2). The self-
administered protocols (a survey and a questionnaire) were both e-mailed and sent
through inter-office mail of the SDP to the teachers. The teachers had a choice of
returning the completed instrument via either of the above modes. They completed two
self-administered protocols in this study, outside the presence of the researcher. These
protocols were: RTOP Teacher Survey (RTOPTS-Appendix I) and the Stages of
Concerns Questionnaire (SoCQ- Appendix F). There are several advantages to using self-
administered protocols. Some of these are: they work well with a literate population that
is interested in the research, subjects can respond at their convenience, when one wants to
ask a large number of items that are in a similar form, advantageous when dealing with
sensitive items or items that require time to think over, the research question asks about
the present rather than the past or the future, and lack of interviewer bias (Bourque &
Fielder, 2003; Fowler, 2002; Frankel & Wallen, 2003; Gilham, 2000).

Both the self-administered protocols used in this study employed dual formats of
closed and open-ended responses. The closed-ended items were easy to use, score, and
required a response along a 5 or 7 numbered continuum, the number of categories most
respondents can handle meaningfully for rating tasks (Fowler, 1995; Frankel & Wallen,

2003).
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Instrumentation

The instruments used in this study were: SoCQ with 3 open-ended questions to
measure teachers’ self-ratings of implementation and concerns regarding factors that
enabled/inhibited the implementation; RTOP to record the teachers’ use of research-
based practices in the domains of lesson design and implementation, content, and
classroom culture and the researcher’s notes regarding the classroom environment;
teachers’ lesson plans on the days they were observed; RTOPTS to gauge teachers’
perceptions of the extent of implementation in the domains of lesson design and
implementation, content, and classroom culture; and the semistructured interview to
explore in-depth the teachers’ concerns regarding implementation and the enabling and
inhibiting factors, as well as their thoughts on lesson design and implementation and
depth of content knowledge. This instrument yielded quantitative data that was analyzed

as described in the data analysis section.
SoCQ with Three (3) Open-ended Questions

This instrument consisted of two parts. Part one had 35 closed ended items, each
requiring a response on a 7 point Likert-type sacle (O=irrelevant, 1-2=not true for me, 3-
4somewhat true of me now, and 5-7=very true of me) according to how truly the item
described the teachers’ perceptions/concerns with respect to the implementation of MCE
program practices in their classrooms. Each of the items was identified with one of seven
different Stages of Concern/perception (Awareness, informational, personal,

management, consequence, collaboration, and refocusing) related to the implementation.

With permission from the publishers, throughout the questionnaire, the word

innovation was replaced by the word MCE program to accommodate this research. This
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was the only change made to the instrument. This part of the instrument yielded
quantitative data and had strong reliability estimates ranging from .65 to .86 and internal
consistency with alpha coefficients ranging from .64 to .83 (George et al., 2006). Part
two had three open-ended questions. The first question asked the teachers to rate their
level of implementation on a scale of 0-10 and also describe it as non-user, novice,
intermediate, old-hand, or past-user. The second and third questions asked them to
describe the factors that enabled and inhibited the implementation, respectively (see
Appendix F for a copy). The first question yielded quantitative and qualitative data, while
second and third questions yielded qualitative data. The methods of analyses of both the
quantitative and qualitative data are described in the data analysis section of this chapter.
This instrument was e-mailed and sent via inter office mail to the teachers at the
beginning of the 15-week semester of data collection, before the classroom observations

began. The teachers had one week to return their completed questionnaires.
RTOP

Using the instrument RTOP, this researcher rated the classroom observations of
the teachers for alignment with research-based practices. RTOP’s 25 indicators
(statements) are clustered around the domains of lesson design and implementation (5
statements), content (10 statements), and classroom culture (10 statements). The rating of
each of the indicators ranges from 0 (never occurred) to 4 (very descriptive) on a Likert-
type scale. This instrument produced total and domain quantitative scores. The analysis
of scores is described in the data analysis section. RTOP also requires a narrative account

of the lesson from the observer.
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Face validity of the instrument was established by six researchers as a result of
several iterations of using, analyzing, revising, and refining it and arriving at a consensus.
A trained team of observers achieved an exceptionally high interrater reliability for both
the overall score and the subscales (between 0.85 and 0.95). Additionally, two
researchers rated the same sixteen lessons. Data from these were used for obtaining
estimates of reliability by doing a best-fit linear regression on one set of observations vs.
the other. The proportion of variance accounted for by the best-fit line was 0.954, an
exceptionally high value. Reliability estimates for the subscales were high also, ranging
in value from 0.67 to 0.945.

Internal consistency determined by Cronbach’s alpha for the individual RTOP
scales and subscales are reported between 0.80 and 0.93 (Sawada, Piburn, Judson, Turley,
Falconer, Benford, & Bloom, 2002). The reliability of the instrument, based on
observations of various science and math classes, ranged between 0.9 and .954, and it had

a high degree of face, construct, and predictive validity (Piburn & Sawada, 2000).
RTOPTS

This instrument consisted of 25 statements that mimicked the RTOP’s 25
statements, except that many of the RTOPTS statements were in the first person singular,
to reflect the perceptions of the teachers regarding their classroom practices. The teachers
responded to each statement on a 0-4 Likert-type scale (0=Never occurred, 4-Very
descriptive). Similar to RTOP, the first five statements in RTOPTS occurred under the
domain of lesson design and implementation, next ten statements under the content
domain, and the last ten statements under the classroom culture domain. RTOPTS was e-

mailed and sent via interoffice mail to the teachers towards the end of the 15 week
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semester of data collection, with a response time of one week. Quantitative data obtained
through RTOPTS was analyzed according to the method described in the data analysis

section.

Lesson Plan

Since there was no prescribed format for writing the lesson plan, the lesson plans
submitted by the six teachers, on the days of observation, were in a variety of formats and
addressed different aspects of lesson planning. This instrument also yielded qualitative
data, whose method of analysis is described in the data analysis section.
Semistructured Interview

The culminating piece of data was collected from the teachers when they were
individually interviewed with a semistructured interview instrument consisting of a set of
flexible questions, and a set of fixed questions (see Appendix J). The flexible questions
probed into the individual concerns of teachers and the questions arising from their
classroom observations by the researcher. Therefore, flexible questions were customized
to the concerns of the individual teacher and the unique aspects of his/her classroom
practice as noticed by the researcher during classroom observations. There were three
fixed questions towards the end, that inquired into how the teachers planned their lessons
and how did they impart depth of understanding to the students. These questions were
termed fixed, since all the teachers were asked exactly the same three questions.
Responses to both sets of questions provided qualitative data. These data were analyzed

similarly, but separately, as described in the data analysis section.
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Procedure

At the commencement of a 15-week semester, the researcher administered the
concerns questionnaire to the six teachers in this study and collected the completed
questionnaire within a week of its issuance. During the 15 week semester, the researcher
observed 3 classes of the same course taught by a teacher. Every effort was made to
space the 3 observations evenly during the semester. To the extent possible, a similar
schedule was followed for all the teachers in this study. RTOP teacher observation
protocol was completed during each observation. Prior to the observations, the researcher
and a qualified colleague were self-trained in using the RTOP by viewing a set of 3 video
taped lessons, rating the lessons with the instrument and reconciling any differences.
Interrater reliability was established by the researcher and the colleague observing and
rating one lesson of a teacher in this study, and coming to a consensus regarding the score
on each of the 25 statements (indicators). At the end of the semester, the teachers
completed a survey consisting of 25 modified RTOP statements, and were individually
interviewed. Teacher prepared lesson plans were collected on each of the days he/she was
observed. In addition, the core curriculum, teaching and scheduling timeline, benchmark

assessments, textbook, and ancillary materials were available for review.

Data Analysis

Data analysis is the most difficult step in the case study research (Gee, Michaels,

& O’Conner, 1992; Yin, 2003).
Qualitative Aspect

According to Merriam (1998), “The analysis begins with the first interview, the

first observation, first document read. Emerging insights, hunches, and tentative
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hypotheses direct the next phase of data collection, which in turn leads to the refinement
or reformulation of questions, and so on” (p.151). However, it is helpful to use the
following six “analytic manipulations” to organize the data prior to analysis as described
by Miles and Huberman (1994) and cited in (Yin, 2003),

(1) Putting information into different arrays

(2) Making a matrix of categories and placing the evidence within such categories

(3) Creating data displays- flowcharts and other graphics-for examining the data

(4) Tabulating the frequency of different events

(5) Examining the complexity of such tabulations and their relationships by

calculating second-order numbers such as means and variances

(6) Putting information in chronological order or using some other temporal scheme.

(p. 110-111)

The first step in data analysis in case study consists of writing a detailed, rich
“thick” (Geertz, 1973, p.420), description of the case and its context (Creswell, 1998). In
this study rich descriptions of the case and its contexts were compiled from teachers’
responses to the SoCQ’s open-ended questions (numbers two and three), and responses to
the interview questions on lesson design and helping and hindering factors. After this
step, according to Stake (1995), there are “two strategic ways that researchers reach new
meanings about cases. These are; “direct interpretation of the individual instance and
through aggregation of instances until something can be said about them as a class. Case
study relies on both of these methods” (p.74). In categorical aggregation, the researcher
looks for a collection of corroborating incidents or disconfirming ones as well, that
impart meaning to the case. “In direct interpretation, ...the case study researcher looks at

a single instance and draws meaning from it without looking for multiple instances”

(Creswell, 1998, p.154). In this study, both of these ways were used as appropriate.
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Quantitative Aspect

Bogdan and Biklen (1998) emphasize the sensitization of a qualitative researcher
to a quantitative perspective on “hard data” (p. 155). They posit that ““ quantification has
the potential to make that which was once taken for granted salient and make that which
was once amorphous concrete” (p. 154). Also, “counting can shape what people consider
important and meaningful and designate particular activities as expedient” (p.155). In this
study, the researcher quantified the qualitative data that could be quantified, and
summarized these through descriptive statistics of frequency counts, percentages, mean,

and standard deviation as suitable.
Combination of Qualitative and Quantitative Aspects

Creswell (1994) adds that “the process of data analysis is eclectic; there is no
“right way” (Tesch, 1990, p. 152). It also requires that the researcher be open to
possibilities and see contrary or alternative explanations for the findings” (p.153). In
keeping with these suggestions, this researcher systematically searched and arranged all
the qualitative and quantitative data (only descriptive statistics) to improve her
understanding of the evidence. Additionally, following the strategies employed by several
authors (Bogdan & Biklen, 1998; Dey, 1995; Stake, 1995; Stake & Easley, 1978;
Creswell, 1998; Miles & Huberman, 1994), she “fractured” (Strauss, 1987, p. 29) the data
into manageable units through coding, reconstituted them in a more meaningful way, and
searched for patterns.

As Stake (1998) elaborates further,

sometimes, we will find significant meaning in a single instance, but usually the

important meanings will come from reappearance over and over. Both categorical
aggregation and direct interpretation depend greatly on the search for patterns.
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Often, the patterns will be known in advance, drawn from research questions,

serving as a template for the analysis. Sometimes, the patterns will emerge

unexpectedly from the analysis. (p. 87)

Elucidating meaning leads to interpretation of the findings (Patton, 2002).

However, as Patton (2002) cautions, there is guidance but no formula for the
transformation of data into findings. The “findings emerge like an artistic mural created
from collage-like piece that make sense in new ways when seen and understood as part of
a greater whole” (Patton, 2002, p. 432). The findings that emerged from the analysis of
data provided a naturalistic generalization to this exploratory case study.

Data Analysis for Relevant Data Sources

The five sources of data for this study were: SoCQ with 3 open-ended questions;
RTOP; teachers’ lesson plans; RTOPTs; and the semistructured interviews. In this section
the method of data analysis from each of these five sources is described.
SoCQ with Three (3) Open-ended Questions

SoCQ's 35 items provided quantitative data. Using the Stages of Concern Quick
Scoring Device (Appendix K), the raw scores of items belonging to each of the seven
stages of concern were added to give the total raw score for each of the seven stages
(George et al., 2006). The total raw scores for the seven stages were then converted to
percentile scores using a conversion table. This was done for every teacher. Then, the
data was analyzed in two ways: first by creating a table of the percentile scores of the top
two and the bottom concern of every teacher, then by creating a concerns profile for
every teacher by plotting the percentile scores of their seven stages of concern (Appendix

L). This data source was utilized in answering research question 4.

174



Open-ended Question 1a provided qualitative and quantitative data. Teachers’
descriptive responses (Non-user, Novice, Intermediate, Old-hand, Past user) were
quantified by assigning a numerical value of 0-4 to these in order. Then the mean of these
values was calculated and used to describe the group’s level of implementation. This data
source assisted in answering research questions 1 and 2.

Open-ended Question 1b provided quantitative data. The mean and standard
deviation of teachers’ self-reported level of implementation scores were calculated. To
analyze the results, a continuum of the levels of implementation corresponding to scores
0-10 was devised and the mean was placed on the continuum to determine the level of
implementation of the group of teachers. This data source assisted in answering research
questions 1 and 2.

Open-ended Questions 2 and 3 provided qualitative data. Teachers’ transcribed
responses to the questions were reviewed many times independently by the researcher
and a highly-experienced colleague. Independently they created categories and
subcategories (enabling factors) to be parsimonious and inclusive of all the teachers’
responses to this question, followed by the placements of all the teachers’ responses
under corresponding enabling factors till exhaustion. To achieve this, if necessary, more
enabling factors were added. Final codes and placements were arrived at through
discussion and reconciliation between the researcher and the colleague. Then frequency
of response for each enabling factor was tabulated. The same procedure was followed
with the responses to question 3 to code and enumerate the evidence of hindering factors.
Data from the open-ended questions 2 and 3 were used in answering research questions 3

and 4 respectively.
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RTOP

RTOP provided a source of quantitative data. The total RTOP score for each
observation was obtained as a percentage by adding the scores of 25 statements, since the
maximum possible total score was 100. Mean and standard deviation were calculated for
each observation for the six teachers as a group, and also for each teacher’s three
observations independently.

Since the maximum possible scores for the three domains were different (lesson
design and implementation=20, content=40, and classroom culture=40), the domain
scores were normalized by calculating the percentage score for each domain (referred to
in this research as weighted percentage). For example, a domain score of 5 in the lesson
design and implementation domain would yield a percent domain score of (5+20) 100 =
25%. Mean and standard deviation of the % domain scores in each domain, for all the
teachers, was calculated for each observation. Also, the mean and standard deviation of
the percent score (the weighted percentage) in each domain was calculated for the three
observations of each teacher. RTOP data was utilized in answering research questions 1
and 2.

Teachers’ Lesson Plans

This source yielded qualitative data that was quantified as follows. RTOP’s 25
statements were the codes. Statements in the teacher generated written lesson plans that
aligned to these codes were recorded and counted. A frequency count of these aligned
statements pertaining to the three RTOP domains calculated and tabulated. To establish

interrater reliability, the researcher and an experienced colleague conducted the
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alignment independently, then negotiated to arrive at a final version. Information
provided by the lesson plans was utilized in answering research questions 1 and 2.
RTOPTS

RTOPTS provided a source of quantitative data. The method of analysis for
calculating the RTOPTS Total and Domain Scores followed the same procedure used for
RTOP (i.e., computing the mean and standard deviation) described above. However,
since teachers completed the survey once, the teachers’ mean and standard deviations of
percentage total score and percentage domain scores were computed only once.
RTOPTS data was utilized in answering research questions 1 and 2.

Semistructured Interview (henceforth referred to as interview)

Responses to both the flexible and fixed questions on the interview provided
qualitative data. The general procedure of analysis was the same for these two question
types (e.g., coding the statements into various categories), however there were some
differences as the analyses of data for each type of question continued.

Data analysis for responses to 3 Questions on lesson design and content (fixed
guestions)

All the teachers were asked the same three questions, the purpose was to probe
their perceptions of lesson design and implementation, and the delivery of content. The
researcher and her colleague independently looked for teachers’ responses that aligned
with the intent of the 25 statements of RTOP (e.g., the expressed characteristics of
research-based practices). Responses that were aligned with an RTOP statements were
placed under it and the process was continued till all the relevant responses were placed

under one of the 25 RTOP statements. The researcher and colleague resolved placement
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differences through discussion and arriving at a consensus. Then, a frequency count was
computed for the responses aligned with statements in the following four areas; (1) whole
of RTOP, (2) lesson design and implementation domain, (2) content domain, and (3)
classroom culture domain. Further, percentage of each teacher’s responses in agreement
with the statements in above four areas was also calculated. This data was utilized in
answering research questions 1 and 2.

Data analysis for the responses to the rest of the questions (flexible questions)
The data analysis for these responses followed the procedure for SoCQ’s Open-ended
Questions 2 and 3 described earlier in this section. However, many categories and
subcategories (enabling or hindering factors) were different for this source of data. In this
case also, the qualitative data were quantified through the creation of tables of frequency
counts. This data was utilized in answering research questions 3 and 4.

The reader is directed to Appendix M for a graphical display of data flow, sources

of data and the research questions addressed by each data source.

Methods of Verification

Yin (2003) describes four methods of verification as relevant to case studies.
These are; construct validity, internal validity, external validity, and reliability. For
Merriam (1998), “ensuring validity and reliability in qualitative research involves
conducting the investigation in an ethical manner” (p. 198). Since this exploratory case
study used both qualitative and quantitative methods, it was essential to address these
issues. In the following subsections, the issues of construct validity, internal validity,

external validity, reliability, and ethics are discussed.
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Construct Validity

Gall, Gall, & Borg (1999) posit that construct validity is the extent to which the
case study can be shown to measure a particular hypothetical construct. To establish
construct validity one must establish “correct operational measure for the construct being
studied” (Yin, 2003, p.34). This required that the researcher succinctly identify and
communicate the phenomenon being investigated, i.e., classroom practices of chemistry
teachers, in this study.

To guard against misinterpretation, the researcher employed redundancy of data
gathering and procedural challenges to explanations. “For qualitative casework, these
procedures generally are called triangulation” (Goetz & LeCompte, 1984 as reported in
Denzin & Lincoln, 2005, p. 148; Denzin, 1989). The researcher included member checks
in the triangulation process.

Denzin (1978) has identified four basic types of triangulation. Two of these, data
source triangulation and methodological triangulation, were applicable to this study. “For
data source triangulation, we look to see if the phenomenon or case remains the same at
other times, in other spaces, or as persons interact differently” (Stake, 1995, p. 112). In
this study the data source triangulation was ensured by looking at the same phenomenon,
teaching practices of chemistry teachers, at three different times for every teacher and at
multiple sites.

For methodological triangulation, “a rich variety of methodological combinations
can be employed to illuminate an inquiry question. Some studies intermix interviewing,
observation, and document analysis” (Patton, 2002, p. 248). This study employed

classroom observation, teacher interview, concerns questionnaire, teacher survey, and
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lesson plan analysis conducted during a 15-week semester to meet the condition of
methodological triangulation. Thus, using “an arsenal of methods that have non-
overlapping weaknesses in addition to their complementary strengths” (Brewer & Hunter,
1989, p. 17) ensured the validity of the construct, ‘classroom practices of chemistry

teachers’, in this study.
Internal Validity

According to Merriam (1998), “internal validity deals with the question of how
research findings match reality” (p. 201). Merriam (1998) offers several strategies to
enhance the internal validity of an (exploratory) case study. Four of the strategies
applicable in this study were; triangulation, member checks, long-term observations, and
researcher’s bias. As explained in the previous section, triangulation involved using
multiple sources of data and multiple methods to confirm the emerging findings. Member
checks were accomplished by reporting the findings and interpretations of the researcher
back to the teachers and colleagues, and soliciting their feedback. Long-term observation
at the research site is the repeated observations of the same phenomenon and the
attendant gathering of data over a period of time (Merriam, 1998, p. 204). In this study
the researcher spent 15-weeks in the field, making 3 complete observations, in the
beginning, middle, and end of this duration, of every teacher in this study in the act of
teaching chemistry. The same observation protocol (RTOP) was utilized for all the
teachers in this study. The researcher made her biases explicit in this study. In this way,
the researcher made “an effort to understand situations in their uniqueness as part of a
particular context and the interactions therein. This understanding is an end in itself”

(Merriam, 1998, p. 6).
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External Validity

According to Merriam (1998), “external validity is concerned with the extent to
which the findings of one study can be applied to other situations” (p. 207). Often the
word ‘generalization’ is associated with external validity. In case study research, the
word ‘generalization’ is reframed to reflect the assumptions underlying qualitative
inquiry. Some of the reconceptualizations of generalization (Lincoln & Guba, 1985, as
quoted in Merriam, 1998) include,

(1) Working hypothesis: “When we give proper weight to local conditions, any
generalization is a working hypothesis, not a conclusion (Cronbach, 1975, pp.
124-125). “Working hypotheses not only take account of local conditions, they
offer the educator some guidance in making choices” (Merriam, 1998, p. 209).
(2) Naturalistic generalizations: These provide “full and thorough knowledge of
the particular” that allows one to see similarities in “new and foreign contexts”.
This process of naturalistic generalization is arrived at “by recognizing
similarities of objects and issues in and out of context and by sensing the natural
covariations of happenings, develop from experience, and guide a person’s
actions” (Stake, 1995, p.6).

(3) Reader or user generalizability: This involves leaving the extent to which a
study’s findings apply to other situations up to the people in those situations
(Merriam, 1998). Called case-to-case transfer by Firestone (1993), “it is the reader
who has to ask, what is there in this study that I can apply to my own situation,
and what clearly does not apply?” (Walker, 1980, p.34). According to Kennedy
(1979) and Lincoln & Guba (1985) the responsibility for generalizing rests with
the reader rather than the researcher. However, “the researcher has an obligation
to provide enough detailed description of the study’s context to enable readers to
compare the “fit” with their situations. (p. 211)

(1) Generalization as a working hypothesis occurred in this study, when the
researcher fully explored and described how each teacher implemented the practices in
his/her classroom context, taking into consideration all the factors that impinged on this

phenomenon, that enabled or did not enable the implementation of the practices.
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(2) Naturalistic generalization occurred in this study, when the description
mentioned above was placed in relation to a continuum of similar studies and the
similarities and differences among ‘similar’ studies were made explicit.

(3) The researcher provided a “thick rich” (Geertz, 1973, p.420) description of
this study that was detailed enough in all the necessary aspects for the reader to draw
his/her own conclusions about its generalizability.

According to Merriam (1998), there are two strategies to improve the chances of
generalizability of a qualitative inquiry that serve the three conceptions described above.
These are; providing a rich, thick description of the case, and using a multi-site design,
especially that maximizes diversity in the phenomenon of interest. With the data
collected over a 15-week semester, the researcher was able to provide the readers a thick
rich description of the classroom practices of the teachers and contexts associated with
the chemistry classrooms studied. The six teachers in this study were teaching in six
different high schools. They constituted the (almost) entire population of teachers who
graduated from the MCE program and were teaching chemistry in their chosen urban
setting. This inclusion of (almost) all the teachers ensured maximum possible diversity

for the group in this study.
Reliability

According to Merriam (1998), “reliability refers to the extent to which research
findings can be replicated” (p. 205). Lincoln & Guba (1985, p. 288) suggest that
reliability in qualitative research needs to be conceptualized as ‘dependability’ or
‘consistency’ of the results obtained from the data. “The question then is not whether the

results will be found again but whether the results are consistent with the data collected”
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(Merriam, 1998, p. 206). Again, Merriam (1998) suggests that the following techniques
can be used to ensure reliability of the descriptive case study.

(1) The investigator’s position: The research should explain the assumptions and
theory behind this study, the basis for selecting the participants, their descriptions, and
their context (LeCompte & Preissle, 1993).

(2) Triangulation in terms of using multiple methods of data collection and
analysis:

For the assumptions and theories underlying this study, the reader is referred to chapter 2.

The researcher did not have any positional relationship with the teachers in this
study. However, both were employed in the same school district. This information, along
with the teachers’ descriptions, why were they chosen for this study, and their
professional context was made explicit in the report of this research. As stated earlier,
triangulation was achieved through the use of a variety of data sources, e.g., classroom
observations, teacher interviews, concerns questionnaire, survey, and teacher made lesson

plans.
Interrater Reliability

Interrater reliability was addressed in two different manners. Per RTOP’s creator,
ACEPT (Arizona Collaborative for Excellence in Preparation of Teachers), this
researcher and a highly qualified colleague well versed in research-based practices,
observed 3 videotaped lessons of 20 minutes each from ACEPT ( Arizona Collaborative
for Excellence in Preparation of Teachers), the originators of RTOP. These lessons were
observed together by the two raters, and scored independently using RTOP. On an

average, the scores on the 25 indicators of RTOP matched between the two raters in 90%
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of the cases. Then, the two raters reconciled the variability in their scores on the
remaining 10% of the cases through discussion and arriving at a consensus.

The RTOP was utilized once again in the classroom setting, where the researcher
and the same colleague co-observed a lesson of a teacher in this study. Interrater
reliability was established as the researcher and co-observer rated the lesson
independently, after which differences in scores were resolved through discussions. This
procedure is in direct compliance with ACEPT’s protocol.

Interrater reliability was also established for teachers’ responses to open-ended
questions on survey and interview questions. In these cases, following Miles and
Huberman (1994), categories and subcategories (factors) were created and the evidence
was placed under these. Also, the frequency counts of the evidences were computed.
Above processes were first carried out independently by the researcher and a highly
qualified colleague, then100% agreement between the two was arrived at through

discussion and consensus.

Ethical Considerations

This researcher acknowledged the bias that she brought to this study, arising from
her multiple roles as an educator for over 20 years. As a result, this study’s data
collection, analysis, interpretation, and report were colored through multiple perspectives.
Most notable among these perspectives were; those of a former chemistry teacher,
administrator, and a research assistant. This subjectivity was viewed and noted as “a
necessary and vital element of the inquiry process” (Mehra, 2001, p.81).

In addition, the researcher observed at least two classes and some labs in every

one of the ten courses in the MCE program for one year. This first hand witnessing of the
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rigor of content the teachers were exposed to and the classroom practices modeled in the
MCE program afforded her a unique perspective and a valid reference for comparison.

The researcher was aware that “the nature of data collected will, to some extent,
be dependent on the role and perspective of the observer. Just as the presence of the
observer can affect people observed, so too the observer can be affected” (Patton, 2002,
p. 329).

Again, “because qualitative methods are highly personal and interpersonal,
because naturalistic inquiry takes the researcher into the real world where people live and
work, and because in-depth interviewing opens up what is inside people-qualitative
inquiry may be more intrusive and involve greater reactivity than surveys, tests, and other
quantitative approaches” (Patton, 2002, p. 407). This researcher dealt with such issues
with sensitivity.

Following Merriam’s (1998) suggestion, this researcher preserved the
confidentiality of all the documents and anonymity of the teachers in this study. In order
to maintain accepted ethical standards, the rules and regulations of the institutions where
the teachers worked were followed and the research was used for its intended purpose
only.

The Office of Research and Evaluation of the SDP granted permission to the
researcher to conduct this study in six schools (Appendix N). The researcher abided by
the conditions imposed by this office. In addition, the researcher obtained written
permission from the six Principals (Appendix O) and signed consent forms from the six

teachers before conducting this study (Appendix P).
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CHAPTER 4

CONTEXT OF THE STUDY, DATA ANALYSIS, PRESENTATION, AND FINDINGS

Introduction

In this chapter the findings on the contexts of the research study, for the group and
for each teacher, are described first. This is followed by the data analysis and presentation
of the findings, including discussion, for each research question utilizing various sources
of data.

Contexts of the Study

To frame the contexts of the study, relevant findings regarding the teachers,
courses taught, students, and school characteristics are presented first for the group of
teachers, followed by similar information for individual teachers. The sources of this data
were: researcher’s notes taken during classroom observations; information available on
the School District of Philadelphia’s (SDP) website; and the information made available
to the researcher by the MCE program administration.

The teachers in this study graduated from the first five cohorts of the MCE
program in the years 2002 - 2006. At the time of the study (2006-8), these teachers were
the only graduates of the MCE Program in their respective schools who were teaching
chemistry. Some of the schools in the study had other graduates of this program, but they
were not teaching chemistry at the time of the study. There were no other teachers in their
schools with this qualification. Their years of teaching experience in the SDP ranged
from 5-15 years, and the levels of chemistry courses taught, and observed in the present

study, varied from the ‘regular’ level delineated in the core curriculum, for all the
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students, to accelerated courses such as Advanced Placement (AP) and International
Baccalaureate (IB). The class periods of individual teachers were 50-55 minutes in
duration and met between 2 to 6 times per week. Only one teacher (16.7%) had assigned
double laboratory periods every week in his/her roster. The teachers in the study taught a
great variety of topics in chemistry during the observations. Two of the teachers (33.3%)
were teaching accelerated courses (AP or IB), therefore did not follow the SDP’s core
curriculum in chemistry. Of the remaining four teachers (66.7%) that followed the core
curriculum, three (50.0%) were behind the pacing schedule and one (16.7%) was on track
in the observed classes. The number of students in the observed classes ranged from 21 to
29. In the two accelerated courses observed, the representation of African American
students (one each) was disproportionately low compared to their overall distribution in
the two schools. Students in these courses were overwhelmingly White and Asian. The
sizes of total student populations in the schools varied from under 300 to over 2000, with
students drawn primarily from the neighborhood, to those from all parts of the city. The
diversity in terms of racial distribution, English language learners, students with special
needs, gifted students, and students receiving free and reduced lunch (an indicator of
poverty) was widespread. The standardized test (PSSA-Pennsylvania System of School
Assessment) scores on reading and math varied from 10.0% proficiency to over 90.0%.
Now, the above characteristics are described for individual teachers in the study.
Teacher A

This teacher was a member of the second cohort of MCE Program participants

and graduated from the program in the summer of 2003. He/She has taught high school
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level science courses in the SDP for 15 years, including all levels of chemistry, from
regular to accelerated.

For this research, three classes of an accelerated course were observed. This
course was taught 2 days per week and there were no double laboratory periods assigned
to the course. Each class period was 53 minutes long.

The purpose of this course was to review curricular material for the examination
in the accelerated course. Therefore, a wide range of topics were covered in the observed
classes. These included bonding theories, hydrocarbon nomenclature, rates of reaction,
activation energy, catalysis, stoichiometry problems, chemical equilibrium and
application of Le Chatelier’s principle, enthalpy and heat of reaction, electronegativity
and its variation across the periodic table, drawing structural formulae of organic
compounds, greenhouse effect, global warming, water purification by ion exchange, bond
angle, bond energy, specific heat problems, gas laws problems, and oxidation/reduction
etc.

In any class of this course that the researcher observed, there were 23-29 students
in attendance. Further, there was only one African American student in the course, quite
unlike the overall diversity of the school (see below). The rest of the students in the
course were almost equally divided between White and Asian. The students were a mix
of juniors and seniors.

The school where teacher A taught is one of the large (over 2000 students)
comprehensive high schools in a desirable neighborhood in the city, with students drawn
from all over the city. The student population is quite diverse (~37.0% African-

American, ~40.0% White, ~12.0% Asian, and ~10.0% Hispanic). Adding to the ethnic
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diversity of the student body are ~17.0% students with special needs, ~9.0% of English
language learners, and ~8.0% mentally gifted students. A little over 46.0% of students are
eligible for free or reduced cost lunch, an indicator of the level of poverty in the student
body (in the city ~75.0% of students are eligible for free or reduced lunch). About 36.0%
and 33.0% of the 11" grade students scored proficient or better in the state’s reading and
math assessments (PSSA) respectively, only slightly above the city levels and well below
the state levels in both the subjects.
Teacher B

This teacher was a member of the first cohort of MCE Program participants and
graduated from the program in the summer of 2002. He/She has taught high school level
science courses in the SDP for 6 years. Among the courses taught are, regular chemistry
and physical science.

For this study, three classes of a regular chemistry course were observed. Teacher
B taught this course 5 days per week, and there were no double laboratory periods
assigned to the course. Each class period was 51 minutes long. Since most of the students
were planning for non-science careers, this was their last science course needed to fulfill
the science requirements for graduation from high school.

The topics covered in the three observed classes were: drawing the structures of
polyatomic ions and molecules with double/triple bonds, reviewing post lab questions on
classifying chemical reactions (for an impending exam), solving problems by substitution

in various formulae on gas laws.
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In any of the three observed classes, there were 21-26 students in attendance. The
diversity in the students in the course was quite similar to the overall diversity of the
school’s student population (see below). All the students taking the course were juniors.
The school where teacher B taught is a small (under 700 students) special admissions
school where only students who fulfill certain criteria are admitted, drawn from all over
the city. The student population is quite diverse (~44.0% African-American, ~42.0%
White, ~5.0% Asian, and ~7.0% Hispanic). Adding to the ethnic diversity of the student
body are ~4.0% with special needs, ~2.0% of English language learners, and ~21.0%
mentally gifted students. A little over 44.0% of students are eligible for free or reduced
cost lunch. In the 11" grade, approximately 80.0% and 70.0% of students scored
proficient or better in the state’s reading and math assessments (PSSA) respectively, well
over the city and state levels in both the subjects.

Teacher C

This teacher was a member of the first cohort of MCE Program participants and
graduated from the program in the summer of 2002. He/She has taught high school level
science courses in the SDP for 12 years. Among the courses he/she has taught are
chemistry at all levels, from regular to AP, and physical science.

The researcher observed 3 classes of an accelerated course taught by teacher C.
This course met 6 times per week and there were no double laboratory periods assigned
to the course. Each class period was 50 minutes long. All the students in the course were
sophomores. Most students in the school take more than the minimum number of courses
required for graduation and apply to the best colleges in the nation. Therefore, this was

one of a few science courses that they take at this accelerated level.
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The topics covered in the observed classes were: vapor pressure, application of
Clausius-Clapeyron equation, phase diagram, equilibrium and Le Chatelier’s principle,
using the specific heat formula, relationship between boiling point and intermolecular
forces, bond energy, rates of reaction, applying the formula for equilibrium constant, and
finding the solubility product of a reaction etc.

In any of the three observed classes, there were 25-26 students in attendance.
There was only one African American student in the course, quite unlike the overall
diversity of the school (see below). The rest of the students in the course were almost
equally divided between White and Asian.

The school where teacher C taught is a large (over 2000 students) special
admissions school where only students who fulfill certain criteria are admitted, drawn
from all over the city. The student population is quite diverse (~32.0% African-
American, ~33.0% White, ~26.0% Asian, and ~8.0% Hispanic). Adding to the ethnic
diversity of the student body is ~1.0% with special needs, ~3.0% of English language
learners, and ~44.0% mentally gifted students. A little over 43.0% of students are eligible
for free or reduced cost lunch. In the 11™ grade, a little over 97.0% and 96.0% of
students scored proficient or better in the state’s reading and math assessments (PSSA)
respectively, considerably above the city and state levels in both the subjects.

Teacher D

This teacher was a member of the second cohort of MCE Program participants
and graduated from the program in the summer of 2003. He/She has taught high school
level science courses in the SDP for 13 years. Among the courses taught are, regular and

honors chemistry and physical science.
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For this study the researcher observed three classes of a regular chemistry course.
Teacher D taught 6 classes of this course per week, including a double laboratory period.
Each class period was 52 minutes long. For a majority of the students this was their last
science course needed to fulfill the science requirements for graduation from high school.

The topics covered in the observed classes included writing total and net ionic
equations, explanation of dissociation of solids in liquids, stoichiometry problems,
plugging into formulae on gas laws to find the unknown, carrying out the distillation of a
mixture (student lab), intermolecular forces and boiling points, behavior of substances on
lowering ambient pressure (teacher demonstration) etc.

In any of the observed classes, there were 21-22 students in attendance. The
diversity of the class reflected the overall diversity of the school (see below). Vast
majority of students in the class were juniors.

The school where teacher D taught is a small (under 600 students) special
admissions school where only students who fulfill certain criteria are admitted, drawn
from all over the city. The student population is quite diverse (~56.0% African-
American, ~18.0% White, ~12.0% Asian, and ~13.0% Hispanic). Adding to the ethnic
diversity of the student body are ~2.0% with special needs, ~1.0% of English language
learners, and ~20.0% mentally gifted students. A little over 60.0% of students are eligible
for free or reduced cost lunch. In the 11™ grade, about 84.0% and 75.0% of students
scored proficient or better in the state’s reading and math assessments (PSSA)

respectively, well over the city and state levels in both the subjects.
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Teacher E

This teacher was a member of the fifth cohort of MCE Program participants and
graduated from the program in the summer of 2006. He/She has taught high school level
science courses in the SDP for 5 years, including regular chemistry and physical science.
Three classes of teachers E’s regular chemistry course were observed by the researcher.
These classes met everyday, and there were no double laboratory periods assigned to the
course. Each class period was 55 minutes long.

The topics covered in the observed classes were: calculating the percentage
composition of a compound, finding the empirical formula of a compound, substituting in
various gas law formulae and finding the unknown, and applying ideal gas law and
combined gas law to solve problems.

In any one of the observed classes, there were 25-26 students in attendance.
Further, there was only one Asian student in the course, quite similar to the lack of
diversity of the overall student population (see below). A vast majority of the students
were juniors.

The school where teacher E taught is one of the large (over 2000 students)
comprehensive high schools, in one of the poorer sections of the city, with students
drawn from the neighborhood. The student population is not at all diverse (~98.0%
African-American, and each of the other groups, i.e., White, Asian, and Hispanic under
1.0%). There are ~15.0% students with special needs, less than 1.0% of English language
learners, and ~1.0% gifted students. A little over 71.0% of students are eligible for free or

reduced cost lunch. Roughly 15.0% and 10.0% of the 11" grade students scored
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proficient or better in the state’s reading and math assessments (PSSA) respectively, well
below the city and state levels in both the subjects.
Teacher F

This teacher was a member of the third cohort of MCE Program participants and
graduated from the program in the summer of 2004. He/She has taught high school level
science courses in the SDP for 11 years including regular and honors chemistry and
physical science.

Three classes of a regular chemistry course were observed by the researcher for
this study. The course met 5 times per week, with no double laboratory periods. Each
class period was 52 minutes long.

The topics covered in the observed classes included: listing evidence of chemical
reactions, translating a chemical equation into words, classifying chemical reactions,
balancing chemical equations, developing explanation for bond dissociation, given the
reactants predict the products, identify the type of reaction, write the chemical equation,
and balance the equation.

In any of the three classes that this researcher observed, there were 26-27 students
in attendance. Further, all the students were African American, quite similar to the overall
lack of diversity in the student population (see below). All the students were juniors and
this was their last science course needed to fulfill the science requirements for graduation
from high school.

The school where teacher F taught is a small (under 300 students) special
admissions school where only students who fulfill certain criteria are admitted, drawn

from all over the city. The student population is not at all diverse (~97.0% African-
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American, ~1.0% White, less than 1.0% Asian, and ~1.0% Hispanic). Additionally, there
were ~2.0% students with special needs, ~7.0% mentally gifted students, and no English
language learners. A little over 59.0% of students are eligible for free or reduced cost
lunch, an indicator of the level of poverty in the student body. In the 11" grade, ~42.0%
and ~10.0% of students scored proficient or better in the state’s reading and math
assessments (PSSA) respectively, well below the state levels in both the subjects and
above the city level in reading only.
Overview of Data Analysis

The purposes of this study were: to ascertain the extent that six high school
chemistry teachers implemented research-based practices, learned during an intensive 26-
month professional development, in their respective urban classrooms. The extent of
implementation was examined, first for the group and then for the individual teachers;
with respect to three aspects of the research-based practices: (1) lesson design and
implementation; (2) content; and (3) classroom culture (Sawada et al., 2002). Also, this
study ascertained how the implementation of research-based practices differed among the
six teachers. Furthermore, this study determined the concerns of the teachers regarding
the factors that helped or hindered the implementation of research-based practices in their
respective classrooms.

To answer the research questions multi-source data were utilized at various times
throughout the 12-15 week long study. The data sources included:
(1) Survey of Concerns Questionnaire (SoCQ) with 3 open-ended questions added by the
researcher;

(2) Reformed Teaching Observation Protocol (RTOP);

195



(3) Teachers’ Lesson Plans;
(4) Reformed Teaching Observation Protocol Teacher Survey (RTOPTS); and
(5) Semi-structured Interview.

In this chapter, information from the appropriate and relevant data sources are
reported, summarized, analyzed, and discussed in relation to each research question. The
findings for research question 1 are based on the analyses of data from the five sources
for the teachers as a group. The findings for research question 2 are based on the same
data sources used in research question 1, but this time the analyses are reported for the
individual teachers. For research questions 3 and 4, both group and individual teachers’
data from two sources (amended SoCQ and the semistructured interview) are reported
and analyzed.

Findings for Research Question 1

Research Question 1: How does graduation from a twenty-six month content
intensive professional development program for high school teachers, whose goal is to
improve the teachers’ knowledge of research-based instructional practices (in the
domains of lesson design and implementation, content, and classroom culture), affect the
classroom practices of the group of teachers in an urban environment?

In order to ascertain the level of implementation of MCE program practices of the
six teachers when considered as a group, three contributory questions guided separate
analyses of the group’s responses to SoCQ’s first open-ended question, RTOP, teachers’
lesson plans, RTOPTS, and the teacher interview data. The contributory questions were:

(1) To what extent do the group’s lesson design and implementation reflect the

research-based instructional practices?
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(2) To what extent are the group’s content knowledge and application of supportive
procedures exhibited during their classroom instruction?
(3) To what extent does the group of teachers promote a student-centered classroom
culture, consistent with the research-based practices?
Each of the contributory questions targeted the group’s level of implementation of
MCE Program practices, on a global scale, with respect to one of three domains: (1)
lesson design and implementation; (2) content; and (3) classroom culture.
For research question 1, the following data sources were used:
1) Open-ended questions 1a and 1b amended to the SoCQ;
2) RTOP;
3) Teachers’ lesson plans;
4) RTOPTS; and
5) Three (3) interview questions related to lesson planning and content

Open-ended Questions 1a and 1b Amended to Survey of Concerns Questionnaire
(SoCQ): Groups’ Level of MCE Program Practices Implementation Self-Rating Results

The reader is reminded that a copy of the SoCQ and open-ended questions
appears in Appendix F. Also, descriptions of the SoCQ and the open-ended questions, as
well as their respective scoring procedures, appear in Chapter 3.

Question 1a asked the teachers, “In your use of the MCE program practices, do
you consider yourself to be a/an; Non-user, Novice, Intermediate, Old-hand, or Past
user?” In order to compute the descriptive statistics for the group’s perception of their
implementation characteristic, the five descriptors (Non-user, Novice, Intermediate, Old-
hand, and Past-user) were assigned a numerical value from 0 to 4, in the order presented

above (Non-user=0, Past-user=4). Results revealed that the average self-reported
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implementation characteristic score for the group was 1.7. Furthermore, the group’s self-
reported implementation of MCE program practices characteristic fell between the
Novice and Intermediate levels.

Question 1b asked the teachers, “On a scale of 0 to 10, where do you place your
level of implementation of the MCE program practices?” Descriptive statistics were
computed for the group using each member’s self-reported level of implementation of the
MCE program practices scores. For the group, analysis revealed a mean self-reported
level of MCE Program implementation group practices score of 4.5 (SD=3.6).

As the range of possible implementation of practices scores for this self-reported
response was from 0 to 10, a level of implementation continuum was created to continue
this analysis. Scores of ‘0’ and ‘10° were indicative of the absence of implementation of
the MCE Program practices (ABSENT) and complete implementation of MCE program
practices (MCE PROGRAM INTENTION), respectively. These scores and categories
established the endpoints of the continuum. Scores that fell within a range that was
‘greater than 0, and up to and including 5° were considered a low level of implementation
of the MCE program practices (LOW LEVEL), whereas scores that were ‘greater than 5
but, less than 10° were indicative of a high level of implementation of the MCE program
practices (HIGH LEVEL). These four categories and their associated scores and/or range

of scores are presented in Table 1.
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Table 1. Level of Implementation of MCE Program Practices Categories vs. Teacher’s
Self-rating Scores

Level of Implementation Category Self-rating Score
ABSENT 0
LOW LEVEL 0<S<5
HIGH LEVEL 5<S<10
MCE PROGRAM
INTENTION 10

In extending the above analysis using Table 1, the mean of the group’s
implementation of MCE program practices self-rated score (M=4.5, SD=3.6) falls within
the ‘LOW LEVEL’ of implementation category.

Discussion

The analyses conducted suggest that there is a low degree of implementation of
the MCE Program practices reported by the group of six teachers. These results are
compatible with other studies where the teachers’ self-reported scores were classified as
low to moderate levels of implementation of professional development practices
exercised in their respective classrooms (Geijsel, Sleegers, van den Berg, &
Kelchtermans, 2001; Dutro, Fisk, Koch, Roop, & Wixson, 2002; Basista & Mathews,
2002). Geijsel, et al. (2001) found in their study that “the average scores show that the
teachers implement the principles underlying the relevant educational innovation into
actual teaching practice less than they agree with principles” (p. 156). Similar results of

low degrees of classroom implementations have been reported by several researchers
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(Elmore, 1996; van den Berg & Vandenberghe, 1986), including a reform-based
curriculum in high school chemistry (Roehrig & Kruse, 2005).
Reformed Teaching Observation Protocol (RTOP) Results

In order to explore the group’s overall level of implementation of the MCE
program practices, this researcher first assigned RTOP scores (in compliance with the
instrument-scoring procedures identified in Chapter 3) to each of the three classroom
observations on the four instrument-related measures (Total, Lesson Design and
Implementation, Content, and Classroom Culture). Then, the group’s average total
scores and domain scores were computed. The reader is reminded that a copy of the
RTOP can be found in Appendix G, and a detailed description of the instrument’s
domains and statements appear in Chapter 2.

RTOP Total Scores and Domain Scores for the Group’s Classroom Observations

Table 2 contains the summary results for the group’s mean RTOP total scores and
mean RTOP domain scores for each of the three classroom observations made by the
researcher.

Table 2 indicates the group’s mean RTOP total scores were 40.7 (SD=13.2) and
40.7 (SD=10.3) for the first and the third classroom observations, respectively. The mean
RTOP total score for the group for the second observation was 43.5 (SD=14.5), which
was only slightly higher than the means of the other two classroom observations.

For the first classroom observation, Table 2 indicates that the group’s content
domain score (M=47.5, SD=13.8) was the highest. Table 2 also reveals that the group’s
classroom culture domain score (M=39.6, SD=18.4) was higher than the lesson design

and implementation domain score (M=29.2, SD=16.3).
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Table 2. Mean and Standard Deviation of the RTOP Total Scores and Domain Scores for
Three Classroom Observations for the Group

RTOP Score
RTOP Observation Observation Observation
RTOP Domain* 1 2 3
M SD M SD M SD

Total 40.7 13.2 43.5 14.5 40.7 10.3

Lesson Design

and

Implementation 29.2 16.3 38.3 18.0 29.2 12.0

Content 47.5 13.8 50.4 11.3 48.8 6.0

Classroom

Culture 39.6 18.4 39.2 20.0 38.3 20.3

*RTOP Domain scores are expressed as weighted percentages.

For the second classroom observation, the group’s content domain score (M=50.4,
SD=11.3) was the highest. Further, the classroom culture domain score (M=39.2,
SD=20.0) for the group was higher than the lesson design and implementation domain
score (M=38.3, SD=18.0).

For the third classroom observation, the group’s content domain score was the
highest (M=48.8, SD=6.0). Additionally, the group’s classroom culture domain score
(M=38.3, SD=20.2) was higher than the lesson design and implementation domain score

(M=29.2, SD=12.0).
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The results show that the group’s content domain scores were the highest for each
of the three classroom observations. The results also show that the group’s classroom
culture domain scores were higher than the lesson design and implementation domain
scores for each of the three classroom observations.

As described in Chapter 2, the maximum range of possible RTOP scores was
from 0 to 100. The reader is also reminded that there exists no agreed upon demarcations
within this range to gauge the level of implementation of research-based and/or reform-
based practices. Using the maximum RTOP score range, RTOP-related literature and
relevant research described in Chapter 2, this researcher created a continuum to ascertain
the level of implementation of MCE program practices for the group of teachers.

In this continuum, scores ‘equal to and greater than zero and less than 25” were
indicative of the absence of the implementation of MCE program practices (ABSENT).
Scores ‘equal to and greater than 25 and less than 50’ represented a low level of
implementation of the MCE program practices (LOW LEVEL), whereas scores in the
range ‘equal to and greater than 50 and less than 75’ represented a high level of
implementation of MCE program practices (HIGH LEVEL). Scores ‘equal to and greater
than 75 and less than or equal to 100’ represented the full implementation of MCE
program practices (MCE PROGRAM INTENTION). These four levels of
implementation and their corresponding ranges of RTOP scores are presented in Table 3.

This continuum was utilized to analyze the group’s average RTOP total scores,
and the average RTOP domain scores (see chapter 3 for a discussion of weighted
percentages). It is apparent that the group’s average RTOP total scores assigned by this

researcher (see Table 2), indicative of the overall level of implementation of MCE
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program practices, fell within the ‘LOW LEVEL’ implementation category in Table 3 for
each of the three observations.

Table 3. Level of MCE Program Practices Implementation vs. RTOP Scores

Level of Implementation RTOP Score
Category
ABSENT 0<S<25
LOW LEVEL 25<S <50
HIGH LEVEL 50<S<75
MCE PROGRAM
INTENTION 75<S <100

*RTOP Scores are expressed as percentages

It is evident that all of the group’s average RTOP domain scores across the three
classroom observations (see Table 2) fell within the implementation category of ‘LOW
LEVEL’ in Table 3, with the exception of the group’s average RTOP content domain
score for the second observation, which lied within the level of implementation category
of ‘HIGH LEVEL’ in Table 3.

Discussion
RTOP Total Scores for the Group of Teachers:

Analyses of the classroom observations suggested that the group of teachers
implemented the research-based practices in their classrooms to a low extent. In other
words, a total score of less than 45 is indicative of “traditional high school physics lecture
with student questions” (Maclssac & Falconer, 2002, p. 482). In studies of the classroom
practices of randomly selected high school science teachers (including both beginning
and experienced teachers), the average RTOP total score ranged from 41.4 to 43.5

(Judson & Sawada, 2001; Sawada et. al, 2002). In this present study, the average RTOP
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total score earned by the group is typical of beginning or experienced high school
teachers implementing the ‘traditional’ lecture type of lesson with student questions,
focused on transmitting content knowledge rather than using the most appropriate
instructional practices (Chang, 1998). Furthermore the scores of similar lessons
sometimes differ within 5 points of each other, as was the case in this present study
where the group scores ranged from 40.7 to 43.5.

RTOP Domain Scores for the Group of Teachers:

Analysis shows that the group’s average RTOP domain score was consistently the
highest in the content domain, followed by classroom culture. Furthermore, the domain
lesson design and implementation received the least average score.

In the literature, the scores in the three domains are distributed in different ways
for different groups of teachers. For some groups of teachers, the order of domain scores
(from the highest to the lowest score) was the same as obtained in this study, i.e., content,
classroom culture, and lesson design and implementation (Falconer, Wyckoft, Joshua, &
Sawada, 2001; Judson & Sawada, 2001). These results suggest that the lessons of the
teachers in the study are “coherent with respect to content but are lacking in the other
dimensions of reform” (Falconer, Wyckoff, Joshua, Sawada, 2001, p.15). This
distribution of scores among the domains is in alignment with two of the stated goals of
the MCE program, i.e., to impart the depth of understanding of content of chemistry and
to promote inquiry-based methods. The lowest score in the lesson design and
implementation domain points to the, relative, lack of explicit emphasis on lesson design

and implementation or modeling of this aspect of reform-based practices.

204



However, in other studies, for two different groups of teachers, the average score
in the classroom culture domain was the highest, followed by that in the content domain,
and then the lesson design and implementation domain (Judson & Sawada, 2001). In yet
another study, using an instrument similar to RTOP, the domains classroom culture and
lesson design and implementation had similar scores, followed by the content domain
score (Weiss, Pasley, Smith, Banilower, & Heck, 2003). Therefore, the relative scores of
the three domains are germane to the group of teachers being observed.

Results of the Analysis of Teachers’ Lesson Plans

The teachers were asked to provide their lesson plans on the days they were
observed. Surprisingly, only 39% of the lesson plans were provided to the researcher on
the days of observation, while 61% of the lesson plans were sent via inter-office mail or
electronic mail, several days later after repeated requests and reminders. As a result of
this researcher’s observations of the individual lesson plans, it became apparent that the
teachers did not adhere to a set format for the written lesson plan. Examples of what was
noted by this researcher included: lists of tasks for students; notes on the content to be
covered, Microsoft PowerPoint™ on the main topic; test items that the teacher planned to
review; and lists of assignments (in-class and homework) that students were to complete.
Since there were no common elements among the lesson plans, this researcher decided
not to include further analyses of the lesson plan data in this research. The reader is
directed to Appendix H for a sample of a lesson plan that was submitted by one of the

teachers in this present study.
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RTOPTS Results

In order to determine the overall level of implementation of the MCE program
practices by the group, the teachers were asked to rate their own lessons taught using a
five point Likert-type scale (O=never occurred, 1= occurred at least once, 2= occurred
more than once, 3=occurred frequently, and 4=occurred pervasively or very descriptive
of the lesson) for each of the 25 statements constituting the RTOPTS. From the self-
reported scores given by the individual teachers, descriptive statistics were computed for
the group. The descriptive statistics consisted of the mean RTOPTS total score for the
group as well as the mean RTOPTS domain scores (lesson design and implementation,
content, classroom culture) for the group. The reader is referred to chapter 2 for a
description of the RTOPTS instrument and to Appendix I for a copy of the instrument.

RTOPTS Self-Reported Total Score and Domain Scores for the Group

Table 4 contains the summary statistics of means and standard deviations for the
group’s self-reported RTOPTS total score and RTOPTS domain scores.

Table 4 indicates the average self-reported RTOPTS total score of the

group to be 79.2 (SD=3.1).
Table 4 shows that the mean content domain score (M=85.0, SD=3.5) was the highest
among the three domains. Further, Table 4 reveals that the mean classroom culture
domain score (M=80.0, SD=5.7) was higher than the mean lesson design and

implementation domain score (M=67.5, SD=9.4).
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Table 4. Mean and Standard Deviation of RTOPTS Total and Domain Scores for Group

RTOPTS RTOPTS Domain* Self-reported Score

<
[

Total 79.2 3.1

Lesson Design and

Implementation 67.5 9.4
Content 85.0 3.5
Classroom Culture 80.0 5.7

*RTOPTS Domain Scores represent weighted percentages (see chapter 3)

The continuum devised in Table 3 was used to evaluate the group’s level of
implementation of MCE program practices for the average self-reported RTOPTS total
and domain scores. It is evident that the mean self-reported RTOPTS total score of the
group fell within the ‘MCE PROGRAM INTENTION’ category. Further, the group’s
mean self-reported RTOPTS domain scores for the content and classroom culture
domains fell within the ‘MCE PROGRAM INTENTION’ category, and the group’s mean
self-reported RTOPTS score for lesson design and implementation domain belonged in
the ‘HIGH LEVEL’ category.

Discussion

The self-reported scores of the teachers in this study were consistent with a
national survey result of chemistry teachers, where 81-97% of teachers self-rated their
lessons very highly on statements similar to those on the RTOPTS, indicative of highly

accomplished practitioners of reform-based methods (Smith, 2002). Some other studies
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have also reported high self-reported scores (Fishman, Marx, Best, & Tal, 2003; Truxaw,
Grgieveski, & DeFranco, 2008).

Total scores approaching 80 and beyond, as self-reported by the group of teachers
in this study, were “typical of college instructors who have embraced reformed
pedagogy” (Judson & Sawada, 2001, p. 23).

The average self-reported RTOPTS total score (79.17) for the group was similar
to the range of total scores (66-79) of six observations of a college Physics course
implementing reform-manner of teaching (Falconer, Wyckoff, Joshua, & Sawada, 2001).
Also, the self-reported average RTOPTS domain scores for the teachers in this study
(lesson design and implementation = 67.5, content = 85.0, classroom culture = 80.0) were
similar to the domain scores of the observations (N=6) of the above mentioned Physics
course implementing reform-based practices (lesson design and implementation = 65.9,
content = 77.5, and classroom culture = 72.9) (Falconer, Wyckoff, Joshua, & Sawada,
2001).

Semi-Structured Interview’s Open-ended Questions on Lesson Planning and Content:
Group’s Level of MCE Program Practices Implementation Response Results

In order to explore the group’s level of implementation of the MCE program
practices, the teachers’ views of their individual levels of implementation of these
practices in their respective classrooms with respect to lesson planning and content were
ascertained via their responses to three open-ended questions. The questions were:

(1) How do you plan your lesson?
(2) What is important to you when you are planning your lesson and do you have a

certain format for it?
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(3) What do you do to make sure that students develop a depth of understanding of the
content?

For a copy of the semi-structured interview questions, the reader is referred to
Appendix J.

To analyze the teachers’ responses to these questions, statement codes
representing the 25 RTOP statements were created. These statement codes were grouped
under their respective domains of lesson design and implementation, content, and
classroom culture respectively. Teachers’ responses were examined independently by the
researcher and a co-rater, and placed under the statement codes they best fit as the
evidence of a statement code. Differences in the placements of responses, between the
researcher and the co-rater, were reconciled. Some statement codes had no evidence
among the responses. These were indicated as ‘No Response’. All the RTOP statement
codes and a sample teacher response for each are listed in Appendix Q.

A summary of the percentages of the group’s responses that aligned with the
RTOP statements overall, and with the statements in each of the three domains, is
presented below in Table 5. The construction of a rich, thick description emanating from
the teachers’ responses to the three interview questions on the topic of lesson planning is
deferred until the next research question.

Overall, the results indicated that 36% of the group’s responses to the three
interview questions addressed the possible 25 RTOP codes. Further, 43% of the group’s
responses agreed with the 5 statements in the domain of lesson planning and

implementation, 32% of the group’s responses agreed with the 10 statements under the
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content domain, and 37% of the responses agreed with the 10 statements pertaining to the
classroom culture domain.

Table 5: Group’s Response to 3 Interview Questions in Percentages

3 Interview RTOP Domain Percentage of Group’s Responses in
Questions Agreement with RTOP Statements
Total 36

Lesson Design and

Implementation 43
Content 32
Classroom Culture 37

In continuing the analysis, Table 3 was utilized to rate the group’s level of
implementation of MCE program practices based on responses to the three interview
questions. It is evident that the group’s total responses, as well as, the responses in the
three domains of lesson design and implementation, content, and classroom culture fell
within the category of “LOW LEVEL” of implementation.

Discussion

The overall low ratings of the implementation of MCE program practices, as well
as the low ratings in the domains of lesson design and implementation, content, and
classroom culture are consistent with the findings of the national study called ‘Inside the
Classroom’ (Weiss, Pasley, Smith, Banilower, & Heck, 2003). Based on the observations
of math and science classrooms, the study found 59% of the lessons taught to be of
overall low quality in terms of their effectiveness. Further, in the national study, the

modal ratings of the domains lessons design and implementation, and content were 2 out

210



of 5, whereas the modal rating for the classroom culture domain was between 2 and 3 out
of 5 (on a Likert-type scale, with 1=none at all, to 5=to a great extent).

The findings for research question 1 and its three contributory questions derived
from four data sources (SoCQ, RTOP, Interview Questions, RTOPTS) are summarized in
Table 6 on the following page.

Findings for Research Question 2

Research Question 2: How are the teachers' classroom practices (in the domains
of lesson design and implementation, content, and classroom culture) different from each
other when implementing the research-based MCE program practices?

In order to ascertain the differences in implementation of MCE program practices
among the teachers who participated in the study, three contributory questions guided
separate analyses of teachers’ responses to SoCQ’s first open-ended question, RTOP,
RTOPTS, and the teacher interview data. The contributory questions were:

(1) To what extent are the teachers' designed and implemented lesson plans different
from each other when implementing the practices?

(2) To what extent are the teachers’ content knowledge and application of supportive
procedures exhibited during their classroom instruction different from each other?

(3) To what extent is the teachers' promotion of a student-centered classroom culture
different from each other, consistent with the research-based practices?

Each of the contributory questions targeted the teachers’ implementation of MCE

Program practices, on an individual basis, with respect to one of three domains: (1)

lesson design and implementation; (2) content; and (3) classroom culture.
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Table 6: Summary of Findings from Data Sources (S0CQ, RTOP, Interview Questions,
RTOPTS) for Research Question 1 and Three Contributory Questions (1a, 1b, 1c) for the
Group of Teachers

Data Source Data Source Domains Level of Implementation

Absent Low High Full*

SoCQ
(Appendix F)
Open-ended X
Question la
Open-ended X
Question 1b
RTOP
(Appendix G)
Total (Three Domains Below) X
Lesson Design & X
Implementation
Content X
Classroom Culture X
Interview
Questions
(Appendix J)
Total (Three Domains Below) X
Lesson Design & X
Implementation
Content X
Classroom Culture X
RTOPTS
(Appendix I)
Total (Three Domains Below) X
Lesson Design & X
Implementation
Content

ol

Classroom Culture

* Full designates the MCE Program Intention
Following data sources were used for the research question 2:
(1) Open-ended questions 1a and 1b amended to the SoCQ);

(2) RTOP;
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(3) RTOPTS; and
(4) 3 interview questions related to lesson planning and content

For the purpose of this research, the differences that were noted among the
teachers were limited to the extent that the coded, individual teacher responses and
scores differed from the coded responses and scores of the other teachers in the group
(see Chapter 3). Born of this investigation which focused on differences among the
teachers’ implementation of MCE program practices, similarities of the teachers’
practices emerged.
Open-ended Questions 1a and 1b Amended to Survey of Concerns Questionnaire
(SoCQ): Individual Teachers’ Level of MCE Program Practices Implementation Self-
Rating Results

In order to examine the differences in the implementation of MCE program
practices among the teachers in this study, individual teachers rated their level of
implementation of MCE program practices in terms of a characteristic (NON- USER,
NOVICE, INTERMEDIATE, OLD-HAND, and PAST USER) on question 1a. On
question 1b, the teachers were asked to provide a score using an eleven-point Likert-type
scale (O=no implementation and 10=full implementation). The reader is referred to
Appendix F for questions la and 1b. Table 7 summarizes the teachers’ (N=6) self-
reported characteristic (question 1a) and numerical score (question 1b) of the level of
implementation of MCE program practices (hereafter referred to as level of

implementation).
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Table 7: SOCQ Open-ended Questions 1a and 1b Self-Reported Characteristics for Level
of Program Use and Program Implementation Score for the Teachers (N=6)

Self-Reported
Characteristics Teacher

A B C D

|t
les

Level of
Program Use I NU I I I I

Program
Implementation
Score 5.0 0.0 0.0 7.0 8.0 7.0

I=Intermediate; NU=Non-user

It is evident that the self-reported level of program use characteristic among the
teachers (N=6) was split into two categories: INTERMEDIATE (83.3%) and NON-
USER (16.7 %). Specifically, teachers A, C, D, E, and F rated their level of
implementation of MCE program practices as INTERMEDIATE, whereas teacher B
rated his/her level of implementation as NON-USER.

Using the continuum developed in Table 1 as part of research question 1, it is
apparent that the self-rated level of implementation scores of three teachers (50.0%) fell
in the category ‘HIGH LEVEL’ and one teacher’s (16.7%) score was at the ‘LOW
LEVEL’. Furthermore, two teachers’ (33.3%) scores were designated as ‘ABSENT”.

Specifically, scores of teachers D, E, and F were designated at a ‘HIGH LEVEL”’,
and teacher A’s score represented a ‘LOW LEVEL’. Teachers B and C’s scores were

classified as ‘ABSENT ’.
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Discussion

Five out of six teachers (83.3%) characterized their levels of the use of MCE
program practices as Intermediate. One teacher (16.7%) did not use the practices in
his/her classroom at all, characterizing himself/herself as a Non-user.

Among four out of six teachers (66.8%) who admitted to implementing the MCE
program practices, 75.0% perceived a high-degree (teachers E, D, and F) and 25.0%
perceived a low-degree (teacher A) of implementation in their respective classrooms. All
other teachers (teachers B and C) felt they were not implementing the practices.
Reformed Teaching Observation Protocol (RTOP) Results

As explained in research question 1, in order to determine the level of
implementation of MCE program practices by individual teachers, this researcher
observed three lessons of each teacher and computed RTOP scores: (1) total; (2) lesson
design and implementation; (3) content; and (4) classroom culture. Since the observed
lessons of teachers were different and admitted of a wide variety of topics, the analyses of
scores was not warranted. Rather, average RTOP scores for the total and domains were
computed for each teacher. Table 8, on the following page, summarizes the average
RTOP total and domain scores for each teacher.

In continuing the analysis, Table 8 is used in conjunction with Table 3 to
categorize the average RTOP scores in terms of levels of implementation. The continuum
established in Table 3 was utilized to analyze all the RTOP scores (see chapter 3 for a

discussion of weighted percentages).
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Table 8: Average Total and Domain RTOP Scores for Each Teacher (N=6)

RTOP RTOP Domain Average RTOP Score for Teacher
Observations
A B C D E F

Total 323 480 250 403 583" 457
0.6) (6.9) (1.0) (6.7) (8.9) (3.2)

Lesson Design and 267 383 13.3% 333 5171 300
Implementation (10.4) (14.4) (5.8) (5.8) (104) (17.3)

Content 533" 533" 383 400 60.0' 483

(1.4)  (9.5) (1.4) (125 87 (5.8

Classroom Culture 142> 475 175% 442  60.0" 50.8'
(52) 87 (2.5 (5.8) (87 (3.8

RTOP Domain scores are expressed as weighted percentages.
() Designates standard deviation
Scores are at the LOW LEVEL of implementation unless indicated otherwise;
'Designates score at the HIGH LEVEL of implementation;
*Designates score at the ABSENT level of implementation.

Average RTOP Total Score

Specifically, the results indicated that teacher E received an average RTOP total
score (M=58.3, SD=8.9) that was at the HIGH LEVEL. Scores for teacher A (M=32.3,
SD=0.6), teacher B (M=48.0, SD=6.9), teacher D (M=40.3, SD=6.7), teacher F (M=45.7,
SD=3.2), and teacher C (M=25.0, SD=1.0) were at the LOW LEVEL. The range of the
average RTOP total scores was 25.0 — 58.3.

The average RTOP total score for one teacher (16.7%) was categorized as HIGH

LEVEL, whereas the scores for the remaining five teachers (83.3%) were at the LOW

LEVEL of implementation.
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Average RTOP Domain Scores

Lesson Design and Implementation Domain:

Results revealed that the average RTOP domain score for teacher E (M=51.7,
SD=10.4) was at the HIGH LEVEL. Scores for teacher A (M=26.7, SD=10.4), teacher B
(M=38.3, SD=14.4), teacher D (M=33.3, SD=5.8), and teacher F (M=30.0, SD=17.3)
indicated a LOW LEVEL, and teacher C’s (M=13.3, SD=5.8) score designated the
ABSENT level of implementation. The range of average RTOP lesson design and
implementation domain scores was 13.1-51.7.

The average RTOP lesson design and implementation domain score for one
teacher (16.7%) was categorized as HIGH LEVEL, whereas the scores of four teachers
(66.6%) were at the LOW LEVEL. The score of one teacher (16.7%) was at the
ABSENT level.

Content Domain:

The results yielded that the average RTOP content domain scores for teacher A
(M=53.3, SD=1.4), teacher B (M=53.3, SD=9.5), and teacher E (M=60.0, SD=8.7) were
at the HIGH LEVEL. Furthermore, the scores of teacher C (M=38.3, SD=1.4), teacher D
(M=40.0, SD=12.5), and teacher F (M=48.3, SD=5.8) represented the LOW LEVEL of
implementation. The range of average RTOP content domain scores was 38.3-60.0.

The average RTOP content domain scores for three teachers (50.0%) were designated as
HIGH LEVEL, whereas the remaining teachers (50.0%) scored at the LOW LEVEL.
Classroom Culture Domain:
The results showed that the average RTOP classroom culture domain scores of

teacher E (M=60.0, SD=8.7) and teacher F (M=50.8, SD=3.8) denoted the HIGH
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LEVEL, and the scores of teacher B (M=47.5, SD=8.7) and teacher D (M=44.2, SD=5.8)
represented the LOW LEVEL of implementation. Further, the scores of teacher A
(M=14.2, SD=5.2) and teacher B (M=17.5, SD=2.5) fell in the ABSENT level of
implementation. The range of average RTOP classroom culture domain scores was 14.2-
60.0.

The average RTOP classroom culture domain scores of two teachers (33.3%)
were characterized as HIGH LEVEL, and the scores of two teachers (33.3%) were
designated as LOW LEVEL. The remaining two teachers (33.4%) scored at the ABSENT
level of implementation.

Discussion

The teachers’ overall observed extent of implementation was split between two
categories. Only one teacher (16.7%) was observed to be practicing the methods of the
MCE program to a high degree. Five of the six teachers (83.3%) were observed as
implementing the practices to a low extent. Furthermore, these five teachers differed
considerably in how they implemented the practices in their urban classrooms. One
teacher’s level of implementation was close to non-existent, whereas the level of
implementation of another teacher was very close to the high level. The other three
teachers implemented the MCE program practices very typical of the median behavior for
the low level.

In the area of lesson design and implementation, there were wider differences in
the observed extent of implementation among the teachers. Only one teacher (16.7%) was
observed to be implementing the practices in substantial measure whereas one teacher

(16.7%) did not apply any of the practices in her/his classroom teaching. Four teachers
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(66.6%) were using the practices in their classrooms to a small degree. The extent of
implementation among these four teachers differed greatly, varying from almost non-
existent to presence of some elements of reform practice.

The teacher, whose observed practices in lesson design and implementation were
aligned to a high degree with the reform-based recommendations, consistently provided
detailed lesson plans to the researcher before the lessons were observed, while the rest of
the teachers’ lesson plans were, often, incomplete and submitted after the observations
and some prodding.

Three teachers (50.0%) exhibited a high level of Chemistry content knowledge
and application of supporting procedures, in a manner consistent with the methods of
reform-based practices. This outcome is not surprising, given the intent of the MCE
program as the development of deep conceptual understanding of Chemistry using
inquiry-based methods (Blasie & Palladino, 2005). However, these three teachers
differed substantially in their extent of implementation. The remaining three teachers
(50.0%) implemented the reform-based practices in the content area to a low degree, and
their practices were more in alignment with the traditional lecture-type mode of
knowledge transmission (Chang, 1998). Considerable differences within this group in the
manner of implementation of content and related practices were present.

With respect to the implementation of practices in the area of classroom culture,
the teachers were equally divided in to three groups (33.3% each). These groups
represented high, low, and non-existent degrees of implementation of practices advocated
by the MCE program. Since the contexts of practice of the teachers admitted of a wide

variety, this spread in the outcome is expected.
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RTOPTS Self-Reported Total Score and Domain Scores for the Teachers (N=6)

In order to ascertain the differences in the level of implementation of MCE
program practices, individual teachers completed the RTOPTS. The reader is directed to
the RTOPTS results section of research question 1, chapter 2, and Appendix I for
information regarding RTOPTS.

Table 9 contains the individual teachers’ self-reported RTOPTS total score and
RTOPTS domain scores. To continue the analysis, this table is used in conjunction with
Table 3 to categorize the RTOPTS scores in terms of the levels of implementation. The
reader’s attention is drawn to the notation used in Table 9, i.e., scores without
superscripts denote MCE PROGRAM INTENTION level of implementation. The scores
with a superscript represent a HIGH LEVEL implementation.

Table 9. Self-reported RTOPTS Total and Domain Scores for the Teachers (N=6)

RTOPTS RTOP Domain RTOPTS Teacher Self-reported Score
A B C D E E
Total 84.0 81.0 79.0 750 79.0 79.0
Lesson Design and 75.0 65.0' 60.0' 55.0' 80.0 70.0'
Implementation
Content 875 90.0 80.0 850 850 825
Classroom Culture 85.0 80.0 875 750 725 80.0

All the scores are expressed as percentages.
! Designate a HIGH LEVEL of implementation; all other scores represent MCE
PROGRAM INTENTION.
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RTOPTS Total Score

The results indicated that all the teachers (100%) self-reported their RTOPTS
total score in the category MCE PROGRAM INTENTION. The range of self-reported
RTOPTS total scores was 75.0 to 84.0.

RTOPTS Domain Scores

Lesson Design and Implementation Domain:

Results revealed that the self-reported RTOPTS lesson design and implementation
domain scores for teacher A (75.0) and teacher E (80.0) were at the MCE PROGRAM
INTENTION level of implementation. Further, the self-reported scores of teacher B
(65.0), teacher C (60.0), teacher D (55.0), and teacher F (70.0) designated the HIGH
LEVEL of implementation. The range of RTOPTS lesson design and implementation
score was 55.0-80.0.

The RTOPTS lesson design and implementation scores of two teachers (33.3%)
fell in the category MCE PROGRAM INTENTION, whereas the scores of four teachers
(66.7%) represented the HIGH LEVEL of implementation.

Content Domain:

The results for content domain showed that the self-reported RTOPTS scores for
all the teachers (100.0%) were designated by MCE PROGRAM INTENTION level of
implementation. The range of RTOPTS content domain scores was 80.0-90.0.

Classroom Culture Domain:

The results for self-reported classroom culture domain yielded that the RTOPTS
scores for teacher A (85.0), teacher B (80.0), teacher C (87.5), teacher D (75.0), and

teacher F (80.0) were represented by MCE PROGRAM INTENTION level of
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implementation, whereas teacher E’s score (72.5) indicated HIGH LEVEL of
implementation. The range of RTOPTS scores for the classroom culture domain was
72.5-87.5.

The self-reported RTOPTS scores of five teachers (83.3%) in the classroom
culture domain were at the MCE PROGRAM INTENTION level, and the score of one
teacher (16.7%) was categorized as HIGH LEVEL.

Discussion

In their opinion, all the six teachers (100.0%) in this study implemented the
practices of the MCE program similarly, i.e., to the fullest extent. Although all the
teachers perceived their implementation to be of the highest order, there were differences
in how the teachers perceived the application.

In the lesson design and implementation area, teachers’ perceived level of
implementation was split in to two categories, with two (33.3%) teachers reporting the
implementation to the fullest possible extent and four teachers (66.7%) to a high degree.
Again, teachers within each of the two categories differed from each other in how they
carried out the self-reported implementation. As stated earlier, implementation at such
high levels are indicative of highly accomplished practitioners of reform-based methods
(Judson & Sawada, 2001).

In the content area, the teachers unanimously felt that they were implementing the
MCE program practices in their classrooms to the fullest possible extent by exhibiting a
deep knowledge of the subject and application of supportive instructional procedures.

With respect to the promotion of reform-based classroom culture, five teachers

(83.3%) felt that their classroom practices in this area were in total alignment with the
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recommended practices, while one teacher (16.7%) felt his/her practices were highly
aligned. The entire teacher reported results, both for the overall implementation of
practices as well as implementation of practices in lesson design and implementation,
content, and classroom culture, were indicative of the classroom implementation of MCE
program practices to the fullest extent or to a high extent.

Semi-Structured Interview’s Open-ended Questions on Lesson Planning and Content:
Teachers’ Levels of MCE Program Practices Implementation Response Results

In order to ascertain the level of implementation of MCE program practices,
teachers’ responses to three open-ended questions (see Appendix J) pertaining to lesson
planning and content were categorized using the RTOP domain and statement codes that
are described in research question. Again, the teachers responded to the following
questions: (a) how do you plan your lesson, (b) what is important to you when you are
planning your lesson and do you have a certain format for it, and (¢) what do you do to
make sure that students develop a depth of understanding of the content.

Using the teachers’ responses that were parceled into one of three domains, the
percentage scores in each domain (lesson design and implementation, content, and
classroom culture) were computed. The weighted sum (previously described in chapter 3)
of the percentage domain scores yielded the percentage total score for this data source.
The percentage total score and the percentage domain scores for the teachers are
summarized in Table 10. To convert the scores to levels of implementation, the
continuum in Table 3 was utilized.

To support the quantitative data summarized in Table 10, teachers’ quotes were
sequestered and parceled into at least one of the three domains and a specific RTOP

statements when the topic of the statement was mentioned by the teachers. Teachers’
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quotes were selected from an available pool of quotes derived from their responses, and
sample responses are presented next. Responses were selected if they consisted of at
least one complete sentence, and in some cases up to several complete sentences when
available, that addressed specific RTOP statements in one of the three domains presented.
The supporting quotes are organized in the same sequence as the domains appear in Table
10 (i.e., Lesson Design and Implementation, Content, Classroom Culture).

Lesson Design and Implementation:

The first RTOP statement #1 in this domain addressed students’
preconceptions/prior knowledge. The specific statement is, “The instructional strategies
and activities respected students’ prior knowledge and the preconceptions inherent
therein.” Teacher A described how the students’ prior knowledge is assessed. Teacher A
said, “I give them some prior knowledge. Usually I don’t assume that my students
already know it I just try to start from the basic level.” This teacher’s practice was
consonant with the prior knowledge topic inherent to this RTOP statement.

Teachers described a variety of practices to engage the students as members of a
learning community. The specific statement referred to is statement #2, “The lesson was
designed to engage students as members of a learning community.” On this same topic,
Teacher D said

I also try to have a lab each week that kind of ties in with what we’re doing. I

might do two or three labs on one topic if I have some that are engaging the kids

like or I think they need to understand more about a topic or I’ll even go back and
do another lab that ties in with some things from earlier in the year

While sharing another method used to engage his/her students, Teacher B noted

that “the kids have some hands on experience or some type of activity where they can

practice their something that is kinesthetic. Usually that’s a lab or an activity.” Teacher F
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also elaborated on his/her different techniques used to promote student engagement.
According to Teacher F,

the heart of the lesson will be whatever activity, whatever worksheet or group

work, possibly the web ?? or we use four types of questions, different things---- I

also have the lessons that we will be using from the textbooks whatever the

activity that we’re doing for the day, the purpose and I also have the pre class
work or some journal entries that would be relevant to the day before that.

Sometimes it requires them to do writing.

Although methods described by these three teachers represent a diverse repertoire
of engaging activities, all resonate with the second RTOP statement in this specific
domain. Furthermore, all methods and activities discussed are hallmarks of research-
based practices (Sawada et. al, 2002).

The third statement in this domain is focused on student exploration preceding
formal presentation, which is characteristic of reform-based lessons. Specifically, the
RTOP statement is, “In this lesson, student exploration preceded formal presentation.”
Elaborating on this topic, Teacher D expressed,

I’1l have a beginning activity and I’1l try to have the new material I’'m teaching

and then they practice what I teach. So that’s usually the way the lesson starts.

Sometimes I have a demonstration after the preliminary activity. Students will do

the preliminary activity, and then I’ll have a demonstration and they they’ll take

notes about the demonstration and then I’ll try to have a little summary after that

Teacher A supported the statement by acknowledging that “My preclass activity
will be based on the prior knowledge they should have so that I can continue my lesson.”
In addition, elaborating upon the use of activities in the classroom Teacher A included
his/her process for selecting activities. According to Teacher A, “First thing that I think
about when planning my lesson is what should my students know, then where they are,

use lower level activity and go to higher level.” Teacher A’s continuation of ideas was

consonant with statement #5, “The focus and direction of the lesson was often determined
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by ideas originating with students.” In this case, Teacher A described how student
exploration preceded formal presentation and then proceeded with identifying how the
focus and direction of lesson was often determined by ideas originating from students.

It is noteworthy that Teacher E’s only comment pertaining to this topic deviated
from the intended topic and focused upon a topic of his/her own choosing. Namely, this
teacher centered his/her response on the topic of the school district’s mandated core
curriculum. Teacher E said,

Our lesson plans are planned using the core curriculum that the school district is

implementing and can say it’s quite rigid and I like it. I like the core curriculum,

the way lessons are planned and basically that’s what I follow. You must follow
the standards, the lesson plans to line up the standards and schedule. They give
you the day and time line and all that so basically that’s how I plan a lesson plan.

It’s following the core curriculum and the timeline that’s provided.

The content of Teacher E’s comment could not be related to any of the RTOP
statements. Also, Teacher C did not respond to any of the three questions on this topic.
Content:

Teachers spoke about promoting coherent conceptual understanding of the subject
matter, supporting the second statement in this RTOP domain. Teacher A offered the
following description on conceptual understanding and its manifestation in his/her
classroom:

Most of the time when I teach balancing equations, my student have no idea what

is an equation, what is a coefficient, what is a subscript. I just try to show them

what a coefficient is, what a subscript is, how do you count the number of atoms.

So I start at the bottom level and I slowly build it up

Teacher F described this topic in a different manner, claiming that “to ensure their

understanding of it or sometimes I even have them to write it out in some type of 3

paragraph essay format, write out what they understand.”
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Teacher D shared ideas about reform-based lessons promote and value
connections with other disciplines and/or real world phenomena. These ideas were
related to RTOP statement #5, “Connections with other content disciplines and/or real
world phenomena were explored and valued.” Specifically, Teacher D said,

I think I try to make them see connections between what we’re learning now and

what we started learning at the beginning of the year. I probably—I don’t know if

they are achieving that in my class actually maybe they’re just getting a

superficial understanding but I do try to bring in environmental issues, I try to tie

it in with biology.

Teacher B described utilizing similar practices as evidenced by the statement “I
just try to give them different ways in which they can look at it and actually utilize it in a
everyday situation.”

Statement #6 of the content domain mentions that reform-based practices include
students using a variety of representations for understanding concepts/phenomena.
Specifically, it states “Students used a variety of means (models, drawings, graphs,
concrete materials, manipulatives, etc.) to represent phenomena.” Teacher D’s statement,
“when I taught them about the periodic table I tried to give them an in depth
understanding by using charts and graphs and having them write an essay about it,” is an
example of the essence of this RTOP statement.

Active engagement of students in thought provoking activity that involved the
critical assessment of procedure is the topic inherent to statement #8. Specifically, the
statement is, “Students were actively engaged in thought-provoking activity that often
involved the critical assessment of procedures.” This topic is a characteristic of reform-

based practices exemplified by Teacher F’s reflection.

I try to think of activities or a question or things that require them to use the
information in an application process and also what is important to me is that they
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be able to critically think and apply the information and to use it in other

situations. I’'m not only trying to build chemistry skills but I’'m also trying to

build their thinking skills..... I try to make the students think higher at a higher
level of thinking.
In a similar vein, Teacher A had this to say, “Each activity is to match the
objective, to benefit whatever the objective is. I don’t come up with the activity to pass
time, but give them activity so they learn whatever I am teaching.”
Statement #10 is, “Intellectual rigor, constructive criticism, and the challenging of
ideas were valued.” This topic is focused upon reform-based lessons value rigor and
challenging of ideas. Teacher D shared how this was accomplished in the classroom:
The tools I use but they have to go beyond that so that they can apply it. So I guess
that’s how I try to give them in depth understanding. I don’t emphasize
memorization; I emphasize using what you learned in some way.

Classroom Culture:

Statement #1°s topic focuses on involving students in communicating their ideas
to others using a variety of means and media. This statement reads, “Students were
involved in the communication of their ideas to others using a variety of means and
media.” Teacher B had this to say about this topic,

Basically I actually try to differentiate instruction. I did that before that was kind

of a buzz word. I tried to do some things auditory, something with writing,

something kinesthetic. I just try to give them different ways in which they can
look at it and actually utilize it in an everyday situation.

Teacher F said, “I also have the pre class work or some journal entries that would
be relevant. Sometimes it requires them to do writing.”

Reform-based classroom is student centered with a high proportion of student talk with a

significant amount of it occurring between and among students, and is the topic of

statement # 3. Specifically, this statement is “There was a high proportion of student talk
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and a significant amount of it occurred between and among students.” Teacher F shared
this view and indicated that

When I usually use the group assignment work compare where they have to do

the Web DOK** that is one activity that I do to help make sure that they

understand and we usually spend two to four days sometimes on a Web DOK
because it’s a process that requires time for them to think, for them to
comprehend and for them to apply and I find that to be a group activity because
they can help one another in a social aspect of bits and pieces of the information
that they may not understand as individuals.

Teacher A had this comment regarding this practice, “most of the time, I make
them work in pairs or make them work individually. During the activities I’'m also
available for them.”

Statement #7’s topic focused on whether the students were encouraged to
generate conjectures, alternative solution strategies, and ways of interpreting evidence.
This statement is presented as, “Students were encouraged to generate conjectures,
alternative solution strategies, and ways of interpreting evidence.” According to Teacher
D,

I think I was pretty successful with the trends in the periodic table and getting

them to understand it I gave them a handout and had them explain the trends.

They didn’t have to memorize the trends they had a periodic table that had arrows

that shows the trend but they had to explain why the trends were there. So I try to

do that. They don’t need to try to remember exactly like I have over there. I have
electronegativity differences and how you can figure out if it’s polar or non-polar.

Teacher D’s response is best aligned with statement # 9, “The teacher acts as a
resource person, working to support and enhance student investigations.” Here, Teachers
B and D described in different ways that they acted as resource persons. Teacher B

mentioned that “Basically when I’m planning my lesson I do take a look at the guide in

the text book what their suggestions are. Sometimes I look online for suggestions on how
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to be creative.” Teacher A mentioned, “I know there’s some disks I can use that are very
helpful and have a lot of good graphics that will help the kids understand stuff more.”

The selection of teacher quotes presented above represents those in alignment
with the statements in each of the three domains. However, as evidenced by the
percentages in Table 10, there exist teachers’ statements that were absent or not aligned
to any of the RTOP statements.

Table 10: Teachers’ Responses to 3 Interview Questions in Percentages (N=6)

3 Interview RTOP Domain Percentage of Teachers’ Responses in
Questions Agreement with RTOP Statements
A B C D E E
Total 520" 440 00 640" 00 56.0'

Lesson Design and 80.0° 60.0' 0.0 80.0° 0.0 40.0
Implementation

Content 40.0 400 0.0 600" 0.0 500"

Classroom Culture 50.0' 400 0.0 60.00 00 70.0'

The maximum possible percent for each teacher in each domain was 100.
! Designate a HIGH LEVEL of response; * Represent MCE PROGRAM INTENTION;
Zero score represents ABSENT level of response; all other scores represent LOW
LEVEL of responses.

Interview Response Total Score

Specifically, results indicated that the Interview Response total scores of teacher

A (52.0), teacher D (64.0), and teacher F (56.0) were at the HIGH LEVEL, whereas

teacher B’s score (44.0) was at the LOW LEVEL. Scores of teacher C (0.0) and teacher E
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(0.0) indicated the ABSENT level of implementation. The range of Interview Response
total scores was 0.0-64.0.

The Interview Response total score for three teachers (50.0%) were characterized
as HIGH LEVEL, and the score for one teacher (16.7%) was at the LOW LEVEL. The
scores of two teachers (33.3%) were designated as ABSENT level of implementation.

Interview Response Domain Scores

Lesson Design and Implementation Domain:

Results showed that for the lesson design and implementation domain, the
Interview Response domain scores of teacher A (80.0) and teacher D (80.0) were in the
category MCE PROGRAM INTENTION, and teacher B’s score (60.0) was HIGH
LEVEL. Furthermore, teacher F’s score (40.0) indicated a LOW LEVEL, whereas
teacher C (0.0) and teacher E’s (0.0) scores represented ABSENT level of
implementation. The range of Interview Response scores for this domain was 0.0-80.0.

The Interview Response lesson design and implementation scores for two teachers
(33.3%) were at MCE PROGRAM INTENTION level, and one teacher (16.7%) was at
the HIGH LEVEL. Additionally, the score of one teacher (16.7%) indicated LOW
LEVEL, whereas the scores of two teachers (33.3%) were at the ABSENT level of
implementation.

Content Domain:

Results yielded that in the content domain, the Interview Response domain scores
of teacher D (60.0) and teacher F (50.0) were at the HIGH LEVEL, whereas the scores of

teacher A (40.0) and teacher B (40.0) were at the LOW LEVEL. Further, teacher C (0.0)
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and teacher E (0.0) scored at the ABSENT level of implementation. The range of
Interview Response content domain scores was 0.0-60.0.

The Interview Response content domain scores for two teachers (33.3%) were
categorized as HIGH LEVEL, and the scores for two teachers (33.3%) were denoted at
LOW LEVEL. The scores of remaining two teachers (33.4%) represented ABSENT level
of implementation.

Classroom Culture Domain:

Results revealed that in the classroom culture domain, the Interview Response
domain scores of teacher A (50.0), teacher D (60.0), and teacher F (70.0) were at the
HIGH LEVEL, whereas the score of teacher B (40.0) was designated as LOW LEVEL.
Furthermore, the scores of teacher C (0.0) and teacher E (0.0) indicated ABSENT level of
implementation. The range of scores for the Interview Response classroom culture
domain was 0.0-70.0.

The Interview Response classroom culture domain scores for three teachers
(50.0%) were at the HIGH LEVEL, and at the LOW LEVEL for one teacher (16.7%).
The scores for two teachers (33.3%) were at the ABSENT level of implementation.
Discussion

On the whole, three teachers’ (50.0%) responses (to three interview questions)
were highly aligned with the RTOP statements, indicative of a high degree of
implementation of MCE program practices. Of the remaining three teachers, one
teacher’s (16.7%) responses were aligned with reform-based practices to a small extent,
whereas two teachers (33.3%) had no statements in alignment with the implementation of

recommended practices.
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The responses of the teachers in the context of lesson design and implementation
had the greatest variety, representing a wide range of implementation of practices among
the six teachers. Two teachers’ (33.3%) responses overlapped with the RTOP statements
in this domain, showing complete agreement with the reform-based practices. One
teacher’s (16.7%) responses were consistent with a high degree of alignment with the
MCE program practices, whereas another teacher’s (16.7%) responses showed limited
agreement with the reform-based practices in the domain of lesson design and
implementation. The remaining two teachers (33.3%) elicited no responses that could be
interpreted as evidence of the implementation of reform-based practices pertaining to this
domain. This expansive extent of responses in the lesson design and implementation area
is consistent with the great variety of lesson plans submitted to the researcher.

Two teachers (33.3%) each had similar responses in the content domain consistent
with high, low and non-existent degree of implementation of the MCE program practices
respectively. Although the focus of the MCE program was to inculcate deep
understanding of Chemistry content through inquiry-based methods (Blasie & Palladino,
2001), this was not uniformly reflected in the teachers’ responses to the three interview
questions.

The response pattern in the area of classroom culture was also varied. Three
teachers (50.0%) had responses that were highly aligned with the promotion of reform-
based classroom culture, whereas one teacher’s (16.7%) responses did so to a small
extent. The responses of two teachers (33.3%) gave no indication of the inculcation of a

reform-based classroom culture.
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To aid the reader, Appendix R summarizes the findings for research question 2
and its contributory questions from various data sources for all the teachers, as well as
individual teachers.

Findings for Research Question 3

Research Question 3: What concerns do teachers express as factors that enable the
implementation of the MCE program practices in their classrooms?

In order to ascertain the concerns of teachers regarding the factors that enabled
them to implement the practices in their classrooms, data from two sources were
reported, examined, and analyzed. These sources were the teachers’ responses to the: (1)
2" open-ended question amended to the self-reported Stages of Concerns Questionnaire
(SoCQ); and (2) semi structured interview questions.

Response to 2" Open-ended Question, Amended to Survey of Concerns Questionnaire
(SoCQ), Results

The reader is reminded that a copy of the SoCQ and the amended open-ended
questions appears in Appendix F. Also, the open-ended questions, as well as the scoring
procedures for the responses, appear in Chapter 3.

Question 2 asked the teachers, “What is helping you to implement the MCE
program practices?”

To analyze the teachers’ responses to this question four categories (MCE
program practices, student characteristics, administrative support, and other), each
consisting of several enabling factors, were created. Then, the teachers’ responses were
examined independently by the researcher and a co-rater, and placed under the enabling

factors they best fit as the evidence of an enabling factor. Differences in the placements
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of responses, between the researcher and the co-rater, were reconciled. All the enabling
factors and a sample teacher response for each are listed in Appendix S.

Table 11 summarizes the frequency of the teachers’ responses, to the 2™ open-
ended question amended to the SoCQ, for each of the enabling factors.

Table 11: Frequency of Enabling Factors Reported by Teachers (N=6) on the SoCQ

Category Enabling Factors Frequency
MCE Program  Depth of content knowledge 2
Practices
Formal laboratory exercises and reports 3
Hands-on problem-solving activities 3
Group/Collaborative work 1
Student Good behavior 1
Characteristics
Self-motivation 1
Basic skills to follow instructions 1
Administrative  Supportive department head 1
Support
Laboratory assistant as Teacher Aide 1
Adequate supplies 1
Other Nothing 1
Not using the MCE program practices 1

The results show that two groups of three teachers (50%) identified formal
laboratory exercises and reports, and hands-on problem-solving activities, respectively as
enabling factors in the implementation of the MCE program practices in their classrooms.
Further, two teachers (33.3%) reported the depth of content knowledge as the enabling

factor. Individual teachers (16.7%) identified each of the remaining enabling factors.
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These were: Group/collaborative work; good behavior; self-motivation; basic skills to
follow instruction; supportive department head; laboratory assistant as Teacher Aide;
adequate supplies; nothing; and not using the MCE program practices.

Teachers’ quotes supporting several of the factors in each category that enabled
the implementation of MCE Program practices are described next. Teachers’ quotes
were selected from an available pool of quotes derived from their responses. Selected
responses that consisted of at least one complete sentence or up to several complete
sentences were reported when available. However, in some cases sentence fragments
were selected because that was all that was available. The selected quotes cover the
category codes (MCE Program Practices, Student Characteristics, Administrative
Support, Other) and are presented in the same order as presented in Table 11. Since the
teachers responded to the second open-ended question on the SoCQ and responded in
different manners, only a limited number of quotes were available. These quotes are
presented next.

MCE Program Practices:

As described in Chapter 2, the MCE Program has a unique structure and
components. With respect to the strong conceptual content knowledge component
associated with the MCE Program, Teacher F identified the depth of understanding of
Chemistry acquired from his/her experience in the Program as an enabling factor in
teaching his/her own students. Teacher F stated,

The experience and practice that I acquired at the MCE program help me to better

implement Inquiry Base Learning. Now that I have a deeper scientific knowledge

base it allows me to only guide the students in the quest for the answer as well a
teach fundamentals concepts to assist them along the way.
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In addition to the content component, the MCE Program also had a laboratory
component which was described by Teachers A and D. According to Teacher A,

Laboratory experiences from MCE program were very helpful to teach students

chemistry by doing science. It was very successful with average students.

Students who had no interest in science actually participated in activities. Students

learned science by discussing, solving and doing it.

Teacher D added, “I do labs every week and find this makes chemistry a great
experience for my students.”

Related to the students’ laboratory exercises, Teacher F stressed the formal
laboratory write-ups as enabling factors. Teacher F mentioned, “Another practice that I
have implemented from the MCE program is the use of formal lab report write-ups. It
gives students the experience for technical writing and the use of technology.”

Another factor that was identified as an enabling factor was the Program’s
problem solving component. Teacher D asserted “I try to get students to actively work
on problem solving in class. Students enjoy working out problems on the board.”
Similarly, Teacher E stated that he/she was equipped, and had “prepared knowledgeable
students ready to solve problems scientifically.”

Student Characteristics:

Key to implementing the Program Practices is getting the full participation of
students who were prepared to participate. According to Teacher A, “it was easy to
implement PIM because students were well behaved, motivated, and had basic skill to
follow the instruction to carry out the activity.” For this teacher, three student

characteristics were required to enable the implementation of the Program Practices.

This was the only teacher who commented on this topic during the interview.
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Administrative Support:

As described in Chapter 2, support from the school administration is seen as
essential to the Program implementation. Stressing the importance of administrative
support, Teacher A stated that implementation is enabled, “when you have a lab
department head and a lab assistant who will help you out to implement new practices...
supplied materials in class as needed.... In other words, support from the administrators
and lab assistant will really make a difference.” This is the only teacher who focused her
response on this topic.

Other:

Responses also centered on the teachers’ lack of implementation of the MCE
Program Practices. Two teachers admitted to not implementing the Program Practices in
their respective classrooms. Specifically, Teachers B stated he/she was “not using the
MCE Program practices.” Similarly, Teacher D stated that “nothing” was helping
him/her in the implementation of Program Practices, respectively.

Discussion

When asked the question ‘What is helping you to implement the MCE program
practices?,” the teachers responded in two ways. They interpreted the enabling factors to
be those that ‘currently’ enabled or would ‘potentially’ enable them to implement specific
aspects of the MCE program practices in their classrooms. Responses pertaining to both
of the interpretations were included in the examples for enabling factors (see Appendix
S), and the frequency counts for said factors given in Table 11. Three teachers (50%) in
the study considered the students’ ability to do formal laboratories and write laboratory

reports, and the use of hands-on problem solving activities as important factors that
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enabled (or would enable) the implementation of the MCE program practices. Two
teachers (33.3%) perceived the depth of knowledge acquired in the program as factors
that assisted (or would assist) them in implementing the MCE program practices in their
classrooms. The rest of the enabling factors (or potential enabling factors) were identified
by one teacher (16.7%) each. It is important to note that the quantity of responses from
the teachers varied from a single word or phrase to two paragraphs. One teacher
responded to all the enabling (or potentially enabling) factors in the categories of student
characteristics and administrative support, while the collective responses of this teacher
as well as the rest were examples of the remaining categories (MCE program
characteristics and other) and the enabling factors contained within these categories.
Response to Semi-structured Interview Questions Results

The reader is directed to Appendix J for a sample of semi-structured interview
questions. To answer this research question, responses to all the semi-structured
interview questions from all the teachers were looked at carefully for the presence of
factors helpful in the implementation of the practices

All the responses to the semi-structured questions were examined and categories
and enabling factors within the categories were developed, as explained in chapter 3.
Some categories and enabling factors were new (compared to those in Table 11). These
new categories, the enabling factors within the categories, and the teachers’ responses
that exemplify the enabling factors are presented in Appendix T. Both, the development
of categories/enabling factors and alignment of teachers’ responses with the factors, were
carried out independently by this researcher and a co-rater, and any differences between

the two were reconciled.
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Table 12, on the following page, summarizes the categories, the enabling factors
within the categories, and the frequency of the teachers’ responses for each of the
enabling factors, obtained from the semi-structured interview.

Results show that all the six teachers (100%) identified the depth of content
knowledge acquired in the MCE program as an enabling factor in its implementation in
their classrooms. Further, three teachers (50%) identified support from the administrators
as an enabling factor. Groups of two teachers (33.3%) reported Group/Collaborative
work, laboratory work, use of internet and technology, self-motivation, and adequate time
and training for the students respectively as enabling factors. Additionally, individual
teachers (16.7%) mentioned each of the remaining enabling factors. These factors were:
formal laboratory exercises and reports; less preparations to allow more time for inquiry;
use of POGIL and PIM; less lecturing/more of students taking ownership of learning; use
of inquiry methods; students’ focus on writing; higher level of students; students
eager/willing to embrace inquiry methods; adequate supplies and resources; adjusting
teaching strategies to student needs; teachers writing the curriculum aligned to MCE
knowledge/practices; information on differentiating curriculum; teachers’ personal

motivation; and connecting with other MCE program participants.
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Table 12: Frequency of Enabling Factors Reported by Teachers (N=6) in the Interview

Category

MCE Program
Practices

Student
Characteristics

Administrative
Support

Other

MCE Program
Design

Enabling Factors

Depth of content knowledge
Formal laboratory exercises and reports
Group/Collaborative work

Laboratory work

Less Preparations (preps) to allow more time for inquiry

Use of POGIL and PIM

Less lecturing/More of students taking ownership of learning

Use of internet and technology

Use of inquiry methods

Students’ focus on writing

Self-motivation

Higher level

Eager/willing to embrace inquiry methods
Adequate supplies/ Resources

Support from administrators

Adequate time & training for the students
Adjusting teaching strategies to student needs

Teachers writing the curriculum aligned to MCE
knowledge/practices

Information on differentiating curriculum
Teachers’ personal motivation

Connecting with other MCE program participants

Frequency

6

1
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Teachers’ quotes supporting the factors in each category that enabled the
implementation of MCE Program practices are described next. Teachers’ quotes were
selected from an available pool of quotes derived from their responses. Selected
responses that consisted of at least one complete sentence or in some cases up to several
complete sentences were used when available. However, in some cases sentence
fragments were used because that was all that was available. The selected quotes cover
the category codes (MCE Program Practices, Student Characteristics, Administrative
Support, Other, MCE Program Design) and presented in the same order as presented in
Table 12.

MCE Program Practices:

In their responses, all teachers mentioned and identified that the depth of content
knowledge acquired in the MCE Program as an enabling factor. As an example
championing this depth of content knowledge component of the MCE Program Practices,
Teacher B acknowledged that “We were getting deeper understanding of chemistry and
that would help us to explain it to the students better.” With respect to the topic of
chemistry and related experiences learning the Program subject matter, Teacher C added:
“The chemistry was great. They had the best teachers, the best professors in the world.”

The MCE Program Practices also stressed the importance of incorporating
technology in the classroom. On the topic of technology and its use in the classroom,
Teacher E identified this practice as an enabling factor for him/her. Specifically, Teacher
E noted that “a lot of things that I really do in my classroom that I got from Penn, for
example like the use of internet and the use of technology.” In a similar vein, Teacher F

acknowledged the software application aspect of technology as an enabling factor.
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Teacher F stated, “I also loved that they focused on technology. The way technology is
moving. [ use power point all the time, ’'m teaching my student excel when they’re
doing their lab reports.”

With respect to hands-on learning of chemistry content, the MCE Program
Practices also had structured laboratory exercises for the students to experience first-
hand. Describing how the use of labs in the MCE Program enabled their use in his/her
own classes, Teacher A stated that “labs were great. Because of those labs I knew what
to do. Usually I borrow equipments from Drexel Science in motion program. I do most of
the labs with them and actually I wanted to do more labs after the MCE program.” On the
same topic, Teacher D commented that “part of the program with MCE was as far as
having students engaged I feel that doing labs is very engaging for students. So I do
that.”

For several teachers, a benefit to his/her students was identified as an enabling
factor. With respect to the MCE Program practice of allowing students to take ownership
of their learning was also identified as an enabling factor, Teacher E’s quote succinctly
states a benefit to students: “let them do it by themselves, kind of guided the instruction.
It makes more sense and be able to learn much better than lecture, rather than me being
the main speaker all the time.”

Student Characteristics:

Based on the teachers’ experiences with the MCE Program, they offered their
ideas as to where the implementation of the Practices would be easier to accomplish.
According to Teacher A, it would be easier to implement the Program practices in classes

comprised of higher level students. Specifically, Teacher A stated that “as the students
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move on to higher level classes it’s very easy to implement Penn program and students
will really get benefit from it.” Not only did the teacher identify where the Program
Practices could be implemented with greater ease, but also identified the type of student
who would receive greater benefit from the related experiences. Similarly, Teacher F
focused his/her discussion on the characteristics of students that would enable the
implementation of the Practices. Specifically, Teacher F succinctly stated:

“The quality of students is a factor. It really works well- the inquiry methods, when you
have students who don’t mind to investigate and who are motivated to do so.” Overall,
the teachers remain cognizant of the students’ contribution to the success of
implementation of Program Practices.

Administrative Support:

The support from the administration was identified as an enabling factor.
Resources, such as appropriate text books could be helpful in the implementation of the
program as noted by Teacher F: “Some of the textbooks that I have are helpful. They
give you some ideas to spark an inquiry and you may have to modify and change. So that
type of resource is helpful.” In addition, varying degress of administrative support were
mentioned by Teachers A, B, and F. For instance, Teacher A mentioned the support of
the administration in general and the department head in particular, saying “you have to
get support from the administrators..... we need more support from the department head.”
Teacher B counted on the support of the principal as an enabling factor, adding “I think
the administration, the principal that I currently have he would be supportive.”
Similarly, Teacher F mentioned the support of his/her principal as an enabling factor in

the implementation as evidenced in the following excerpt.
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As far as administration, my principal loves to see, when she comes through,
when the students are working in a group and they are really engaged in trying to
find the answer to the question. She has walked in and observed that.

Other:

Although less often reported by the teachers, teachers also perceived enabling
factors related to their unique situations. For instance, Teacher A offered the provision of
adequate time and training of the students in MCE program methods as enabling factors.
With respect to the topics of time and training, he/she mentioned “It takes time, you
cannot implement PIM right away. It takes time. You have to train them.”

With respect to the ability to change and adapt teaching strategies to suit the needs
and strengths of students was an asset in the implementation of the Program Practices as
expressed by the statement, Teacher C stated, “so even in mid stream you may have to
change horses because if you look out and it’s not getting across that night you better
come up with a way to get it across.” With respect to the success of implementing the
Program Practices, Teacher E spoke of his/her self-motivation as an enabling factor:
“One of the things that is helping me is my personal motivation actually, so I will be able
to give proper instruction to the kids.”

MCE Program Design:

Reflecting on factors that would have enabled him/her to implement the MCE
Program Practices, Teacher D acknowledged,

I think that one thing that would help me is if [ communicated more with the

people who were involved in the MCE once I finished the program either by e-

mail or by participating more in activities with the program. I think that would

have helped me to implement it if I was checking back with my colleagues at

MCE to discuss my classroom practice with them. I think that would have

helped.

This was the only teacher to address this topic during the interview.
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Discussion

If the teachers were implementing the MCE program practices to any extent, they
described the enabling factors present in their situations. If the teachers were not
implementing the practices, they interpreted the enabling factors to be the ones that they
perceived as being essential for implementation. Both, the existing and perceived (as
potentially) enabling factors, are included in the frequency count shown above. The
teachers were unanimous (100%) in asserting that the MCE program emphasized
conceptual understanding of Chemistry that enabled (or would enable) them to
implement the program in their classrooms. Only three teachers (50%) reported
administrative support as an enabling (or would be enabling) factor. Five different pairs
of teachers (33.3%) expressed group/collaborative work, laboratory work, use of internet
and technology, self-motivation, adequate time and training for the students respectively
as enabling (or potentially enabling) factors. The rest of the factors in the table above
were regarded as enabling (or would be enabling) factors by individual (16.7%) teachers.
The enabling (or potentially enabling) factors within each category were supported by
statements from several teachers, except for the MCE program design category. Only one
teacher, teacher D, responded that networking with other teachers who had participated in
the MCE program would have helped him/her to implement its practices in his/her
classroom.

Findings for Research Question 4
Research Question 4: What concerns do teachers express as the factors that hinder

the implementation of the MCE program practices in their classrooms?
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In order to ascertain the factors that hindered the teachers in this study from
implementing the practices in their classrooms, data from three sources were reported,
examined, and analyzed. These data sources were the teachers’: (1) self-reported Stages
of Concern Questionnaire (SoCQ); (2) responses to 31 open-ended question amended to
the SoCQ); and (3) responses recorded in the semi-structured interview.

Stages of Concern Questionnaire (SoCQ): Frequency of Teachers’ Responses and
Individual Teacher Profile Results

The SoCQ consists of 35 statements requiring responses on a 7 point Likert-type
scale (see Appendix F). The teachers’ raw scores were converted to percentile scores for
the seven stages of concern using the Quick Scoring Device (George, Hall, &
Stiegelbauer, 2006). The reader is referred to Chapter 3 for a description of the
instrument and scoring procedure. The percentile scores for the stages were tallied and
the frequencies of the two stages of concern receiving the highest scores, and the
frequencies of the stages of concern receiving the lowest scores were reported and further
analyzed.

Stages of Concern Questionnaire (SoCQ): Frequency of Teachers’ Responses
Results

Table 13, on the following page, summarizes the frequency of the two highest

stages and the lowest stages of concern among the six teachers in this study.
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Table 13. Frequency of the Two Highest and the Lowest Stages of Concern for Teachers
(N=6)

Stages of Concern

Rank 0 1 2 3 4 5 6 Total
Highest 6 0 0 0 0 0 6
2" Highest 2 2 2 6
Lowest 5 1 6

Table 14 contains the three dimensions of concerns, the seven stages of concerns
categories, as well as a description of the teacher’s behavior for each concern category.

Table 14. Stages of Concern by Dimension, Number and Category name, and Teacher’s
Behavior

Stages of Concern
Dimension Number and Category Teacher’s Behavior

Impact 6 REFOCUSING The focus on exploration of more universal benefits
from the innovation. Individual has definite ideas about
alternatives to innovation.

5 COLLABORATION The focus is on coordination and cooperation with
others regarding use of innovation.

4 CONSEQUENCE Attention focuses on impact of the innovation on
students in his/her immediate sphere of influence.

Task 3 MANAGEMENT Attention is focused on the processes and tasks of using
the innovation and best use of resources.

Self 2 PERSONAL Individual is uncertain about the demands of the
innovation, his/her inadequacy to meet those demands,
and the role of the innovation.

1 INFORMATIONAL A general awareness of the innovation and interest in
learning more about it.

0 UNCONCERNED Little concern about or involvement with the innovation
is indicated.
Adapted from George, Hall & Stiegelbauer (2006)
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Table 13 was used in conjunction with Table 14 for continued analysis of the
teachers’ concerns. Results show that, based on the self-reported SoCQ), all the teachers
(100%) received the highest percentile score for the ‘0’ (UNCONCERNED) stage of
concern. The stages of concern numbered 3 (MANAGEMENT), 5
(COLLABORATION), and 6 (REFOCUSING) received the second highest percentile
score from two teachers (33.3%) each. The stage of lowest concern for five teachers
(83.3%) was 4 (CONSEQUENCES), whereas one teacher (16.7%) reported the lowest

stage of concern as 5 (COLLABORATION).
Stages of Concern Questionnaire (SoCQ): Individual Teachers’ Profile Results

The distribution of percentile scores across the seven stages of concern for the
teachers is shown below in Table 15.

Table 15. Stages of Concern Profile for Teachers (N=6) in Percentiles

Stages of Concern

Teacher 0 1 2 3 4 5 6
A 97 43 57 88 16 36 52
B 99 60 35 83 13 19 26
C 98 30 5 39 1 12 42
D 87 75 52 39 63 31 77
E 96 84 41 65 19 91 20
F 98 60 63 43 21 64 34

249



Further, to assist the reader in visualizing the trends across all the stages of concern,
graphs of stages of concern vs. percentile scores for all the teachers can be found in the

Appendix L.
Highest SoCQ Score

Results reveal that all the teachers received the highest score for the
UNCONCERNED stage of concern. The percentile scores for this stage ranged from 87

to 99.
Second Highest SoCQ Scores

Results show that for teacher A the second highest stage of concern was

MANAGEMENT.
Teacher B had the second highest score in the MANAGEMENT stage.
Teacher C’s second highest score was in the REFOCUSING stage of concern.

The second highest percentile score for teacher D pertained to the REFOCUSING stage

of concern.

The second highest score for teacher E was for the COLLABORATION stage of concern.
Teacher F’s second highest stage of concern was COLLABORATION.

The Lowest SoCQ Scores

Teachers A, B, C, E, and F received the lowest scores for the CONSEQUENCE
stage of concern, whereas teacher D received the lowest score for the

COLLABORATION stage of concern.
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Discussion
Group Characteristics of Stages of Concern

At the time the teachers completed the questionnaire, all of them were not
concerned about implementing the MCE Program practices in their respective
classrooms. This is generally due to other priorities, topics, initiatives, programs,
activities, or tasks being more important to the teachers at this juncture, therefore taking
precedence over the implementation of MCE program practices and related concerns

(Hall & Loucks, 1979).

Although all the teachers were not concerned about the implementation of the
MCE Program practices, they were equally divided among their second highest concerns
about management (33.3%), collaboration (33.3%), and refocusing (33.3%) issues that
may have hindered the implementation of MCE program practices in their classrooms.
For the two teachers who had management concerns, their concerns were related to time,
logistics, and other classroom management issues pertaining to the implementation of
MCE program practices (George, Hall, & Stiegelbauer, 2006). Two teachers, who
reported concerns about collaboration, were concerned about working with others in
relation to the implementation of MCE program practices. Teachers scoring high in this
stage were, generally, team leaders who had concerns about coordinating with others
(George, Hall, & Stiegelbauer, 2006). Two teachers expressed refocusing as their second
highest stage of concern. This meant that these teachers had strong ideas about how to
make changes or improve the MCE program practices to suit their needs (George, Hall, &

Stiegelbauer, 2006).
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Five teachers (83.3%) gave the lowest value to the consequence stage of concern.
This indicated that these teachers were least concerned about the effects of MCE Program

practices on their students.

The lowest value for one teacher (16.7%) was at the collaboration stage of
concern which meant that this teacher was least concerned about working with other

teachers in the implementation of MCE program practices.
Individual Characteristics of Stages of Concern

Based on the individual responses to the SoCQ, a percentile score for each stage
for each teacher was determined. From these percentile scores, a profile graph was

generated for each teacher (see Appendix L).

Teacher A’s profile was indicative of a non-user of the innovation (MCE program
practices) due to concerns about his/her ability to manage the practices in his/her
classroom, coordination of tasks and students, not having enough time, and conflicts
between his/her interests and responsibilities towards implementing the MCE program
practices. Additionally, teacher A has personal concerns such as his/her role if he/she
used the practices in the classroom, time and energy commitment, and how his/her
teaching was supposed to change if he/she decided to use the innovation. These concerns
hindered him/her from using the practices in his/her classroom. Teacher A was not at all
concerned about his/her students’ attitude towards the MCE program practices and how it

would affect the students.

Teacher B was also a non-user of MCE program practices in his/her classroom

and had many of the same concerns as teacher A, hindering the implementation of the
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practices. However, instead of personal concerns, he/she had informational concerns, i.e.,
he/she would like to know how the MCE program practices were better than the
classroom practices he/she was using currently and what resources would be available if

he/she adopted the practices.

Teacher C also did not use the MCE program practices in his/her classroom.
However, this was supported by teacher C’s belief that he/she knew and used better
approaches that worked with his/her students. Additionally, this teacher had management
concerns such as conflicts between his/her interests and responsibilities, not having
enough time to organize the tasks etc. Similar to teachers A and B, teacher C was not at
all concerned as to how the implementation of MCE practices would affect his/her

students and their attitude towards it.

Similar to other teachers in the group, teacher D did not implement the MCE
program practices. However, this was due to his/her belief that he/she knew about better
approaches that worked and the need to modify certain MCE program practices to be
applicable with his/her students. Also, he/she had informational concerns such as what
resources would be available if he/she used the innovation, and how were MCE program
practices better than what he/she was currently using in his/her classroom. Teacher D was
not concerned about collaborating/helping his/her colleagues with the use of MCE

program practices.

Teacher E was also a non-user of the MCE program practices. This was due to
concerns about collaboration and his/her realization that he/she had limited knowledge
about it and the resources that would be available if he/she decided to use it. Teacher E

was concerned about his/her ability to collaborate with colleagues to use the MCE
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program practices. Teacher E was not concerned about how the students would react or

how it would affect them, if he/she used the practices.

Teacher F had the same concerns as teacher E, except instead of informational
his/her concerns were personal, which meant that he/she would like to know how the use
of MCE program practices would affect or change his/her teaching, what would be
his/her new role, and the time /energy commitment required. These concerns hindered

his/her ability to implement MCE program practices in his/her classroom.

Response to 3" Open-ended Question, Amended to Survey of Concerns Questionnaire

(SoCQ), Results

The reader is directed to Appendix F for a copy of the SoCQ with its amended
questions. Specifically, the 3™ open-ended question asked the teachers, ‘What is

inhibiting you from implementing the MCE program practices?

The analysis procedure for the responses is described in chapter 3. Similar to
research questions 3, the analysis of responses here consisted of developing three
categories (School district policy, student characteristics, and administrative support) and
several hindering factors within these categories. Then, the statements reported by the
teachers were placed under the corresponding inhibiting factors till all the statements
were exhausted. The researcher collaborated with a co-rater in creating the categories for
the hindering factors. All the categories, hindering factors, and an example of a response
pertaining to each hindering factor are reported in Appendix U. Additionally, a frequency

count of responses that fell into each hindering factor was made and reported.

254



Table 16 summarizes the frequency of the teachers’ responses to the 3™ open-
ended question amended to the SoCQ with respect to factors that hindered them from
implementing the MCE program practices in their classrooms.

Table 16: Frequency of Hindering Factors Reported by Teachers (N=6) on the SoCQ

Category Hindering Factors Frequency
School District Core Curriculum and Pacing Schedule 4
Mandates
Test Preparation (Standardized, Benchmark, AP and IB) 2
Policies 1
Administrative Paper-work 1
Large Class-size 1
Student Unprepared for Student-centered Work 1
Characteristics
Poor Math and Reading Skills 1
Lack of Motivation 1
Lack of Basic Skills to follow Instructions 1
Administrative  Unsupportive Department Head 1
Support
Unresponsive Administration 1
Lack of Resources 1

Results show that four teachers (66.8%) reported the core curriculum and pacing
schedule as a factor hindering the implementation of MCE program practices in their
classrooms. Further, two teachers (33.3%) reported test preparation as a hindering factor.
Individual teachers (16.7% each) identified ten factors, spread over the three categories of
schools district mandates, student characteristics, and administrative support, as

hindrances in implementing the practices. These factors were: policies, administrative
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paper-work, large class size, students unprepared for student centered work, poor math
and reading skills of students, lack of motivation, lack of basic skills to follow
instructions, unsupportive department head, unsupportive administration, and lack of

resources.

Teachers’ quotes supporting several of the factors in each category that hindered
the implementation of MCE Program practices are described next. Teachers’ quotes
were selected from an available pool of quotes derived from their responses to the third
open-ended question on the SoCQ. Since the teachers did not respond in the same
manner, only a limited number of quotes were available and are presented next. Selected
responses that consisted of at least one complete sentence or up to several complete
sentences were used when available. However, in some cases sentence fragments were
selected because that was all that was available. The selected quotes cover the category
codes (School District mandates, Student Characteristics, and Administrative Support)

and are presented in the same order as presented in Table 16.
School District Mandates:

The School District of Philadelphia has a core curriculum and an associated
planning and scheduling timeline (PST) that prescribes what needs to be taught in
classrooms on a weekly basis in all the subjects, including chemistry. Teachers
throughout the district are required to follow the core curriculum and the PST and are
evaluated on the fidelity with which they do so. Teacher F cited the mandated core
curriculum as a hindrance in implementing the practices of the MCE Program in his/her

classroom. He/she stated that
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The thing that inhibits me from implementing the scientific knowledge on a
deeper level is the timeline issued by the school district. It does not allow the
teacher to spend sufficient amount of time to cover some topics thoroughly and it
limits the development of skills for students to become independent and critical
thinkers.

Teacher D echoed, “The dictates of the core curriculum reduce opportunities for
teacher made lessons.” Teachers B and E supported these statements by stating that “The
restraints of the core curriculum and the pacing schedule” and “Rigid core curriculum,”
respectively, were hindering factors in the implementation of MCE program practices.

Related to the core curriculum and PST are the school district’s mandated
Benchmark tests in the subject, given at the end of every five-week cycle of instruction,
and the federally mandated annual high stakes PSSA (Pennsylvania State System of
Assessment). Additionally, for students enrolled in accelerated programs such as
Advanced Placement (AP) or International Baccalaureate (IB) test preparation takes up a
considerable amount of instructional time. Therefore, time spent in preparing the students
for various tests was quoted as one of the inhibitory factors in the implementation of
MCE Program practices by Teachers A and D. Teacher A stated, “with an AP or IB class
where your main priority becomes teaching and reviewing the required topics before the
exam,” other priorities take a back seat. In Teacher D’s words, “the need to cover a lot of
material and prepare students for tests takes precedence” over other priorities. Teacher C
claimed the “school district policy” as the factor inhibiting his/her implementation of the
practices in his/her classroom.

The school district also requires the teachers to maintain a detailed documentation

of paper work associated with disciplinary and other referrals. Teacher B admitted that

“there is a lot of paper work and obligations during prep time (i.e., CSAP meetings,
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performance reviews...” that use up his/her time and hinder him/her from implementing
MCE Program Practices in the classroom.

According to the School District’s policy, maximum class size is 33 students.
Teachers find this large number of students difficult to manage, especially during
activities and lab. This led to the Teacher E’s claim that “Large class sizes” were his/her
reason for lack of implementation of the reform- based practices in the classroom.
Student Characteristics:

Prevalence of certain student characteristics was identified by Teachers A, D, and
E as factors non-conducive to the implementation of research-based practices in their
urban classrooms. As a hindering factor, Teacher A mentioned, “Having lower level
classes where students don’t follow the instruction and your top priorities becomes
classroom management” instead of the promotion of inquiry-based practices.

According to Teacher D, “lack of student preparation makes student centered
work unproductive” and Teacher E blamed “demotivated students and poor math and
reading skills of our students” for his/her inability to implement the reform-based
practices.

Administrative Support:

Emphasizing the need for administrative support, Teacher A noted that “No
support from the department head and the lab assistant” as reasons for the absence or
inadequate implementation of the MCE Program practices, while Teacher E said “Poor or

lack of resources” were preventing him/her from using the practices in his/her classroom.
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Discussion

Five (of the six) teachers (66.8%) targeted the School District of Philadelphia’s
core curriculum and pacing schedule (mandated by the district) as the biggest hindrance
to the implementation of the MCE program practices. This was followed by two teachers
(33.3%) pointing to the large amount of instructional time spent in preparing the students
to succeed in a variety of assessments mandated by the school district, and federal laws.
Individual teachers (16.7% each) cited factors such as school district policies,
administrative paper work, large class sizes, students not being prepared for student-
centered work, poor math and reading skills of students, students’ lack of motivation,
lack of basic skills to follow instructions, unsupportive department head, unresponsive
administration, and lack of resources as the inhibitory causes. It is important to note that
many teachers’ responses were represented in the hindering factors pertaining to each

category.
Response to Semi-structured Interview Questions Results

As mentioned earlier, a copy of sample questions in the semi-structured interview

can be found in Appendix J.

To analyze the teachers’ responses to all the questions, categories were generated,
in collaboration with a co-rater, and hindering factors within the categories were
developed. Then, teachers’ statements were placed under the corresponding hindering
factors. Some categories and hindering factors were the same as for the analysis of

SoCQ’s 3" open-ended question.
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However, some categories and hindering factors were new to this data source.
Examples of new hindering factors and the teachers’ responses aligned to these are
reported in Appendix V. This data was then summarized in a table of frequency count for

each hindering factor.

Table 17, on the following page, summarizes the frequency of the teachers’

responses (to the semi-structured interview questions), for each of the hindering factors.

Results show that three groups of five teachers (83.3%) reported school district’s
mandated core curriculum and pacing schedule, many classes/preps/duties/lack of time,
and students unprepared/unwilling for student-centered/inquiry work respectively as

hindering factors.

Further, five groups of three teachers (50%) identified single laboratory period,
students’ lack of motivation, lack of resources, no/restricted access to computer
lab/technology, and lack of collaboration with other teachers in the school respectively as

hindering factors.

Also, nine different pairs of teachers (33.3%) reported these as hindering factors:
test preparation; large class size; students’ poor math and reading skills; students who
cannot focus; need to train students how to work in a group; students who need more time
to learn the basics; MCE program practices not being realistic for a high school
classroom; MCE program’s education course not being helpful; and class

management/control problems.
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Table 17: Frequency of Hindering Factors Reported by Teachers (N=6) in the Interview

Category

School District
Mandates

Student
Characteristics

Administrative
Support

MCE Program
Design

Teachers’
Characteristics/
limitations

Hindering Factors

Core Curriculum and Pacing Schedule

Test Preparation (Standardized, Benchmark, AP and IB)
Policies

Administrative Paper-work

Parental calls

Large Class-size

Many classes/Preps/Duties/Lack of time

Single Laboratory period

Unprepared/unwilling for Student-centered/Inquiry Work
Poor Math and Reading/Writing Skills

Lack of Motivation

Students who cannot focus

Low Level

Need to train how to work in a group

Do not reflect on previous knowledge

Often require reteaching

Need more time to learn the basics
Work only for credit

Resistance to learn/explain

Unsupportive Department Head

Unresponsive Administration

Lack of Resources

Unconcerned Administrators

Unsupportive NTA

Unsupportive lab assistant

No/restricted teacher acceess to computer lab/Technology

Lack of networking with MCE staff/students
Not realistic for High School classroom
Professors out of touch with HS environ.

2 Pedagogy courses not helpful

Teachers in Ed. courses substandard

Other priorities took precedence

Class management/control problems

Inability to engage the students

Lack of collaboration with other teachers

Not enough time to develop understanding/thinking skills

Frequency
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Additionally, one teacher (16.7%) each identified the school district policies,
administrative paper work, parental calls, low level of students, students who do not
reflect on previous knowledge, students who do not retain the material taught, students
who only work for credit, students who resist learning, unsupportive department head,
unsupportive administration, unconcerned administrator, unsupportive lab assistance,
unsupportive NTA, lack of networking with MCE staff /students, MCE program
professors being out of touch with high school environment, teachers in MCE program’s
education courses being substandard, other priorities taking precedence, inability to
engage the students, and not having enough time to develop students’
understanding/thinking skills as the hindering factor in the implementation of MCE

program practices in their classrooms.

Teachers’ quotes supporting several of the factors in each category that hindered
the implementation of MCE Program practices are described next. Teachers’ quotes
were selected from an available pool of quotes derived from their responses to the
interview questions. Selected responses that consisted of at least one complete sentence
or up to several complete sentences were used when available. However, in some cases
sentence fragments were selected because that was all that was available. Since the
teachers did not respond in the same manner, only a limited number of quotes were
available and are presented next. The selected quotes cover the category codes (School
District Mandates, Student Characteristics, Administrative Support, MCE Program
Design, and Teachers’ Characteristics/Limitations) and are presented in the same order as

presented in Table 17.
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School District Mandates:

In their responses, five of the six teachers in the study pointed at the School

District’s mandated core curriculum and pacing schedule and its perceived shortcomings

as a factor inhibiting the implementation of the practices. Teacher A stated,

“with all the core curriculum and the benchmarks I hardly get time to touch all the topics

and when it’s not easy like the school district says you have to start on day one, and it is

not possible to do so.” According to Teacher B,

There are a lot of subjects that we have to teach in a very short amount of time.
For example, I think density I think we get one day and that’s it so there really
isn’t time to do a lab and to do the inquiry and to do review and so on and so
forth. So that would be a restraint, the core curriculum and the pacing schedule.

In addition to the core curriculum and the pacing schedule, many classes and

preparations and lack of time were cited as hindering factors. As evidenced by Teacher

D,

I think what’s holding me back is just how busy I’ve been...I had to teach
physical science as well as chemistry so that’s preparing two sets of classes a day
and coming up with something that is more student directed is I think more
challenging than just presenting material... I don’t think I really had time to
organize lessons with as much engagement for my students on a daily basis.... |
had to teach two subjects that had the core curriculum and I had to implement
them with totally new books.

For Teacher E, the lack of consideration in the core curriculum of the students’

level of knowledge and skills was an inhibiting factor. According to Teacher E,

One of the big things is the core curriculum that we have to follow with the school
district. The other thing is the curriculum doesn’t take care of different levels of
student that we have in our schools. For example there is no way you can give us
the same time line for the student in a neighborhood high school like at xxxx High
school and a student in Girls High. It doesn’t make sense at all.
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Teacher F wove together a confluence of factors, such as the core curriculum,
lack of time for practicing inquiry methods, and single lab period, as the reasons for

inadequate implementation of MCE program practices. Specifically, Teacher F stated,

It (the core curriculum) does not lend as much time to get in depth with some of
the topics and if you can’t get too deep then students won’t be able to elaborate or
expand on some needed skills research skills, presentation skills, use of
technology skills, critical thinking skills, logical and analytical way of breaking
things down. In the field of science research, time is of the essence. Scientist who
conduct research need time to find the answer or the solution. So as our children
need time to understand these concepts work on their own through the inquiry
base method and things of that nature. So between time itself and because I don’t
have double lab periods we really can’t expand too much. It has to be done
within a 50 minute time period and it’s really haste paste and clean up and try to
push the topic within that time. But between time itself and the timeline by the
school district; those are the two main factors that inhibit me.

Teacher B, also concurred with the inadequacy of single lab period as an
inhibitory factor, said, “we actually don’t have double lab periods we only have 50
minute periods, so I don’t have the time.” In support of the lack of time as a hindering
factor, Teacher C added, “we don’t have the time to analyze and reflect on things, the

way they want to do it.”

The time taken up for preparing the students to succeed in various tests took
precedence over other considerations. As stated by Teacher A, “my main concern was to
prepare them for xx exam and I am not concern about PIM. I just want to give them as
many information as I can and prepare them for the test.” On the same topic, Teacher D
said, “I would have to do testing. They wanted to know if we were succeeding in the

benchmark test.”

Teacher C added, “we have constant testing that the city grades you on... testing,

the constant testing. That’s a school district policy.”

264



In elaborating on how some of the School District’s other mandated work and
large class sizes impact adversely on the implementation of the MCE Program practices,

Teacher B stated,

there’s also a lot of things that I have to do as far as like paperwork and CSAPs
and a lot of parental calls for a large amount of students. So if [ had a lower
amount of students in the classroom, right now I have 165 so sometimes I have to
make phone calls for a lot of those kids so that’s what hinders me from doing that.

The many roles and responsibilities teachers have to assume in their situations

leaves little time for implementation of the practices. As poignantly stated by Teacher F,

Well being in a small high school...causes many teachers to wear many hats so
time management is really, time is not a friend of ours, not a friend of mine so |
like other responsibilities that I have in the school but it prohibits me to really get
into the practices of the MCE.

Student Characteristics:

Students’ lack of preparedness, enthusiasm, and willingness to take part in inquiry
activities were mentioned as inhibitory factors in the implementation of the practices by
five of the six teachers. Teacher E said, “most of the kids want you to teach them and
give them the answer at the same time and give them the grade... they still want the
teacher to do it for them”. Similarly, for Teacher D, “student-centered approach doesn’t

always work when my students aren’t that willing to work™.

Referring to the lack of motivation among students, Teacher C had this reaction

I really believe there’s something missing in today’s child. I don’t think there’s
that desire or that burning quest to be an A student. I’m locked in with the best in
the city who says, “Oh just give me a D and I’m happy,” and this has to change.

Teacher A also supported lack of motivation among students as an inhibitory

factor, stating, “It depends on how motivated the students are and also what their goals
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are. Ifyou get a very low level class where the students are not motivated, it is difficult

to implement the research-based practices.”

Teacher E found that students had resistance to learn and explain concepts, an

important skill in the research-based methods, by noting that

Kids don’t like it especially when you ask them why you had to link this concept
with this. They don’t want to go into the actual explaining why for example an
atom should be linked to a molecule which links with the other one.

Student characteristic of not reflecting and connecting to previously acquired
knowledge was described as a hindering factor by Teacher A in these words “students
they do not want to go back and look what they already learned. They will raise their
hands and say, what is this, what is that, can you explain it again? Or maybe they just

forgot everything.”
Administrative Support:

Complaining about the lack of resources and its adverse impact on the ability to

implement the MCE Program practices, Teacher E said,

they don’t provide the materials to go with it. They tell us this is what you’re
supposed to do. On the other hand there are no materials to go with the core
curriculum. They don’t give us the lab materials that we need. We get only $100
for supplies and the rest is for me to figure out and it becomes very frustrating.

In the same vein, Teacher C felt that lack of money was a hindering factor in
urban schools. He added, “Chemistry is becoming more and more technology. Basic wet
bench chemistry isn’t practical, doesn’t exist. To outfit just one class in a Vernier

computerized system, we’re talking, this is not counting computers, we’re talking

$5,000.”
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Teacher E felt unsupported by the school’s administration when students
misbehaved and expressed her frustration in the statements, “There are no clear
consequences for misbehaving in the classroom. And that really becomes a big issue of
concern for me as a teacher. This impacted negatively the ability to implement inquiry-

based methods.”

In Teacher D’s opinion, not being asked by the administrator to implement the
practices in his/her classrooms hindered its implementation. He/she expressed, “It wasn’t
a push from the administration, [such as] “Oh, are you implementing the MCE program?”’

The administration didn’t care about that.”
MCE Program Design:

Some teachers were critical of certain aspects of the MCE Program itself and felt
that improvement in these areas would translate into better implementation in high school
classrooms. Teachers B and D felt that the program was not realistic for implementation

in a high school classroom. For instance, Teacher B said,

I think that they could focus maybe more on the things that they could actually
implement into the classroom that would be much better.... I think it would have
been a lot helpful if they just implemented some things that are more high school
related.

Adding to this same idea, Teacher D said, “I’m interested in ways that I can
implement the program and figuring out ways to make it work in a classroom setting with
teenagers not with teachers who are science teachers who are very interested in the

materials.”
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Although full of praise for MCE Program’s content courses, Teachers C and F
were critical of its two education courses and thought that these did not help in the

implementation of the practices in urban classrooms . Teacher F said,

“I wish there was more focus on the educational base than the two years just two
educational courses that because it’s implementation of the content with the education I
think that it could probably focus more on the educational courses.” According to
Teacher C, “I think their education end of the course for lack of many things is lacking a

whole lot.”

The inability to use MCE Program as a continued resource after graduation was a
hindering factor for Teacher B, who noted, “I don’t think there’s anything that they have
in the program that allows you to maybe call them up like a hotline or something or ask

questions its nothing like a forum or anything post.”
Teacher’s Characteristics/Limitations:

With respect to collaboration with other teachers in the school and/or other
graduates of MCE Program, three of the six teachers in the study stated that lack of such
opportunities hindered their ability to implement the program in their classrooms.
Teacher F said, “I would like to collaborate more and show him (the other science teacher
in school), you know be a front-runner, how to use those practices but people have to be
willing to accept change, and to implement change.” Regarding the same topic, Teacher

E mentioned,

I see there is no time for inviting teachers to collaborate with each other.
Teachers in the same academy for example they don’t have the same prep, they
don’t have the same lunch and still are in the same academy. When you come to
the science department again it’s the same thing you’re not having the same
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common period or time that can bring you together and work together. People are
not given time to lesson plan together. Time for collaboration is not there.

Teacher D simply stated that he/she “just became preoccupied with other things

that needed to be done,” and this left little time for collaboration.

Discussion

When asked to elaborate upon and prompted in their individual interviews, the
teachers came up with a wide-ranging array of obstacles that stood in the way of
implementing the practices of the MCE program in their classrooms. Two of the three
obstacles cited by five teachers (83.3%) in the study belonged in the category of school
district’s mandates, and the third onewas in the category of student characteristics. One of
the obstacles in the school district’s mandates category was, the Core curriculum and the
pacing schedule. In the School District of Philadelphia all the teachers are required to
follow the same curriculum in the regular chemistry course and are provided the same
primary resource (textbook). An essential component of this system is the pacing
schedule, a day-by-day account of the coverage of the curricular material, which is the
same for all the classes, irrespective of the population of students the school caters to.

The second obstacle in the school district’s mandate category cited by five
teachers (83.3%) was, the calss limit of 33 students and the fact that a teacher could be
given up to 3 different subjects (preparations) to teach everyday, with students at various
levels of preparedness, language proficiency, and abilities (from specila needs to gifted)
in each class. The student characteristic cited by five teachers (83.3%) as a hindering

factor was the prevalent teaching practices in a school setting, with a vast majority of
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students being used to teacher-centered, teacher-driven lessons, and being prepared to
take ownership of their learning necessary for inquiry-based lessons.

The causes described by half the teachers were also beyond their control, such as
single laboratory periods, unmotivated students, lack of resources, lack of teacher access
to technology, and no opportunity to collaborate with peers in the school.

To exacerbate the situation, two teachers (33.3%) in this study felt that they faced
conditions such as large class sizes, preparing the students for many tests, class
management problems, and students who were unprepared academically and behaviorally
to act as responsible learners.

Some teachers (16.7-33.3%) felt that the design of the MCE program itself did not
prepare them adequately in certain respects, such as how to transfer the methods of
teaching to an urban high school setting with the challenges described above. Others
(16.7-33.3%) admitted to their own inability to engage the students and letting other

initiatives take precedence over the implementation of the MCE program practices.
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CHAPTER 5

CONCLUSIONS, DISCUSSIONS, IMPLICATIONS, AND RECOMMENDATIONS

Introduction

This chapter provides: a summary of the research study; summaries of findings;
discussions and emergent conclusions; implications; and recommendations for future
research in the professional development area of science education.

Summary of the Research Study

The purpose of the study was to investigate the extent to which a group of six
teachers, who had graduated from an exemplary professional development program in
chemistry education, were implementing the recommended program practices in their
urban high school classrooms. In addition, this research examined how did the
implementation of program practices differ among the teachers, and also attempted to
determine the factors that enabled and inhibited the implementation of said practices.

In the year 2000, Master of Chemistry Education (MCE) Program admitted its
first cohort of science teachers in the Philadelphia area. The intent of the Program was
aimed at developing a deep knowledge of chemistry within the teachers, while the
teachers concomitantly learned and experienced first hand recommended research-based
inquiry methods integral to 10 courses spread over 26 months. This study looked only at
the practices of the program graduates who were teaching chemistry in the School
District of Philadelphia at the time of this study. Six of only seven such teachers, who

graduated from the program between 2002 and 2006, agreed to participate in the study.
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In this 15-week long research, the teachers’ degree of implementation of the MCE
Program practices in their classrooms was probed through various perspectives using
multiple data sources. At the commencement of the study, the teachers completed a self-
reported Stages of Concern Questionnaire (SoCQ, see Appendix F) that probed their
concerns regarding the implementation of Program practices through thirty five
statements. Amended to this questionnaire were three open-ended questions. The first
question asked them to identify and rate their overall level of implementation of research-
based practices by choosing from a set of five descriptors provided and by ranking their
practices. The second and third questions asked them to shed light on factors that enabled
and hindered the implementation of the practices, respectively.

Each teacher was also observed teaching three times by the researcher, in the 15-
week duration of the study. The instrument, Reformed Teaching Observation Protocol
(RTOP, see Appendix G), was used for documenting and scoring this researcher's
observations of the teachers in action in their respective classrooms. Twenty-five
different aspects of research-based practices spread over three domains (lesson design
and implementation, content, classroom culture) were evaluated using 25 statements
exemplifying the research-based practices inherent to the instrument. The teachers'
overall score, as well as the scores for each of the three domains, were further parceled
into one of four different levels of implementation of Program practices (Absent, Low,
High, or MCE Program Intention). Copies of the teachers’ lesson plans were also
requested by this researcher on the days that each teacher was observed.

Towards the end of this study, the teachers provided a detailed perspective of their

own practices by completing a survey. This survey, called the Reform Teaching
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Observation Protocol Teacher Survey (RTOPTS, see Appendix I), was created by this
researcher. This survey was a modification of the RTOP instrument, whereby the same
25 research-based practices embodied in the RTOP were reflected in the survey’s 25
statements. The teachers’ self-reported scores (overall, as well as in the domains of lesson
design and implementation, content, and classroom culture) on the RTOPTS determined
their levels of implementation (Absent, Low, High, or MCE Program Intention).

At the end of the study, the researcher interviewed the teachers with three
common broad questions (Appendix I) regarding their practice and the remaining specific
questions regarding their concerns about the implementation of Program practices in their
classrooms. The teachers’ responses to the three interview questions were also examined
by comparing the classroom practices described, to the classroom practices embodied in
the 25 statements of the RTOP instrument. The teachers' level of implementation of
Program practices was identified (Absent, Low, High, or MCE Program Intention) for the
domains of lesson design and implementation, content, and classroom culture. The
remaining interview questions probed the teachers’ beliefs about the enabling and
hindering factors regarding the implementation of Program practices in their respective
classrooms. The findings and emergent conclusions are summarized below.

Summary of Findings, Discussions, and Emergent Conclusions

In this section the summaries of findings and related discussions are revisited, and

emergent conclusions are presented for each of the research questions. As an aid to the

reader, the contributory questions, if any, are also presented here for completeness.
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Research Question 1:

How does graduation from a twenty-six month content intensive professional
development program for high school teachers, whose goal is to improve the teachers’
knowledge of research-based instructional practices (in the domains of lesson design and
implementation, content, and classroom culture), affect the classroom practices of the
group of teachers in an urban environment?

Three contributory questions assisted in answering this research question.

(1) To what extent does the group’s lesson design and implementation reflect the
research-based instructional practices?

(2) To what extent are the group’s content knowledge and application of supportive
procedures exhibited during their classroom instruction?

(3) To what extent does the group of teachers promote a student-centered classroom
culture, consistent with the research-based practices?

Summary of Findings and Discussion

When asked to select one of five descriptors (Non-user, Novice, Intermediate,
Old-hand, Past-user), in the open-ended question in the questionnaire that best revealed
their levels of implementation of Program practices, the research findings indicated that
the group overwhelmingly chose the Intermediate descriptor. When asked to use a
numerical scale to rate their levels of implementation of Program practices in their
classrooms, the findings suggested that the level of implementation of research-based
practices was at a low level. While the group described their level of implementation of
MCE Program practices in their classrooms as intermediate users, they also perceived

themselves as minimally implementing the research-based practices. This difference in
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perspective could possibly be due to the fact that no explanation accompanied the
descriptors of the implementation, and none of the teachers asked for further clarification
of the meanings of these terms. As such, the teachers interpreted these descriptors in their
own ways. The questions amended to the questionnaire were intentionally open-ended to
elicit the teachers’ spontaneous interpretations and responses regarding the extent of
implementation of MCE Program practices in their classrooms.

The findings above are now discussed further with respect to each of the three
domains (lesson design and implementation, content, and classroom culture). With
respect to the lesson design and implementation domain, the average scores for the levels
of implementation of the Program practices in their classrooms for the group when
observed and interviewed by this researcher were indicative of a low level of
implementation. A different result was obtained when the teachers were surveyed. The
average self-reported score for group’s level of implementation of Program practices
suggested a higher level than from classroom observations.

With respect to the content and the classroom culture domains, the group’s
average scores for the implementation of Program practices in their classrooms when
observed and interviewed by this researcher represented low levels. However, the survey
scores suggested that the group’s average levels of implementation of Program practices
for both of these domains were indicative of the highest level (MCE Program Intention).

The group of teachers exhibited research-based practices in the domains of lesson
design and implementation, content, and classroom culture to a low extent when observed
by this researcher. Similarly, a low extent of implementation of research-based practices

was also admitted by the group of teachers when prompted to describe their classroom
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practices in the three domains via very broad open-ended questions during the interview.
However, a high level of implementation of Program practices was self-reported by the
group on the survey. It is worthwhile to note that the survey included highly focused and
directed statements characteristic of research-based practices. In the case of the survey,
the teachers’ responses were representative of the ideal teacher behaviors, the intent of
the reform movement in science education.

These survey responses, although not corroborated by observation and interview,
were possibly due to social desirability factors (Edwards, 1957, 1990). In brief, social
desirability is defined as “the pervasive tendency of individuals to present themselves in
the most favorable manner relative to prevailing social norms and mores” (King &
Bruner, 2000, p. 80). This phenomenon occurs because individuals are prone to over
report activities that are deemed to be socially and culturally desirable (Groves, 1989;
Nunnally, 1978; Zerbe & Paulhus, 1987). In other words, the teachers reported the best
practices recommended by research and espoused by the MCE Program, but not
necessarily practiced by them in their classrooms.

Also, in literature, some researchers attribute the mismatch between reform intent
and actual classroom practice to three factors: 1) the researchers’ use of different frames
to measure progress towards the attainment of reform practices (Knapp, 1995; Spillane &
Jennings, 1997); 2) the teachers’ diverse interpretations of reform methods in terms of
their existing beliefs about subject matter, teaching and learning (Cohen & Ball, 1990);
and, 3) the teachers’ propensities to change some aspects of their practice to be more
aligned with the reform methods, while leaving others unaltered (Ball, 1990). Generally,

teachers change the practices such as grouping arrangements and materials, the
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behavioral regularities, relatively readily (as evidenced in this study). However,
discourse norms and academic tasks, the epistemological regularities, are more resistant
to change (Spillane & Jennings, 1997). Therefore, a careful examination of teachers’
classroom practices, as they implement reform methods, will be helpful in understanding
the course of reform implementation and may help explain the difference (Spillane &
Zeuli, 1999).

Conclusion

On the basis of these findings, the researcher concluded that graduation from a
twenty-six month content intensive professional development program for high school
teachers, whose goal is to improve the teachers’ knowledge of research-based
instructional practices (in the domains of lesson design and implementation, content, and
classroom culture), has affected the classroom practices of the group of teachers in an
urban environment to a low extent compared to recommended practices inherent to the
MCE Program.

Research Question 2:

How are the teachers' classroom practices (in the domains of lesson design and
implementation, content, and classroom culture) different from each other when
implementing the research-based MCE Program practices?

Three contributory questions assisted in answering this research question.

(1) To what extent are the teachers' designed and implemented lesson plans different
from each other when implementing the practices?
(2) To what extent are the teachers’ content knowledge and application of supportive

procedures exhibited during their classroom instruction different from each other?
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(3) To what extent is the teachers' promotion of a student-centered classroom culture
different from each other, but consistent with the research-based practices?
Summary of Findings and Discussion

The findings suggested that when asked to self-report their overall level of
implementation of the MCE Program practices in their classrooms, on the open-ended
question in the questionnaire, five of the six teachers chose the descriptor Intermediate
for this activity. Only one teacher chose Non-user to describe his/her level of
implementation of the research-based practices. On a numerical scale, however, their
self-reported scores were more spread out with more scores at the extreme (Absent and
High) levels of implementations of the practices than in the middle (Low) level.

Most teachers chose the Intermediate descriptor for their implementation of the
practices. One teacher chose the descriptor non-user for this purpose. This one teacher
also chose, along with his/her cohort-mate, the absent level to rate themselves on the
numerical scale of implementation of MCE Program practices. Coincidentally, both were
in the first cohort, and had graduated from MCE program the earliest among the group of
teachers in the study. In the same vein, the teacher who provided his/her implementation
of practices the highest numerical value was the most recent graduate of the program.
The remaining teachers, who graduated with the second and the third cohorts, self-
reported their implementation of practices as high or low. Further, there was a lack of
correspondence between the descriptors and the numerical scores of teachers’ self-
reported levels of overall implementation of the practices. This may have been due to the
fact that the two ratings were meant to be independent of each other by design, therefore,

the researcher did not provide a correspondence between the two, and the teachers never
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asked for clarification, choosing to interpret the descriptors and the numerical ratings in
their own ways.

The findings above are now discussed further with respect to each of the three
domains (lesson design and implementation, content, and classroom culture). With
respect to lesson design and implementation domain, the average observation scores for
the teachers were distributed across the Absent, Low, and High levels of implementation
of Program practices. However, the level of implementation of Program practices for the
majority of teachers was at the low level. The teachers’ responses in the interview
pertaining to this same domain were distributed more widely, i.e., among all the four
possible levels (Absent, Low, High, and MCE Program Intention). This distribution was
more heavily and equally weighted at the two extremes (Absent and MCE Program
Intention). In the case of the survey, the self-reported levels of implementation of
Program practices were narrowly clustered at the two highest levels, i.e. High and MCE
Program Intention. Here, twice as many teachers reported implementing the Program
practices at the high level.

With respect to the content domain, the average observation scores for the
teachers’ level of implementation of the Program practices were equally distributed
between two levels (Low, High). When interviewed, the levels of implementation of the
practices were distributed equally across three levels (Absent, Low, High). However, the
teachers’ survey scores indicated only the highest level of implementation of Program
practices, i.e., the MCE Program Intention.

With respect to the classroom culture domain, the observation scores of the

teachers were equally distributed across the Absent, Low, and High levels of
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implementation of MCE Program practices. When interviewed, half the teachers
believed that they implemented the MCE Program practices at the High level; the
remaining teachers’ perceived levels of implementation of Program practices were
distributed between two levels (Absent, Low), with a higher concentration at the Absent
level. For the self-reported survey, the levels of implementation of the Program practices
were narrowly clustered at the top two levels (High, MCE Program Intention). Here, five
teachers reported the MCE Program Intention level, whereas only one teacher indicated
the High level.

The teachers’ levels of implementation of the Program practices, in the three
domains, derived from the observation and interview revealed scores that were spread out
over a broader spectrum of three or four levels (Absent, Low, High, MCE Program
intention), indicative of a much greater variation in the implementation of Program
practices among the teachers and among the domains. The levels of Program practices
leaned more heavily towards the Low, suggesting that more teachers were not utilizing
research-based practices to a significant extent. However, the results from the survey
were narrowly clustered at the two highest levels of implementation (High, MCE
Program Intention) indicative of the similar nature of the teachers’ perceived practices.
The clustering of the self-reported survey responses in a narrow band, compared to the
broad sweep of results from the observation and the interview may have been due to
social desirability effects (Nunnally, 1978). As described earlier in this section, these
arise due to respondents’ tendencies to present themselves in a favorable position with
regard to social norms (Nunnally, 1978). In this study, the norms were the exemplary

practices promoted by the MCE Program and expressed through 25 statements in the
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RTOPTS. The social desirability effects were possibly not due to a deliberate attempt by
the teachers to misrepresent their practices, but due to self-deceptive positivity, an honest
but overly positive self-presentation, the conscious tendency to see oneself in a favorable
light (King & Bruner, 2000; Paulhus, 1991). Whatever be the origin, social desirability
has the potential to distort the information gained from self-reports (Sudman & Bradburn,
1974), typically resulting in the compression of the range of responses around an end of
the scale (Cote & Buckley, 1987; Hattie, Fletcher, & Watkins, 2006), similar to the
RTOPTS responses in this study.

As mentioned earlier, another view of this lack of correspondence between the
perceived reform methods and actual classroom practices points to three possible factors
influenced by the teachers’ beliefs, ambient cultural norms, and resources (Spillane &
Zeuli, 1999).

The results from the classroom observations of the teachers and their interview
responses were similar in that both showed a greater variation in the levels of
implementation of the practices among the teachers. However, the levels of
implementation of Program practices, in the three domains, were not corroborated by the
observation and interview results for the majority of teachers. This may have been due to
the presence of the interviewer affecting the rate and quality of responses (Singer &
Kohnke-Aguirre, 1979; Singer, Frankel, & Glassman, 1983). Further, when the topic of
interview is sensitive in nature, the mere presence of the interviewer may lead to distorted
reporting of sensitive behavior and beliefs (Schaeffer, 2000; Tourangeau, Rips, &
Rasinski, 2001). All of these factors were evident in this study, with a teacher producing

no response in the interview, to some speaking several paragraphs, and one teacher
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talking about what was of immediate concern to him/her, e.g. the core curriculum and
class management.

It is worth noting that the teacher in the study who graduated from the program
most recently was the only one implementing the practices at a high level in his/her
classroom in all the three domains (lesson design and implementation, content, and
classroom culture) during classroom observations. Also, half the teachers were observed
to be implementing the practices in the content domain at a high level (i.e., this number
was greater than the numbers for the other two domains). This may have been due to an
emphasis on developing the depth of understanding of chemistry in the MCE Program as
evidenced by the statement “The courses in chemistry are designed for depth of
understanding of fundamental concepts and the interconnectedness of these concepts”
(Blasie & Palladino, 2005, p. 567).

Conclusion

On the basis of these findings, the researcher concluded that the teachers' levels of
implementation of MCE Program practices differed in terms of being absent, low level,
high level, or MCE Program Intent level with inconsistencies in the extent of the teachers'
levels of Program practices contingent upon the teacher, and the type and nature of data
source used to ascertain them.

Research Question 3:
What concerns do teachers express as factors that enable the implementation of

the MCE program practices in their classrooms?
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The reader is reminded that the teachers’ self-reported responses to the
questionnaire’s second open-ended question and an interview question were utilized to
arrive at the findings.

Summary of Findings and Discussion

When asked to self-report the enabling factors in the questionnaire for
implementing the MCE Program practices in their respective classrooms, the findings
indicated that the teachers suggested twelve factors (described below) distributed among
four categories: MCE Program practices; Student Characteristics; Administrative
Support; and Other. Majority of teachers suggested four factors (depth of content
knowledge, formal laboratory exercises and reports, hands-on problem-solving activities,
and group/collaborative work) related to the MCE Program practices as either currently
enabling or potentially enabling. Furthermore,

1. Three of the six teachers reported formal laboratory exercises and reports and
hands-on problem-solving activities as factors that currently enabled or would
potentially enable the implementation of the practices;

2. Two of the six teachers reported the depth of content knowledge gained in the
MCE Program as an enabling factor, while one teacher out of six reported
group/collaborative work;

3. In addition to the factors just described, one teacher out of six expressed
student characteristic-related enabling factors (good behavior, self-motivation,
and basic skills to follow instruction) and administrative support-related
factors (supportive department head, laboratory assistant as teacher aide,

adequate supplies) as enabling or potentially enabling; and
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4. Two of the six teachers did not report any enabling factors, but for different
reasons (Nothing, Not using the MCE Program practices).

Fifteen weeks later when asked to identify in the interview, factors enabling the
implementation of the MCE Program practices, the findings suggested that the teachers
mentioned twenty one factors distributed among four of the above categories and an
additional category (MCE Program design). Furthermore,

1. The teachers were unanimous in identifying the depth of knowledge of
chemistry gained in the MCE Program as an enabling factor in implementing
the practices in their classrooms;

2. Three of the six teachers highlighted the support from the administrators as an
enabling (or potentially enabling) factor;

3. Two of the six teachers reported group/collaborative work, laboratory work,
use of internet and technology, student self-motivation, and adequate time and
training for the students as enabling (or potentially enabling) factors; and

4. Individually, different teachers expressed single instances, totaling fourteen
enabling (or potentially enabling) factors spread over the five categories.

Both the data sources, the questionnaire and the interview, were similar in some
key respects, i.e. both sought the teachers’ views regarding the factors that enabled the
implementation of the practices in their classrooms. It is important to note that the
teachers interpreted the question in two different ways. The teachers interpreted the
question to simultaneously mean the factors that currently enabled or potentially would

enable them to implement the Program practices in their respective classrooms.
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There were important differences in the responses provided by the teachers to the
questionnaire and the interview. At one extreme were two teachers who responded, but
did not contribute any enabling factors in the questionnaire. At the other extreme was a
teacher who solely contributed six factors in two categories that enabled or would
potentially enable him/her to implement the Program practices. In between these two
extremes, four teachers expressed a total of four enabling (or potentially enabling) factors
covering one category.

The interview resulted in almost double the number of enabling factors or
potentially enabling factors contributed by all of the teachers in five categories. This may
have been due to the probing and encouragement of the researcher during the interview,
to elicit responses from all the teachers.

The five factors that more than one teacher identified at the commencement of the
study (via the questionnaire) and also at the conclusion of the study (via the interview)
were: depth of knowledge, formal laboratory exercises and reports, administrative
support, self-motivated students, group/collaborative work in the classroom. The most
reported enabling factor was the depth of knowledge obtained in the MCE Program. To a
lesser degree, equal mention was given to the formal laboratory exercises and reports and
administrative support. Self-motivated students and group/collaborative work were
reported least often by more than one teacher.

Three of the five factors (depth of knowledge, formal lab exercises and reports,
group/collaborative work) were essential components of the MCE Program (Blasie &
Palladino, 2005). Therefore, it is not surprising that many teachers mentioned these

consistently as enabling (or potentially enabling) factors for implementing the MCE
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Program practices in their classrooms. To buttress this point, five out of six teachers did
not have double-laboratory periods in their teaching rosters.

The remaining two factors (administrative support, self-motivated students) were
contingent on each teacher’s context of practice. With respect to the administrative
support factor, continued support in implementing inquiry-based approaches to teaching
and learning, an integral method of the MCE Program, has been discussed in the
literature (Lombardo, 2000). Teachers’ quotes corroborating the teachers’ needs for
administrative support have already been presented earlier in this chapter. Without
continued support from the administration during the implementation of MCE Program
Practices, the goals established for teachers and students cannot be reached.

With respect to the self-motivated students factor, the specific student
characteristic of student’s self-motivation has been reported to aid in inquiry-based
approaches (King, 1995). However, students’ behavior in an urban environment can be
resistant towards participation in classroom activities (Barton, 2001; Bouillion & Gomez,
2001). During the interview, teachers offered brief perspectives on students’ behavior, in
general, and students’ resistance towards participation in scheduled activities, in specific.
The teachers’ views are presented next.

A major premise of the MCE Program Practices (see Chapter 2) is that students
revisit previous experiences and incorporate them into new experiences. On this topic,
Teacher A said, “students do not want to go back and look at what they already learned.”
Extending experiences via homework assignments is another premise of the MCE
Program Practices. On the topic of homework and the students’ willingness to complete

assignments, Teacher D expressed, “If I am not going to collect it (i.e. assignment) in
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some way shape or form, frequently they won’t even attempt the problem.” Furthermore,
Teacher D expressed that “my students are not that willing to work.”

The instructional strategies and structured activities require that students assume a
different role in the learning process when compared to traditional strategies and related
activities. With respect to this new role for students, Teacher E exclaimed, “you know
sometimes kids refuse change.” Teacher B said that his/her “students don’t follow the
instruction.” With respect to the topics of instructional strategies, structured activities,
and the new role for students, Teacher E’s students simply “resist some of the things |
was doing.” Without the students’ complete support in the learning process and related
activities during the implementation of the MCE Program Practices, the goals established
by the MCE Program for students cannot be achieved as intended.

Conclusion

On the basis of these findings, the researcher concluded that the teachers’
concerns expressed as factors that enabled, or would have enabled, the implementation of
the MCE Program practices in their classrooms were depth of knowledge, formal
laboratory exercises and reports, administrative support, self-motivated students, and
group/collaborative work.

Research Question 4:

What concerns do teachers express as factors that hinder the implementation of
the MCE program practices in their classrooms?

The reader is reminded that the teachers’ self-reported responses to thirty-five
statements and the third open-ended question in the questionnaire, and some interview

questions were utilized to arrive at the findings.
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Summary of Findings and Discussion

On the questionnaire, when the teachers were asked to rate their concerns
regarding the implementation of MCE Program practices in their respective classrooms,
the findings indicated that the teachers unanimously provided the ‘Unconcerned’ stage of
concern the highest score, implying that the teachers were not concerned about the
implementation of the Program practices. The second highest concern scores given by the
teachers were equally distributed among the ‘Management’, ‘Collaboration’, and
‘Refocusing’ stages of concern. This meant that the teachers were concerned about issues
of organizing, managing and scheduling information and resources germane to the
implementation of the Program practices, coordinating and cooperating with other
teachers regarding the use of Program practices, and the possibility of making major
changes in and replacing the Program practices with alternatives. Additionally, the
findings revealed that five of the six teachers were least concerned with the impact of the
implementation of the Program practices on students’ performance and competencies,
while collaboration with others regarding the implementation of Program practices was
of least concern to one teacher.

1. When asked to self-report the hindering factors, in the questionnaire, for
implementing the MCE Program practices in their respective classrooms, the
findings indicated that the teachers suggested twelve factors (described below)
distributed among three categories: School District Mandates; Student
Characteristics; and Administrative Support. All the teachers contributed to
the category School district mandate and expressed the five factors associated

with this category (Core curriculum and pacing schedule, test preparation,
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policies, administrative paper work, and large class size) as the most frequent
hindering factors in the implementation of the Program practices.
Furthermore, four of the six teachers reported the Core curriculum and pacing
schedule as a hindering factor in the implementation of the practices.

Two of the six teachers reported the time and effort expended in preparing
their students for various tests as a hindrance to the implementation of the
MCE Program practices.

In addition, one teacher out of six expressed other school district mandate-
related factors (policies, administrative paper work, large class-size), student
characteristic-related factors (unprepared for student-centered work, poor
math and reading skills, lack of motivation, lack of basic skills to follow
instruction), and administrative support-related factors (unsupportive
department head, unsupportive administration, lack of resources) as hindering

the implementation of MCE Program practices in their urban classrooms.

Fifteen weeks later when asked to identify in the interview, factors that hindered

the implementation of the MCE Program practices in their classrooms, the findings revealed

that the teachers mentioned thirty-six factors distributed among three of the above categories

and two additional categories (MCE Program Design and Teachers’

Characteristics/Limitations). Furthermore,

1.

Five out of six teachers expressed that three factors, i.e., core curriculum and
pacing schedule, many classes/preps/duties/lack of time, and students
unprepared/unwilling for student-centered /inquiry work were hindering them

from implementing the MCE Program practices in their classrooms.

289



2. Three of the six teachers mentioned single laboratory period, lack of
motivation on the part of students, lack of resources, no/restricted teacher
access to computer lab/technology, and lack of collaboration with other
teachers as the factors hindering the implementation of MCE Program
practices in their classrooms.

3. Two of the six teachers described the following factors as hindering the
implementation of Program practices in their classrooms: (time and resources
spent on) test preparation, large class size, poor math and reading/writing
skills of students, students who cannot focus, students who need to be trained
to work in a group, students who need more time to learn the basics, MCE
Program practices not being realistic for high school classrooms, unhelpful
pedagogy courses in the MCE program, and the teachers’ class management/
control problems.

4. Individually, different teachers expressed single instances, totaling nineteen
hindering factors spread over the five categories.

The interview resulted in almost three times the number of hindering factors
contributed by all of the teachers in five categories than elicited from the questionnaire.
This may have been due to the probing and encouragement of the researcher during the
interview, in an attempt to elicit the most responses from the teachers.

The ten factors that one or more teachers identified as hindering factors both at
the commencement of the study (via the questionnaire) and at the end of the study (via
the interview) were: core curriculum and pacing schedule, test preparation, administrative

paper-work, large class-size, students not prepared for student-centered work, poor math
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and reading skills of students, students’ lack of motivation, unsupportive department
head, unresponsive administration, and lack of resources.

Teachers were nearly unanimous (prior to and after the study) in singling out the
school district’s mandated core curriculum and pacing schedule as the hindering factor.
This was followed by two of the teachers reporting (prior to and after the study) the time
and resources spent in preparing the students to take various mandated tests as the
hindering factor.

The supremacy of core curriculum in the district that the teachers were required to
follow with fidelity, keep pace with, and were continually evaluated on adherence to, was
very likely the reason for the unanimously high score they gave to the ‘Unconcerned’
stage of concern when asked to rate the implementation of the MCE Program practices.
This preoccupation with the core curriculum may also explain ‘Refocusing’ (having
definite ideas about alternatives to MCE Program practices) being the second highest
stage of concern for two of the teachers. Two of the hindering factors, unsupportive
department head and unresponsive administration, corroborate ‘Collaboration’ being the
second highest stage of concern for two teachers. The remaining seven hindering factors
could be the possible explanations for ‘Management’ being the second highest stage of
concern for the remaining two teachers, with regard to the implementation of MCE
Program practices in their classrooms. Furthermore, the teachers were preoccupied with
hindering factors such as students’ lack of motivation and preparedness to be concerned
with how the implementation of MCE Program practices affected the students, resulting

in five of them rating ‘Consequence’ as the lowest stage of concern.
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Conclusion

Based on these findings, the researcher concluded that the teachers’ concerns
expressed as factors that hindered the implementation of the MCE Program practices in
their classrooms were, first and foremost, the core curriculum and pacing schedule,
followed by test preparation, administrative paper-work, large class-size, students not
prepared for student-centered work, poor math and reading skills of students, students’
lack of motivation, unsupportive department head, unresponsive administration, and lack
of resources.

Implications

In this section, first the conclusions of the study will be elaborated upon to frame
the context for the implications. Then, the implications derived from these conclusions
will be described.

Generally, the teachers in the study implemented the reform-recommended MCE
Program practices in their urban classrooms at a low level. A mixture of drops of reform-
based practices in a pool of traditional methods permeated the classroom instruction of
the teachers in the study. Thus, bits and pieces of reform were present in their classroom
practices, but the core intent was not realized, leading to the perpetuation of largely
traditional practices, similar to many studies reported in the literature (Cohen, 1990;
Putnam, 1992). Further, the mixture of the two methods changed depending on the topic,
goals of the lesson, and the given time as evidenced by the fluctuating levels of
implementation of the Practices in the three observations of the teachers. As described
very succinctly by Cohen (1990), the characteristics of the implementation showed that,

“New threads were introduced, but old threads were not pulled out. The old and the new
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lay side by side, and so the fabric of instruction was different. However, there seemed to
be little mutual adjustment among new and old threads” (Cohen, 1990, p. 314).

As Wilson (1990) has stated, implementing the reform-based methods is not
adopting “a few new activities and instructional strategies” (p.308), for at its heart
reform-based practices “assume fundamentally different things about the nature of
learning and knowing” (p. 308). In describing one of the methods practiced in the MCE
Program, one teacher mentioned acquiring the ‘tricks to engage the students by working
in groups’, clearly implying the reform as an “add-on, not a fundamental reorganization”
(Wiemers, 1990, p. 291). Larry Cuban called this phenomenon ‘conservative
Progressivism’ and expressed it concisely as, “many teachers constructed hybrids of
particular Progressive practices grafted onto what they ordinarily did in classrooms”
(Cuban, 1984, p. 323).

In the three domains of lesson design and implementation, content, and classroom
culture, some of the implications of low level of implementation of reform-practices and
continuation of traditional practices were as follows.

Lesson design and implementation: There was little effort to explore the students’
prior conceptions and understandings (8), teachers “maintained control of direction,
content, and pace” (Cohen, 1990, p. 322), there was no exploration of scientific
problems, students generally did not generate multiple solutions to problems, and
alternative interpretations and answers (Wilson, 1990).

Content: Teachers conveyed the knowledge of chemistry as a fixed body of facts,

rather than as a particular way of framing and solving problems, or as a subject in which

“questioning and explanation were essential to learning and knowing” (Cohen, 1990, p.
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322). Often the teachers worked near the “surface of the subject, many elements of
understanding and many pedagogical possibilities remained invisible” (Cohen, 1990,
p.323). Teachers’ use of hands-on/student centered activities were filtered through the
established practice, with students being given little opportunity to figure out and make
sense by themselves (Cohen & Ball, 1990a). Generally, the teachers did not use a wide
variety of teaching strategies to develop conceptual understandings, and did not allow
students sufficient time for reflection, designing investigations and critical assessment of
procedures (Wallace & Kang, 2004). Teachers continued to dominate, and “the aims of
instruction remained focused on supplying students with correct procedures for obtaining
right answers” (Sykes, 1990, p. 349). Some teachers used activities designed to help
students make sense of chemistry, but used them as a vehicle to provide the right/wrong
answer (Cohen, 1990).

Classroom Culture: A majority of the activities were highly structured that
“restricted the questions and ideas that could occur to students, for thought is created, not
merely expressed, in social interactions” (Cohen, 1990, p. 322). The classroom discourse
was generally constrained rather than open, with few opportunities for students to initiate
discussion, explore ideas, or even ask questions. While students were invited to ask
questions, only certain types of questions received attention and were answered
(Wiemers, N.J., 1990) limiting teachers’ knowledge of students’ understanding. The
teachers acted as dispensers of knowledge rather than as facilitators of students’
construction of understanding. Group work was often a venue for socialization, and did
not promote mutual student engagement with complex problem-solving tasks (Sykes,

1990).
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The amount by which the new practices were molded and incorporated into the
traditional practices varied to different extents among the teachers in the study. Again,
this is consistent with earlier studies, such as Cohen and Ball’s (1990) landmark study of
the implementation of mathematics reform efforts in California.

Further, in the present study of implementation of reform practices in urban
chemistry classrooms, the teacher who graduated most recently from the MCE Program
exhibited consistently high levels of implementation of the reform-methods during
classroom observations, while the practices of one of the graduates of the first cohort
were most traditional, with the reform alignment of the practices of the rest of the
teachers in between these two extremes. This finding is consistent with Cohen’s (1990)
observation that lack of guidance regarding implementation once teachers are out of the
program and on their own, results in a variety of interpretations, resulting in a “melange”
of practices (Cohen, 1990, p. 311). This points to the continued need to support and
nurture the teachers, as they learn to implement the practices, after they have graduated
from the intensive MCE Program (Wilson, 1990, 13).

A puzzling finding of this research was the discrepancy between the teachers’
perceived implementation (high) of the reform-based MCE Program practices and the
implementation observed by this researcher (low). However, this discrepancy is quite
pervasive in literature, e.g., in a sample of twenty-five math teachers who reported
familiarity with reform efforts and said were implementing these in their classrooms,
“only four taught mathematics in ways that resonated with reformers’ proposals”
(Spillane & Zeuli, 1999, p. 19). According to Yerrick et al. (1997) teachers’ intricate

cognitive system of resolving and rationalizing mechanisms allowed them to sincerely
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believe that their practice had changed without changing the core beliefs. According to
Ball (1990) “This highlights the conceptual difficulty of communicating an alternative
vision of teaching to those who would enact it: how to communicate and provide
guidance for change in a way that is comprehensible and yet challenges current
practice?” (p. 259).

Additionally, the broad definitions of inquiry described in the National Science
Education Standards (NRC, 1996) provide little guidance to teachers for the actual
planning, teaching, and evaluation of research-based methods such as inquiry in the
naturalistic setting of the high school science classroom. This leaves the door ajar for a
multitude of interpretations of reform-based methods, with inquiry at their core,
consistent with the maintenance of teachers’ existing techniques, goals, and expectations
(Cronin-Jones, 1991; Olson, 1981). The variance between the intent of reform-based
practices and the teachers’ interpretations, may explain the discrepancy between the
teachers’ self-reported scores of their practices and those of the observer’s. Perhaps due
to their strong emphasis on conceptual knowledge and understanding, teachers were
likely to interpret inquiry as asking questions or interpreting data only, whereas one of
the definitions of inquiry in the reform-based practices is given as *“ a multifaceted
activity that involves making observations, posing questions, examining books and other
sources of information to see what is already known, planning investigations, reviewing
what is already known in light of experimental evidence, using tools to gather, analyze,
and interpret data, proposing answers, explanations, and predictions, and communicating

the results” (NRC, 1996, p.23; Keys & Kennedy, 1999).
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Some hallmarks of reform-based instructional practices are, probing students’
preconceptions, active engagement of students, and significant communication between
and among students. The teachers in this study interpreted reform-based practices in
different ways. For instance, instead of probing students’ preconceptions and altering
their instructional strategies to address these, the teachers addressed their ideas of student
preconceptions in the existing instructional framework. With respect to the active
engagement of students, this was perceived by the teachers as providing hands-on
activities and conducting lab investigations following a cook-book type recipe provided
by the instructor, instead of students designing and conducting investigations into
authentic questions generated from their experiences.

Also, to implement the reform practice promoting significant communication
between and among students, students were placed in groups or worked in pairs.
However, this was done without any further explication of their roles, i.e., the form was
created without the accompanying function. As Keys and Kennedy (1999) pointed out,
based on a study by Bird and Weller (1997), “dilemmas about teacher and student roles
continued to present obstacles to inquiry-oriented science teaching” (p. 317). During the
inquiry process, the teachers and students have specific roles. With respect to teacher-
centered traditional activities versus student-centered inquiry activities, the teachers in
the study did not consistently exhibit practicing inquiry-based student-centered activities.
They did, however, resort to predominantly teacher-centered, tradititional practices. Thus,
the practices that these teachers implemented were not far removed from traditional

practices or were an add-on to their traditional practices.

297



These misinterpretations and difficulties lend credence to the point that planning
and teaching via inquiry-based methods, called for by the reform movement, is a highly
complex and skilled enterprise (Bird & Weller, 1997; Flick, 1997), and the “task of
translating reform ideas into useable forms” (Keys & Kennedy, 1999, p. 331) in the
classroom cannot be circumvented. As Flick (1997) argues, “If inquiry is to become a
viable, mainline approach to teaching science, researchers and teachers must become
more explicit about the behaviors and thoughts of teachers engaged in inquiry teaching
(p. 2).” Since the context of classroom practice such as the characteristics of learners, the
school culture, and the science topic etc. has such a strong influence on the nature of
implementation, “the details of inquiry-based teaching will need to be worked out in
context” (Lijnse, 1995, p. 192). This leads to the recommendation for bridging the
theory-practice gap, i.e. developmental research (Lijnse, 1995) mentioned in the
recommendations section of this chapter.

When the teachers were asked to identify the factors that enabled and hindered the
implementation of reform-based MCE Program practices in their urban classrooms, they
named depth of knowledge, formal lab exercises and reports, administrative support, self-
motivated students, and group/collaborative work most frequently as the enabling factors,
and core curriculum and pacing schedule, test preparation, administrative paper work,
large classes, unprepared/unmotivated students with low skills, lack of administrative
support and resources most frequently as the hindering factors. Given the low level of
implementation, it is not surprising that the teachers named twice as many hindering
factors as enabling or potentially enabling factors. In the literature, the discussion of the

implications of these factors on the implementation of reform practices diverges into two
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broad strands; one strand primarily emphasizes factors internal to the teachers, i.e.,
teachers’ knowledge base, goals, beliefs, the need for examination/shift in beliefs,
resolution of conflicting beliefs, and the interaction between the internal factors and the
cultural factors in the context of practice as facilitators/impediments to the
implementation (Ball, 1990; Ben-Peretz,1990; Collopy, 2003; Cory & Gamoran, 2006;
Darling-Hammond, 1990; Feiman-Nemser & Buchmann, 1986; Olmedo, 1997). The
second strand lays the blame on factors external to the teachers, such as the contextual
situation of schooling and the ideal unattainable goals of the reform in the context of
schooling (Doyle, 1988; Henningsen & Stein, 1997; Kennedy, 2005; Stylianides &
Stylianides, 2008). Both of these strands of implications are applicable to the conclusions
of this study and are discussed subsequently.

Teachers in this study unanimously stated the depth of content knowledge
acquired in the MCE Program as an enabling or potentially enabling factor in
implementing its practices in their classrooms, consistent with literature (Anderson &
Helms, 2001; Richardson, 1996; van Driel, Beijaard, & verloop, 2001). However, similar
to the teachers in this study, well-prepared teachers are not able to implement meaningful
reform in the context of their practice (Duffee & Aikenhead, 1992; Huberman &
Middlebrooks, 2000; Tobin & McRobbie, 1996). This failure has been attributed to the
teachers’ perceptions and beliefs about students, teaching, learning, need for test
preparation and curriculum coverage, and lack of time etc. that drive their decisions
regarding instructional practice (Brickhouse, 1990; Munby, Cunningham, & Locke,
2000; Pajares, 1992; Tobin & McRobbie, 1996). According to Nespore (1987), teachers

rely on their core belief systems rather than academic knowledge as determinants of
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classroom actions. Five out of six teachers in the study held the belief that their students
were unprepared/unwilling for student-centered/Inquiry work, and the coverage of core
curriculum and lack of time were among the top hindering factors. Therefore, their
classroom practices were largely traditional emphasizing drill and acquisition of facts,
molded to align with their perceptions and beliefs (Meijer & Verloop, 1998). Cronin-
Jones concluded, “In order to ensure more congruence between intended and
implemented curricula, developers should put more effort into determining and
considering existing teacher belief structures before developing new curricula” (1991,
p.248). Haney, Czerniak, and Lumpe (1996) determined that most powerful component
of reform may be the opportunity to experience success with inquiry-based teaching.

However, although the teachers in this study believed in the inquiry-based
practices learned in the MCE Program and were willing to implement it, they felt
constrained by the mandate to follow the school district’s core curriculum and pacing
schedule. This resulted in a struggle to balance their own beliefs with the culturally
sanctioned beliefs of the educational system.

The interaction with cultural factors strongly influences the nature of classroom
practice and moves it in the direction unintended by the reform-practices. It is reported
that teachers with a strong knowledge base and equally strong belief in reform-based
practices, similar to some teachers in this study, when confronted with the conditions
present in their urban classrooms ended up compromising their beliefs and taught in
traditional ways (Powell, 1997). Therefore, reform efforts must be redesigned so that they
are amenable to being transformed into learner centered (andragogical) practices, ‘in the

context of classroom practice’.
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Additionally, good quality professional development, such as the MCE Program,
is sustained and develops deep knowledge of content and inquiry-based practices, a far
cry from the one-shot deals of former years. However, this progress in the professional
development design has only resulted in ‘activating’ teacher learning and raising it to
high levels, as has happened with the teachers in the present study who feel they have the
depth of knowledge as a result of participating in the MCE Program, and are empowered
to implement the reform-based methods. What has not occurred, causing a lack of
implementation of the practices in the urban high school classrooms, is how to enable the
teachers with the requisite knowledge and skills to ‘deliver’ these practices in the context
of their practice on a daily basis, i.e. how to promote a culture of reform-based practices
in their diverse classrooms. This should be the next challenge effective professional
development programs have to tackle, to make the recommendations of reform a reality
in urban classrooms. It is also one of the recommendations stemming from this study.
Again, a growing body of literature exists in this area (Engestrom, 1998; Horn, 2005).

As some teachers in the study suggest, even the best prepared teachers will not be
able to deliver if the local administration is not supportive, class sizes are large, the
resources are lacking, there are classroom management issues, and other competing
priorities, such as the core curriculum and the pacing schedule in the school district under
consideration (Henningsen & Stein, 1997; McLaughlin & Talbert, 1993; Olmedo, 1997,
Peterson, 1990; Sarason, 1982; Stylianides & Stylianides, 2008; Sykes, 1990). As
Darling-Hammond points out, “teachers will gear their teaching methods and strategies to
the type of performance elicited by standardized tests, particularly when the tests are the

basis for important decisions about students or schools (Bussis, 1982; Darling-Hammond
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& Wise, 1985; Goodlad, 1984; Haney & Madus, 1986). The more immediate pressure
will necessarily win out. The framework will have to fit in around the edges” (p. 343).

The above discussions raise the broader question, if the goals of reform can ever
be realized in the context of classrooms, an occurrence that has eluded the practitioners of
science education for several decades. Here it is fitting to revisit why the pursuit of this
elusive dream is important to science educators.

The concept of inquiry-based science teaching gained currency as Schwab (1962)
opposed the traditional teaching of science as a, ‘rhetoric of conclusions’. His vision of
school science curriculum was one that “more accurately represented the scientific
endeavor as engaged in by practicing scientists, including active questioning and
investigation” (Wallace & Kang, 2004, p. 939). The idea of students emulating the
behavior of practicing scientists by “posing questions, designing experiments, collecting
data, and drawing conclusions has been almost universally appealing and at the same
time very difficult to implement in the classroom” (Wallace & Kang, 2004, p. 939).
Despite decades of investment in this pursuit, this practice is far from being prevalent in
classrooms (Singer, Hilton, & Schweingruber, 2005). The most recent reform movement,
spearheaded by the National Science Education Standards breathed a new life in to the
idea by making it the centerpiece of its agenda and declaring inquiry as the “Central
strategy for teaching science”(NRC, 1996, p.31), along with equity and excellence. Mary
Kennedy (2006) in her insightful book “Inside Teaching: How Classroom Life
Undermines Reform” offers several reasons as to why the conditions in a classroom are
inherently not conducive to the practice of the ‘esoteric’ reform-based methods. Although

her work examined the reasons for failure of reform in elementary schools, these reasons
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are equally relevant in an urban high school context, find a very responsive chord in the
findings and conclusions of this research study, and therefore are an important part of the
implications for practice.

1. Teachers encounter repeated distractions in their classrooms resulting in the
avoidance of “teaching difficult content to begin with, so that nothing is lost when
distractions occur” (p. 232).

2. Teachers are always pressed for time and have to juggle a variety of tasks,
giving the impression that “educational institutions do not provide tranquil or reliable
working environments for either teachers or students” (p. 232).

3. The experiments or group projects advocated by reformers are very difficult to
coordinate compared to seat work, and “often actually reduce attention to the lesson’s
most important idea” (p. 232).

The solutions to all of the above problems are beyond the control of teachers.
These are institutional problems. Unless the institution resolves to do something about it,
the conditions will remain non-conducive to the implementation of reform practices.

Further, Kennedy (2006) maintains that in its zeal to encompass everything, the
reform ideals “conflict with one another, forcing teachers to choose between, say,
universal access and intellectual engagement” (p. 234), or “lesson momentum and
covering content within scheduling constraints” (p.234). Additionally, some of the “non
negotiable circumstances of teaching” (p. 234) are that “students are novice thinkers and
are highly likely to veer off in unanticipated directions, physically active, quickly bored,
and frequently restless” (p.234). Students are not adult practicing scientists (who already

have a considerable knowledge base therefore their questions tend to be in focused
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directions) whose methods are to be implemented in the chaotic classroom environments.
Therefore, if the reformers want the practices to be realized, they must be cognizant of
the classroom constraints, adaptability of reform practices under these constraints,
support the teachers in realizing the reform practices, and adapt the practices to suit the
context.

Recommendations

Four types of recommendations are offered in this section: 1) recommendations
for further research arising from this study, 2) recommendations related to the
enhancement of the MCE Program or the professional development practices, 3)
recommendations related to systemic factors in the context of practice, and 4)
recommendations related to increasing the adaptability of reform practices in high school
classrooms.

Recommendations for further research arising from this study:

Some connection was indicated between the teacher’s level of implementation of
the practices and year of graduation from the program. A correlational study between
these variables may show if they are related, and may lead to recommendations for
appropriate corrective action.

1. It will be interesting to conduct a similar study of suburban teachers from
matched cohorts, to see the similarities and differences in the two contexts of practice.
This study will be useful in shedding light on how teachers exposed to the same content
and practices in the MCE Program implement and adapt based on the contexts of their

practice.
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2. One of the puzzling findings in this study was the high level of implementation
that the teachers attributed to their practices on the survey, perhaps to be socially
desirable. One of the ways social desirability effects are reduced in the literature is by
changing the questions on the survey from direct to indirect. This change may be
successful in eliciting a more realistic response from the participants, and may contribute
towards providing an explanation for the puzzling finding.

3. In this study, the teacher concerns were ascertained once, at the beginning of
the study. A more common method is to administer the concerns survey both at the
beginning and at the end of the study to see if the teachers’ concerns had shifted in the
duration of the study. Analysis of this additional data has the potential to enrich the
knowledge base for conditions conducive or inhibitory to the implementation.
Recommendations related to the enhancement of the MCE Program or the professional
development practices:

Based on this research, several gaps need to be filled in the MCE Program or any
in-service professional development program whose goal is to activate (to a high level)
the reform-based practices in the practitioners and to deliver (to a high level) the same in
their high school classrooms. The recommendations are divided into 3 stages, before,
during, and after the enrollment in the program, and the corresponding actions that need
to be taken at each stage are described below.

Before the enrollment in the program:

1. The primary motivation for participating in the MCE Program for the majority
of teachers in the study was a tuition free Master’s degree from a prestigious University

and this higher qualification translating in to an upward movement on the salary scale.
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Any idea of changing their teaching methods to reform-based, or even an awareness of
such a need, was far from their minds, if it existed. This, in combination with other
factors, could have been a contributory factor in the low level of implementation of
reform-based practices in the classrooms. Therefore, if the purpose of the professional
development program is to promote reform-based methods in the classrooms of teachers,
it is imperative that the teachers’ prior knowledge and beliefs on the matter be explored
before admittance in the program, since beliefs determine actions (Nespore, 1987;
Pajares, 1992). Based on this exploration, the starting point for the concerned teachers
will be either to reinforce the existing belief structures or to turn them in a new direction.

2. The teachers in the study decided individually to enroll in the Program. As a
result, four out of six teachers were the only graduates of the program in their respective
schools. They expressed the need for collaboration with other practitioners, and how this
could have improved their level of implementation (Fullan & Steigelbauer, 1991). In
future, teams of teachers rather than an isolated teacher should be accepted from the
schools. For this to happen, the school community must be involved and deem the
professional development worthwhile for its goals. Additionally, in small high schools,
typically there is one chemistry teacher and this teacher must be found a suitable team
mate with opportunities for regular interaction.

3. Administrators from the schools must be involved, so that they understand the
reform-based methods, why is it important to implement these, i.e., they need to
experience a paradigm shift (if necessary), and are supportive of the practicing teachers
(Nelson, 1997). This is taking place in the reform-based professional development

program for middle school teachers run by the host University.

306



4. Enlist the support of school administration to ensure adequate resources, such
as materials, equipment, planning time, and double laboratory period to afford sufficient
time to conduct inquiry labs are available and scheduled (Spillane, 1998).

During the enrollment in the program:

The most important way this professional development program (learning to
implement the reform-based practices in their respective classrooms) is different from
others is that it is transformative, rather than additive (an extension of existing
structures). It must address two aspects of teachers’ abilities to achieve the goal: 1)
activation, which involves building the teachers’ knowledge and skills to conduct reform-
based practices, and 2) delivery, which involves practicing the acquired abilities in their
classroom contexts, reflecting, and refining to improve the practice. As very clearly
delineated by Thompson and Zeuli (1999), it is a four step approach.

1. Creation of a “sufficiently high level of cognitive dissonance” (Thompson &
Zeuli, 1999, p. 355) that disrupts the teachers’ associations of current beliefs and
practices with subject matter, teaching and learning (Nelson & Hammerman, 1994)
through deliberate interventions. In other words, teachers need to be presented with
strong enough reasons to change their practices and internalize the need for change, and
the resolution of the dissonance through discussion, reading, and related activities. Time,
contexts, and support to think through the dissonance are essential here.

2. “Ensure that dissonance-creating and dissonance-resolving activities are
connected to the teachers’ own students and contexts, or something like them”

(Thompson & Zeuli, 1999, p. 356). The presence of the teachers’ contexts of practice (the
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classrooms) is crucial, otherwise the exercise is “like trying to learn to swim on a
sidewalk” (Ball & Cohen, 1999, p. 12).

3. Although conceptual understanding of subject matter is essential, it is not
sufficient for teaching. Professional development must help teachers develop classroom
practices consistent with the conceptual understanding of the content, in the process of
teaching, not isolated from it (Huberman, 1995). This is an iterative or cyclical process.

4. Provide continuing help to teachers as the cyclical process of; new problems
arising in the context of classroom practice, development of new understandings from
these, and the translation of new understandings in to corresponding practices, continues.

After the enrollment in the program:

In keeping with the intent of the statement “Professional development for a
teacher of science is a continuous, lifelong learning process” (NRC, 1996, p.57), the
professional development of teachers must be sustained even after the enrollment in the
program ends. The sustenance can take many forms such as networking among the
participants and providers, development of a collaborative culture in the school,
partnership with institutions of higher learning, and membership and participation in
professional organizations. The school needs to play its part in crystallizing a learning
organization by aligning its resources and evaluation practices etc. to support the
propagation of reform-based practices in its classrooms.

Recommendations related to systemic factors in the context of practice:

Teachers in this study provided some of the reasons for not implementing the

practices in their classrooms as: there wasn’t a push from the administration, they did not

care about it, other things needed to be done, school district’s emphasis on testing,
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administrators only cared about students’ success on benchmark tests, lack of
materials/equipment etc. As the reform documents point out (AAAS, 1990: NRC, 1996),
implementation of reform-based methods requires a systemic change that includes an
alignment of teachers’ sustained professional development, policies at various levels,
administrative support, and adequate resources. Policies include teachers’ supervision
and evaluation. If teachers’ evaluation is not based on the implementation of reform
practices but other factors such as test scores, there is little likelihood that the
implementation of reform practices in the classrooms will occur (Darling-Hammond,
1990). If it is important to implement the reform-based practices (school district’s
curriculum espouses inquiry-based methods), policies, supports, and resources need to be
examined to ensure that the intent is realized in practice in the classrooms.
Recommendations related to the adaptations of reform-based practices in high school
classrooms:

It is not sufficient to demand that teachers adopt the methods of practicing
scientists in their classrooms. Teachers must be enabled to understand the reform ideas,
intent, and practices. Further, if reform methods are to be implemented in the high school
classrooms, experienced science educators (at high school and university levels) along
with science education researchers need to collaboratively explore and provide guidance
on how this can be achieved given the variety of constraints present in urban high school
classrooms and the characteristics of students (Kennedy, 2005).

Research on “a systematic understanding of patterns of practice in classrooms

where teachers are trying to enact reform” (Spillane and Zeuli, 1999, p. 20) and the role
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played by contextual/other factors is necessary to help shape the feasibility of
implementation of reform methods in classrooms.

Teachers and researchers should work together, in the process of developmental
research. During this collaboration the teacher-researcher team should develop context
specific theories that shed light on how the reform-based methods map on to the real
classrooms. The focus of conversations should be centered on “where there is a need for
translation and where there are unrealistic assumptions” (Olson, 1981, p. 272)-the
assumptions of adequacy of reform methods or inadequacy of traditional methods-
whereby both dialectically assist each other. Once common patterns are discerned in the
context specific theories, broader and encompassing theories of implementation of
reform-based practices may emerge (Lijnse, 1995).

Five of the six teachers in the study believed that their students were unprepared
and/or unwilling to engage in student-centered inquiry methods, the quintessential
methods of the reform movement in science and those of practicing scientists. Possibly,
the prevalent deeply entrenched teacher-centered traditional practices are the cause of this
disengagement. Therefore, an important avenue for research towards implementation of
reform methods will be to explore the root causes of student disengagement in urban
classrooms and how to reorient it into practices more conducive to the reform-based

methods.

310



REFERENCES

Abd-El-Khalick, F., & Akerson, V. (2004). Learning as conceptual change: Factors
mediating the development of preservice elementary teachers’ views of nature of
science. Science Education, 88, 785-804.

Abd-El-Khalick, F., & Lederman, N. (2000). Improving science teachers’ perception of
nature of science: A critical view of the literature. International Journal of
Science Education, 22, 665-701.

Abraham, M.R. (1997). Research matters to the science teacher: The learning cycle
approach to science education (no. 9701). Reston, VA: National Association for
Research on Science Teaching.

Adamson, A.E., Banks, D., Burtch, M., Cox III, F., Judson, E., Turley, J.B., Benford, R.
& Lawson, A.E. (2003). Reformed undergraduate instruction and its subsequent

impact on secondary school teaching practice and student achievement. Journal of
Research in Science Teaching 40 (10), 939-958.

Aikenhead, G.S. (1996). Science education: Border crossing into the subculture of
science. Studies in Science Education, 27, 1-52.

Aikenhead, G.S. (1997). Toward a First Nations cross-cultural science and technology
curriculum. Science Education, 81, 217-238.

Aikenhead, G.S. (2001). Integrating Western and Aboriginal sciences: Cross-cultural
science teaching. Research in Science Education, 31(3), 337-355.

Aikenhead, G.S. (2006). Science education for everyday life: Evidence-based practice.
New York: Teachers College Press.

Aikenhead, G.S., & Lewis, B.F. (2001). Introduction: Shifting perspectives from
universalism to cross-culturalism. Science Education, 33, 821-838.

Aldridge, B.G. (1989, January/February). Essential changes in secondary school science:
Scope, sequence and coordination. NSTA Reports, 4-5.

Alexander, P.A., & Murphy, P.K. (1998). The research base for APA’s learner-centered
psychological principles. In N.M. Lambert & B.L. McCombs (Eds.), Issues in
school reform: A sampler of psychological perspectives in learner-centered
schools (pp. 25-60). Washington, DC: The American Psychological Association.

Alexander, P.A., Schallert, D.L., & Hare, V.C. (1991). Coming to terms: How
researchers in learning and literacy talk about knowledge. Review of Educational
Research, 61, 315-343.

Alexopoulou, E., & Driver, R. (1996). Small group discussion in Physics: Peer
interaction modes in pairs and fours. Journal of Research in Science Teaching,
33(10), 1099-1114.

Alger, T.D. & Bahi, S. (2004). An experiment in improving scores on ACS Course-
specific examinations at Southern Utah University, 5(2), Winter, 7.

311



Allen, M.B. (2003). Eight questions on teacher preparation: What does the research say?
Denver, CO: Education Commission of the States.

American Association for the Advancement of Science (AAAS) (1990). Science for all
Americans: Project 2061 report on literacy goals in science, mathematics, and
technology. New York: Oxford University Press.

American Association for the Advancement of Science (AAAS) (1993). Benchmarks for
Science Literacy (project 2061). New York: Oxford University Press.

American Federation of Teachers (AFT) (2002). Principles for professional development:
AFT’s guidelines for creating professional development programs that make a
difference, 1-12. Item # 39-0176. Washington, DC.

Anderson, C. W. (1989). The role of education in the academic disciplines in teacher
education. In A.E. Woolfolk (Ed.), Research perspectives on the graduate
preparation of teachers (pp. 88-107). Englewood Cliffs, NJ: Prentice Hall

Anderson, J.R. (1983). The architecture of cognition. Cambridge, MA: Harvard
University Press.

Anderson, J.R., Greeno, J.G., Reder, L. M., & Simon, H.A. (1997). Perspectives on
learning, thinking, and activity. Educational Researcher, 29(4), 11-13.

Anderson, O.R. (1997). A neurocognitive perspective on current learning theory and
science instructional strategies. Science Education, 81, 67-89.

Anderson, R.D. (1994). Issues of curriculum reform in science, mathematics, and higher
order thinking across disciplines. DIANE Publishing, Washington, DC. ERIC #
ED368064.

Anderson, R.D. (1998). The research on teaching as inquiry. Commissioned paper
prepared for the Center for Science, Mathematics and Engineering Education at
the national Research Council. Washington, DC.

Anderson, R.D. (2002). Reforming science teaching: What research says about Inquiry.
Journal of Science Teacher Education, 13(1), 1-12.

Anderson, R.D. & Helms, J.V. (2001). The ideal of standards and the reality of schools:
Needed research. Journal of Research in Science Teaching, 38, 3-16.

Anderson, S.E. (1997). Understanding teacher change: Revisiting the concerns based
adoption model. Curriculum Inquiry, 27, 331-367.

Arons, A. (1990). A guide to introductory physics teaching. Wiley: New York.

Atwater, M. M. (1994). Research on cultural diversity in the classroom. In D. Gabel
(Ed.), Handbook of research on science teaching and learning (pp. 558-576).
New York: Mcmillan.

Atwater, M. M. (1996). Social constructivism: Infusion into the multicultural science
education research agenda. Journal of Research in Science Teaching, 33, 821-
838.

Atwater, M.M. (1998). Science literacy through the lens of critical feminist perspective
frameworks. Journal of Research in Science Teaching, 35(4), 375-377.

312



Atwater, M., Wiggins, J., & Gardner, C. (1995). A study of urban middle-school students
with high and low attitudes towards science. Journal of Research in Science
Teaching, 32 (6), 665-677.

Ayers, B., & Price, O. (1985). Children’s attitudes toward science. School Science and
Mathematics, 75, 457-460.

Bakhurst, D., & Sypnowich C. (1995). Introduction: Problems of the social self. In D.
Bakhurst, & C. Sypnowich, (Eds.), The social self (pp. 1-17). London, UK: Sage.

Ball, D.L. (Fall, 1990). Reflections and Deflections of Policy: The Case of Carol Turner.
Educational Evaluation and Policy and Analysis, 12(3), 247-259.

Ball, D.L. (1998). Unlearning to teach mathematics. For the Learning of Mathematics 8
(1), 40-48.

Ball, D.L., & Cohen D.K. (1999). Developing practice, developing practitioners: Toward
a practice-based theory of professional education. In L. Darling-Hammond & G.
Sykes (Eds.), Teaching as the learning profession: Handbook of policy and
practice (pp.1-32). San Francisco, CA: Jossey-Bass Publishers.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Englewood Cliffs, NJ: Prentice —Hall.

Banerjee, A.C. (1991). Misconceptions of students and teachers in chemical equilibrium.
International Journal of Science Education, 13 (4), 487-494.

Banilower, E.R. (2000). Local systemic change through teacher enhancement: A
summary of project efforts to examine the impact of the LSC on student
achievement. Chapel Hill, NC: Horizon Research, Inc.

Banilower, E.R., Boyd, S.E., Paslay, J.D., & Weiss, [.LR. (2005). Lessons from a decade
of mathematics and science reform: A capstone report for the local systemic
change through teacher enhancement initiative. Chapel Hill, NC: Horizon
Research, Inc.

Barr, R.B., & Tagg, J. (1995). From teaching to learning-a new paradigm for
undergraduate education. Change, 27(6), 13-25.

Barton, A.C. (1998a). Feminist science education. New York: Teachers College Press.

Barton, A.C. (1998b). Teaching science with homeless children: Peadgogy,
representation, and identity. Journal of Research in Science teaching, 35, 379-
394.

Barton, A.C. (1998c). Reframing “science for all” through the politics of poverty.
Educational Policy, 12, 525-541.

Barton, A.C. (2000). The culture of power and science education: Learning from Miguel.
Journal of Research in Science Teaching, 37(8), 871-889.

Barton, A.C. (2001). Science education in urban settings: Seeking new ways of praxis
through critical ethnography. Journal of Research in Science Teaching, 38(8),
899-917.

313



Barton, A.C., & Darkside, (2000). Autobiography in science education: Greater
objectivity through local knowledge. Research in Science Education, 30, 23-42.

Barton, A.C., & Tobin, K. (2001). Preface: Urban science education. Journal of Research
in Science Teaching, 38(8), 843-846.

Basista, B. & Mathews, S. (2002). Integrated science and mathematics professional
development programs. Integrated Science and Mathematics, 102 (7), 359-70.

Basu, S.J., & Barton, A.C. (2007). Developing a sustained interest in science among
urban minority youth. Journal of Research in Science Teaching, 44 (3), 466-489.

Batista, M.T. (1994). Teacher beliefs and the reform movement in mathematics
education. Phi Delta Kappan, 75, 462-470.

Baxter, J., Richert, A.E., & Saylor, C. (1985). Content and process in biology
(Knowledge Growth in a Profession Publication Series). Stanford, CA: Stanford
University, School of Education.

Beane, J.A. (1995). Curriculum integration and the disciplines of knowledge. Phi Delta
Kappan 76(8), 616-622.

Beck, J.A., & Lumpe, A.T. (1996). Teachers’ beliefs and the implementation of personal
relevance in the classroom. Paper presented at the Annual Meeting of The
Association for the Education of Teachers in Science, 7-10 January, Seattle, WA.

Becker, H.J. & Riel, M.M. (1999, September). Teacher professionalism and the
emergence of constructivist-compatible pedagogies. (Teaching, Learning, and
Computing-1998 National Survey, Special Report). Irvine, CA: Center for
Research on Information Technology and Organizations, University of California,
Irvine.

Becker, J. & Varelas, M. (2001). Piaget's early theory of the role of language in
intellectual development: A response to DeVries' Piaget's social theory.
Educational Researcher, 30(6), 22-23.

Beisenherz, P.C., & Dantonio, M. (1991). Preparing secondary teachers to study science
teaching. Journal of Science Teacher Education, 2(2), 40-44.

Benfey, O.T. (Ed.) (1964). Chemical systems: Prepared by Chemical Bond Approach
project. Earlham College Press.

Bennet, N., & Carre, C. (Eds.) (1993). Learning to teach. London: Routledge.

Ben-Peretz, M. (1990). The teacher-curriculum encounter: Freeing teachers from the
tyranny of texts. Albany, NY: SUNY Press.

Benson, C. (1995). Ireland’s low 1Q: A critique. In R. Jacoby & N. Galuberman (Eds.),
The bell curve debate (pp. 222-233). New York: Times Books.

Berk, L. (2002). Child Development, (5™ ed). Boston, MA: Allyn and Bacon.
Berlak, A., & Berlak, H. (1981). Dilemmas of schooling. New York: Methuen.

Berry, J., & Sahlberg, P. (1996). Investigating pupils’ ideas of learning. Learning and
Instruction, 6 (1), 19-36.

314



Bettencourt, A. (1995). The construction of knowledge: A radical constructivist view. In
K. Tobin (Ed.), The practice of constructivism in science education (pp. 39-50).
Washington, DC. AAA Press.

Bianchini, J.A., & Kelly, G.J. (2003). Challenges of standards-based reform: The
example of California’s science content standards and textbook adoption process.
Science Education, 87, 378-389.

Bird, M.D. & Weller, H.G. (March, 1997). Cultures in conflict: The role of teacher
knowledge in inquiry science lessons. Paper presented at the annual meeting for
the National Association of Research in Science Teaching, Chicago, IL.

Birk, J.P., & Kurtz, M.J. (1999). Effect of experience on retention and elimination of
misconceptions about molecular structure and bonding. Journal of Chemical
Education, 76, 124-128.

Blanck, G. (1990). Vygotsky: The man and his cause. In L.C. Moll (Ed.), Vygotsky and
education: Instructional implications and applications of socio-historical
psychology (pp. 31-58). Cambridge: Cambridge University Press.

Blasie, C.W., Milne, C., & Dai, H. (January 23, 2001). Inquiring into teaching and
learning of science: An initiative from a research university. University of
Pennsylvania Almanac, 47(19).

Blasie, C., & Palladino, G. (2005). Implementing the Professional Development
Standards: A Research Department’s Innovative Master’s Degree Program for
High school Chemistry Teachers. Journal of Chemical Education, 82(4), 567-570.

Blumenfeld, P.C., Marx, R.W., Krajcik, J., & Soloway, E. (1996). Learning with peers:
From small group cooperation to collaborative communities. Educational
Researcher, 25 (8), 37-40.

Blumenfeld, P.C., Marx, R.W., Patrick, H., Krajcik, J., & Soloway, E. (1997). Teaching
for understanding. In B.J. Biddle, T.L. Good, & L.F. Goodson (Eds.), The
International Handbook of Teachers and Teaching, Volume Il (pp. 819-878).
Dordrecht, Netherlands: Kluwer.

Bodley, J. (2000). Cultural anthropology: tribes, states, and the global system (3™ ed.).
Mountain View, CA: Mayfield Publishing Co.

Bodner, G.M.(1986). Constructivism: A theory of knowledge. Journal of Chemical
Education, 63, 873-878.

Bodner, G.M., Klobuchar, M., & Geelan, D. (2001). The many forms of constructivism.
Journal of Chemical Education, 78, 1107.

Bogdan, R.C. and Biklen, S.K. (1998). Qualitative Research in Education: An
introduction to Theory and Methods. Boston: Allyn and Bacon.

Bohardt, C. (1975). Attitudes toward process-based science instruction held by students
and teachers in grades four through eight. Dissertation Abstracts International,
3512, 7631A.

315



Borko, H., Brown, C. A., Underhill, R. G., Eisenhart, M., Jones, D., & Agard, P. C.
(1993). To teach mathematics for conceptual or procedural knowledge? A
dilemma of learning to teach in the New World Order of mathematics education
reform. Journal for Research in Mathematics Education, 24 (2), 2-23.

Borko, H., Peressini, D., Romagnano, L., Knuth, E., Yorker, C., Wooley, C., Hovermill,
J., & Masarik, K. (2000). Teacher education does matter: A situative view of
learning to teach secondary mathematics. Educational Psychologist, 35, 193-206.

Borko, H., & Putnam, R.T. (1995). Expanding a teacher’s knowledge base: A cognitive
psychological perspective on professional development. In T.R. Guskey and M.
Huberman (Eds.), Professional development in education: new paradigms and
practices (pp. 35-66). New York: Teachers College Press.

Borko, H., & Putnam, R.T. (1996) Learning to teach. In D.C. Berliner & R.C. Calfee
(Eds.), Handbook of Educational Psychology (pp. 673-708). New York: Simon
and Schuster MaMillan.

Bossert, S.T. (1998). Cooperative activities in the classroom. Review of Research in
Education, 15, 225-250.

Bouillion, L.M. & Gomez, L.M. (2001). Connecting school and community with science
learning: Real world problems and school-community partnerships as contextual
scaffolds. Journal of Research in Science Teaching, 38(8), 878-898.

Bourdieu, P. (1977). Outline of a theory of practice. Cambridge: Cambridge University
Press.

Bourque, L.B. & Fielder, E. P. (2003). How to conduct self-administered and mail
surveys (2™ ed.). Thousand Oaks, Ca: Sage Publications.

Bowman, M. A. (1997). Metaphors we teach by: Understanding ourselves as teachers
and learners. http: /www.podnetwork.org. Retrieved 4/4/09.

Brainerd, C. J. (1978). Piaget's Theory of Intelligence. New Jersey: Prentice Hall, Inc.

Bransford, J.D., Brown, A.L., & Cocking, R.R. (Eds.). (2000). How People Learn: Brain,
mind, experience, and school. Washington, DC: National Academy Press.

Bretz, S.L. (2002). Implementing the professional development standards: An innovative
M.S. degree for high school chemistry teachers. Journal of Chemical Education,
79(11), 1307-1309

Brewer, J., & Hunter, A. (1989). Multimethod Research: A synthesis of styles. Newbury
ark, CA: Sage Publications.

Brickhouse, N. (1994). Bringing in the outsiders: Reshaping the science of the future.
Curriculum Studies, 26(4), 401-416.

Brickhouse, N.W. (1990). Teachers’ beliefs about the nature of science and their
relationship to classroom practice. Journal of Teacher Education, 41(3), 53-62.

Brickhouse, N.W., Lowery, P.A., & Schultz, K. (2000). What kind of a girl does science?
The construction of school science identities. Journal of Research in Science
Teaching, 37, 441-458.

316



Brickhouse, N.W., & Porter, J.T. (2001). Young women’s science identity formation in
urban context. Journal of Research in Science Teaching, 38(8), 965-980.

Brookfield, S. (1986). Understanding and facilitating adult learning. San Francisco, CA:
Jossey-Bass.

Brooks, J. G., & Brooks, M. G. (1993). In Search of Understanding: The Case for
Constructivist Classrooms. Alexandria, VA: ASCD - Association for Supervision
and Curriculum Development.

Brophy, J. (1997). Effective teaching. In H.J. Walberg & G. D. Haertle (Eds.),
Psychology and educational practice (pp. 212-232). Berkeley, CA: McCutchan.

Brophy, J., & Good, T.L. (1986). Teacher behavior and student achievement. In M.C.
Wittrock (Ed.), Handbook of research on teaching (3™ ed., pp. 328-375). New
York: Macmillan.

Brown, A. L. (1997). The advancement of learning. In H.J. Walberg & G. D. Haertle
(Eds.), Psychology and educational practice (pp. 233-256). Berkeley, CA:
McCutchan.

Brown, A. L., & Campione, J.C. (1990). Communities of learning and thinking, or A
context by any other name. In D. Kuhn (ed.), Contributions to Human
Development 21,108-125.

Brown, A.L. & Campione, J.C. (1994). Guided discovery in a community of learners. In
K. McGilly (Ed.). Classroom lessons: Integrating cognitive theory and classroom
practice (pp. 229-270). Cambridge, MA: MIT Press/Bradford Books.

Brown, A.L., Ash, D., Rutherford, M., Nakagawa, K., Gordon, A., & Campion, J.C.
(1993). Distributed expertise in the classroom. In G. Solomon (Ed.), Distributed
cognitions: Psychological and educational considerations (pp. 188-228).
Cambridge: Cambridge University Press.

Brown, C.A., & Borko, H. (1992). Becoming a Mathematics Teacher. In D.A. Grouws
(Ed.), Handbook of Research on Mathematics Teaching and Learning (pp. 209-
239). New York: Macmillan Publishing.

Brown, J.S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of
learning. Educational Researcher, 18 (1), 32-42.

Brown, L. (Ed.). (2004). The state of the world 2004. London: Earthscan Publications.

Brown, S.L. & Melear, C.T. (2006). Investigation of secondary science teachers’ beliefs
and practices after authentic inquiry-based experiences. Journal of Research in
Science Teaching, 43(9), 938-962.

Bruer, J. (1994). Schools for thought. Cambridge, MA: MIT Press.

Bruner, J. (1987). Prologue to the English edition. In L.S. Vygotsky. Collected works
(vol.1) (pp. 1-16) (R. Rieber & A. Carton, Eds.; N Minick, Trans.). New York:
Plenum.

317



Bryan, L.A., & Abell, S.K. (1999). Development of professional knowledge in learning
to teach elementary science. Journal of Research in Science Teaching, 36, 121-
140.

Bryk, A. (1988). Musings on the moral life of schools. American Journal of Education,
96, 256-290.

Bullough, R.V. Jr. (1990). Supervision, mentoring, and self-discovery: A case study of a
first-year teacher. Journal of Curriculum and Supervision, 5, 338-360.

Bullough, R. V., Jr., & Baughman, K. (1997). ‘First year teacher’ eight years later: An
inquiry into teacher development. New York: Teachers College Press.

Bureau of Labor Statistics, Office of Occupational Statistics and Employment
Projections. (2003). Occupational outlook handbook (2002-03 ed.). Washington,
DC: U.S. Department of Labor. http://www.bls.gov/oco/print/0c0o2003.htm
[Retrieved 1/23/07].

Burkham, D.T., Lee, V.E., & Smerdon, B.A. (1997). Gender and science learning early in
high school: Subject matter and laboratory experiences. American Educational
Research Journal, 34(2), 297-331.

Bussie, A.M. (1982). ‘Burn it at the casket’: Research reading instruction, and children’s
learning of the first R. Phi Delta Kappan, 64, 237-241.

Byrnes, B. (2001), (2" ed.). Cognitive Development and learning in instructional
contexts. Boston, MA: Allyn & Bacon.

Calderhead, J., & Robson, M. (1991). Images of teaching: Student teachers’ early
conceptions of classroom practice. Teaching and Teacher Education 7, 1-8.

Callahan, R.E. (1964). Education and the cult of efficiency. Chicago, IL: The University
of Chicago Press.

Campbell, J.R., Hombo, C.M., & Mazzo, J. (2000). NAEP 1999 trends in academic
progress (NCES 2000-469). Washington, DC: U.S. Department of Education,
National Center for Education Statistics.

Candy, P.C. (1991). Self-direction for lifelong learning. San Francisco, CA: Jossey-Bass.

Cannon, R., & Simpson, R. (1985). Relationships among attitude, motivation, and
achievement of ability grouped, seventh grade, life science students. Science
Education, 69, 121-138.

Caravita, S., & Hallden, O. (1994). Re-framing the problem of conceptual change.
Learning and Instruction, 4, 89-111.

Carey, S. (1985). Conceptual change in childhood. Cambridge, MA: MIT Press.

Carey, S., & Gelman, R. (1991). The epigenesis of mind: Essays on biology and
cognition. Mahwah, NJ: Lawrence Earlbaum Associates.

Carlsen, W. S. (1988). The effect of science teacher subject matter knowledge on teacher
questioning and classroom discourse. Unpublished doctoral dissertation. Stanford
University, CA.

318


http://www.bls.gov/oco/print/oco2003.htm

Carlsen, W. S. (1991). Subject-matter knowledge and science teaching: A pragmatic
perspective. In J.E. Brophy (Ed.) Advances in Research on Teaching, Vol. 2
(pp.115-186). Greenwich, CT: JAL

Carlsen, W.S. (1999). Domains of teacher knowledge. In J. Gess-Newsome & N.G.
Lederman (Eds.), Examining Pedagogical Content Knowledge: The Construct
and its Implications for Science Education (pp. 133-144). Dordrecht, Netherlands:
Kluwer Academic Publishers.

Carnegie Forum on Education and the Economy. (1986). A nation prepared: Teachers for
the 21st century. Washington, D.C.: The Task Force on Teaching as a Profession.
ED 268 120.

Carpenter, T.P., and Lehrer, R. (1999). Teaching and learning Mathematics with
understanding. In E. Fennema, & T.A. Romberg (Eds.), Classrooms that promote
mathematical understanding (pp.19-32). Mahwah, NJ: Earlbaum.

Carroll, J.B. (1963). A model of school learning. Teachers College Record, 64, 723-733.

Carspecken, P.F., & Apple, M. (1992). Critical qualitative research: Theory,
methodology, and practice. In M.D. LeCompte, W.L. Millroy, & J. Preissle
(Eds.), Handbook of qualitative research in education (pp. 507-553). San Diego:
Academic Press.

Carter, L. (2004). Thinking differently about cultural diversity: Using postcolonial theory
to (re)read science education. Science Education, 88(6), 819-836.

Carter, L. (2005). Globalization and science education: Rethinking science education
reform. Journal of Research in Science Teaching, 42(5), 561-580.

Carter, L. (2006). The challenges of postcolonialism to science education. Educational
Philosophy and Theory, 38(5), 677-692.

Carter, L. (2007). Sociocultural influences on science education: Innovation for
contemporary times. In J.W. Bloom, & D. Trumbull (section coEds.) Issues &
Trends (pp. 1-17), DOI 10.1002/sce. 20228. www.interscience.wiley.com.

Cavanagh, S. (June 7, 2006). NAEP Scores Show Few Budding Scientists. Educ. Week,
25(39), 5-16.

Cavanagh, S. (2007, December 4). U.S. students fall short in math and science. Education
Week , 27, pp. 1-2.

Center for Applied Research and Educational Improvement (CAREI), University of
Minnesota (2000). NSF-Statewide Systemic Initiatives Evaluation — Project
Summary. Retrieved January 25, 2007 from
http://education.umn.edu/CAREI/Programs/default.html

Center for the Study of Teaching & Policy. (1998). Policy and excellent teaching: Focus
for a national research center. Seattle, WA: Center for the Study of Teaching &
Policy.

319


http://www.interscience.wiley.com/

CEO Forum on Education and Technology. (2001). Key building blocks for student
achievement in the 21st century: Assessment, alignment, accountability, access,
analysis (Year 4 Report). Washington, DC: Author.
http://ceoforum.org/downloads/report4.pdf [Retrieved 1/25/07].

Champagne, A.B., & Bunce, D. (1991). Learning Theory Based Science Teaching. In S.
Glynn, Yearny, R., & Britton, B. (Eds.), Psychology of Learning Science (pp. 21-
41). NJ: Lawrence Earlbaum Associates.

Champagne, A. B., Klopfer, 1. E., Desena, A. T., & Squires, D. A. (1981). Structural
representations of student’s knowledge before and after science instruction.
Journal of Research in Science Teaching, 18(2), 97-111.

Chaney, B. (1995). Student outcomes and the professional preparation of eighth-grade
teachers in science and mathematics: NSF/ NELS. Rockville, MD: Westat.

Chang, H. (1998). The nature and assessment of teaching competency in apprentice
science teachers. Paper presented at annual meeting of the National Association
for Research in Science Teaching, San Diego. Eric No. ED418871.

Chao, E. (2001). Report on the American workforce: Message from the Secretary of
Labor. U.S. Department of Labor, Burecau of Labor Statistics.
http://stats.bls.gov/opub/rtaw/message.htm [Retrieved 1/25/07].

Cheung, D. (2002). Refining a stage model for studying teacher concerns about
educational innovations. Australian Journal of Education, 46(3), 305-322.

Cheung, D. (2005). Science teachers’ concerns about school-based curriculum
development. Hong Kong Science Teachers’ Journal, 22(2), 1-7.

Cheung, D., Hattie, J. & Ng, D. (2001). Reexamining the stages of concern questionnaire:
a test of alternative models. Journal of Educational Research, 94(4), 226-236.

Cheung, D., & Yip, D.Y. (2003). School-based assessment of chemistry practical work:
exploring some directions for improvement. Education Journal, 31 (1), 133-152.

Cheung, D. & Yip, D.Y. (2004). How science teachers’ concerns about school-based
assessment of practical work vary with time: The Hong Kong experience.
Research in Science & Technological Education, 22(2), 153-169.

Chi, M.T.H., deLeeuw, N., Chiu, M.H., & LaVancher, C. (1994). Eliciting self-
explanations improves understanding. Cognitive Science, 18, 438-477.

Chi, M.T.H., Feltovich, P.J., & Glaser, R. (1981). Categorization and representation of
physics problems by experts and novices. Cognitive Science, (5) 121-152.

Choy, S.P., Chen, X., & Bugarin, R. (2006). Teacher Professional Development in 1999—
2000: What Teachers, Principals,and District Staff Report (NCES 2006-305).
U.S. Department of Education. Washington, DC: National Center for Education
Statistics.

Clark, C.M., & Peterson, P.L. (1985). Teachers’ thought processes. In M.C. Wittrock
(Ed.),Handbook of research on teaching, 3rd edition,(pp. 225-296). New York,
NY: Macmillan.

320


http://ceoforum.org/downloads/report4.pdf
http://stats.bls.gov/opub/rtaw/message.htm

Clark, C.S., Dobbins, G.H., & Ladd, R.T. (1993). Exploratory field study of training
motivation. Group and Organization Management, 18, 292-307.

Clermont, C. P., Borko, H., & Krajcik, J. S. (1994). Comparative study of the
pedagogical content knowledge of experienced and novice chemical
demonstrators. Journal of Research in Science Teaching, 31(4), 419-441.

Clewell, B., Hannaway, J., Consentino de Cohen, C., Merryman, A., Mitchell, A., &
O’Brien, J. (1995). Systemic reform in mathematics and science education: An
urban perspective. Washington, DC: Urban Institute.

Cline, H. & Mandinach, E. (2000). The corruption of Research Design: A Case Study of
a Curriculum Innovation Project. In A. Kelly & R. Lesh, Handbook of Research
Design in Mathematics and Science Education (pp. 169-190). Mahwah, NI:
Lawrence Erlbaum Associates.

Coble, C.R., & Koballa, T.R. Jr. (1996). Science education. In J. Sikula, T.J. Buttery, &
E. Guyton (Eds.). Handbook of Research on Science Education (2™ ed.) (pp. 459-
484). New York: McMillan.

Cochran-Smith, M., & Zeichner, K.M. (2002). Learning and understanding: Improving
advanced study of mathematics and science in U.S. schools. Washington, D.C.:
National Academies Press.

Cognition and Technology Group at Vanderbilt (CTG @V)(1992). The Jasper series as
an example of anchor instruction: Theory, program description, and assessment
data. Educational Psychologist, 27, 291-315.

Cohen, D.K. (Fall, 1990). A Revolution in One Classroom: The Case of Mrs. Oublier.
Educational Evaluation and Policy and Analysis, 12(3), 311-329.

Cohen, D.K, & Ball, D.L. (Fall, 1990). Policy and Practice: An Overview. Educational
Evaluation and Policy and Analysis, 12(3), 233-239.

Cohen, D.K., & Ball, D.L. (1990a). Relation between policy and practice: A
commentary. Educational Evaluation and Policy Analysis, 12 (3), 331-338.

Cohen, D., K. & Hill, H. (2000). Instructional policy and classroom performance: The
mathematics reform in California. Teachers College Record, 102(2), 294-343.

Cole, M. (1985). The zone of proximal development: Where culture and cognition create
cach other. In J. V. Wertsch (Ed.) Culture, communication, and cognition:
Vygotskyean perspectives (pp. 146-161). New York: Cambridge University Press.

Cole, M. (1990). Cognitive development and formal schooling: The evidence from cross-
cultural research. In L.C. Moll (Ed.), Vygotsky and education: Instructional
implications and applications of socio-historical psychology (pp. 89-110).
Cambridge: Cambridge University Press.

Collins, H., & Pinch, T. (1993). The golem: What everyone should know about science.
New York: Cambridge University Press.

321


http://libproxy.temple.edu:2122/stable/1164355
http://libproxy.temple.edu:2122/stable/1164349

Collins, T.S., & Noblit, G.W. (1978). Stratification Resegregation; The Case of
Crossover High School, Memphis, Tennessee. Memphis: Memphis State
University (ED 157 954).

Collinson, V. (2004). Staff development by any other name: Changing words or changing
practices? The Educational Forum, 64(2), 124-132.

Collopy, R. (2003). Curriculum materials as a professional development tool: How a
mathematics textbook affected two teachers’ learning. The Elementary School
Journal, 103(3), 227-311.

Cooney, T.J. (1994). Teacher education as an exercise in adaptation. In D.B. Aichele, &
A.F. Coxford (Eds.), Professional Development for Teachers of Mathematics,
1994 Yearbook (pp. 9-22). Reston, VA: National Council of Teachers of
Mathematics.

Corcoran, T.B. (1995). Transforming professional development for teachers: A guide for
state policymakers. Washington, DC: National Governors’ Association.

Corcoran, T., & Goertz, M. (1995). Instructional capacity and high performance schools,
Educational Researcher, 24 (9), 27-31.

Corcoran, T.B., McVay, S., & Riordan, K. (2003). Getting it right: The MISE approach
to professional development (CPRE Research Report Series RR-055).
Philadelphia, PA: Consortium for Policy Research in Education, Graduate School
of Education.

Corcoran, T.B., Shields, P.M., & Zucker, A.A. (1998, March). The SSlIs and Professional
Development for Teachers. Menlo Park, CA: SRI International.

Corey, D., & Gamoran, S.M. (2006). Practicing change: Curriculum adaptation and
teacher narrative in the context of mathematics education reform. Curriculum
Inquiry, 36 (2), 153-187.

Cornett, J.W., Yeotis, C., & Terwilliger, L. (1990). Teacher personal practical theories
and their influence upon teacher curricular and instructional actions: a case study
of a secondary science teacher. Science Education, 74, 517-529.

Cote, J. & Buckley, M.R. (1987). Estimating trait, method, and error variance:
Generalizing across 70 construct validation studies. Journal of Marketing
Research 24 (August), 315-318.

Cracolice, M. S., & Deming, J. (2001). Peer-Led Team Learning. Science Teacher, 68
(1), 20-25.

Crawford, K. (1996). Vygotskian approaches to human development in the information
era. Educational Studies in Mathematics (31) 43-62.

Creswell, J.W. (1994). Research Design: Qualitative & Quantitative Approaches.
Thousand Oaks, Ca: Sage Publications.

Creswell, J.W. (1998). Qualitative Inquiry and Research Design: Choosing Among Five
Traditions. Thousand Oaks, CA. Sage Publications.

322



Creswell, J.W. (2003). Research Design: Qualitative, Quantitative, and Mixed Methods
Approaches. (2™ ed.). Thousand Oaks, Ca: Sage.

Crilly, A.R. (1974). A Descriptive Analysis of the Chemical Bond Approach, the
Chemical Education Material Study, and a Representative Traditional Chemistry

Course (Doctoral dissertation, University of California, Los Angeles, 1974).
(UMI No. 7412459).

Cronbach, L.J. (1975). Beyond the Two Disciplines of Scientific Psychology. American
Psychologist, 30, 116-127.

Cronbach, L.J., & Meehl, P.E. (1955). Construct validity in psychological tests.
Psychological Bulletin, 52 (4), 281-302.

Cronin-Jones, L.L. (1991). Science teacher beliefs and their influence on curriculum
implementation: Two case studies. Journal of Research in Science Teaching, 28,
235-250.

Cross, K.P. (1981). Adults as learners. San Francisco: Jossey-Bass.

Cross, R.T. (1997). ‘Back to the future’: The sixties come to school-Science in Victorian
schools. Melbourne Studies in Education, 38(2), 103-113.

Cuban, L. (1993). How teachers taught: Constancy and change in American classrooms
1880-1990. New York: Teacher College Press.

Cunningham, C.M., & Helms, J.V. (1998). Sociology of science as a means to more
authentic, inclusive science education. Journal of Research in Science Teaching,
35(5), 483-499.

Dana, T.M., & Davis, N.T. (1995). On considering constructivism for improving
mathematics and science teaching and learning. In K. Tobin (Ed.), The practice of
constructivism in science education (pp. 325-334). Washington, DC. AAA Press.

Darden, A. (1981). Culture and power in the classroom: A critical foundation for
bicultural education. Westport, CT: Bergin & Garvey.

Darling-Hammond, L. (1990). Instructional Policy into Practice: The Power of the
Bottom over the Top. Educational Evaluation and Policy and Analysis, 12(3),
339-347.

Darling-Hammond, L. (1999). America’s future: Educating teachers. Education Digest,
64(9), 18-35.

Darling-Hammond, L. (1999a). Supply, Demand, and Quality in Mathematics and
Science Teaching. Briefing for the National Commission on Mathematics and
Science Education for the 21% Century. Washington DC.

Darling-Hammond, L. (1999b). Teacher quality and student achievement. A review of
state policy evidence (Document R-99-1). Seattle, WA: University of Washington,
Center for the Study of Teaching and Policy.

Darling-Hammond, L., & Berry, B. (2006). Highly qualified teachers for all. Educational
Leadership, 64(3), 14-20.

323



Darling-Hammond, L., Berry, B. T., Haselkorn, D., & Fideler, E. (1999). Teacher
recruitment, selection, and induction: Policy influences on the supply and quality
of teachers. In L. Darling-Hammond & G. Sykes (Eds.), Teaching as the learning
profession (pp. 183-232). San Francisco: Jossey-Bass.

Darling-Hammond, L., & Macdonald, M.B. (2000). Where There Is Learning There Is
Hope: The Preparation of Teachers at the Bank Street College of Education. In L.
Darling-Hammond (Ed.), Studies of Excellence in Teacher Education:
Preparation at the Graduate Level (pp. 1-95). Washington, DC: American
Association of Colleges for Teacher Education.

Darling-Hammond, L. & Wise, A.E. (1985). Beyond standardization: State standards and
school improvement. The Elementary School Journal, 85 (3), 315-336.

Dass, P. (2001). Implementation of instructional innovations in K-8 science classes:
Perspectives of inservice teacher. International Journal of Science Education, 23,
969-984.

Davis, K. (2003). “Change is hard”: What science teachers are telling us about reform
and teacher learning of innovative practices. Science Education, 87, 3-20.

Davydov, V.V. & Kerr, S.T. (1995). The Influence of L.S. Vygotsky on education theory,
research, and practice. Educational Researcher, 24(3), 12-21.

Day, P. R., & McCabe, R. H. (1997). Remedial education.-A social and economic
imperative (Executive Issue Paper). American Association of Community
Colleges.

De Jong, O., Korthagen, F., & Wubbels, T. (1998). Research on science teacher
education in Europe: teacher thinking and conceptual change. In B. J. Frazer and
K. G. Tobin (Eds.), International Handbook of Science Education, (pp. 745-758).
Dordrecht, Netherlands: Kluwer Academic Publishers.

De Jong, O., Veal, W. R., & Van Driel, J. H. (2002). Exploring chemistry teachers'
knowledge base. In J.K. Gilbert, O. de Jong, R. Justi, D.F. Treagust, & J.H. van
Driel (Eds.). Chemical Education: Towards Research-based Practice (pp. 369-
390). Dordrecht: Kluwer Academic Publishers.

DeBoer, G. E. (1991). A history of ideas in science education. New York: Teachers
College Press.

Delpit, L. (1995). Other people’s children: Cultural conflict in the classroom. New York:
The New Press.

Deng, Z. (2001). The distinction between key ideas in teaching school physics and key
ideas in the discipline of physics. Science Education, 85, 263-278.

Denzin, N.K. (1978). The research act: A theoretical introduction to sociological methods
(2" ed.). New York: McGraw-Hill.

Denzin, N. K. (1989). Interpretive Biography. Qualitative Research Methods Series 17.
Newbury Park, CA: Sage.

Denzin, N.K. (2001). Interpretive Interactionism. 2" ed. Thousand Oaks, CA. Sage.

324



Denzin, N.K., & Lincoln, Y.S. (2005). Introduction: The discipline and practice of
qualitative research. In eds. N.K. Denzin & Y.S. Lincoln, Handbook of
Qualitative Reseach. (pp. 1-28). Thousand Oaks, CA: Sage.

Desimone, L. (2002). How can comprehensive reform models be successfully
implemented? Review of Educational Research, 72, 433-479.

DeSimone, L., & LeFloch, K. (2004). Are we asking the right questions? Using cognitive
interviews to improves surveys in education research. Educational Evaluation and
Policy Analysis, 26, 1-22.

DeVries, R. (1997). Piaget’s social theory. Educational Researcher, 26(2), 4-17.

DeVries, R., & Zan, B. (1994). Moral classrooms, moral children: Creating a
constructivist atmosphere in early education. New York: Teachers College Press.

Dewey J. (1902/1990). The school and society and the child and the curriculum.
Chicago: University of Chicago Press.

Dey, 1. (1995). Qualitative Data Analysis. London: Routledge.

Diaz, R.M., Neal, CJ., & Amaya-Williams, M. (1990). The social origins of self-
regulation. In L.C. Moll (Ed.), Vygotsky and education: Instructional implications
and applications of socio-historical psychology (pp. 127-154). Cambridge:
Cambridge University Press.

Dinan, F.J., & Frydrychowski, V.A. (1995). A team learning method for organic
chemistry. Journal of Chemical Education, 72, 429-431.

Disigner, F., & Mayer, J. (1974). Student development in junior high school. Journal of
Research in Science Teaching, 11, 149-155.

Dobey, D. C., & Schafer, L. E. (1984). The effects of knowledge on elementary science
inquiry teaching. Science Education, 68(1), 39-51.

Donovan, M.S., & Bransford, J.D. (2005). How Students Learn- Science in the
Classroom. Washington, DC: National Academies Press.

Donovan, M.S., & Bransford, J.D., Pellegrino, J.W. (Eds.). (1999). How people learn:
Bridging research and practice. Washington, DC: National Academies Press.

Doyle, W. (1988). Work in mathematics classes: The context of students’ thinking during
instruction. Educational Psychologist, 23, 167-180.

Doyle, W., & Ponder, G. A. (1977). The practicality ethic in teacher decision making.
Interchange 8, 1-12.

Driscoll, M. P. (1994). Psychology of learning for instruction. Boston: Allyn and Bacon.

Driver, R., Asoko, R., Leach, J., Mortimer, E., & Scott, P. (1994). Constructing scientific
knowledge in the classroom. Educational Researcher, 23, 5-12.

Driver, R., & Bell, B. (1986). Students’ Thinking and the Learning of Science: A
Constructivist View. School Science Review, 67(240), 443-56.

Driver, R., & Oldham, V. (1986). A constructivist approach to curriculum development
in science. Studies in Science Education, 13, 105-122.

325



Driver, R., Squires, A., Rushworth, P., & Wood-Robinson, V. (1994). Making sense out
of secondary science. London, England: Routledge Press.

Druva, C.A., & Anderson, R.D. (1983). Science teacher characteristics by teacher
behavior and by student outcome: A meta-analysis of research. Journal of
Research in Science Training, 20(5), 467-479.

Duckworth, E. (1987). The having of wonderful ideas and other essays on teaching and
learning. New York: Teachers College Press.

Duftee, L. & Aikenhead, G. (1992). Curriculum change, student evaluation, and teacher
practical knowledge. Science Education, 76, 493-505.

Duffy, G., & Roehler, L. (1986). Constraints on teacher change. Journal of Teacher
Education, 36, 55-58.

Duit, R. (1995). The constructivist view: A fashionable and fruitful paradigm for science
education research and practice. In L. P. Steffe & J. Gale (Eds.), Constructivism
in education (pp. 271-285). Hillsdale, NJ: Lawrence Erlbaum Associates.

Duschl, R. A. (1990). Restructuring science education: The importance of theories and
their development. New York: Teachers College Press.

Duschl, R.A., & Gitomer, D.H. (1997). Strategies and challenges to changing the focus of
assessment and instruction in science classrooms. Educational Assessment 4(1),
37-73.

Dutro, E., Fisk, M.C., Koch, R., Roop, L.J., & Wixson, K. (2002). When state policies
meet local district contexts: Standards-based professional development as a means
to individual agency and collective ownership. Teachers College Record, 104 (4),
787-811.

Education Trust. (1998). Good Teaching Matters—How Well-Qualified Teachers Can
Close the Gap. Thinking K-16, 3(2).

Edwards, A.L. (1957). The social desirability variable in personality assessment and
research. New York: Dryden.

Edwards, A.L. (1990). Construct validity and social desirability. American Psychologist,
45, 287-298.

Eggen, P., & Kauchak, D. (1999). Educational psychology. New Jersey: Prentice-Hall.

Eisenhardt, K.M. (2002). Building Theories from Case Study Research. In eds. A.M.
Huberman & M.B. Miles, The Qualitative Researcher’s Companion (pp. 5-35).
Thousand Oaks, CA. Sage.

Eisenhart, M., Behm, L., & Romagnano, L. (1991). Learning to teach: Developing
expertise or rite of passage? Journal of Education for Teaching, 17, 51-71.

Eisenhart, M., Finkel, E., & Marion, S. (1996). Creating the conditions for science
literacy: A re-examination. American Educational Research Journal, 33(2), 261-
295.

Eisenhower National Clearinghouse [ENC]. (1996). A perspective on reform in
mathematics and science education. Columbus, OH: Ohio State University.

326



Eisner, E. (1993). Objectivity in Educational Research. In M. Hammersley (Ed.),
Educational research - Current issues (pp. 49-56). London: The Open University.

Elmore, R.F. (1996). Getting to scale with successful educational practices. In S.H.
Fuhrman & J.A. O'Day (Eds.) Rewards and Reforms: Creating Educational
Incentives that Work (pp.294-329). San Francisco, CA,: Jossey-Bass.

Elmore, R.F. (2002). Bridging the gap between standards and achievement: The
imperative for professional development in education. Washington D.C.: Albert
Shanker Institute.

Elmore, R.F., & Fuhrman, S.H. (1995, Spring). Opportunity-to-learn standards and the
state role in education. Teachers College Record, 96, 432-457.

Engestrom, Y. (1998). Reorganizing the motivational sphere of classroom culture: An
activity theoretical analysis of planning in a teacher team. In F. Seeger, J. Voight,
& U. Waschescio (Eds.). The culture of the mathematics classroom (pp. 76-103).
New York: Cambridge University Press.

Ertepinar, H., & Geban, O. (1996). Effect of instruction supplied with the investigative-
oriented laboratory approach on achievement in a science course. Educational
Research, 38(3), 333-341.

Evens, M., & Michael, J. (2006). One-on-one tutoring by humans and computers.
Mahwah, NJ: Earlbaum.

Evertson, C., Hawley, W., & Zlotnick, M. (1985). Making a difference in educational
quality through teacher education. Journal of Teacher Education, 36(3), 2-12.

Evertson, C.M. (1997). Classroom management. In H.J. Walberg & G. D. Haertle (Eds.),
Psychology and educational practice (pp. 251-272). Berkeley, CA: McCutchan.

Evertson, C.M. & Harris, A. H. (1992). What we know about managing classrooms.
Educational Leadership, 49, 74-78.

Falconer, Wyckoff, Joshua, & Sawada, (2001). Effect of reformed courses in physics and
physical science on student conceptual understanding. Paper presented at the 82™
annual meeting of American Educational Research Association, Seattle, Wa.,
April 13,2001, 21 p. Eric No. ED452083.

Farrell, J. J., Moog, R. S., & Spencer, J. N. (1999). A guided inquiry general chemistry
course. Journal of Chemical Education, 76, 570-574.

Feiman-Nemser, S. (1983). Learning to teach. In L.S. Shulman and G. Sykes (Eds.),
Handbook of teaching and policy (pp. 150-170). New York. Longman Publishers.

Feiman-Nemser, S., & Buchmann, M. (1986). The first year of teacher preparation:
Transition to pedagogical thinking? Journal of Curriculum Studies, 18(3), 239-
256.

Feiman-Nemser, S., & Floden, R. E. (1986). The cultures of teaching. In M. Wittrock
(Ed.), Handbook of research on teaching (pp. 505-526). NewY ork: Macmillan.

327



Feiman-Nemser, S. (1990). Teacher preparation: Structural and conceptual alternatives.
In W. Houston, M. Haberman, & J. Sikula (Ed.), Handbook of reseach on teacher
education (pp.212-233). New York: Macmillan.

Fensham, P.J. (1992). Science and Technology. In P.W. Jackson (Ed.), Handbook of
research on curriculum (pp. 789-829). New York: MacMillan.

Fenstermacher, G.D. (1994). The knower and the known: the nature of knowledge in
research on teaching. In L. Darling-Hammond (Ed.) Review of Research in
Education (pp. 3-56). Washington DC: American Educational Research
Association.

Fenstermacher, G.D., & Berliner, D.C. (1985). Determining the value of staff
development. Elementary School Journal, 85(3), 281-314.

Ferguson, R.F. (1991). Paying for public education: new evidence on how and why
money matters. Harvard Journal on Legislation, 28(2), 465-498.

Ferguson, R.F., & Ladd, H.F. (1996). How and why money matters: An analysis of
Alabama schools. In H.F. Ladd (Ed.), Holding schools accountable (pp. 265-298).
Washington DC: The Brookings Institution.

Fetler, M. (1999). High school staff characteristics and mathematics test results.
Education Policy Analysis Archives 7(9): 1-19.

Feur, D., & Gerber, B. (1988). Uh-oh...second thoughts about adult learning theory.
Training, 25(12), 125-149.

Feynman, R.P. (1963/1995). Six easy pieces: essentials of physics explained by its most
brilliant teacher. New York: Addison-Wesley.

Fielding, N., & Fielding, J. (1986). Linking Data. Beverly Hills, CA. Sage.

Fine, M. (1991). Framing dropouts: Notes on the politics of an urban public high school.
Albany: State University of New York Press.

Finkel, D.L., & Monk, G.S. (1983). Teachers and Learning Groups: Dissolving the Atlas
Complex. In C. Bouton, & R.Y. Garth (Eds.), Learning in Groups: New
Directions for Teaching and Learning, 14 (83-97). San Francisco: Jossey-Bass.

Firestone, W.A. (1993). Alternative Arguments for Generalizing from Data as Applied to
Qualitative Research. Educational Researcher, 22(4), 16-23.

Fisher, R.J. (1993). Social desirability bias and the validity of indirect questioning.
Journal of Consumer Research 20 (September), 303-315.

Fishman, B.J., Marx, R.W., Best, S., & Tal, R.T. (2003). Linking teacher and student
learning to improve professional development in systemic reform. Teaching and
Teacher Education, 19 (2003), 643-658.

Flanary, D. & Laine, R. (2006, July 19). The challenge of finding and keeping good
principals. Edweek, pp 3-5.

Flanders, M. (1973). Basic teaching skills derived from a model of speaking and
listening. Journal of Teacher Education 24, 24-37.

328



Fleck, L. (1986). On the crisis of reality. In R.S. Cohen, & T. Schnelle (Eds.), Cognition
and fact: Materials on Ludwig Fleck (pp. 47-57). Boston: D. Reidel Publishing
Company.

Flick, L.B. (March, 1997). Focusing research on teaching practices in support of inquiry.

Paper presented at the annual meeting for the National Association of Research in
Science Teaching, Chicago, IL.

Forman, G., & Pufall, P. (1988). Constructivism in the computer age: A reconstructive
epilogue. In G. Forman, & P. Pufall (Eds.), Constructivism in the computer age
(pp. 235-250). Hillsdale, NJ: Earlbaum.

Fosnot, C.T. (1992). Learning to teach, teaching to learn. Center for constructivist
teaching/Teacher preparation project. Paper presented at the annual meeting of
the American Educational Research Association, San Francisco.

Fosnot, C. T. (1996). Constructivism: theory, perspective, and practice. New York:
Teachers College Press.

Fouts, J.T., & Myers, R.E. (1992). Classroom environments and middle school students’
views of science. Journal of Educational Research, 85, 356-361.

Fowler, F.J., Jr. (1995). Improving survey questions; Design and evaluation. Thousand
Oaks, CA: Sage Publications.

Fowler, F.J. Jr. (2002). Survey research methods (3™ ed.). Thousand Oaks, CA: Sage
Publications.

Fowles, J.C. (2005). A case study of the impact of a research-based professional
development program on the practices of eighth grade science teachers. Proquest
Information and Learning Company. (UMI No. 3181635)

Frankel, J.R., & Wallen, N.E. (2003). How to design and evaluate research in education
(5" ed.). New York: McGraw-Hill.

Frantz, C., Lawrenz, F., Kushner, J., & Millar, S.B. (1998). Corridors of collaboration.
Arlington, Va.: National Science Foundation.

Fraser, B. (1994). Research on classroom and school climate. In D.L. Gabel (Ed.),
Handbook of research on science teaching and learning (pp. 493-541). New
York: National Science Teachers Association.

Fraser-Abder, P. (2001). Preparing science teachers for culturally diverse classrooms.
Journal of Science Teacher Education, 12, 287-313.

Fraser-Abder, P., Atwater, M., & Lee, O. (2006). Research in urban science education;
An essential journey. Journal of Research in Science Teaching, 43(7), 599-606.

Freedman, M.P. (1997). Relationship among laboratory instruction, attitude toward
science, and achievement in science knowledge. Journal of Research in Science
Teaching, 34(40), 343-357.

Freire, P. (1971). Pedagogy of the oppressed. New York: Continuum Books.

329



Friedman, J. (2001). Malcolm Knowles Publishes The Modern Practice of Adult
Education: Andragogy vs. Pedagogy. In D. Schugurensky (Ed.), History of
education: Selected moments of the 20th century. [Online]. Retrieved December
25, 2006 from http://fcis.oise.utoronto.ca/~daniel_schugurensky/assignmenti1/File

Friedman, T.L. (2006). The world is flat: A brief history of the 21% century. New York:
Farrar, Straus and Giroux.

Fullan, M. (1993). Change forces: probing the depth of educational reform. Bristol, Pa:
Falmer.

Fullan, M., & Pomfert, A. (Spring 1977). Research on curriculum and instruction
implementation. Review of Educational Research, 47(2), 335-397.

Fullan, M., & Steigelbauer, S. (1991). The new meaning of educational change (2nd ed.).
New York: Teachers College Press.

Fuller, F. (1969). Concerns of teachers: A developmental conceptualization. American
Educational Research Journal, 6, 207-226.

Fuller, F.F. & Brown, O.H. (1975). Becoming a teacher: In K. Ryan (Ed.), Teacher
Education (74" Yearbook of the National Society for the Study of Education, Pt.
I, pp. 25-52). Chicago: University of Chicago Press.

Fusco, D. (2001). Creating relevant science through urban planning and gardening.
Journal of Research in Science Teaching, 38(8), 860-877.

Gabel, D.L. (Ed.) (1994). Handbook of research on science teaching and learning. New
York: Macmillan.

Gagne, R.M., & Glaser, R. (1987). Foundations in learning research. In R. M. Gagne
(Ed.) Instructional technology: Foundations (pp. 49-83). Hillsdale, NJ: Lawrence
Erlbaum Associates, Inc.

Gall, J.P., Gall, M.D., & Borg, W.R. (1999). Applying Educational Research: A Practical
Guide. New York: Allyn & Bacon.

Gallagher, S.A., Stepien, W.J., Sher, B.T., & Workman, D. (1995). Implementing
problem-based learning in science classrooms. School Science and Mathematics
95, 136-146.

Gallimore, R., & Tharp, R. (1990). Teaching mind in society: Teaching, schooling, and
literate discourse. In L.C. Moll (Ed.), Vygotsky and education: Instructional
implications and applications of socio-historical psychology (pp. 175-205).
Cambridge: Cambridge University Press.

Gardner, H. (1991). The unschooled mind: How children think and how schools should
teach. New York: Basic Books.

Gardner, M., Greeno, J.G., Reif, F., Schoenfield, A.H., DiSessa, A., & Stage, E. (Eds.).
(1990). Towards a scientific practice of science education. Hillsdale, NI:
Earlbaum.

330


http://fcis.oise.utoronto.ca/%7Edaniel_schugurensky/assignment1/File
http://fcis.oise.utoronto.ca/%7Edaniel_schugurensky/assignment1/File

Gardner, P.R. (1993). The instructor-free training department. Prepared for the U.S.
Department of Energy, Office of Environmental Restoration and Waste

Management. Retrieved January 28, 2007 from
http://www.osti.gov/energycitations/serviets/purl/10102499-
hWuzhQ/webviewable/10102499.pdf

Garet, M., Biman, B., Porter, A., Desimone, L., Herman, R., & Yoon, K.S. (1999).
Designing effective professional development: Lessons from the Eisenhower
program. Washington, DC: U.S. Department of Education.

Garrison, D.R. (1997). Self-directed learning: Toward a comprehensive model. Adult
Education Quarterly, 48 (1), 18-34.

Gates, S.M., Ringel, J.S., Santibanez, L., Guarino, C., Ghosh-Dastidar, B., & Brown, A.
(2006). Mobility and turnover among school principals. Economics of Education
Review, 25(3), 289-302.

Gee, J.P., Michaels, S., & O’Connor, M.C. (1992). Discourse analysis. In M.D.
LeCompte, W. Millroy, & J. Preissle (Eds.), The handbook of qualitative research
in education (pp. 227-291). San Diego, CA: Academic Press.

Geelan, D. R. (1997). Epistemological anarchy and the many forms of constructivism.
Science & Education, 6 (1-2), 15-28.

Geertz, C. (1973). Deep Play: Notes on the Balinese Cockfight (pp. 412-453), in The
Interpretation of Cultures: Selected essays. New York: Basic Books.

Geijsel, F., Sleegers, P., van den Berg, R., & Kelchtermans, G. (2002). Conditions
fostering the implementation of large-scale innovation programs in schools:
Teachers’ perspectives. Educational Administration Quarterly, 37(1), 130-166.

George, A.A., Hall, G.E., & Stiegelbauer, S.M. (2006). Measuring implementation in
schools: The stages of concern questionnaire. Austin, TX: Southwest Educational
Development Laboratory (SEDL).

George, R., & Kaplan, D. (1998). A structural model of parent and teacher influences on
science attitudes of eighth graders: Evidence from NELS: 88, Science Education,
82(1), 93-109.

Gergen, K. (1995). Social construction and the educational process. In L. Steffe & J. Gale
(Eds.). Constructivism in education, (pp.17-39). New Jersey: Lawrence Erlbaum
Associates, Inc.

Gess-Newsome, J. (1999). Secondary teachers’ knowledge and beliefs about subject
matter and their impact on instruction. In J. Gess-Newsome & N.G. Lederman
(Eds.), Examining Pedagogical Content Knowledge: The Construct and its
Implications for Science Education (pp. 51-94). Dordrecht, Netherlands: Kluwer
Academic Publishers.

Gess-Newsome, J., & Lederman, N. G. (1995). Biology teachers’ perceptions of subject
matter structure and its relationship to classroom practice. Journal of Research in
Science Teaching, 32(3), 301-325.

331


http://www.osti.gov/energycitations/servlets/purl/10102499-hWuzhQ/webviewable/10102499.pdf
http://www.osti.gov/energycitations/servlets/purl/10102499-hWuzhQ/webviewable/10102499.pdf

Gessner, R. (Ed.) (1956). The democratic man: Selected writings of Eduard C. Lindman.
Boston, MA: Beacon.

Gibboney, R.A. (September 2008). Why an undemocratic capitalism has brought public
education to its knees? Phi Delta Kappan, 90(1), 21-31.

Gilbert, J., De Jong, O., Justi, R., Treagust, D., & Van Driel, J. (Eds.). (2002). Chemical
Education Research: Towards Research-based Practice. Dordrecht: Kluwer
Academic Publishers.

Gilham, B. (2000). Developing a questionnaire. London and New York: Continuum.

Gillani, B.B., & Relan, A. (1997). Incorporating interactivity and multimedia into web-
based instruction. In B. H. Khan (Ed.), Web-based instruction, (pp. 231-237).
New Jersey: Educational Technology Publications.

Giroux, H. (1981). ldeology, culture, and the process of schooling. Philadelphia: Temple
University Press.

Giroux, H.A. (1992). Border crossings: cultural workers and the politics of education.
New York: Routledge Press.

Glaser, R., & Bassok M. (1989). Learning theory and the study of instruction. Annual
Review of Psychology, 40, 631-666.

Glenn, J. (2000). Before it’s too late: A report to the nation from the national commission
on mathematics and science teaching for the 21* century. Washington, Dc: U.S.
Department of Education.

Goals 2000 (1998). Building Bridges: The Mission and Principles of Professional
Development.Archived information. Retrieved January 25, 2007 from
http://www.ed.gov/G2K/bridge.html.

Goetz, J.P., & LeCompte, M.D. (1984). Ethnography and qualitative design in
educational research. New York: Academic Press.

Gold, R. (1958). Roles in sociological field observation. Social Forces, 36, 217-213.

Goldhaber, D.D., & Brewer, D.J. (2000). Does teacher certification matter? High
school teacher certification status and student achievement. Educational
Evaluation and Policy Analysis, 22, 129-145.

Gollub, J.P., Bertenthal, M.W., Labov, J.B., & Curtis, P.C. (Eds.). ( 2002). Learning and
understanding: Improving advanced study of mathematics and science in U.S.
high schools. Washington, DC: National Academy Press.

Gonzalez, N., Moll, L.C., & Amanti, C. (2005). Funds of knowledge: Theorizing
practices in households, communities, and classrooms. Mahwah, NJ: Lawrence
Erlbaum.

Good, R. (1993). The many forms of constructivism. Journal of Research in Science
Teaching, 30(9), 1015-1015.

Good, R., Wandersee, J., & St. Julian, J. (1993). Cautionary notes on the appeal of the
new “Ism” (Constructivism) in science education. In K. Tobin (Ed.), The practice
of constructivism in science education (pp. 71-90). Washington, DC: AAA Press.

332


http://www.ed.gov/G2K/bridge.html

Goodlad, J.I. (1984). A place called school. New York: McGraw-Hill.
Goodlad, J.I. (1990). Teachers for our nation’s schools. San Francisco. Jossey-Bass.

Gorin, G. (1994). Mole and chemical amount: A discussion of the fundamental
measurements of chemistry. Journal of Chemical Education, 71 (2), 114-116.

Grace, A.P. (1996). Taking a critical pose: Andragogy-missing links, missing values.
International Journal of Lifelong Education, 15(5), 382-392.

Grant, C. M. (2002). Professional development in a technological age: New definitions,
old challeges, new resources. Available: http://ra.terc.edu/publications/TERC
pubs/tech-infusion/prof dev/prof dev frame.html (accessed 10/5/06).

Gravetter, F.J., & Wallnau, L.B. (2000). Statistics for the Behavioral Sciences. Belmont,
CA: Wadsworth/ Thomson Learning.

Green, J.L. (1983). Research on teaching as a linguistic process: A state of the art.
Monograph of the Review of Research in Education, 10.

Green, T.F. (1971). The activities of teaching. Tokyo: McGraw-Hill.

Greene, E.D., Jr. (1990). The logic of university students’ misunderstanding of natural
selection. Journal of Research in Science Teaching, 27 (9), 875-885.

Greene, J.C., Caracelli, V.J., & Graham, W.F. (1989). Toward a conceptual framework
for mixed-method evaluation designs. Educational Evaluation and Policy
Analysis, 11(3), 255-274.

Gross, P.R., Levitt, N., & Lewis, M.W. (Ed.). (1996). The flight from science and reason.
New York: New York Academy of Sciences.

Gross, S.J. (1998). Staying Centered: Curriculum leadership in a turbulent era.
Alexandria, VA: Association for Supervision and Curriculum Development.

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher
education. New York: Teachers College Press.

Grossman, P. L., Wilson, S. M., & Schulman, L. S. (1989). Teachers of substance:
Subject matter knowledge for teaching. In M.C. Reynolds (Ed.), Knowledge base
for the beginning teacher. (pp. 23-36). New York: Pergamon.

Grouws, D. A., & Schultz, K. A. (1996). Mathematics teacher education. In J. Sikula, T.J.
Buttery, & E. Guyton (Eds.), Handbook of research on teacher education (pp.
442-458). New York: Macmillan.

Groves, R.M. (1989). Survey errors and survey costs. New York: John Wiley and Sons.

Grow, G. (1991). Teaching learners to be self-directed. Adult Education Quarterly, 41,
125-149.

Guba, E.G., & Lincoln, Y.S.(1981). Effective evaluation: Improving the usefulness of
evaluation results through responsive and naturalistic approaches. San Francisco:
Jossey-Bass.

Gudmundsdottir, S. (1991). Pedagogical models of subject-matter. In J. Brophy (Ed.),
Advances in research on teaching, vol. 2 (pp. 265-304). Greenwich, CT: JAI

333



Guskey, T. R. (1988). Teacher efficacy, self-concept, and attitudes toward the
implementation of instructional innovation. Teaching and Teacher Education, 4,
63-69.

Guskey, T. R. (1989). Staff development and the process of teacher change. Educational
Researcher, 15 (5), 5-12.

Guskey, T. R. (2000). Evaluating professional development. Thousand Oaks, CA:
Corwin Press.

Guskey, T.R. (2003, June). What makes professional development effective? Phi Delta
Kappan, 84(10), 748-750.

Haberman, M. (1985). Does teacher education make a difference? A review of

comparisons between liberal arts and teacher education majors. Journal of
Thought, 20 (2), 25-34.

Haberman, M. (1991). The pedagogy of poverty versus good teaching. Phi Delta
Kappan, 73, 290-294.

Haladyna, T., & Shaughnessy, J. (1982). Attitudes towards science: A quantitative
synthesis. Science Education, 66, 547-563.

Hall, G.E. (1979). The concerns-based approach to facilitating change. Educational
Horizons, 57, 202-208.

Hall, G. & Hord, S. (1987). Change in schools: Facilitating the process. Ithaca, NY:
State University of New York Press.

Hall, G. E., George, A. A., & Rutherford, W. L. (1977, 1979). Measuring stages of
concern about the innovation: A manual for use of the SoC questionnaire (Report
3032). Austin, TX: Southwest Educational Development Laboratory (SEDL).

Hall, G. E., & Loucks, S.F. (1978). Teacher concerns as a basis for facilitating and
personalizing staff development. Teachers College Record, 80, 36-53.

Hall, G. E. & Loucks, S. F. (1979). Implementing innovations in schools: A concerns-
based approach. Austin, TX: Research and Development Center for Teacher
Education, University of Texas.

Hall, G. E., Wallace, R. C., & Dossett, W. A. (1973). A developmental conceptualization
of the adoption process within educational institutions (Rep. No. 3006). Austin,
Texas: The University of Texas at Austin, The Research and Development Center
for Teacher Education. (ERIC Document Reproduction No. ED 095 126).

Hammond, J. (Ed.). (2002). Scaffolding teaching and learning in language and literacy
education. Newtown, Australia: PETA.

Hammond, L. (2001). Notes from California: An anthropological approach to urban
science education for language minority families. Journal of Research in Science
Teaching, 38(8), 983-999.

Haney, J.J., & Lumpe, A.T. (1995). A teacher professional development framework
guided by reform policies, teachers’ needs, and research. Journal of Science
Teacher Education, 6 (4), 187-196.

334



Haney, J.J., Czerniak, C.M., & Lumpe, A.T. (1996). Teacher beliefs and intentions
regarding the implementation of science education reform strands. Journal of
Research in Science Teaching, 33 (9), 971-993.

Haney, W., & Madaus, G. (1986). Effects of standardized testing and the future of the
National Assessment of Educational Progress. Paper presented for the NAEP
study group. Boston college. Center for the Study of Testing, Evaluation, and
Educational Policy.

Hansen, K. (1999). A qualitative assessment of student interest in science education.
Studies in Educational Evaluation, 25, 399-414.

Hanson, D., & Wolfskill, T. (2000). Process workshops - A new model for instruction.
Journal of Chemical Education, 77, 120-130.

Hanushek, E.A., Kain, J.F., & Rivkin, S.G. (2001, November). Why public schools lose
teachers. Working paper 8599. Cambridge, MA: National Bureau of Economic
Research. www.nber.org/ papers/w8599.

Harcombe, E.S. (2001). Science Teaching/Science Learning: Constructivist learning in
urban classrooms. Columbia University, NY: Teachers College Press.

Harding, S. (1998). Multiculturalism, postcolonialism, feminism: Do they require new
research epistemologies? Australian Educational Researcher, 25(1), 37-51.

Hargreaves, A. (1984). Experience counts, theory doesn't: How teachers talk about their
work. Sociology of Education, 57, 244-254.

Hargreaves, A. (1991). Contrived collegiality: The micropolitic of teacher collaboration.
London, England: Sage Publications.

Hargreaves, A. (1995). Development and desire: A postmodern perspective. In T.R.
Guskey, & M. Huberman (Eds), Professional development in education: New
paradigms & practices (pp. 9-34). New York: Teachers College Press.

Harris, S. & Sutton, R. (1986). Functions of parting ceremonies in dying organizations.
Academy of Management Journal, 29, 5-30.

Hartman, H. (2002). Scaffolding & cooperative learning. In H. Hartman, Human learning
and instruction (pp. 23-69). New York: City College of City University of New
York.

Hartree, A. (1984). Malcolm Knowles’ Theory of Andragogy: A critique. International
Journal of Lifelong Education, 3, 203-210.

Harvey, D. (2005). A brief history of neoliberalism. New York: Oxford University Press.

Hashweh, M. (1987). Effects of subject matter knowledge in the teaching of biology and
physics. Teaching and Teacher Education, 3(2), 109-120.

Hashweh, M.Z. (1996). Effects of science teachers’ epistemological beliefs in teaching.
Journal of Research in Science Teaching, 33(1), 47-64.

Haskell, R. (2001). Transfer of learning: Cognition, Instruction, and Reasoning. San
Diego, CA: Academic.

335


http://www.nber.org/papers/w8599

Hattie, J., Fletcher, R., & Watkins, D. (2006). The relationship between self concept
scales and social desirability. In A.P. Prescott (Ed.) The concept of self in
education, family, and sports (pp. 207-214). Toronto: Nova Publishers.

Hatton, E. J. (1985). Team teaching and teacher orientation to work: Implications for
preservice and inservice preparation of teachers. Journal of Education for
Teachers, 11, 228-244.

Hausfather, S. J. (1996). Vygotsky and Schooling: Creating a Social Contest for learning.
Action in Teacher Education, (18), 1-10.

Hauslein, P. L., Good, R. G., & Cummins, C. L. (1992). Biology content cognitive
structure: From science student to science teacher. Journal of Research in
Science Teaching, 29(9), 939-964.

Hawk, P., Coble, C., & Swanson, M. (1985). Certification: It Does Matter?, Journal of
Teacher Education, May-June issue.

Hawkes, S.J. (1998). What should we teach beginners about solubility and solubility
products? Journal of Chemical Education, 75 (9), 1179-1181.

Hawley, W.D., & Valli, L.(1999). The essentials of effective professional development: a
new consensus. In L. Darling-Hammond, G. Sykes (Eds.) Teaching as the
learning profession. Handbook of policy and practice (pp. 127-150). San
Francisco, CA: Jossey-Bass.

Hawley, W.D., & Valli, L.(2001). The Essentials of Effective Professional Development:
A New Consensus. In D. Boesel (Ed.), Continuinig Professional Development (pp
1-17). Washington, DC: U.S. Department of Education, National Library of
education.

Heath, S.B. (1982). Questioning at home and at school: A comparative study, in G.
Spindler (Ed.), Doing the ethnography of schooling: Educational anthropology in
action (pp. 103-131). New York: Holt Rinehart & Winston.

Hedegaard, M. (1990). The zone of proximal development as basis for instruction. In
L.C. Moll (Ed.), Vygotsky and education: Instructional implications and
applications of socio-historical psychology (pp. 349-371). Cambridge: Cambridge
University Press.

Heller, P., & Hollabaugh, M. (1992). Teaching problem solving through cooperative
grouping. Part 2: Designing problems and structuring groups. American Journal
of Physics, 60, 637-644.

Heller, P., Keith, R., & Anderson, S. (1992). Teaching problrm solving through
cooperative grouping. Part 1: Group vs. individual problem solving. American
Journal of Physics, 60, 627-636.

Henningsen, M., & Stein, M.K. (1997). Mathematics tasks and student cognition:
Classroom-based factors that support and inhibit high-level mathematical thinking
and reasoning. Journal of Research in Mathematics Education, 28, 524-549.

336



Henry, L. (2002). Educational concept of scaffolding: Adolescent learning and
development. Retrieved February 19, 2007 from

http://www.condor.admin.ccny.cuny.edu/—~group4/Henry/

Henschke, J. A. (1998). Historical antecedents shaping conceptions of andragogy: A
comparison of sources and roots. Proceedings of the International Conference on
Research in Comparative Andragogy, Radovljica, Slovenia.

Herriott, R.E., & Firestone, W.A. (1983). Multisite qualitative policy research;
Optimizing description and generalizability. Educational Researcher, 12, 14-19.

Herron, J.D. (1975). Piaget for chemists: Explaining what “Good” students cannot
understand. Journal of Chemical Education, 52(3), 146-150.

Herron, J.D., & Nurrenbern, S.C. (1999). Chemical education research: Improving
chemistry learning. Journal of Chemical Education, 76(10), 1353-1361.

Hewson, P.W., Kahle, J.B., Scantlebury, K., & Davies, D. (2001). Equitable science
education in urban middle schools: Do reform efforts make a difference? Journal
of Research in Science Teaching, 38(10), 1130-1144.

Hiebert, J., & Carpenter, T. P. (1992). Learning and teaching with understanding. In D.
A. Grouws (Ed.), Handbook of Research on Mathematics Teaching and Learning
(pp. 65-97). New York: Macmillan.

Hiemstra R. (1993). Three underdeveloped models for adult learning. In S. B. Merriam
(Ed.), An update on adult learning theory: New Directions for Adult and
Continuing Education (pp. 37-46). San Francisco: Jossey-Bass.

Hiemstra, R. (2006). Moving from pedagogy to andragogy; with annotated bibliography
of sources related to andragogy. Retrieved February 10, 2007 from
http://www.umsl.edu/~henschkej/andragogy articles added 03 06/hiemstra Mo
ving_from_ pedagogy to andragogy.pdf

Hill, D. (2005). Answering a call for transformative education in the new millennium ‘A
charge to keep”: The CORIBE documentary video. In J.E. King (Ed.), Black
education: A transformative research and action agenda for the new century (pp.
341-345. Mahwah, NJ: Lawrence Erlbaum.

Hill, G., Atwater, M., & Wiggins, J. (1995). Attitudes towards science of urban seventh-
grade life science students over time, and the relationship to future plans, family,
teacher, curriculum, and school. Urban Education, 30(1), 71-92.

Hill, H.C., Rowan, B., & Ball, D. L. (2005). Effects of teachers’ mathematical knowledge
for teaching on student achievement. American Educational Research Journal,
42(2), 371-406.

Hill, R.L. & Banta, B. (February 11, 2008). Principal flight on the rise in the age of
accountability. Austin American-Statesman, pps. 10-23.

Hilosky, A., Sutman, F., & Schmuckler, J. (1998, January). Is Laboratory-based
instruction in beginning college-level chemistry worth the effort and expense?
Journal of Chemical Education, 75 (1), 100-104.

337


http://www.condor.admin.ccny.cuny.edu/%7Egroup4/Henry/
http://www.condor.admin.ccny.cuny.edu/%7Egroup4/Henry/

Hinde, R. J., & Kovac, J. (2001). Student active learning in Physical Chemistry. Journal
of Chemical Education, 78, 93-99.

Hirsh, S., & Ponder, G. (1991). New plots, new heroes in staff development. Educational
Leadership, 49 (3), 43-48.

Hodson, D. (1992a). Assessment of practical work: Some considerations in philosophy of
science. Science & Education, 1, 115-144.

Hodson, D. (1992b). In search of a meaningful relationship: An exploration of some
issues relating to the integration of science and science education. International
Journal of Science Education, 14, 541-562.

Hofstein, A., Maoz, S., & Rishpon, M. (1990). Attitudes toward school science: A
comparison of participants and nonparticipants in extracurricular science
activities. School Science and Mathematics, 90(1), 13-22.

Holland, D., Lachicotte, W., Skinner, D., & Cain, C. (1998). Identity and agency in
cultural worlds. Cambridge, MA: Harvard University Press.

Hollingworth, S. (1989). Prior beliefs and cognitive change in learning to teach.
American Educational Research Journal, 26, 160-189.

Hollon, R. E., Roth, K. J., & Anderson, C. W. (1991). Science teachers’ conceptions of
teaching and learning. In J. Brophy (Ed.), Advances in research on teaching, vol.
2 (pp. 145-186). Greenwich, CT: JAL

Holmes Group. 1986. Tomorrow’s Teachers. East Lansing, MI: The Holmes Group.

Holton, G. (1998). The Advancement of science and its burdens. Cambridge, MA:
Harvard University Press.

Hoover, W.A. (1996). The practice implications of constructivism. Southwest
Educational Development Laboratory Letters, 9(3), 1-4.

Hord, S., Rutherford, W., Huling-Austin, L. & Hall, G. (2006, 1987). Taking charge of
change. Alexandria, VA: Association for Supervision and Curriculum
Development.

Horizon Research Corporation, Inc.[HRI] (1997, 1999, 2000, 2005). Local systemic
change core evaluation data collection manual. Chapel Hill, NC: Horizon
Research Incorporated.

Horn, 1.S. (2005). Learning on the job: A situated account of teacher learning in high
school mathematics departments. Cognition and Instruction, 23(2), 207-236.

Huberman, M. (1995). Professional careers and professional development: Some
intersections. In T.R. Guskey, & M. Huberman (Eds), Professional development
in education: New paradigms & practices (pp. 31-57). New York: Teachers
College Press.

Huberman. M. & Middlebrooks, S. (2000). The dilution of inquiry: A qualitative study.
Qualitative Studies in Education, 13, 281-304.

Hurd, P. D. (1970). New directions in teaching secondary school science. Chicago: Rand
McNally.

338



Hurd, P. D. (1997). Inventing science education for the new millennium. New York:
Teachers College Press.

Hurd, P. D. (2002). Modernizing science education. Journal of Research in Science
Teaching, 39 (1), 3-9.

Ileris, K. (2002). The three dimensions of learning. Fredericksberg, DK: Roskilde
University Press/NIACE.

Ingersoll, R.M. (1999). The problem of underqualified teachers in American secondary
schools. Educational Researcher, 28(2), 26-37.

Ingersoll, R. (2001). Teacher turnover and teacher shortages. American Educational
Research Journal, 38(3), 499-534.

Ingersoll, R. M. (2002). Out-of-Field Teaching, Educational Inequality, and the
Organization of Schools: An Exploratory Analysis. Seattle: University of
Washington, Center for the Study of Teaching and Policy.

Inhelder, B. (1977). Genetic epistemology and developmental psychology. In R.W.
Rieber, & K. Salzinger (Eds.), The roots of American psychology: Historical
influences and implications for the future (332-341). Annals of the New York
Academy of Sciences, 291. New York: New York Academy of Sciences.

Irving, M.M., Dickson, L.A., & Keyser, J. (1999). Retraining public secondary science
teachers by upgrading their content knowledge and pedagogical skills. The
Journal of Negro Education, 68 (3), 409-418.

Jackson, P. W. (1968). Life in the classroom. New York: Holt, Rinchart and Winston.

Jacobs, G. (2001). Providing the scaffold: A model for early childhood/primary teacher
preparation. Early Childhood Education Journal, 29(2), 125-130.

Jakubowski, E. (1995). Constructing potential learning opportunities in middle grades
mathematics. In K. Tobin (Ed.), The practice of constructivism in science
education (pp. 135-144). Washington, DC: AAA Press.

Jansen, E. (1998). Teaching with the brain in mind. Alexandria, VA: ASCD.

Jarvis, P. (1985). The Sociology of Adult and Continuing Education. Beckenham: Croom
Helm.

Jarvis, P. (1987). Malcolm Knowles. In P. Jarvis (Ed.) Twentieth century thinkers in adult
education (pp. 144-159). London: Croom Helm.

Jarvis, P. (2006). Towards a comprehensive theory of human learning. British Journal of
Educational Technology, 38 (2), 374-375.

Jasanoff, S., Markle, G.E., Petersen, J.C., & Pinch, T. (Eds.). (1995). Handbook of
science and technology studies. Thousand Oaks, CA: Sage.

Jenkins, E. (2001). Research in science education in Europe: Retrospect and prospect. In
H. Behrendt (Ed.), Research in science education-Past, present, and future (pp.
17-26). Dordrecht: Kluwer Academic Publishers.

339



Jerald, C.D. (2002). All talk, no action: Putting an end to out-of-field teaching. The
Education Trust, August 2002.

Johnson, C. (2006). Effective professional development and change in practice: Barriers
science teachers encounter and implications for reform. School Science and
Mathematics, 106(3), 150-161.

Johnson, D.W., Johnson, R.T., & Stanne, M.B. (2006). Cooperative learning methods: A

meta-analysis. Retrieved July 7, 2007, from http://www.co-operation.org/pages/cl-
methods.html

Jonassen, D.H. (2006). A constructivist’s perspective on functional contextualism.
Association for Educational Communications and Technology, 54 (1), 43-47.

Jones, M.G., Rua, M.J., & Carter, G. (1998). Science teachers’ conceptual growth within
Vygotsky’s zone of proximal development. Journal of Research in Science
Teaching, 35(9), 967-985.

Joyce, B., & Showers, B. (1988, 1995). Student achievement through staff development:
Fundamentals of school renewal. White Plains, NY: Longman Publishers USA.

Joyce, B., Weil, M., & Showers, B. (1992). Models of Teaching, 4™ Edition. Needham
Heights, MA: Allyn and Bacon.

Judson, E., & Sawada, D. (2001). Tracking transfer of reform methodology from science
and math college courses to the teaching style of beginning teachers of grades 5-
12. Arizona Collaborative for Excellence in the Preparation of Teachers,
Technical Report No. PRGO1-2. (ERIC Document Reproduction Service ED 455
208).

Kagan, D. M. (1992). Professional growth among preservice and beginning teachers.
Review of Educational Research 62, 129-169.

Kahle, J.B. (1998). Equitable systemic reform in science and mathematics: Assessing
progress. Journal of Women and Minorities in Science and Engineering, 4(12),
91-112.

Kahle, J.B. (1999). Teacher professional development: Does it make a difference in
student learning? Testimony To The US House Of Representatives Committee On
Science. Washington, DC: National Science Foundation.

Kahle, J.B., & Meece, J. (1994). Research on gender issues in the classroom. In D.L.
Gabel (Ed.), In D.L. Gabel (Ed.), Handbook of research on science teaching and
learning (pp. 542-557). New York: National Science Teachers Association.

Kahle, J.B., Meece, J., & Scantlebury, K. (2000). Urban African-American middle school
science students: Does standards-based teaching make a difference? Journal of
Research in Science Teaching, 37(9), 1019-1041.

Kamii, C., & DeVries, R. (1980). Group games in early education: Implications of
Piaget’s theory. Washington, DC: National Association for the Education of
Young Children.

Kampmeier, J.A. (2001). Peer-Led Team Learning. Chemical & Engineering News, 79,
41, 6.

340


http://www.co-operation.org/pages/cl-methods.html%20%5BRetrieved
http://www.co-operation.org/pages/cl-methods.html%20%5BRetrieved
http://www.co-operation.org/pages/cl-methods.html%20%5BRetrieved

Kearns, D., & Harvey, J. (2000). A legacy of learning. Washington DC: Brookings
Institution Press.

Kearsley, G. (1994). Social development theory (L. Vygotsky). Retrieved February 15,
2007, from http://www.gwu.edu/~tip/vygotsky.html

Kelly, A., & Lesh, R. (2000). Trends and Shifts in Research Methods. In E.A. Kelly &
R. Lesh (Eds.), Handbook of research design in mathematics and science
education (pp. 35-44). Mahwah, NJ: Lawrence Erlbaum Associates.

Kelly, E.M., Suzuki, B.H., & Gaillard, M.K. (1999). Education reform for a mobile
population. Issues in Science and Technology, 15 (summer), 37-39.

Kennedy, M.M. (1979). Generalizing from Single Case Studies. Evaluation Quarterly, 3,
661-679.

Kennedy, M. M. (1995). The role of preservice teacher education. In L. Darling-
Hammond, & G. Sykes, (Eds.), Teaching as the learning profession (pp. 54-85).
San Francisco: Jossey-Bass.

Kennedy, M. M. (1997).Defining optimal knowledge for teaching science and
mathematics. Monograph of the National Institute for Science Education,
Nartional Center for Improving Science Education, University of Wisconsin.
Madison (no.10).

Kennedy, M. M. (1998). Education reform and subject matter knowledge. Journal of
Research in Science Teaching, 35(3), 249-263.

Kennedy, M. M. (2006). Inside Teaching: How classroom life undermines reform.
Cambridge, Mass.: Harvard University Press.

Keys, C.W. & Kennedy, V. (1999). Understanding inquiry science teaching in context: A
case study of an elementary teacher. Journal of Science Teacher Education, 10(4),
315-333.

Kidd, J.R. (1978). How adults learn. Englewood Cliffs, NJ: Prentice Hall.

Kidder, L., & Judd, C.M. (1986). Research methods in social relations, 5" edition. New
York: The Dryden Press.

King, A. (1995). Inquiring minds really do want to know: Using questioning to teach
critical thinking. Teaching of Psychology, 22, 13-17.

King, B. B. (1991). Beginning teachers’ knowledge of and attitudes towards history and
philosophy of science. Science Education. 75(1), 135-141.

King, B., & Newman, F.M. (2000). Will Teacher Learning Advance School Goals? Phi
Delta Kappan, 81(8): 576.

King, M., & Bruner, G. (2000). Social desirability bias: A neglected aspect of validity
testing. Psychology & Marketing, 17(2), 79-103.

Kivel, P. (2004). The culture of power. In F.W. Jr. Hale (Ed.), What makes racial
diversity work in higher education (pp. 25-31). Sterling, VA: Stylus Publishing.

341


http://www.gwu.edu/%7Etip/vygotsky.html
http://www.gwu.edu/%7Etip/vygotsky.html

Klein, S.P., Hamilton, L.S., McCaffrey, D.F., Stecher, B.M., Robin, A., & Burroughs, D.
(2000). Teaching practices and student achievement: Report of first-year findings

from the “Mosaic” study of systemic initiatives in mathematics and science. Santa
Monica, CA: RAND.

Klich, L.Z. (1988). Aboriginal cognition and psychological science. In S.H. Irvine, &
J.W. Berry (Eds.), Human abilities in cultural context (pp.154-178). New York:

Kliebard, H.M. (1995). The struggle for the American curriculum; 1893-1958 (2™ ed.).
New York: Routledge.

Knapp, M.S. (1995, April). Education policy and the improvement of teaching: Two
accounts of local response to the California mathematics framework. Paper
presented at the annual meeting of the American Educational Research
Association, San Francisco.

Knapp, M.S., & Plecki, M.L. (2001). Investing in the renewal of urban science teaching.
Journal of Research in Science Teaching, 38(10), 1089-1100.

Knorr-Cetina, K. (1995). Laboratory studies: The cultural approach to the study of
science. In S. Jasanoff, G. Markle, J. Peterson, & T. Pinch (Eds.), Handbook of
science and technology studies (pp. 140-166). Thousand Oaks, CA: Sage.

Knowles, M. S. (1970). The modern practice of adult education: Andragogy versus
pedagogy. New York: Association Press.

Knowles, M. S. (1975). Self-directed learning. Chicago: Follet.

Knowles, M. S. (1980a). (2nd ed.). The modern practice of adult education. From
pedagogy to andragogy. New York, NY: Cambridge Books.

Knowles, M.S. (1980b). Malcolm Knowles on..My farewell address...Andragogy-No
ideology, no panacea. Society of Training and Development Journal, August
1980.

Knowles, M. S. (1984b). Andragogy in action. San Francisco: Jossey-Bass.

Knowles, M. S. (1984a). The adult learner: A neglected species (3rd ed.). Houston, TX:
Gulf Publishing.

Knowles, M. (1989). Adult learning: Theory & practice. U Nadler L., Nadler Z. (Eds.),
The Handbook of human resource development. New York, Ltd.: Wiley.

Knowles, M. (1989). Everything you wanted to know from Malcolm Knowles (and
weren't afraid to ask). Training (August 1989), 45 - 49.

Knowles, M. S. (1990). The adult learner: A neglected species, 4™ ed. Houston, TX:
Gulf Publishing Co.

Knowles, M.S., Holton III, E.F., & Swanson, R.A. (2005). The Adult Learner: The
definitive classic in adult education and human resource development (6™ ed.).
Burlington, MA: Elsevier.

Knox, A.B. (1986). Helping adults learn. San Francisco: Jossey-Bass.

342



Koballa, T.R., Graber, W., Coleman, D.C., & Kemp, A.C. (2000). Prospective
gymnasium teachers’ conceptions of chemistry learning and teaching.
International Journal of Science Education, 22(2), 209-224.

Kohn, A. (2008, December 29). Beware of school “reformers”. The Nation, pp. 1-3.

Kokkotas, P., Vlachos, 1., & Koulaidis, V. (1998). Teaching the topic of the particulate
nature of matter in prospective teachers’ training courses. International Journal of
Science Education, 20, 291-303.

Kolb, D. A. (1984). Experiential Learning. Englewood Cliffs, NJ: Prentice Hall.

Kopetz, P.B., Lease, A.J., & Warren-Kring, B.Z. (2006). Comprehensive urban
education. Boston: Pearson Education.

Kotulak, R. (1996). Inside the brain. Kansas City, MO: Andrews and McMeel.

Kozma, R.B., & Russell, J. (1997). Multimedia and understanding: Expert and novice
responses to different representation of chemical phenomena. Journal of Research
in Science Teaching, 34(9), 949-968.

Kozol, J. (1991). Savage inequalities: Children in America’s schools. New York: Crown.

Kozulin, A. (1990). Vygotsky's psychology: A biography of ideas. New York: Harvester
Wheatsheaf.

Krause, K., Bochner, S., & Duchesne, S. (2003). Educational psychology for learning
and teaching. Australia: Thomson.

Kruse, R.A., & Roehrig, G.H. (2005). A Comparison study: Assessing Teachers'
conceptions with the Chemistry Concepts Inventory. Journal of Chemical
Education 82, 1246-1250.

Kuhn, T. S. (1970). The structure of scientific revolutions. Chicago: University of
Chicago Press.

Kyle, W.C., Lee, E.D., & Shymansky, J.A. (1989). Research matters to the science
teacher: Enhancing learning through conceptual change teaching (no. 8902).
Reston, VA: National Association for Research on Science Teaching.

Lambert, B.L., & McCombs, N.M. (Eds.). (1998). How students learn: Reforming
schools through learner-centered education. Washington, DC: American
Psychological Association.

Lampert, M., & Ball, D.L. (1995). Aligning teacher education with contemporary reform
vision. In L. Darling-Hammond, & G. Sykes, (Ed.), Teaching as the learning
profession (pp. 33-53). San Francisco: Jossey-Bass.

Lange, V. L. (2002). Instructional scaffolding: A Teaching strategy. Retrieved September
25, 2007 from http://condor.admin.ccny.cuny.edu/~group4/Cano/Cano%20Paper.doc

Lantz, O., & Kass, H. (1997). Chemistry teachers’ functional paradigms. Science
Education, 71, 117-134.

Lasley, E. (1997). How the brain learns and remembers. Brainwork, 7(1), 9-15.

343


http://condor.admin.ccny.cuny.edu/%7Egroup4/Cano/Cano%20Paper.doc
http://condor.admin.ccny.cuny.edu/%7Egroup4/Cano/Cano%20Paper.doc

Lavan, S. (2004). Cogenerating fluency in urban science classrooms. Unpublished
doctoral dissertation, University of Pennsylvania, Phialdelphia.

Lave, J. (1988). Cognition in Practice: Mind, mathematics, and culture in everyday life.
Cambridge, UK: Cambridge University Press.

Lave, J., & Wenger, E. (1991). Situated Learning: Legitimate Peripheral Participation.
New York: Cambridge University Press.

Lavonen, J., Jauhiainen, J., Koponen, I.T., & Kurki-Suonio, K. (2004). Effect of long-
term in-service training program on teachers’ beliefs about the role of
experiments in physics education. International Journal of Science Education, 26
(3), 309-328.

Lawler, P.A. (1991). The keys to adult learning: Theory and practical strategies.
Philadelphia, PA: Research for Better Schools.

Lawrenz, F., Huffman, D., Appeldoorn, K., & Sun, T. (2001). Classroom observation
handbook. Minneapolis: University of Minnesota.

Laws, P.W., & Hastings, N.B. (2002). Reforming science and mathematics teaching:
FIPSE as a catalyst for change. Change (September-October), 29-35.

Lawson, A.E. (1995). Science teaching and the development of thinking. Belmont, CA:
Wadsworth Publishing Company.

LeCompte, M.D., & Preissle, J. (1993). Ethnography and qualitative design in
educational research (2" ed.). San Diego: Academic Press.

Lederman, N. G., & Latz, M. S. (1995). Knowledge structures in the preservice science
teacher: Sources, development, interactions, and relationships to teaching.
Journal of Research in Science Teaching, 6(1), 1-19.

Lederman, N., & Zeidler, D. (1987). Science teachers’ conceptions of the nature of
science: Do they really influence teacher behavior? Science Education, 71(5),
721-734.

Lederman, N., Gess-Newsome, J., & Latz, M. (1993). Becoming a teacher: Balancing
conceptions of subject matter and pedagogy. Paper presented at the annual
meeting of the American Educational Research Association, Atlanta, GA.

Lee, O. (1999). Equity implications based on the conceptions of science achievement in
major reform documents. Review of Educational Research, 69, 83-115.

Lee, O. (2003). Equity for linguistically and culturally diverse students in science
education: A research agenda. Teachers College Record, 105(3), 465-489.

Lee, O., & Fradd, S.H. (1998). Science for all, including students from non-English
language backgrounds. Educational Researcher, 27, 12-21.

Lee, V.E., Chen, X., & Smerdon, B.A. (1996). The influence of school climate on gender
differences in the achievement and engagement of young adolescents.
Washington, DC: American Association of University Women.

Lemke, J. L. (1990). Talking science: Language, learning, and values. Norwood, NJ:
Ablex Publishing Corporation.

344



Lemke, J.L. (2001). Articulating communities: Sociocultural perspectives on science
education. Journal of Research in Science Teaching, 38(3), 296-316.

Levitt, K. (2002). An analysis of elementary teachers’ beliefs regarding the teaching and
learning of science. Science Education, 86, 1-22.

Lewin, Gary, (2001). Teacher Question of the Week. Retrieved February 16, 2007, from
http://www.west.net/~ger/vygotsky.html

Lewis, S., Baker, N., & Jepson, J. (2000). Critical trends in urban science education:
Fourth biennial survey of America’s Great City Schools. Washington, DC:
Council of Great City Schools.

Lewis, J. E., & Lewis, S. E. (2005). Departing from lectures: An evaluation of a peer-led
guided inquiry alternative. Journal of Chemical Education, 82(1),135-139.

Lijnse, P.L. (1995). “Developmental Research” as a way to an emperically based
“didactical structure” of science. Science Education, 79, 189-199.

Lin, H., Cheng, H., & Lawrenz, F. (2000). The assessment of students and teachers’
understanding of gas laws. Journal of Chemical Education, 77 (2), 235-238.

Lincoln, Y.S., & Guba, E.G. (1985). Naturalistic Inquiry. Beverly Hills, CA: Sage.
Lindeman, E. C. (1926). The meaning of adult education. New York: New Republic.

Linden, G.M. (1995). Desegregating schools in Dallas: Four decades in the federal
courts. Dallas: Three Folks.

Linn, M.C., & Burbules, N.C. (1995). Construction of knowledge and group learning. In
K. Tobin (Ed.), The practice of constructivism in science education (pp. 91-120).
Washington, DC: AAA Press.

Little, J. W. (1987). Teachers as colleagues. In V. Richardson-Koehler (Ed.), Educators'
handbook: A research perspective (pp. 491-518). New York: Longman.

Little, J. W. (1993). Teachers professional development in a climate of educational
reform. Educational Evaluation and Policy Analysis, 15 (2), 129-151.

Lombardo, A.S. (2000). An exploration of certain factors and skills impacting effective
laboratory centered, inquiry-focused science instruction. Unpublished doctoral
dissertation, Temple University, Philadelphia.

London, C. (1988). A Piagetian constructivist perspective on curriculum development.
Reading Improvement, 27, 82-95.

Lonning, R. A. (1993). Effect of cooperative learning strategies on student verbal
interactions and achievement during conceptual change instruction in 10" grade
general science. Journal of Research in Science Teaching, 30, 1087-1101.

Lopez, A. (2000). Science teaching’s quantum leap. The UNESCO Courier, May, 13-15.

Lord, T.R. (2004). Using constructivist-based cooperative learning to challenge students.
In M. Druger, E.D. Siebert, & L.W. Crow (Eds.), Teaching tips: Innovations in
undergraduate science education (pp. 24-25). Arlington, VA: NSTA Press.

345


http://www.west.net/%7Eger/vygotsky.html
http://www.west.net/%7Eger/vygotsky.html

Lortie, D.C. (1975). Schoolteacher: A Sociological Study. Chicago: University of
Chicago Press.

Loucks-Horsley, S., Hewson, P.W., Love, N., & Stiles, K.E. (1998). Designing
professional development for teachers of science and mathematics. Thousand
Oaks, CA: Corwin Press.

Loucks-Horsley, S., & Matsumoto, C. (1999). Research on professional development for
teachers of mathematics and science: The state of the scene. School Science and
Mathematics, 99(5), 258-271.

Loucks-Horsley, S., Stiles, K., & Hewson, P. (1996). Principles of effective professional
development for mathematics and science education: A synthesis of standards.
National Center for Improving Science Education Brief 1(1), 1-6.

Loughran, J., Milroy, P., Berry, A., Gunstone, R., & Mulhall, P. (2001). Documenting
science teachers' pedagogical content knowledge through PaP-eRs. Research in
Science Education, 31 (2), 289-307.

Luehmann, A.L. (2007). Identity development as a lens to science teacher preparation.
Science Education 91(5), 822-839.

Lumpe, A.T., Haney, J.J., & Czneriak, C.M. (2000). Assessing beliefs about their science
teaching context. Journal of Research in Science Teaching, 37 (3), 275-292.

Lunetta, V.N. (1998). The school science laboratory: Historical perspective and contexts
for contemporary teaching. In B.J. Fraser & K. Tobin (Eds.), International
Handbook of Science Education vol.1 (pp. 249-264). Dodrecht, The Netherlands:
Kluwer Academic Publishers.

Lynn, R., Hampton, S., & Magee, M. (1984). Home background, intelligence, personality
and education as predictors of unemployment in young people. Personality and
Individual Differences, 5, 549-557.

Ma, L. (1999). Knowing and teaching elementary mathematics :Teachers' understanding
of fundamental mathematics in China and the United States. Mahwah, NIJ:
Lawrence Erlbaum Associates.

MacGregor, J. (1990). Collaborative learning: Shared inquiry as a process of reform. New
Directions for Teaching and Learning, 42 (Summer 1990), 19-30.

Maclsaac, D.L. & Falconer, K.A. (2002, November). Reforming physics education via
RTOP. The Physics Teacher 40 (8), 479-485. Retrieved November 30, 2007 from
http://physicsed.buffalostate.edu/pubs/TPT/TPTNovO2RTOP/.

Maclsaac, D.L., Sawada, D., & Falconer, K.A. (April, 2001). Using the reform teacher
observation protocol (RTOP) as a catalyst for self-reflective change in secondary
science teaching-Teacher self-reflective change empowered by RTOP. Paper

presented at the annual meeting of the American Education Research Association,
Seattle, WA.

Madaus, G. F., West, M. M., Harmon, M. C., Lomax, R. G., & Viator, K. A. (1992). The
impact of mandated standardized testing on minority students. Chestnut Hill, MA:
Center for the Study of Testing, Evaluation, and Educational Policy.

346


http://physicsed.buffalostate.edu/pubs/TPT/TPTNov02RTOP/

Madaus, G.F., West, M.M., Harmon, M.C., Lomax, R.G., & Viator, K.A. (1992). The
influence of testing on math and science in grades 4-12. Boston: Boston College,
Center for the Study of Testing, Evaluation, and Educational Policy.

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources, and development of
pedagogical content knowledge for science teaching. In J. Gess-Newsome & N.G.
Lederman (Eds.), Examining pedagogical content knowledge: The construct and
its implications for science education (pp. 95-132). Dordrecht, Netherlands:
Kluwer.

Mahoney, M.J. (2004). What is constructivism and why is it growing? Contemporary
Psychology, 49, 360-363.

Manouchehri, A. (1997). School Mathematics Reform: Implications for Mathematics
Teacher Preparation. Journal of Teacher Education, 48 (3).

March, J., & Simon, H. (1958). Organizations. New York: Wiley.

Martin, M.O., Mullis, .V.S., Gonzalez, E.J., & Chrostowski, S.J. (2004). TIMSS 2003
International Science Report: Findings from IEA’s Trends in International
Mathematics and Science Study at the Fourth and Eighth Grade. Chestnut Hill,
MA: TIMSS & PIRLS International Study Center, Boston College.

Mason, C. L. (1992). Concept mapping: A tool to develop reflective science instruction.
Science Education, 76, 51-63.

Mason, C.L. (1999). The triad approach: A consensus for science teaching and learning.
In J. Gess-Newsome & N.G. Lederman (Eds.), Examining Pedagogical Content
Knowledge: The Construct and its Implications for Science Education (pp. 277-
292). Dordrecht, Netherlands: Kluwer Academic Publishers.

Matthews, M.R. (1998). Introductory comments on philosophy and constructivism in
science education. In M.R. Matthews (Ed.), Constructivism and science
education: A philosophical examination (pp. 1-10). Dordrecht: Kluwer Academic
Publishers.

Matthews, M.R. (2000). Appraising constructivism in science and mathematics
education. In D.C. Phillips (Ed.), Constructivism in Education: Opinions and
second opinions on controversial issues (pp. 161-192). Chicago: National Society
for the Study of Education.

Maxwell, J.A. (2005). Qualitative research design: An interactive approach. (2™ ed.).
Thousand Oaks, CA: Sage Publications.

Mayer, R. (1996). Learners as information processors: Legacies and limitations of
educational psychology's second metaphor. In Educational Psychologist, 31(3/4),
151-161.

Mayer, R.E. (1983). Thinking, problem solving, cognition. New York: Freeman.

McCabe, R.H., & Day, P.R., Jr. (Eds.). (1998). Developmental education: A twenty-first
century social and economic imperative. Mission Viejo, CA: League for
Innovation in the Community College. (ERIC Document Reproduction Service
No. ED421176)

347



McClusky, H. Y. (1970). An approach to a differential psychology of the adult potential.
In S. M. Grabowski (Ed.), Adult learning and instruction. Syracuse, N.Y.: ERIC
Clearinghouse on Adult Education, 1970. (ERIC Document Reproduction Service
No. ED 045 867).

McClusky, H. Y. (1971). Education for the aging. Florida Adult Education, 21 (Spring),
6-7.

McComas, W., Clough, M.P., & Almazroa, H. (1989). The role and character of nature of
science in science education. In W. McComas (Ed.), The Nature of Science in
Science Education: Rationales and Strategies (pp. 3-39). Dordrecht, Netherlands:
Kluwer Academic Publishers.

McDevitt, T.M., & Ormrod, J.E. (2002). Child development and education. Upper Saddle
River, NJ: Merrill Prentice Hall.

McDiarmid, G.W., Ball, D.L., & Anderson, C.W. (1989). Why staying one chapter ahead
doesn’t really work: Subject-specific pedagogy. In M.C. Reynolds (Ed.),
Knowledge base for the beginning teacher (pp. 193-205). New York: Pergamon
Press.

McDiarmid, G.W., & Corcoran, T.B. (2000). Promoting the professional development of
teachers. In D. Pankratz & J.M. Petrosco (Eds.) All children can learn: Lessons
from the Kentucky reform experience (pp. 141-158). San Francisco, CA: Jossey-
Bass.

McEwan, H., & Bull, B. (1991). The pedagogic nature of subject matter knowledge.
American Educational Research Journal, 28 (2), 316-334.

McGilly, K. (1994). Classroom lessons: Integrating cognitive theory and classroom
practice. Cambridge, MA: Bradford.

McLagan, P. (1987). Who Can Plan? You Can! Training and Development Journal, July,
27-33.

McLaughlin, M. (1987). Learning from experience: Lessons from policy implementation.
Educational Evaluation and Policy Analysis, 9, 171-178.

McLaughlin,M., &Yee, S. M. (1988).School as a place to have a career. In A. Lieberman
(Ed.), Building a professional culture in schools (pp.23-44). New York: Teachers
College Press.

McLaughlin, M. W., & Talbert, J. E. (1993, March). Contexts that matter for teaching
and learning: Strategic opportunities for meeting the nation's educational goals.
Stanford, CA: Stanford University, Center for Research on The Context of
Secondary School Teaching.

McNay, M. (2000). The conservative political agenda in curriculum: Ontario’s recent
experience in science education. Journal of Curriculum Studies, 32(6), 749-756.

McShane, J.B., & Yager, R.E. (1996). Advantages of STS for minority students. In R.E.
Yager (Ed.), Science/technology/society as reform in science education (pp. 131-
138). New York: State University of New York Press.

348


http://aera.net/pubs/aerj/index.html

Mehra, B. (2001). Research or personal quest? Dilemmas in studying my own kind. In B.
Merchant & A. Willis (eds.), Multiple and intersecting identities in qualitative
research (pp. 69-82). New Jersey: Lawrence Erlbaum Associates.

Meijer, P.C. & Verloop, N. (1998, April). A strategy for triangulating multiple source
data: Analyzing teachers’ practical knowledge. Presented at the annual meeting
of the American Educational Research Association. San Diego, CA.

Melear, C.T., Goodlaxen, J.D., Warne, T.R., & Hickok, L.G. (2000). Teaching preservice
science teachers how to do science: Responses to the research experience. Journal
of Science Teacher Education, 11, 77-90.

Mercer, N. (1995). The guided construction of knowledge: Talk amongst teachers and
learners. Avon, UK: Clevedon.

Mercer, N. (2000). Words and minds: How we use language to think together. London:
Routledge.

Merriam, S., & Caffarella, R.S. (1991). Learning in adulthood. San Francisco: Jossey-
Bass.

Merriam, S., & Caffarella, R.S. (1999). Learning in adulthood (2™ ed). San Francisco:
Jossey-Bass.

Merriam, S., Caffarella, R. & Baumgartner, L. (2007). Learning in adulthood: A
comprehensive guide (3rd ed). San Francisco: Jossey-Bass Publishers.

Merriam, S.B. (1998). Qualitative research and case study applications in education. San
Francisco, CA: Jossey-Bass.

Merriam, S.B., & Brockett, R. (1997). The profession and practice of adult education: An
introduction. San Francisco, CA: Jossey-Bass Publishers.

Mestre, J. (Ed.). (2005). Transfer of learning from a modern interdisciplinary perspective.
Greenwich, CT: Information Age.

Metz, K.E. (1995). Reassessment of developmental constraints on children’s science
instruction. Review of Educational Research, 65, 93-128.

Michael, J. (2006). Where’s is the evidence that active learning works? Advances in
Physiology Education, 30, 159-167.

Michaels, S. (1984). Listening and responding: Hearing the logic in children’s classroom
narratives. Theory into Practice 23, 218-224.

Miles, K.H., & Darling-Hammond, L. (1998). Rethinking the allocation of teaching
resources: Some lessons from high-performing schools. Educational Evaluation
and Policy Analysis, 20(1), 9-29.

Miles, M.B., & Huberman, A.M. (1994). Qualitative data analysis: An expanded
sourcebook. (2" ed.). Thousand Oaks, CA. Sage Publications.

Millar, R., Osborne, J., & Nott, M. (1998). Science education for the future. School
Sciences Review, 80, 19-24.

349



Miller, B., Lord, B., & Dorney, J. (1994). Summary report. Staff development for
teachers. A study of configurations and costs in four districts. Newton, MA:
Education Development Center.

Minstrell, J., & Van Zee, E.H. (2000). Inquiry into inquiry learning and teaching in
science. Washington, DC: American Association for the Advancement of Science
Press.

Mintzes, J.J., Wandersee, J.H., & Novak, J. D. (Ed.). (2005). Teaching science for
understanding: A human constructivist view. Burlington, MA: Elsevier.

Mitchell, D. E., Ortiz, F. 1., & Mitchell, T. (1987).Work orientation and job performance:
The cultural basis of teaching rewards and incentives. Albany: State University of
New York Press.

Moll, L., & Gonzales, N. (1992). Funds of knowledge in teaching: Using a qualitative
approach to connect homes and classrooms. Theory into Practice, 31(1), 132-141.

Moll, L.C. (1990). Introduction. In L.C. Moll (Ed.), Vygotsky and Education:
Instructional implications and applications of socio-historical psychology (pp. 1-
30). Cambridge: Cambridge University Press.

Moll, L.C., & Greenberg, J.B. (1990). Creating zones of possibilities: Combining social
contexts for instruction. In L.C. Moll (Ed.), Vygotsky and education: Instructional
implications and applications of sociocultural psychology (pp. 319-348).
Cambridge, UK: Cambridge University Press.

Monk, D.H. (1994). Subject area preparation of secondary mathematics and science
teachers and student achievement. Economics of Education Review, 13(2), 125-
145.

Moore, J.W. (2003). Preparation of chemistry teachers. Journal of Chemical Education
80 (7), 719.

Morgan, G. (1986). Images of Organization. Newbury Park, CA: Sage Publications.

Morine-Dershimer, G. (1983). Instructional strategy and the ‘creation’ of classroom
status. American Educational Research Journal 20, 645-662.

Morine-Dershimer, G., & Kent, T. (1999). The complex nature and sources of teachers’
pedagogical knowledge. In J. Gess-Newsome & N.G. Lederman (Eds.),
Examining Pedagogical Content Knowledge: The Construct and its Implications
for Science Education (pp. 21-50). Dordrecht, Netherlands: Kluwer Academic
Publishers.

Morine-Dershimer, G., & Reeve, P.T. (1994). ‘Studying teachers’ thinking about
instruction: Issues related to analysis of metaphoric language. In 1. Carlgren, G.
Handal, & S. Vaage (Eds.), Teachers’ minds and actions: Research on teachers’
thinking and practice (pp. 150-164). London: Falmer Press.

Morrell, P.D., Flick, L.B., & Wainwright, C. L. (2004). Reform Teaching Strategies Used
by Student Teachers. School Science and Mathematics 104 (5), 199-213.

350



Moses, R.P., Kamii, M., Swap, S.M., & Howard, J. (1989). The Algebra Project:
Organizing in the spirit of Ella. Harvard Educational Review, 59 (4), 423-443.

Moss, D. (2001). Examining student conceptions of the nature of science. International
Journal of Science Education, 23(8), 771-790.

Munby, H., Cunningham, M., & Lock, C. (2000). School science culture: A case study of
barriers to developing professional knowledge. Science Education, 84, 193-211.

Murnane, R.J., & Phillips, B.R. (1981). What do effective teachers of inner-city children
have in common? Social Science Research, 10, 83-100.

National Center for Education Statistics [NCES] (1999). Predicting the need for newly
hired teachers in the U.S. to 2008-09. NCES 1999-026. Washington, D.C. :US
Government Printing Office.

National Center for Education Statistics [NCES] (2003). Qualifications of the public
school teacher workforce: Prevalence of out-of-field teaching 1987-1988 to 1999-
2000. Washington, D.C.: U.S. Department of Education.

National Center for Education Statistics [NCES] (2005). Retrieved November 11, 2007
from http://nationsreportcard.gov/science 2005

National Center for Education Statistics [NCES] (2007a). Results of the 2005 science
assessment. Retrieved November 10, 2007 from
http://nces.ed.gov//nationsreportcard/science

National Center for Education Statistics [NCES] (2007b). Trends in International
Mathematics and Science Study 2007 results. Retrieved November 11, 2007 from
http://nces.ed.gov/timss

National Center for Improving Science Education. (1993). Profiling teacher development
programs: An approach to formative evaluation. Andover, MA: The NETWORK,
Inc.

National Commission on Mathematics & Science Teaching for the 21* Century. (2000).
Before it’s too late. Jessup, MD: U.S. Department of Education, Education

Publications Center. Retrieved November 2, 2007 from
http://www.ed.gov/americacounts/glenn/

National Commission on Teaching and America’s Future (NCTAF) (1996). What matters
most: Teaching for America’s future. New York: Author.

National Commission on Teaching and America’s Future [NCTAF] (2003). No Dream
Denied: A pledge to America’s children. Washington, DC: NCTAF

National Commission on Teaching and America’s Future [NCTAF] (2007). Policy brief:
The high cost of teacher turnover (prepared by T.G. Carroll). Washington, DC:
NCTAF

National Committee on Science Education Standards and Assessment. (1992). National
science education standards: An enhanced sampler. (ERIC Document
Reproduction Service No. ED 360174).

351


http://nationsreportcard.gov/science_2005
http://www.ed.gov/americacounts/glenn/
http://www.ed.gov/americacounts/glenn/

National Council of Teachers of Mathematics. (1989). Curriculum and evaluation
standards for school mathematics. Reston, VA: Author.

National Council of Teachers of Mathematics. (1991). Professional standards for
teaching mathematics. Reston, VA: Author.

National Research Council (1996). National Science Education Standards. Washington,
DC: National Academy Press.

National Research Council. (2000). Inquiry and the National Science Education
Standards: A guide for teaching and learning. Washington, DC: National
Academies Press.

National Research Council. (2001). Educating teachers of science, mathematics, and
technology: new practices for the new millennium. Washington, DC: National
Academies Press.

National Research Council. (2005). How Students Learn: History, Mathematics, and
Science in the Classroom. Washington, DC: National Academies Press. Retrieved
November 11, 2007 from http://books.nap.edu/catalog/10126.html

National Research Council. (2007). Rising above the gathering storm: Energizing and
employing America for a brighter economic future. Committee on Science,
Engineering, and Public Policy. Washington, DC: National Academy Press.

National Science Board. (2002). Science and engineering indicators—2002. Arlington,

VA: National Science Foundation. Retrieved January 25, 2007 from
http://www.nsf.gov/sbe/srs/seind02/start.htm

National Science Board (2004). Report: Excerpts from science and engineering
indicators. Science Communication, 26(2), 219-222.

National Science Board (2006). Science and Engineering Indicators, 2006. Two volumes.
Arlington, VA: National Science Foundation (volume 1, NSB 06-01; volume 2,
NSB 06-01A).

National Science Teachers Association (2003). Standards for science teacher
preparation. Washington, DC: National Science Teachers Association.

National Staff Development Council [NSDC](1994). Resources for staff development.
Oxford, OH: Author.

National Staff Development Council. (1995). Standards for staff development-study
guide: High school edition. Oxford, OH: Author.

Nelson, B.S. (May, 1997). Lens on learning: How administrators’ ideas about
mathematics, learning, and teaching influence their approaches to action in an era
of reform. Newton, Mass.: Center for the Development of Teaching, Education
Development Center.

Nelson, B.S., & Hammerman, J.K. (1994). Reconceptualizing Teaching: Moving Toward
the Creation of Intellectual Communities of Students, Teachers, and Teacher
Educators. Newton, Mass.: Center for the Development of Teaching, Education
Development Center.

352


http://books.nap.edu/catalog/10126.html
http://books.nap.edu/catalog/10126.html
http://www.nsf.gov/sbe/srs/seind02/start.htm
http://www.nsf.gov/sbe/srs/seind02/start.htm

Nemser, S.F. (1983). Learning to teach. In L.S. Shulman and G. Sykes (Eds.), Handbook
of teaching and policy (pp. 150-170). New York: Longmans.

Nespor, J. (1987). The role of beliefs in the practice of teaching. Journal of Curriculum
Studies, 19, 317-328.

Newlove, B.W., & Hall, G. E. (1976). A manual for assessing open-ended statement of
concern about an innovation. Austin, TX: Research and Development Center for
Teacher Education, The University of Texas Press.

Newman, D., Griffin, P., & Cole, M. (1989). The Construction Zone: Working for
Cognitive Change in Schools. Cambridge: Cambridge University press.

Newman, F.M., & Associates. (1996). Authentic achievement: Restructuring schools for
intellectual quality. San Francisco: Jossey- Bass.

Newman, F.M., & Wehlage, G.G. (1995). Successful school restructuring: A report to the
public and educators by the Center on Organization and Restructuring of Schools.
Madison, WI: University of Wisconsin-Madison, School of Education, Wisconsin
Center for Education Research, Center on Organization and Restructuring of
Schools.

Newman, 1., & Benz, C.R. (1998). Qualitative-Quantitative research in methodology:
Exploring the interactive continuum. Carbondale, IL: Southern Illinois University
Press.

Nias, J. (1996). Thinking about feeling: The emotions in teaching. Cambridge Journal of
Education, 26, 293-306.

Nieto, S. (1994). Lessons from the students on creating a chance dream. Harvard
Educational Review, 64, 392-426.

Ninnes, P. (2001). Representations of ways of knowing in junior high school science
texts used in Australia. Discourse, 22(1), 81-94.

Nisbett, R., & Ross, L. (1980). Human Inference: Strategies and shortcomings of social
judgement. Englewood Cliffs, NJ: Prentice-Hall.

Noddings, N. (1990). Constructivism in mathematics education. In R. Davis, C. Maher, &
N. Noddings (Eds.), Constructivist views on the teaching and learning of
mathematics (pp. 7-18). Reston, VA: National Council of Teachers of
Mathematics.

Norman, O., Ault, C.R., Jr., Bentz, B., & Meskimen, L. (2001). The black-white
“achievement gap” as a perennial challenge of urban science education: A
sociocultural and historical overview with implications for research and practice.
Journal of Research in Science Teaching, 38(10), 1101-1114.

Novak, J.D. (2002). Meaningful Learning: The essential factor for conceptual change in
limited or in appropriate propositional hierarchies leading to empowerment of
learners. Science Education, 86(4), 548-571.

Null, J.W. (2004). Is constructivism traditional? Historical and practical perspectives on a
popular advocacy. Educational Forum, 68, 180-188.

353



Nunnally, J. (1978). Psychometric theory. New York: McGraw-Hill.

Nye, B., Konstantopoulos, S., & Hedges, L.V. (2004). How large are teacher effects?
Educational Evaluation and Policy Analysis, 26, 237-257.

O’Day, J., & Smith, M.S. (1993). Systemic educational reform and educational
opportunity. In S.H. Furman (Ed.), Designing coherent educational policy (pp.
250-312). San Francisco. Jossey-Bass.

Oakes, J. (1990). Multiplying inequalities: The effects of race, social class, and tracking
on opportunities to learn mathematics and science. Santa Monica, CA: RAND.

Oakes, J., Gamoran, A., & Page, R. (1992). Curriculum differentiation: Opportunities,
outcomes, and meanings. In P. Jackson (Ed.) Handbook of research on
curriculum (pp. 570-608). New York: MacMillan.

Ogawa, M. (1995). Science education in a multiscience perspective. Science Education,
79(5), 583-593.

Ogbu, J. (1978). Minority education and caste: The American system in cross-cultural
perspective. New York: Academic Press.

Ogbu, J. (1994). Women, minorities, and parsons with disabilities in science and
engineering. Arlington, VA.

Ogbu, J.U. (1992a). Adaptation to minority status and impact on school success. Theory
into Practice, 1, 287-295.

Ogbu, J.U. (1992b). Understanding cultural diversity and learning. Educational
Researcher, 21(8), 5-14+ 24.

Olmedo, I.M. (1997). Challenging old assumptions: Preparing teachers for inner city
schools. Teaching & Teacher Education, 13(3), 245-258.

Olson, J. (1981). Teacher influence in the classroom: A context for understanding
curriculum translation. Instructional Science, 10, 259-275.

Olson, L. (2001). Overboard on testing? In Pew Charitable Trust/Education Week
Quality Counts 2001: A better balance, Education Week, 20 (17), 23-30.
Washington, DC.

Oregon State Department of Education: Science Education (1989). Contributions of
Piaget to Science Education. Science Education. Science Curriculum Concept
Paper #2. (ERIC Document Reproduction Service No. ED309084)

Ormerod, B., & Duckworth, D. (1975). Pupils’ attitude to science: A review of research.
Windsor, Ontario: NFER.

Osborne, G. (1969). Influence of the Chemical Bond Approach and the Chemical
Education Materials Study on the New York Regents Examination in High School
Chemistry. School Science and Mathematics, 69(1), 53-58.

Pajares, M. F. (1992). Teachers’ beliefs and educational research: Cleaning up a messy
construct. Review of Educational Research, 62(3), 307-332.

354



Palincsar, A. S., & Brown, A. L. (1984). Reciprocal teaching of comprehension-fostering
and comprehension-monitoring activities. Cognition and Instruction, 2(2), 117-
175.

Palmeri, A.B. (1995). The consistency between second-grade teachers’ beliefs toward
science and their science teaching practice. Unpublished doctoral dissertation,
Indiana University, Bloomonton.

Partlow, M.C., Ridenour, C.S. (2008). Frequency of principal turnover in Ohio’s
elementary schools. Midwestern Educational Researcher, 21(2), 15-16, 21-23.

Patton, M.Q. (1990). Qualitative Evaluation Methods. (2" ed.). Sage Publications:
Thousand Oaks, CA.

Patton, M.Q. (2002). Qualitative Research & Evaluation Methods (3" ed.). Sage
Publications: Thousand Oaks, CA.

Paty, M. (1999). Comparative history of modern science and the context of dependency.
Science, Technology, and Society, 4(2), 171-203.

Paulhus, D. (1991). Measurement and control of response bias. In J. Robinson, P. Shaver,
& L. Wrightsman (Eds.) Measures of personality and social psychological
attitude (pp. 17-59). New York: Academic Press Inc.

Paulos, J.A. (1988). Innumeracy: Mathematical illiteracy and its consequences. New
York: Hill and Wang.

Pearsall, N.R., Skipper, J., & Mintzes, J.J. (1997). Knowledge restructuring in the life
sciences: A longitudinal study of conceptual change in Biology. Science
Education, 81, 193-215.

Perkins, D.N., & Solomon, G. (1987). Transfer and teaching thinking. In D.N. Perkins, J.
Lochhead, & J. Bishop (Eds.), Thinking: The second international conference (pp.
285-303). Hillsdale, NJ :Earlbaum.

Perkins, D.N., & Salomon, G. (1989). Are cognitive skills context-bound? Educational
Researcher, 18 (1) 16-25.

Peterson, P.L. (Fall, 1990). The California Study of Elementary Mathematics.
Educational Evaluation and Policy and Analysis, 12(3), 241-245.

Pew Charitable Trust. (1998). Quality counts. The Urban Challenge. Public Education in
50 States. Education Week, 17(17), 6-50.Washington, DC.

Phelps, A.J. (1996). Teaching to enhance problem solving: It's more than the numbers.
Journal of Chemical Education, 73, 301-304.

Phillips, D.C. (1995). The good, the bad and the ugly: The many faces of constructivism.
Educational Researcher, 24 (7), 5-12.

Phillips, S.U. (1983). The invisible culture: Communication in classroom and community
on the Warm Springs Indian Reservation. New York: Longman.

Piaget, J. (1971). Science of education and the psychology of the child. New York:
Viking Press

355


http://libproxy.temple.edu:2122/stable/1164350
http://search.jce.divched.org:8081/JCEIndex/FMPro?-db=jceindex.fp5&-lay=wwwform&combo=Phelps&-find=&-format=detail.html&-skip=9&-max=1&-token.2=9&-token.3=10

Piaget, J. (1973). Child and reality: Problems of genetic psychology. New York:
Grossman.

Piaget, J., & Inhelder, B. (1973). Memory and intelligence. Translated by A.J. Pomerans.
New York: basic Books.

Piburn, M., & Sawada, D. (2000). Reformed teaching observation protocol (RTOP).
Retrieved November 5, 2007, from Arizona State University, Electronic
Collaborative for Excellence in the Preparation of Teachers Web site:
http://ecept.net/rtop

Piburn, M.D., Sawada, D., Falconer, K., Turley, J., Benford, R. & Bloom, 1. (2000).
Reformed Teaching Observation Protocol (RTOP). ACEPT In-003. Retrieved
September 29, 2006 from http://PhysicsEd.BuffaloState.
Edu/AZTEC/rtop/RTOP_ full/PDF.

Pimentel, G. C. (Ed.) (1963). Chemistry: Prepared by Chemical Education Material
Study. New York: W.H. Freeman.

Pintrich, P., Marx, R., & Boyle, R. (1993). Beyond cold conceptual change: The role of
motivational beliefs and classroom contextual factors in the process of conceptual
change. Review of Educational Research, 63, 167-199.

Pode, J.S.F. (1966). CBA and CHEM study: An appreciation. Journal of Chemical
Education, 43, 98.

Porter, A. (1993). State and district leadership for the implementation of Project 2061.
Background paper prepared for the American Association for the Advancement of
Science, Project 2061, Washington, D.C.

Porter, A., Garet, M.S., Desimone, L., Yoon, K.S., & Birman, B.F. (2000). Does
professional development change teaching practice? Results from a three-year
study (U.S. Department of Education, Office of the Undersecretary, Planning and
Evaluation Service). Washington, DC: U.S. Government Printing Office.

Porter, A., Kirst, M., Osthoff, J., & Schneider, S. (1993). Reform up close: A classroom
analysis. (Final report to the National Science Foundation, Grant No. SPA-
8953446.) Washington, DC: National Science Foundation.

Porter, A.C. et al. (1994). Reform of high school mathematics and science and
opportunity to learn. CPRE Policy Briefs, RB-13-9/94. WI: University of
Wisconsin.

Posnaski, T. (2002). Professional development programs for elementary science teachers:
An analysis of teacher self-efficacy beliefs and a professional development
model. Journal of Science Teacher Education, 13, 189-220.

Powell, R.R. (1997). Teaching alike: A cross-case analysis of first-career and second-
career beginning teachers’ instructional convergence. Teaching & Teacher
Education, 13(3), 341-356.

Pratt, D. D. (1988). Andragogy as a relational construct. Adult Education Quarterly, 38,
160-181.

356



Pratt, D.D. (1993). Andragogy after twenty-five years. In S.B. Merriam (Ed.), Update on
adult learning theory: New directions for adult and continuing education (no. 57,
pp. 15-23). San Francisco: Jossey-Bass.

Prawat, R.S. (1991). The value of ideas: The immersion approach to the development of
thinking. Educational Researcher, 20, 3-10.

Prawat, R.S. (1993). The value of ideas: Problems versus possibilities in learning.
Educational Researcher, 22(6), 5-16.

Priestly, H., Priestly, W.J., Sutman, F.X., Schmuckler, J.S., Hilosky, A. & White, M.
(1998). Evaluating the use of the inquiry matrix. Paper presented at the Annual

Meeting of the National Association for Research in Science Teaching, San
Diego, CA, April 19-22, 1998.

Pring, R. (2000). Philosophy of educational research. London: Continuum.

Putnam, R.T. (1992). Teaching the “hows” of mathematics for everyday life: A case
study of a fifth-grade teacher. Elementary School Journal, 93, 163-177.

Rachal, J.R. (1983). The andragogy - pedagogy debate: Another voice in the fray.
Lifelong Learning: The Adult Years. Vol.6 (9), May.

Radford, D.L. (1998). Transferring theory into practice: A model of professional
development for science education reform. Journal of Research in Science
Teaching, 35(1), 73-88.

Rainwater, L., & Smeeding, T.M. (2003). Poor kids in a rich country: America’s children
in a comparative perspective. New York: Russell Sage Foundation.

Randall, R. (1975). A study of the perceptions and attitudes of secondary school students
towards science as a school subject, science content and science teaching.
Dissertation Abstracts International, 35, 5152A.

Ravitz, J.L., Becker, H.J., & Wong, Y.T. (2000, July). Constructivist-compatible beliefs
and practices among U.S. teachers. (Teaching, Learning, and Computing-1998
National Survey, Report #4). Center for Research on Information Technology and
Organizations, University of California, Irvine & University of Minnesota.

Reischmann, J. (2000). Our understanding of andragogy. Bamberg, Germany: Otto
Freiderick University. Retrieved January 7, 2007, from
http://www.andragogy.net.

Renner, J.W., & Marek, E.A. (1990). An educational theory base for science teaching.
Journal of Research in Science Teaching, 27(3), 241-246.

Resnick, L. (1987). Learning in and out of school. Educational Researcher, 16 (9), 13-20.

Rhoton, J., Madrazo, G., Motz, L., & Walton, E. (1999). Professional development: A
major component in science teaching and learning. Science Educator: The
National Science Education Leadership Association Journal, 8 (1), 1-8.

Richardson, V. (1990). Significant and worthwhile change in practice. Educational
Researcher, 19 (7), 10-18.

357



Richardson, V. (1996). The role of attitudes and beliefs in learning to teach. In J. Sikula
(Ed.) The Handbook of Research in Science Education, 2™. Ed. (pp. 102-119).
New York: McMillan.

Rieber, L.P. (1995). A pragmatic view of instructional technology. In K. Tobin (Ed.), The
practice of constructivism in science education (pp. 193-214). Washington, DC:
AAA Press.

Ritchie, J. (2003). Design Issues. In J. Ritchie & J. Lewis (eds.), Qualitative Research
Practice (pp. 447-476). London: Sage Publications.

Rivard, L.P., & Straw, S.B. (2000). The effect of talk and writing on learning science: an
exploratory study. Science Education, 84, 566-593.

Rivkin, S.G., Hanushek, E.A., & Kain, J.F. (2005). Teachers, schools, and academic
achievement. Eonometrica, 73, 417-458.

Rodriguez, A.J. (1997). The dangerous discourse of invisibility: A critique of the
National Research Council’s National Science Education Standards. Journal of
Research in Science Teaching, 34(1), 19-37.

Rodriguez, A.J. (1998). Strategies for counterresistance: Toward sociotransformative
constructivism and learning to teach science for diversity and for understanding.
Journal of Research in Science teaching, 35, 589-622.

Rodriguez, A.J. (2001). From gap gazing to promising cases: Moving toward equity in
urban education reform. Journal of Research in Science Teaching, 38(10), 1115-
1129.

Roehler, L. R., Duffy, G. G., Hermann, B. A., Conley, M., & Johnson, J. (1988).
Knowledge structures as evidence of the ‘personal’: Bridging the gap from
thought to practice. Journal of Curriculum Studies, 20(2), 159-165.

Roehrig, G., & Luft, L. (2004). Inquiry teaching in high school chemistry classrooms:
The role of knowledge and beliefs. Journal of Chemical Education, 81, 1510-
1516.

Roehrig, G.H., & Kruse, R.A.(2005). The Role of Teachers’ Beliefs and Knowledge in
the Adoption of a Research-based Curriculum. School Science and Mathematics,
105(8), 412-422.

Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social context.
New York: Oxford University Press.

Rogoff, B. (1995). Sociocultural activity in three planes. In J.V. Wertsch, P. DelRio, &
A. Alvarez (Eds.), Sociocultural studies of mind (pp. 139-164). Cambridge:
Cambridge University Press.

Rogoff, B. (1998). Cognition as a collaborative process. In W. Damon, D. Kuhn, & R. S.
Siegler (Eds.), Handbook of child psychology vol. 2 (pp. 679-729). Toronto: John
Wiley & Sons.

Rogoff, B., & Chavajay, P. (1995). What’s become of research on the cultural basis of
cognitive development? American Psychologist, 50, 859-877.

358



Rogoff, B., & Gardner, W. (1984). Adult guidance of cognitive development. In B.
Rogoff & J. Lave (Eds.), Everyday cognition: Its development in social context
(pp. 95-116). Cambridge, MA: Harvard University Press.

Rogoff. B., Matusov, B., & White, S. (1996). Models of teaching and learning:
Participation in a community of learners. In D. Olson & N. Torrance (Eds.), The
Handbook of cognition and human development (pp. 388-414). Oxford, UK:
Blackwell.

Rogoff, B., & Wertsch, J. V. (1984). Children's learning in the 'zone of proximal
development' [Monograph]. In New Directions for Child Development, 23, 1-102.
San Francisco: Jossey-Bass.

Romiszowski, A. (1999). The development of physical skills: instruction in the
psychomotor domain. In C.M. Reigeluth (Ed.), Instructional design theories and
models: A new paradigm of instructional theory (pp.457-481). Mahwah, NJ:
Earlbaum.

Rosenholtz, S., Bassler, O., & Hoover-Dempsey, K. (1986). Organizational conditions of
teacher learning. Teaching and Teacher Education, 2, 91-104.

Rosenshine, B. (1993, April). Is direct instruction different from expert scaffolding?
Paper presented at American Educational Research Association meeting, Atlanta.

Rosenshine, B., & Stevens, R. (1986). Teaching functions. In M.C. Wittrock (Ed.),
Handbook of research on teaching, (3" ed., pp. 376-391). New York: Macmillan.

Roth, K.J., Druker, S.L., Garnier, H., Lemmens, M., Chen, C., Kawanaka, T.,
Rasmussen, D., Trubacova, S., Warvi, D., Okamoto, Y., Gonzales, P., Stigler, J.,
& Gallimore, R. (2006). Teaching Science in Five Countries: Results From the
TIMSS 1999 Video Study. (NCES 2006-011). U.S. Department of Education.
Washington, DC: National Center for Education Statistics.

Roth, V., Goldstein, E., & Marcus, G. (2001). Peer-Led Team Learning: A Handbook for
Team leaders. Upper Saddle River, NJ: Prentice Hall.

Roth, W. M. (1995a). Authentic school science. Dodrecht, The Netherlands: Kluwer
Academic Publishers.

Roth, W.M. (1995b). Construction sites: Science labs and classrooms. In K. Tobin (Ed.),
The practice of constructivism in science education (pp. 145-170). Washington,
DC: AAA Press.

Roth, W.-M, McGinn, M.K., & Bowen, G.M. (1998). How prepared are preservice
teachers to teach scientific inquiry? Levels of performance in scientific
representation practices. Journal of Science Teacher Education, 9, 25-48.

Roth, W.M., & Roychoudhury, A. (1994). Physics students’ epistemologies and views
about knowing and learning. Journal of Research in Science Teaching, 31, 5-30.

Roth, W.M., Tobin, K., & Zimmerman, A. (2002). Coteaching/Cogenerative dialoguing:
Learning environments research as classroom praxis. Learning Environments
Research, 5, 1-28.

359


http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2006011

Roychoudhury, A., Tippins, D., & Nichols, D. (1995). Gender-inclusive science teaching:
A feminist-constructivist approach. Journal of Research in Science Teaching, 32,
897-924.

Rubin, H.J., Rubin, L.S. (1995). Qualitative Interviewing: The art of hearing data.
Thousand Oaks, CA. Sage.

Rury, J., & Mirel, J. (1997). The political economy of urban education. In M.W. Apple
(Ed.), Review of research in education (pp. 49-110). Washington, DC: American
Educational Research Association.

Russell, T. (1995). Learning to teach science: Constructivism, reflection, and learning
from experience. In K. Tobin (Ed.), The practice of constructivism in science
education (pp.247-258). Washington, DC: AAA Press.

Ryle, G. (1949). The concept of mind. London: Hutchinson.
Sachse, T.P. (1989). Making science happen. Educational Leadership, 47(3), 18-21.

Saettler, P. (1990). The evolution of American educational technology. Englewood, CO:
Libraries Unlimited, Inc.

Sanders, W.L., & Horn, S.P. (1998). Research findings from the Tennessee Value-Added
Assessment System (TVAAS) database: Implications for educational evaluation
and research. Journal of Personnel Evaluation in Education, 12, 247-256.

Sanders, W.L., & Rivers, J.C. (1996). Cumulative and Residual Effects of Teachers on
Future Student Academic Achievement. Knoxville, TN: University of Tennessee
Value-Added Research and Assessment Center.

Santrock, J. (1998). Child development (6™ ed.). New York, NY: McGraw-Hill
Companies.

Sarason, S. (1982). The culture of the school and the problem of change. Boston: Allyn &
Bacon.

Sarason, S.B. (1991). The predictable failure of educational reform: Can we change
course before it’s too late? San Francisco: Jossey-Bass.

Savery, J.R., & Duffy, T.M. (1996). Problem based learning: An instructional model and
its constructivist framework. In B.G. Wilson (Ed.), Constructivist Learning
Environments: Case Studies in Instructional Design (pp. 135-148). Englewood
Cliffs, NJ: Educational Technology Publications.

Savicevic, D. (1999). Understanding andragogy in Europe and America: Comparing and
contrasting. In Reischmann, Jost/ Bron, Michal/ Jelenc, Zoran (Eds), Comparative
Adult Education 1998: the Contribution of ISCAE to an Emerging Field of Study
(pp. 97-119). Ljubljana, Slovenia: Slovenian Institute for Adult Education.

Sawada, D., Piburn, M., Judson, E., Turley, J., Falconer, K., Benford, R. & Bloom, I.
(2002). Measuring reform practices in science and mathematics classrooms: The
Reformed Teaching Observation Protocol. School Science and Mathematics,
102(6), 245-253.

360



Saxe, G.B. (1990). The interplay between children’s learning in school and out-of-school
contexts. In M. Gardner, J.G. Greeno, F. Reif, A. Schoenfeld, A. Disessa, & E.
Stage (Eds.), Toward a scientific practice of science education (pp. 219-234).
Mahwah, NJ: Lawrence Erlbaum.

Scerri, E.R. (2003). Philosophical confusion in chemical education research. Journal of
Chemical Education, 80, 468-477.

Schaeffer, N.C. (2000). Asking questions about threatening topics: A selective overview.
In A. A. Stone, J. Turkkan, C.A. Bachrach, J.B. Jobe, H.S. Kurtzman, V.S. Cain,
(Eds.), The science of self-report: Implications for research and practice (pp.
105-122). Mahwah, NJ: Erlbaum.

Schmidt, W. H., McKnight, C. C., Houang, R. T., Wang, H. C.,Wiley, D. E., Cogan, L.
S., & Wolfe, R.G. (2001). Why schools matter: A cross-national comparison of
curriculum and learning. San Francisco: Jossey-Bass.

Schneider, R.M., Krajcik, J., & Blumenfeld, P. (2005). Enacting reform-based science
materials: The range of teacher enactments in reform classrooms. Journal of
Research in Science Teaching, 42(3), 283-312.

School District of Philadelphia (SDP). Online information on schools. Retrieved May 15,
2008, from https://sdp-webprod.phila.k12.pa.us/OnlineDirectory/Directory.

Schroeder, C.M., Scott, T.P., Tolson, H., Huang, T., Lee, Y. (2007). A meta-analysis of
national research: Effects of teaching strategies on student achievement in science
in the United States. Journal of Research in Science Teaching, 44 (10), 1436-
1460.

Schugurensky, D. (2005). History of education: Selected moments of the 20th century.
Retrieved January 7, 2007 from,

http://fcis.oise.utoronto.ca/~dschugurensky/assignment1/1970knowles.html.

Schwab, J. (1964). The structure of the natural sciences. In G.W. Ford & L. Pugno (Eds.),
The structure of knowledge and the curriculum (pp. 31-49). Chicago: Rand
McNally.

Schwab, J. (1962). The teaching of science as inquiry. In The teaching of science.
Cambridge, MA: Harvard University Press.

Scott, N.M. (2003). Let’s keep our quality principals on the job. The High School
Journal, 86(2), 50-56.

Segal, G. (1997). Towards a pragmatic science in schools. Research in Science
Education, 27(2), 289-307.

Segal, J.W., Chipman, S.F., & Glaser, R. (Eds.). (1985). Teaching and learning skills:
Relating instruction to research (vol.1). Hillsdale, NJ: Earlbaum.

Seidman, L.E.(1991). Interviewing As Qualitative Research. New York: Teachers College
Press.

361


https://sdp-webprod.phila.k12.pa.us/Online

Seiler, G. (2001). Reversing the “standard” direction: Science emerging from the lives of
African American students. Journal of Research in Science Teaching, 38(9),
1000-1014.

Seiler, G., Tobin, K., & Sokolic, J. (2001). Design, technology, and science: Sites for
learning, resistance, and social reproduction in urban schools. Journal of
Research in Science Teaching, 38 (7), 746-767.

Selley, N.J. (2001). Students’ spontaneous use of a particulate model for dissolution.
Research in Science Education, 30, 389-402.

Settlage, J., & Meadows, L. (2002). Standards-based reform and its unintended
consequences: Implications for science education within America’s urban
schools. Journal of Research in Science Teaching, 39(2), 114-127.

Shepard, L.A., & Dougherty, K.C. (1991 April). Effects of high-stakes testing on
instruction. Paper presented at the annual meeting of the American Educational
Research Association and the National Council of Measurement, Chicago.

Sherwood, R.D. (1978). Student attitude and achievement in IAC and CHEM study
(HSF). Journal of Chemical Education, 55, 733.

Shulman, L.S. (1986). Those who understand: Knowledge growth in teaching.
Educational Researcher, 15, 4-14.

Shulman, L.S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard
Educational Review, 57, 1-22.

Shulman, L. S., Sykes, G., & Phillips, D. C. (1983). Knowledge growth in a profession:
The development of knowledge in teaching. Stanford University, CA.

Shymansky, J. A., Woodworth, G. Norman, O., Dunkhase, J., Matthews, C., & Liu, C.
(1993). A study of changes in middle school teachers' understanding of selected
ideas in science as a function of an in-service program focusing on student
preconceptions. Journal of Research in Science Teaching, 30, 737-755.

Siegel, H. (2002). Multiculturalism, universalism, and science education: In search of
common ground. Science Education, 86, 803-820.

Siegel, I. (1978). Constructivism and teacher education. The Elementary School Journal,
78(3), 333-228.

Siegel, I. (1993). The centrality of a distancing model for the development of
representation competence. In R. Cocking & K.A. Renninger (Eds.), The
Development and Meaning of Psychological Distance (pp. 141-158). Hillsdale,
NIJ: Lawrence Earlbaum Associates, Inc.

Simmons, P., Emroy, A., Carter, T., Coker, T., Finnegan, B., Crockett, D., Richardson,
L., Yager, R., Craven, J., Tillotson, J., Brunkhorst, H, Tweist, M., Hossain, K.,
Gallagher, J., Duggan-Haas, D., Parker, J, Cajas, F., Alshannag, Q., McGlamery,
S., Krockover, J., Adams, P., Spector, B., LaPorta, T., James, R., Rearden, K.,
Labuda, K. (1999). Beginning teachers: Beliefs and classroom actions. Journal of
Research in Science Teaching, 36 (8), 930-954.

362



Simpson, D., & Oliver, S. (1990). A summary of major influences on attitude toward and
achievement in science among adolescent students. Science Education, 74, 1-18.

Simpson, D., & Troost, K. (1982). Influences on commitment to and learning of science
among adolescent students. Science Education, 66, 763—781.

Singer, D., & Revenson, T. (1978). A Piaget primer: How a child thinks. New York, NY:
New American Library.

Singer, E., Frankel, M.R., & Glassman, M.B. (1983). The effect of interviewer
characteristics and expectations on response. Public Opinion Quarterly, 47, 68-
83.

Singer, E., & Kohnke-Aguirre, L. (1979). Interviewer expectation effects: A replication
and extension. Public Opinion Quarterly, 43, 245-260.

Singer, S.R., Hilton, M.L., & Schweingruber, H.A. (Ed.). (2005). America’s lab report:
Investigations in high school science. Washington, DC: National Academies
Press.

Sleeter, C.E., & Grant, C.A. (1991). Mapping terrains of power: Student cultural
knowledge vs. classroom knowledge. In C.E. Sleeter (Ed.), Empowerment
through multicultural education (pp. 49-67). Albany, NY: State University of
New York Press.

Smith, D. C., & Neale, D. C. (1991). The construction of subject matter knowledge in
primary science teachers, In J. Brophy (Ed.), Advances in research on teaching
(Vol. 2, pp. 187-243). Greenwich, CT: JAI

Smith, L.M. (1978). “An Evolving Logic of Participant Observation, Educational
Ethnography and Other Case Studies.” In L. Schulman (ed.), Review of Research
in Education. Itasca, IL: Peacock.

Smith, M. K. (1996, 1999). ‘Andragogy’, the encyclopaedia of informal education,
Retrieved January 8, 2007 from http://www.infed.org/lifelonglearning/b-
andra.htm.

Smith, M.S., & O’Day, J. (1991). Systemic school reform. In S.H. Furman and B. Malen
(Eds.), The politics of curriculum and testing (pp. 233-267). Bristol, PA: Falmer
Press.

Smith, P.S. (2002). 2000 National survey of science and mathematics education: Status of
high school chemistry teaching. Chapel Hill, NC: Horizon Research, Inc.

Smylie, M. (1995). Teacher learning in the workplace: implications for school reform. In
T.R. Guskey & M. Huberman (Eds), Professional development in education: New
paradigms & practices (pp. 92-113). New York: Teachers College Press.

Smylie, M. A., & Conyers, J. G. (1991, Winter). Changing conceptions of teaching
influence the future of staff development. Journal of Staff Development, 12(1),
12-16. EJ 431 936.

Snively, G., & Corsiglia, J. (2001). Discovering indigenous science: Implications for
science education. Science Education, 85, 6-34.

363



Sowell, T. (1977, March 1977). New light on black 1.Q. (p. 56ff). New York Times
Magazine.

Sowell, T. (1995, February). Ethnicity and 1.Q. The American Spectator (pp. 32-36).

Sparks, D, (1995). Focusing staff development on improving student learning. In G.
Cawelti (Ed.) Handbook of research on improving student achievement (pp. 163-
169). Arlington, VA: Educational Research Service.

Sparks, D. (2002). Designing powerful professional development for teachers and
principals. Oxford, OH: National Staff Development Council.

Sparks, D., & Hirsch, S. (2000). A national plan for improving staff development.
Oxford, Ohio: National Staff Development Council.

Spillane, J. (1998). A cognitive perspective on the role of the local education agency in
implementing instructional policy: Accounting for local variability. Educational
Administration Quarterly, 34, 31-57.

Spillane, J.P., Diamond, J.B., Walker, L.J., Halverson, R., & lJita, L. (2001). Urban
school leadership for elementary science instruction: Identifying and activating

resources in an undervalued school subject. Journal of Research in Science
Teaching, 38(8), 918-940.

Spillane, J.P., & Jennings, N.E. (1997). Aligned instructional policy and ambitious
pedagogy: Exploring instructional reform from the classroom perspective.
Teachers College Record, 98(3), 449-481.

Spillane, J.P, & Zeuli, J.S. (Spring, 1999). Reform and Teaching: Exploring Patterns of
Practice in the Context of National and State Mathematics Reforms. Educational
Evaluation and Policy Analysis, 21(1), 1-27.

Spindler, G., & Spindler, L. (Eds.). (1997). Pathways to cultural awareness: Cultural
therapy with teachers and students. Thousand Oaks, CA: Corwin Press.

Stake, R.E. (1995). The Art of Case Study Research. Thousand Oaks, CA: Sage.

Stake, R.E. (1998). Case studies. In N.K. Denzin & Y.S. Lincoln (Eds.), Strategies of
qualitative inquiry (pp. 86-109). Thousand Oaks, CA: Sage.

Stake, R.E., & Easley, J. (1978). Case studies in science education. Urbana, IL:
University of Illinois, Center for Instructional Research and Curriculum
Evaluation.

Stanley, W.B., & Brickhouse, N.W. (2001). Teaching science: The multicultural question
revisited. Science Education, 85, 35-49.

Starr, K. (2007). Principal ‘Disengagement’: Are the solutions addressing the problem?
Advances in Educational Administration, 10, 331-348.

Steele, C. (1999, August). “Stereotype threat” and black college students. Atlantic
Monthly, 44-54.

Steinberg, R., Haymore, J., & Marks, R. (1985, April). Teachers’ knowledge and
structuring content in mathematics. Paper presented at the meeting of the
American Educational Research Association, Chicago, IL.

364


http://libproxy.temple.edu:2122/stable/1164544
http://libproxy.temple.edu:2122/stable/1164544

Stern, C., & Keislar, E. (1977).Teacher attitudes and attitude change: A research review.
Joumal of Research and Development in Education,10, 63-76.

Stigler, J.W., Gonzalez, P., Kawanala, T., Knoll, S., & Serrano, A. (1999). The TIMSS
Videotape Classroom Study: Methods and Findings from an Exploratory
Research Project on Eighth-Grade Mathematics Instruction in Germany, Japan,
and the United States. U.S. Department of Education. National Center for
Education Statistics (NCES 99-074). Washington, DC: U.S. Government Printing
Office.

Stinner, A. (1992). Science textbooks and science teaching: from logic to evidence.
Science Education, 76 (1), 1-16.

Stofflett, R.T., & Stoddart, T. (1994). The ability to understand and use conceptual
pedagogy as a function of prior content learning experience. Journal of Research
in Science Teaching, 30(1), 31-51.

Stohr-Hunt, P.M. (1996). An analysis of frequency of hands-on experience and science
achievement. Journal of Research in Science Teaching, 33(1), 101-109.

Stone, A. (1998). The Metaphor of scaffolding: Its utility for the field of learning
disabilities. Journal of Learning Disabilities, 3(4), 344-364.

Stout, R. T. (1996). Staff development policy: Fuzzy choices in an imperfect market.
Education Policy Analysis Archives, 4(2), 1-12. Retrieved March 20, 2007 from
http://olam.ed.asu.edu/epaa/v4n2.html.

Strauss, A. (1987). Qualitative Analysis for social scientist. Cambridge, UK: Cambridge
University Press.

Strickland, D.S., & Ascher, C. (1992). Low income African-American children and
public schooling. In P.W. Jackson (Ed.), Handbook of research on curriculum
(pp. 609-625). York: Macmillan.

Stylianides, A.J., & Stylianides, G.J. (2008). Studying the classroom implementation of
tasks: High-level mathematical tasks embedded in ‘real life’ contexts. Teaching
and Teacher Education, 24, 859-875.

Sudman, S., & Bradburn, N.M. (1974). Response effects in surveys: A Review and
synthesis. Chicago: Aldine.

Supovitz, J. A. (2003). Evidence of the influence of the National Science Education
Standards on the professional development system. In K. S. Hollweg & D. Hill
(Eds.), What is the influence of the National Science Standards? (pp. 64 - 75).
Washington, DC: National Academy Press.

Supovitz, J.A., & Turner, H.M. (2000). The effects of professional development on
science teaching practices and classroom culture. Journal of Research in Science
Teaching, 37(9), 963-980.

Supovitz, J.A., Mayer, D., & Kahle, J.B. (2000). The longitudinal impact of inquiry-
based professional development on teaching practice. Educational Policy, 14 (3),
331-356.

365


http://olam.ed.asu.edu/epaa/v4n2.html

Sykes, G. (Fall, 1990). Organizing Policy into Practice: Reactions to the Cases.
Educational Evaluation and Policy and Analysis, 12(3), 349-353.

Sykes, G. (1996). Reform of and as professional development. Phi Delta Kappan, 77 (7),
465-468.

Talbert, J. E., McLaughlin, M. W., & Rowan, B. (1993). Understanding context effects
on secondary school teaching. Teachers College Record, 95(1), 45-68.

Tamir, P. (1988). Subject matter and related pedagogical knowledge in teacher education,
Teaching & Teacher Education, 4, 99-110.

Tannenbaum, S.I., Mathieu, J.E., Salas, E., & Cannon-Bowers, J.A. (1991). Meeting
trainers’ expectations: The influence of training fulfillment on the development of
commitment, self-efficacy, and motivation. Journal of Applied Psychology, 76,
759-769.

Tate, W. (2001). Science education as a civil right: Urban schools and opportunity-to-
learn considerations. Journal of Research in Science Teaching, 38(9), 1015-1028

Taylor, P.C., Gilmer, P.J., & Tobin, K. (Eds.). (2002). Transforming undergraduate
science teaching: Social constructivist perspectives. New York, NY: Peter Lang
Publishing.

Taylor, S.J., & Bogdan, R. (1984). Introduction to Qualitative Research Methods. (2™
ed.). New York: Wiley.

Tesch, R. (1990). Qualitative Research: Analysis types and software tools. New York:
Falmer.

Tharp, R., & Gallimore, R. (1988). Rousing minds to life: Teaching, learning, and
schooling in social context. New York: Cambridge University Press.

Thompson, C.L., Spillane, J., & Cohen, D.K. (1994). The state policy system affecting
science and mathematics education in Michigan. East Lansing, MI: MSSI Policy
and Program Review Component, Michigan Partnership for New Education.

Thompson, C.L., & Zeuli, J. S. (1999). The Frame and the Tapestry: Standards-Based
Reform and Professional Development. In L. Darling-Hammond & G. Sykes
(Eds.), Teaching as the learning profession: Handbook of policy and practice (pp.
341-375). San Francisco, CA: Jossey-Bass Publishers.

Thompson, D.C. (1990). School finance and the courts: A reanalysis of progress. West’s
Education law Reporter, 59(4), 945-961.

Tobias, S. (1990). They are not dumb, they are different: Stalking the second tier.
Tucson, AZ: Research Corporation.

Tobin, K. (1987).Forces which shape the implemented curriculum in high school science
and mathematics. Teaching and Teacher Education, 3, 287-298.

Tobin, K. (1990). Changing metaphors and beliefs: A master switch for teaching? Theory
into Practice 29, 122-127.

Tobin, K. (1993). The practice of constructivism in science education. Washington, DC:
American Association for the Advancement of Science Press.

366


http://libproxy.temple.edu:2122/stable/1164358

Tobin, K. (2000). Becoming an urban science educator. Research in Science Education,
30(1), 89-106.

Tobin, K., & Gallagher, J.J. (1987). What happens in high school classrooms? Journal of
Curriculum Studies, 19, 549-60.

Tobin, K., & McRobbie, C.J. (1996). Cultural myths as constraints to the enacted science
curriculum. Science Education 80 (2) 223-241.

Tobin, K., & Tippins, D. (1995). Constructivism as a referent for teaching and learning.
In K. Tobin (Ed.), The practice of constructivism in science education (pp. 3-23).
Washington, DC. AAA Press.

Tobin, K., Elmesky, R., & Seiler, G. (2005). Improving urban science education: New
roles for teachers, students, & researchers. Lanham, MD: Rowman & Littlefield
Publishers, Inc.

Tobin, K., Kahle, J.B., & Fraser, B.J. (1990). Chapter 1: Learning science with
understanding: In search of the holy grail? In K. Tobin, J.B. Kahle, & B.J. Fraser
(Eds.) Windows into science classrooms: Problems associated with higher-level
cognitive learning (pp.1-13). London: The Falmer Press.

Tobin, K., McRobbie, C. J., & Anderson, D. (1997). Dialectical constraints to the
discursive practices of a high school physics community. Journal of Research in
Science Teaching 34, 491-507.

Tobin, K., Roth, W.M., & Zimmerman, A. (2001). Learning to teach science in urban
schools. Journal of Research in Science Teaching, 38(8), 941-964.

Tobin, K., Seiler, G., & Walls, E. (1999). Reproduction of social class in the teaching and
learning of science in urban high schools. Research in Science Education, 29,
171-187.

Tobin, K., Tippins, D., & Gallard, A.J. (1994). Research on instructional strategies for
teaching science. In D. L. Gabel (Ed.), Handbook of research on science teaching
and learning: A project of the National Science Teachers Association (pp.45-93).
New York: NSTA.

Tom, A. (1985). Inquiring into inquiry-oriented teacher education. Journal of Teacher
Education, 36(5), 35-44.

Tourangeau, R., Rips, L., & Rasinski, K. (2001). The psychology of survey response.
Cambridge, England: Cambridge University Press.

Toussaint, K.C. (1997). Domination, power, and racial stereotypes: Towards an
alternative explanation of black male school resistance. UMI Microform No.
9738009. Ann Arbor, MI: UMI Dissertation Services.

Townes, M.H., & Grant, E.R. (1997). I believe I will go out of this class actually
knowing something: Cooperative learning activities in physical chemistry.
Journal of Research in Science Teaching, 34(8), 819-835.

367



Trowbridge, L.W., Bybee, R.W., & Powell, J.C. (2000). Teaching secondary school
science: Strategies for developing scientific literacy. Upper Saddle River, NJ:
Merrill.

Truxaw, M.P., Gorgievski, N, & DeFranco, T.C. (2008). Measuring K-8 teachers’
perceptions of discourse use in their mathematics classes. School Science and
Mathematics 108 (2), 58-70.

Tsai, C. (2002). Nested epistemologies: Science teachers’ beliefs of teaching, learning,
and science. International Journal of Science Education, 24, 771-783.

Tsou, J. Y. (2006). Genetic epistemology and Piaget's philosophy of science: Piaget vs.
Kuhn on scientific progress. Theory & Psychology, 16 (2), 203-224.

Tudge, J. (1990). Vygotsky, the zone of proximal development, and peer collaboration:
Implications for classroom practice. In L.C. Moll (Ed.), Vygotsky and education:
Instructional implications and applications of socio-historical psychology (pp.
155-174). Cambridge: Cambridge University Press.

Turner, J., & McCann, E. (2000). The importance of student goals & academic context:
Investigating the consequences of experiencing shame upon students’ subsequent
motivational behavior, volitional strategy use, & academic achievement. Paper
presented at the annual meeting of American Educational Research Association,
New Orleans, LA.

U.S. Census Bureau. (2000). Metropolitan area population estimates for July 1, 1999.
Retrieved October 28, 2007 from
http://www.census.gov/population/www/estimates/metropop.html

U.S. Census Bureau. (2001a). National demographic profile. Washington, DC: U.S.
Census Bureau Public Information Office. Author.

U.S. Census Bureau. (2001b). Population change and distribution: Census 2000 Brief.
Washington, DC: U.S. Census Bureau Public Information Office. Author.

U.S. Department of Education, National Center of Education Statistics. (1996). Urban
schools: The challenge and location of poverty. Washington, DC: Author.

U.S. Department of Education [USDoE]. (1996). Building bridges: The mission and
principles of professional development (pamphlet). Washington, DC: U.S.
Department of Education.

Uchida, D., Cetron, M., & McKenzie, F. (1996). Preparing students for the 21st century.
Arlington, VA: American Association of School Administrators.

Useem, E.L., Christman, J.B., Gold, E., Simon, E. (1997). Reforming alone: Barriers to
organizational learning in urban school change initiatives. Journal of Education
for Students Placed at Risk (JESPAR), 2(1), 55-78.

Van den Berg, R. (1993). The concerns-based adoption model in the Netherlands,
Flanders and the United Kingdom: State of the art and perspective. Studies in
Educational Evaluation, 19, 51-63.

368


http://www.census.gov/population/www/estimates/metropop.html

Van den Berg, R., & Ros, A. (1999). The permanent importance of the subjective reality
of teachers during educational innovation: A concerns-based approach. American
Educational Research Journal 36(4), 879-906.

Van den Berg, R., & Sleegers, P. (1995). The innovative capacity of schools in
secondary education. International Journal of Qualitative Studies in Education, 9,
p.201-223.

Van den Berg, R., Sleegers. P., & Geijsel, F. (2001). Teachers’ concerns about adaptive
teaching: Evaluation of a support program. Journal of Curriculum and
Supervision, 16 (3), 245-258.

Van den Berg, R.M., Vandenberghe, R. (1986), Strategies for Large-scale Change in
Education: Dilemmas and Solutions. Leuven, Amersfoort: ISIP-book, 2, Acco.

Van Driel, J. H., Verloop, N., & de Vos, W. (1998). Developing science teachers'
pedagogical content knowledge. Journal of Research in Science Teaching, 35(6),
673-695.

Van Driel, J., Beijaard, D., & Verloop, N. (2001). Professional development and reform
in science education: The role of teachers’ practical knowledge. Journal of
Research in Science Teaching, 38, 157-158.

Veal, W.R. (2004). Beliefs and knowledge in chemistry teacher development.
International Journal of Science Education, 26 (3), 329-351.

Veal, W.R., & MaKinster, J. (1999). Pedagogical content knowledge taxonomies.
Electronic Journal of Science Education [online]. Retrieved April 25, 2007 from
http://www.unr.edu/homepage/crowther/ejse/vealmak.html.

von Glasersfeld, E. (1983). On the concept of interpretation. Poetics (12), 207-218.

von Glasersfeld, E. (1984). An introduction to radical constructivism. In P. Watzlawick
(Ed.), The invented reality: How do we know what we believe we know?
Contributions to constructivism (pp.17-40). New York: Norton.

von Glasersfeld, E. (1992). A constructivist approach to teaching. Paper presented at the
Alternative Epistemologies Conference, Athens, GA.

von Glasersfeld, E. (1995b). A constructivist approach to teaching. In L. Steffe & J. Gale
(Eds.), Constructivism in education (pp.3-16). New Jersey: Lawrence Erlbaum
Associates, Inc.

von Glasersfeld, E. (1995a). Questions and answers about radical constructivism. In K.
Tobin (Ed.), The practice of constructivism in science education (pp. 23-38).
Washington, DC: AAA Press.

von Glasersfeld, E. (1995c). Sensory experience, abstraction, and teaching. In L. Steffe &
J. Gale (Eds.) Constructivism in education (pp.369-384). New Jersey: Lawrence
Erlbaum Associates, Inc.

von Glasersfeld, E. (1996). Introduction: Aspects of constructivism. In C. T. Fosnot (Ed.)
Constructivism: Theory, perspectives, and practice (pp. 3-7). New York:
Teachers College Press.

369


http://www.unr.edu/homepage/crowther/ejse/vealmak.html

Von Secker, C. (2002). Effects of inquiry-based teacher practices on science excellence
and equity. The Journal of Educational Research, 95 (3), 151-160.

Von Secker, C., & Lissitz, R.W. (1999). Estimating the impact of instructional practices
on student achievement in science. Journal of Research in Science Teaching,
36(10), 1110-1126.

Vosniadou, S., & Brewer, W. F. (1992). Mental models of the earth: A study of
conceptual change in childhood. Cognitive Psychology, 24(4), 535-85.

Vygotsky, L.S. (1978). Mind and society: The development of higher mental processes.
Cambridge, MA: Harvard University Press.

Vygotsky, L.S. (1981a). The genesis of higher mental functions. In J.V. Wertsch (Ed. &
Trans.), The concept of activity in Soviet psychology (pp. 144-188). Armonk, New
York: M.E. Sharpe.

Vygotsky, L.S. (1981b). The instrumental method in psychology. In J.V. Wertsch (Ed. &
Trans.), The concept of activity in soviet psychology (pp. 134-143). Armonk, N.Y:
M. E. Sharpe.

Vygotsky, L.S. (1987). Thinking and speech. In L.S. Vygotsky, Collected works (Vol. 1,
pp- 39-285) (R. Rieber & A. Carton, Eds.; N. Minick, Trans.). New York: Plenum
(Original work published 1934).

Vygotsky, L.S. (1994). The problem of the cultural development of the child. (Original
work published in 1929) In R. van der Veer & J. Valsiner (Eds.), The Vygotsky
Reader (pp. 57-72). Oxford, UK: Blackwell.

Vygotsky, L.S., & Luria, A. (1994). Tool and symbol in child development. (Originally
written in 1930) In R. van der Veer & J. Valsiner (Eds.), The Vygotsky Reader
(pp. 99-174). Oxford, UK: Blackwell.

Wainwright, C. L., Flick, L. B., & Morrell, P. D. (2003, Fall). Development of
instruments for assessment of instructional practices in standards-based teaching.
Journal of Mathematics and Science: Collaborative Explorations, 6 (1), 21-46.

Walker, R. (1980). The Conduct of Educational Case Studies: Ethics, Theory and
Procedures. In W.B. Dockerell & D. Hamilton (eds.), Rethinking Educational
Research (pp. 30-63). London: Hodder & Stoughton.

Wallace, C.S., & Kang, N. (2004). An investigation of experienced secondary science
teachers’ beliefs about inquiry: An examination of competing belief sets. Journal
of Research in Science Teaching, 41(9), 936-960.

Wang, J., & Wildman, L. (1995). An empirical examination of the effects of family
commitment in education on student achievement in seventh grade science.
Journal of Research in Science Teaching, 32, 833—837.

Watson, B., & Konicek, R. (1990). Teaching for conceptual change: Confronting
children’s experience. Phi Delta Kappan, 71(9), 680-685.

370



Waxman, H., & Padron, Y.N. (1995). Improving the quality of classroom instruction for
students at risk of failure in urban schools. Peabody Journal of Education, 70, 44-
65.

Weaver, D., & Wiitala, W. (2006). 2006 LASER implementation study results. Pacific
Science Center. Portland, OR: RMC Research Corporation.

Webster, T.J., & Hooper, L. (1998). Supplemental instruction for introductory chemistry
courses. Journal of Chemical Education, 75 (3), 328-331.

Weinburgh, M. (2003). Confronting and changing middle school teachers’ perceptions of
scientific methodology. School science and Mathematics, 103, 222-232.

Weiss, LLR. (1997). The status of science and math teaching in the United States:
Comparing teacher views and classroom practice to national standards. NISE
Brief 1(3). Madison, WI: WU Press.

Weiss, I.R., & Paslay, J.D. (2006). Scaling up instructional improvement through teacher
professional development: Insights from the local systemic change initiative
(CPRE Policy Briefs, March RB44). Philadelphia, PA: University of
Pennsylvania.

Weiss, 1. R., Pasley, J. D., Smith, P. S., Banilower, E. R., & Heck, D. J. (2003). Looking
inside the classroom: A study of K-12 mathematics and science education in the
United States. Chapel Hill, NC: Horizon Research. Retrieved November 11, 2007
from http://www.horizon-
research.com/insidetheclassroom/reports/highlights/highlights.pdf

Welch, W., Klopfer. L, Aikenhead, G., & Robinson, J. (1981). The role of inquiry in
science education: Analysis and recommendations. Science Education, 65, 33-50.

Wells, G. (1995). Language and inquiry-oriented curriculum. Curriculum Inquiry, 25(3),
233-269.

Wells, G. (1999). Dialogic inquiry: Towards a sociocultural practice and theory of
education. New York: Cambridge University Press.

Wenglinsky, H. (2000). How teaching matters: Bringing the classroom back into
discussions of teacher quality. Princeton, NJ: Educational Testing Service.

Wenglinsky, H. (2002). How schools matter: The link between teacher classroom
practices and student academic performance. Education Policy Analysis Archives,
10(12).

Wertsch, J.V. (1985). Vygotsky and the social formation of mind. Cambridge: Cambridge
University Press.

Wertsch, J.V. (1990). The voice of rationality in a sociocultural approach to mind. In
L.C. Moll (Ed.), Vygotsky and education: Instructional implications and
applications of socio-historical psychology (pp. 111-126). Cambridge: Cambridge
University Press.

Wertsch, J.V., McNamee. G.D., McLane, J.B., & Budwig, N.A. (1980). The adult-child
dyad as a problem-solving system. Child Development, 50, 1215-1221.

371


http://www.horizon-research.com/insidetheclassroom/reports/highlights/highlights.pdf
http://www.horizon-research.com/insidetheclassroom/reports/highlights/highlights.pdf

Wertsch, J. V., & Sohmer, R (1995). Vygotsky on learning and development. Human
Development, 38, 332-37.

Wheatley, G.H. (1991). Constructivist perspectives on science and mathematics learning.
Science Education, 75(1), 9-21.

Wheatley, G.H. (1995). The role of negotiation in mathematics learning. In K. Tobin
(Ed.), The practice of constructivism in science education (pp. 121-134).
Washington, DC: AAA Press.

Wheeler, G.F. (2007). Strategies for science. Educational Leadership, December-
January, 2006- 2007.

Whipple, W. R. (1987). Collaborative learning: Recognizing it when we see it. American
Association of Higher Education Bulletin, 40(3), 4-6.

White, R., & Gunstone, R. (1992). Probing understanding. New York, NY: The Falmer
Press.

Wiemers, N.J (Fall, 1990). Transformation and Accommodation: A Case Study of Joe
Scott. Educational Evaluation and Policy and Analysis, 12(3), 281-292.

Wilson, S.M. (Fall, 1990). A Conflict of Interests: The Case of Mark Black. Educational
Evaluation and Policy and Analysis, 12(3), 293-310.

Wineburg, S. S., & Wilson, S. M. (1991). Subject-matter knowledge in the teaching of
history. In J. Brophy (Ed.), Advances in research on teaching, vol. 2 (pp. 305-
347). Greenwich, CT: JAL

Wildy, H., & Wallace, J. (1995). Understanding teaching or teaching for understanding:
Alternative frameworks for science classrooms. Journal of Research in Science
Teaching, 32(2), 143-156.

Willis, G. B. (2005). Cognitive interviewing: A tool for improving questionnaire design.
Thousand Oaks, CA: Sage Publications.

Windschitl, M. (2002). Inquiry projects in science teacher education: What can
investigative experiences reveal about teacher thinking and eventual classroom
practice? Science Education, 87, 112-143.

Wlodowski, R.J. (1985). Enhancing adult motivation to learn. San Francisco: Jossey-
Bass.

Wolcott, H.F. (1992). “Posturing in Qualitative Inquiry.” In M.D. LeCompte, W.L.illroy,
and J. Preissle (eds.), The Handbook of Qualitative Research in Education (pp. 3-
52). Orlando, FL: Academic Press.

Wong, D. (2001). Perspectives on learning. Journal of Research in Science Teaching,
38(3), 279-281.

Wright, J.C., & Wright, C.S. ((1998). A commentary on the profound changes envisioned
by the national science standards. Teachers College Record, 100 (1), 122-143.

Wright, S.P., Horn, S.P., & Sanders, W.L. (1997). Teacher and classroom context effects
on student achievement: implications for teacher evaluation. Journal of Personnel
Evaluation in Education, 11, 57-67.

372


http://libproxy.temple.edu:2122/stable/1164353
http://libproxy.temple.edu:2122/stable/1164353
http://libproxy.temple.edu:2122/stable/1164354

Yager, R. E. (1991). The constructivist learning model. The Science Teacher, 9, 53-57.
Yager, R.E. (2000). The history and future of reform. The Clearing House, 74 (1), 51-54.

Yerrick, R., Parke, H., & Nugent, J. (1997). Struggling to promote deeply rooted change:
The filtering effects of teachers’ beliefs on understanding transformational views
of teaching science. Science Education, 81(2), 137-159.

Yin, R.K. (2003). Case Study Research: Design and Methods (3™ ed.). Thousand Oaks,
CA: Sage Publications.

Zacharia, Z., & Barton, A.C. (2004). Urban middle-school students’ attitudes towards a
defined science. Science Education, 88 (2), 197 - 222.

Zeichner, K. & Liston, D. (1990). Traditions of reform in US teacher education. Journal
of Teacher Education, 41(2), 3-20.

Zeidler, D.L. (2002). Dancing with maggots and saints: Visions for subject matter
knowledge, pedagogical knowledge, and pedagogical content knowledge in
science teacher education reform. Journal of Science Teacher Education, 13 (1),
27-42.

Zembal-Saul, C., Starr, M., & Krajcik, J. (1999). Constructing a framework for
elementary science teaching using pedagogical content knowledge. In J. Gess-
Newsome & N.G. Lederman (Eds.), Examining pedagogical content knowledge:
The construct and its implications for science education (pp. 237-256). Dordrecht,
Netherlands: Kluwer.

Zemke, R., & Zemke, S. (1984). 30 things we know for sure about learning. Innovation
Abstracts, VI (8), March 9.

Zerbe, W.J., & Paulhus, D.L. (1987). Socially desirable responding in organizational
behavior: A Reconception. Academy of Management Review, 12 (April), 250-264.

Zhou, M. (1995). Meta-analysis of effects of the laboratory component of secondary
school science instruction on student learning (Doctoral dissertation, Temple
University, 1995). Dissertation Abstracts: Oct 1995, A-56/04, p 1237, AAC
9527552.

Zmeyov, S. (1998): Andragogy: Origins, developments, trends. International Review of
Education, 44(1), 103-108.

Zoller, U., Lubezky, A., Nakhleh, M.B., Tessier, B., Dori, Y.J., & Yehudit, J. (1995).
Success on algorithmic and LOCS vs. conceptual chemistry exam gquestions. Journal

of Chemical Education, 72, 987-989.

Zucker, A.A., Shields, P.M., Adelman, N.E., Corcoran, T.B., & Goertz, M.E. (1998). A
report on the evaluation of the National Science Foundation’s Statewide Systemic
Initiatives (SSI) Program. Arlington, VA: SRI International.

373


http://search.jce.divched.org:8081/JCEIndex/FMPro?-db=jceindex.fp5&-lay=wwwform&combo=Zoller,%20U.,%20Lubezky,%20A.,%20&-find=&-format=detail.html&-skip=1&-max=1&-token.2=1&-token.3=10

APPENDICES

374



APPENDIX A

LIST OF 25 RESEARCH-BASED TEACHING PRACTICES

375



List of 25 Research-based Teaching Practices

Teacher encourages students to share their responses and questions them in depth.

Teacher uses cooperative learning strategies and small to large group format.

Teacher encourages students to provide evidence and justification for their answers.

Teacher discusses students’ data.

Assessment is related to applications and extension of learning.

Lesson emphasizes fundamental concepts, makes connections to other topics and skills and is
embedded within a bigger picture of the unit.

7. Concepts within lessons are accurate and connected to other units.

8. Students determine and justify what counts as evidence.

9. Students can move freely between micro, macro, and symbolic representations of chemistry.
10. Teacher uses inductive strategies to emphasize and facilitate student-centered discussion.

11. Students can move readily among representations to analyze information.

12. Students make conjectures and devise methods to test them.

13. Students are actively engaged in investigations, understand its basis, and make predictions.
14. Teacher encourages students to reflect on their thinking.

15. Teacher encourages students to generate alternative solutions to problems with accompanying
evidence.

16. Students verbally communicate their ideas, critique their own and others’ ideas for accuracy
and validity.

17. Teachers’ questions are scaffolded and elicit divergent thinking.

18. Students’ facilitate discussion among each other, with minimal assistance from the teacher.
19. Teacher acknowledges students’ questions and ensues student-centered
discussion/exploration.

20. Teacher seeks students’ responses and opens them for discussions/ elaborations with the class.
21. Teacher encourages productive discussion between and among students.

22. Teacher encourages students to generate conjectures and a variety of ways to interpret
evidence.

23. Teacher facilitates students’ construction of ideas through a variety of strategies such as,
allowing adequate time for reflection, providing additional experiences, and guidance as needed.
24. Teacher allows students a voice in classroom procedures.

25. Teacher elicits students’ prior knowledge, promotes understanding through questioning.

U L =

This list captures the essential elements of research-based teaching practices. This is by no means
an exhaustive list. Effective teaching practices are at the heart of good science education. By
implementing these practices science teachers create environments in which they and their
students work together as active learners and cocreaters of knowledge (NSES, 1996).

Sawada, D., Piburn, M., Judson, E., Turley, J., Falconer, K., Benford, R. & Bloom, 1. (2002).
Measuring reform practices in science and mathematics classrooms: The Reformed Teaching
Observation Protocol. School Science and Mathematics, 102 (6), 245-253.
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Process Oriented Guided Inquiry Learning (POGIL)

POGIL is a research based learning environment where students are actively engaged in
mastering course content and in developing essential skills by working in self-managed teams on
guided inquiry activities.

In addition to learning, understanding, and applying new concepts, students also develop
important process skills in the areas of information processing, critical thinking, problem solving,
teamwork, communication, management, and assessment. The instructor facilitates student
learning by appropriately guiding and questioning the teams as they work through the specially
designed activities.

As of 2007, over 700 instructors have adopted a POGIL approach in their high school, college,
and university classrooms and laboratories.

POGIL is a classroom and laboratory technique that seeks to simultaneously teach content and
key process skills such as the ability to think analytically and work effectively as part of a
collaborative team.

A POGIL classroom or lab consists of any number of students working in small groups on
specially designed guided inquiry materials. These materials supply students with data or
information followed by leading questions designed to guide them toward formulation of their
own valid conclusions - essentially a recapitulation of the scientific method. The instructor serves
as facilitator, observing and periodically addressing individual and classroom-wide needs.

POGIL is based on research indicating that a) teaching by telling does not work for most students,
b) students who are part of an interactive community are more likely to be successful, and c)
knowledge is personal; students enjoy themselves more and develop greater ownership over the
material when they are given an opportunity to construct their own understanding.

It is found that a discovery-based team environment energizes students and provides instructors
with instant and constant feedback about what their students understand and misunderstand.
Students quickly pick up the message that logical thinking and teamwork are prized above simply
getting "the correct answer." This emphasizes that learning is not a solitary task of memorizing
information, but an interactive process of refining one's understanding and developing one's
skills.

Farrell, J. J., Moog, R. S., & Spencer, J. N. (1999). A guided inquiry general chemistry course.
Journal of Chemical Education, 76, 570-574.

Hanson, D., & Wolfskill, T. (2000). Process workshops - A new model for instruction. Journal of
Chemical Education, 77, 120-130.

Hinde, R. J., & Kovac, J. (2001). Student active learning in Physical Chemistry. Journal of
Chemical Education, 78, 93-99.

Lewis, J. E., & Lewis, S. E. (2005). Departing from lectures: An evaluation of a peer-led guided
inquiry alternative. Journal of Chemical Education, 82(1),135-139.
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Penn Instructional/Inquiry Model (PI1M)

Infdal Cuesdon

The Penn
instiuctional Model

Peer
Revew

Completed
Body of Work

Initial Question

What is our initial question? A question posed by an instructor, a student, a text, a group
Existing Information?

What personal information do we already have about this question? What knowledge do
we need from other sources (e.g., library, on-line, experiments, experts) to help answer
this question?

Reflect and Organize

Reflect on the knowledge that we have gathered. Ask ourselves how we can integrate this
knowledge and organize it so that it makes sense to us. This will probably lead us to ask
additional questions that require more information--even doing experiments that create
new knowledge--and will probably start the cycle over again. Include others in our
questioning, reflecting and organizing--outside input is invaluable! It helps us to
determine what we do and do not understand.

Results and Peer Review

When we think we have results, i.e., understanding, present our knowledge claims to our
colleagues. Let them question us. We will need to justify our knowledge claims and in
the process of this justification, our peers might lead us to change or reject some of our
arguments, or they might accept our ideas.

Completed Body of Work

In the process of defending our claims within a community of learners we build up our
knowledge and at the same time the community builds its knowledge. Only then will we
have learned. We will probably always have some new questions as a result, so just be
ready to keep repeating the entire cycle!

Blasie, C.W., Milne, C., & Dai, H. (January 23, 2001). Inquiring into teaching and
learning of science: An initiative from a research university. University of Pennsylvania
Almanac, 47(19).
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Pedagogy

Andragogy

Philosophical Underpinnings

Behaviorism/connectionism

Pragmatism, humanism,
behaviorism, and constructivism

Salient Features

Content-driven,

Process-driven, problem-centered

Role of the Teacher

Controller of
learners/learning

Facilitator of learning, a resource
person

Role of the Student

Submissive recipients,
dependant on the teacher

Active participants, move towards
independency

Assumptions

Knowledge is transmitted,
students’ experiences are not
important for learning,
motivated by external
rewards

Knowledge is constructed, adults’
experiences are valuable for
learning, motivated by internal
rewards

Learner’ need to know

Not of importance. People
have no need to know how
the learning will apply in
their lives

Is important. Adults have a need
to know why they are leaning
something

The learner

Dependent. Teacher directs
what, when, how a subject is
learned and tests that it has
been learned

Moves towards independence.
Self-directing. Teacher
encourages and nurtures this
movement

The learner's experience

Of little worth. Hence
teaching methods are didactic

A rich resource for learning.
Hence teaching methods include
discussion, problem-solving etc.

Readiness to learn

People learn what society
expects them to. So that the
curriculum is standardized.

People learn what they need to
know, so that learning
programmes are organised around
life application.

Orientation to learning

Acquisition of subject matter.
Curriculum organized by
subjects.

Learning experiences should be
based around experiences, since
people are performance centred in
their learning

Learners’ motivation

External. People are
motivated to learn by external
factors, e.g., grades, rewards
etc.

Internal. Internal factors like
satisfaction, self-improvement,
desire to improve/grow etc. are the
primary motivators.

Brookfield, S. D. (1986). Understanding and Facilitating Adult Learning. A comprehensive
analysis of principles and effective practice. Milton Keynes: Open University Press.

Jarvis, P. (1985). The Sociology of Adult and Continuing Education. Beckenham: Croom Helm.
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Selection of Applicants, Certification, and Demographics

Secondary school science teachers are eligible to apply. Applicants are chosen based on
their academic preparedness, as determined by the level of college courses taken in recent
times. If the preparation of candidates is deemed inadequate to succeed in the MCE
program, they are advised about the course/s to take prior to admission. Candidate
interview is an essential component of the selection process. Due to the depth of content
knowledge acquired in the courses, the teachers are very well prepared to take the praxis
exam and receive certification in chemistry. Many, not all, choose to do so. So far 85% of
teachers admitted to the program since 2000, have completed it and earned their degrees.
Among the five cohorts that have graduated from the program, 33 teachers worked in the
School District of Philadelphia (SDP) at the time of admission, and 23 have successfully
completed the program. Of these 23, only 15 are currently teaching in the SDP, 8 have
left the district. Of the 15 MCE graduates still working in the school district, 7 have at
least one chemistry course in their roster. All but one, of these seven, are the subjects of
the proposed study. Other 8 MCE graduated teachers working in the SDP are teaching
various non-chemistry science courses, such as biology, physical science, environmental
science etc. partly because they may not be certified in chemistry or they hold multiple
certifications.

Incentives

Every participant receives a full scholarship that covers the tuition, and costs of books
and transportation. Funding and support are provided by; National Science Foundation,
Rohm and Haas Company, Bristol-Myers-Squibb, DuPont, and Penn’s School of Arts
and Sciences. Additionally, the teachers are provided access to Penn libraries and the
Chemistry Education Resource Center, run by the Penn Science Teacher Institute (STI),
that allows teachers to borrow materials (printed, electronic and other), and equipment for
classroom use. Teachers are also eligible to apply for a $1000 grant for classroom
materials and resources. They showcase the utilization of the grant money to enhance
instruction in their classes at a poster session every summer.

Evaluation

The program is evaluated annually, both through internal and external evaluators. Some
of the components and instruments used are; administering surveys, focus groups,
videotaping of MCE program classes, interviews with instructors, monthly meeting of
evaluators and instructors, videotaping some classrooms of teachers, examination of
materials produced by the teachers for their classrooms etc. for evidence of
implementation of content and methods experienced in the program. Feedback from the
evaluators is used to make changes in the program. Some of the recent changes are;
requirement that the teachers pass a qualifying exam after the completion of courses to
demonstrate their content knowledge, teachers maintain and present a portfolio to show
their evolution in using inquiry methods in the classrooms, integration of more math in
the courses, and to invite graduated teachers to participate in poster sessions to
communicate their utilization of $1000 grant towards classroom instruction.
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MCEP Course Descriptions

- The MCEP includes 10 courses, 8 in chemistry content and 2 in chemistry education.

- All courses are specially designed for secondary science teachers, meaning they emphasize connections within and among chemistry
topics, "real-life" examples, and include assignments such as creating lesson plans based on the course material.

" Because the course instructors are situated at a major research institution, whenever possible state-of-the-art research topics are also
included.

" All courses in the MCE program are 1 credit unit (which is equivalent to 3 credit hours each).
Course Sequence:

" Summer 1: Chem 501 -- General and Organic Chemistry I and Chem 502 -- Information Technology and Experimental Chemistry

" Academic Year 1: Chem 503 -- Organic Chemistry Il and Educ 536 -- The Teaching and Learning of Chemistry

- Summer 2: Chem 505 -- Environmental Chemistry and Chem 506 -- Inorganic Chemistry

" Academic Year 2: Chem 507 -- Molecular Spectroscopy and Educ 636 -- Advanced Topics in the Teaching and Learning of Chemistry
" Summer 3: Chem 504 -- Biochemistry and Molecular Biology and Chem 508 -- Seminar in Chemistry

Course Descriptions:
GENERAL AND ORGANIC CHEMISTRY I -- CHEM 501

The goal of this course is to provide participants with a sound background in the structures and physical and chemical properties of organic compounds
using an inquiry-based instructional model which they can implement in their own classrooms. The prerequisite is one year of college-level general
chemistry, and most participants will enter the program with this course. Because of the anticipated diversity of participants' backgrounds, concepts
from general chemistry which are relevant to organic chemistry will be reviewed and used as a framework for understanding organic chemical
concepts.

The sequencing of topics is closely correlated with the course Information Technology in Chemistry which will use many of those topics as a vehicle
for information searching and laboratory experiments. The concepts developed will provide a foundation for understanding how the chemistry is
applied to societal needs in medicine, industry, agriculture, and basic research and also for understanding the health, environmental, and economic
issues to which those applications lead . (top)

INFORMATION TECHNOLOGY and EXPERIMENTAL CHEMISTRY -- CHEM 502

The goals of this course are to develop in participants skills in information technology and experimental chemistry which enable them to introduce
meaningful reforms in their own curricula. Specific objectives include the following:

-- To make use of participants' first-hand knowledge of the interactive learning model being employed in GOCI and to learn ways to transfer this
model to their own classroom setting.

-- To obtain basic computer literacy skills and the ability to develop and maintain their personal web page using HTML editors and other tools.
-- To develop the ability to find chemical and other scientific information efficiently on the internet using various search engines and databases.
-- To develop critical evaluation skills needed to sort through this large amount of data.

-- To learn about materials that are available in printed form in chemistry libraries and to develop skills in accessing and sorting through this
information.

-- To use some modern computational programs employed by active research chemists and to develop, with these programs, demonstrations that will
be appropriate for their own classroom setting.

-- To develop skills for presenting and defending material before an audience.

-- To carry out a representative set of laboratory experiments which will provide the background for developing experimental programs in their own
curricula.

The course is intended to be taken concurrently with General and Organic Chemistry I (GOCI) and will draw heavily on topics in that course for
exercises in information searching and laboratory experiments. Participants will undertake two major projects which will impact on their own teaching,
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i.e., creation of a continuing personal web page and creation of a plan for introduction of innovations in their own curricula to be implemented in the
ensuing academic year. (top)

ORGANIC CHEMISTRY Il -- CHEM 503

The objectives of this course are to develop an understanding of the fundamental reaction types of organic chemistry, how these reactions are used in
synthesis, and the role of organic synthesis in creating the compounds and materials used in modern society. The fundamental reaction types include
addition to alkenes and alkynes, electrophilic and nucleophilic aromatic substitution, oxidation and reduction, nucleophilic addition to carbonyl
compounds, free radical reactions, and cycloadditions. Reactions will be exemplified through syntheses used in research and industry.

The development of topic material will be based to a great extent on a "need to know" approach in which participants will be presented with a synthetic
target and asked to develop ideas for producing it by consulting web/library sources. Emphasis will be placed on working out strategies for accessing
the information needed to work out a rational synthesis. Examples to be explored include syntheses of antibiotics, anticancer drugs, detergents, old and
new generation insect control agents, and condensation polymers, and the use of solid phase synthesis and combinatorial chemistry in drug discovery.
Societal issues relating to the substances studied will also be explored.

Each participant will undertake an individualized project in which the synthesis of a compound or material of public interest will be examined through
information searches, and the environmental, health, and/or economic consequences of use of the substance are analyzed. (top)

BIOCHEMISTRY AND MOLECULAR BIOLOGY -- CHEM 504

The goals of this course are to establish an understanding of the three-dimensional structures of nucleic acids and proteins and of how these structural
entities interact in biological processes. The biotechnology revolution based on this knowledge has lead to fundamentally new approaches to solutions
to problems in medicine, agriculture, and the chemical industry, all of which are changing society.

The course will be organized around the central dogma of molecular biology and its modifications for genetic engineering, tissue engineering and
biological catalysis.

As in earlier courses, participants will use previously learned information- searching skills to undertake an individualized study and analysis of an
application of knowledge in this field to solving some problem of public interest. (top)

ENVIRONMENTAL CHEMISTRY -- CHEM 505

The goals of this course are to expand the participants' understanding of current environmental issues and the centrality of chemistry in providing
solutions to environmental concerns.

The course will provide an in-depth look at environmental issues impacted, both negatively and positively, by chemistry. This will include the
chemistry of "pollutants" in air, water, and soil; their transport and fate in the environment; how they are detected and analyzed, and methods of
remediation. Concepts of risk assessment will also be studied. (top)

INORGANIC CHEMISTRY -- CHEM 506

The goals of this course are to expand participants' understanding of modern concepts of bonding, structure, and chemical reactivity among inorganic
compounds and of the impact of newly developed inorganic compounds and materials on society.

Coverage will include a general treatment of ionic and covalent bonding across the periodic table including bonding in coordination compounds, hard
and soft acids and bases, chelation therapy, the electrical properties of metals, semiconductors, and insulators, organometallic chemistry, catalysis in
chemical industry, nitrogen fixation, zeolites, and inorganic superconductors.

Once again participants will undertake individualized projects using information-searching skills and will explore various aspects of the interface of
inorganic chemistry with matters of public interest. (top

MOLECULAR SPECTROSCOPY -- CHEM 507

The goals of this course are to establish participants' understanding of the principles of molecular spectroscopy, to broaden their knowledge of the
many types of molecular spectroscopy in use today, and to make them aware of the ways in which various spectroscopic techniques are applied in
society.

Coverage will include infrared spectroscopy and the greenhouse effect, UV-visible spectroscopy, ozone depletion, and the design and use of dyes,
mass spectrometry and the determination of molecular formulas and structure, NMR spectroscopy, the determination of molecular structure, magnetic
resonance imaging, lasers and their use in medicine and commerce, and X-ray crystallography.

Individualized projects as described in previous courses will be carried out. (top)

387


http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top
http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top
http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top
http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top
http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top
http://www.sas.upenn.edu/PennSTI/mcep_description.shtml#top#top

SEMINAR IN CHEMISTRY -- CHEM 508

In this capstone course each participant will undertake the study of a topic which is of interest to them and is relevant to some aspect of forefront
scientific research. The selected topic will also contain a significant chemical component.

Each participant will prepare a "teaching/learning resource module" on their topic. This module will include an abstract, paper and appropriate
information searches. These modules will be made available to all MCE students both in a print version to be kept in the CERC and an electronically
available version. Additionally, participants will present a talk on their topic to an audience of peers, staff and invited guests.

It is expected that many of the topics selected will coincide with current departmental research programs and that consultation and interaction with
faculty and staff conducting the research will enrich the educational experience. The opportunity for highly motivated and qualified participants to
collaborate with a faculty mentor and participate in the research will be possible and will be encouraged. (top)

THE CHEMISTRY EDUCATION COURSES

Chemistry education courses will be offered in the fall-spring semesters that separate the three summer sessions. Each of the courses will focus on
teaching and learning chemistry in the classes of the participants. The goal in each course is to build change, personal changes in teaching and
curriculum as well as systemic change in departments and buildings of the participants. Because these courses meet monthly over an entire academic
year, communication within the MCE community of learners is facilitated by the use of the on-line communications tool Blackboard©.

THE TEACHING AND LEARNING OF CHEMISTRY -- EDUC 536

The course will examine issues associated with curriculum planning and enactment. Issues such as representations of chemistry concepts, the nature of
chemistry, the role of models and the effect of socio-cultural issues on the teaching and learning of chemistry will be examined. In addition, in order to
integrate their learning with their professional practice the participants will undertake research in their own chemistry classrooms. A core goal of the
course is to establish and maintain a community of learners of chemistry and chemistry education.

Most classes will consist of laboratory activity, seminar/discussion and lecture. Laboratory activity will provide an environment for the examination of
specific issues related to the teaching and learning of chemistry and will require both written pre-lab and post-lab reports. Discussion and lecture will
provide contexts for examination of broader issues associated with the teaching and learning of chemistry. Participants may be expected to contribute
to and to lead the discussions using their written analysis of the readings.

Participants are required to demonstrate the methods that they are using to integrate their social, cultural and conceptual understandings in their own
classrooms by organizing site visits. (top)

ADVANCED TOPICS IN THE TEACHING AND LEARNING OF CHEMISTRY -- EDUC 636

This course will attempt to implement some of the topics presented in the previous education and chemistry courses of the MCE program in typical
high school chemistry classrooms. This information will be presented to students using a teaching method informed by the knowledge of how students
learn as presented in the MCE education courses. In order to make the knowledge gained in this course meaningful to the participants, a joint research
project will be planned and executed to examine the effects on students of implementing a new approach to teaching chemistry. Therefore, the goal of
this course is to use the knowledge already gained in the MCE program to implement a research project that will have meaningful results in the
participants’ school community. This course is designed as a collaboration between experts —chemical education (course staff) and teaching
(participants) experts. Each member of the course is considered a full participant in the direction and results of the course.

Blasie, C., & Palladino, G. (2005). Implementing the Professional Development
Standards: A Research Department’s Innovative Master’s Degree Program for High
school Chemistry Teachers. Journal of Chemical Education, 82(4), 567-570.

http://www.sas.upenn.edu/PennSTI/mcep description.shtml. Retrieved 12/25/06.
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Stages of Concern Questionnaire
(Reprinted with permission of Southwest Educational Development Laboratory)

Name (optional):

The purpose of this questionnaire is to determine what people who are using or thinking about
using MCE programs practices are concerned about at various times during the adoption process.

The items were developed from typical responses of school and college teachers who ranged from
no knowledge at all about various programs to many years’ experience using them. Therefore,
many of the items on this questionnaire may appear to be of little relevance or irrelevant to
you. For the completely irrelevant items, please circle “0” on the scale. Other items will represent

those concerns you do have, in varying degrees of intensity, and should be marked higher on the
scale.

For example:

This statement is very true of me at this time. 01 23 4561
This statement is somewhat true of me now. 01234567
This statement is not at all true of me at this time. 01 23 4567
This statement seems irrelevant to me. 01 23 4567

Please respond to the items in terms of your personal concerns, or how you feel about your
involvement with the implementation of MCE program practices. We do not hold any one
definition of the MCE program practices, so please think of it in terms of your own perception of
what it involves. Phrases such as “this approach” and “the new system” all refer to the MCE
program practices. Remember to respond to each item in terms of your present concerns about
your involvement or potential involvement with the MCE program practices.

Thank you for taking time to complete this task.

In the following questionnaire, please record your score for each of the 35 items by
underscoring it (highlight the number and click the underscore button on the toolbar).
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0 1 2 3 4 5
Irrelevant Not true of me now  Somewhat true of me now

6 7
Very true of me now

1. I am concerned about students’ attitudes towards the MCE program practices. 01 2 3 4 6 7
2. I now know of some other approaches that might work better. 01 2 3 4 6 7
3. I am more concerned about another set of practices. 01 2 3 4 6 7
4.1 am concerned about not having enough time to organize myself each 01 2 3 4 6 7
day.
5. I would like to help other faculty in their use of the MCE program practices. 01 2 3 4 6 7
6. I have a very limited knowledge of the MCE program practices. 01 2 3 4 6 7
7. I would like to know the effect of reorganization on my professional 01 2 3 4 6 7
status.
8. I am concerned about conflict between my interests and my 01 2 3 4 6 7
responsibilities.
9. I am concerned about revising my use of the MCE program practices. 01 2 3 4 6 7
10. I would like to develop working relationships with both our faculty 01 2 3 4 6 7
and outside faculty using the MCE program practices.
11. I am concerned about how the MCE program practices affect students. 01 2 3 4 6 7
12. T am not concerned about the MCE program practices at this time. 01 2 3 4 6 7
13. I would like to know who will make the decisions regarding MCE program 01 2 3 4 6 7
practices.
14. T would like to discuss the possibility of using the MCE program practices. 01 2 3 4 6 7
15. I would like to know what resources are available if I decide to 01 2 3 4 6 7
adopt the MCE program practices.
16. I am concerned about my inability to manage all that the MCE program practices 01 2 3 4 6 7
require.
17. 1 would like to know how my teaching or administration is 01 2 3 4 6 7
supposed to change to be able to implement MCE program practices
18. I would like to familiarize other departments or persons with the 01 2 3 4 6 7

progress of this new approach (the MCE program practices).




0 1 2 3 4 5
Irrelevant Not true of me now  Somewhat true of me now

6 7
Very true of me now

19.

I am concerned about evaluating my impact on students.

20.

I would like to revise the MCE program’s practices.

21.

I am preoccupied with things other than the MCE program practices.

22.

I would like to modify our use of the MCE program practices based
on the experiences of our students.

23.

I spend little time thinking about the MCE program practices.

24,

I would like to excite my students about their part in these practices.

25.

I am concerned about time spent working with nonacademic
problems related to the MCE program practices..

26.

I would like to know what the use of the MCE program practices will
require in the immediate future.

27.

I would like to coordinate my efforts with others to maximize
the effects of MCE program practices.

28.

I would like to have more information on time and energy
commitments required by the MCE program practices.

29.

I would like to know what other faculty are doing in this area.

30.

Currently, other priorities prevent me from focusing my attention
on the MCE program practices.

31.

I would like to determine how to supplement, enhance, or replace
the MCE program practices..

32.

I would like to use feedback from students to change the program.

33.

I would like to know how my role will change when I am using
the MCE program practices.

34.

Coordination of tasks and people is taking too much of my time.

35

. I would like to know how the MCE program practices are better
than what we have now.
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Please complete the following:

1. (a) In your use of the MCE program practices, do you consider yourself to be a:
non-user___ novice___ intermediate__ old hand___  pastuser___

(b) On a scale of 0 to 10, where do you place your level of implementation of the MCE
program practices? (0=no implementation, 10=full implementation)

Please answer the following questions in as much detail as you can. Use more space, if
needed.

2. What is helping you to implement the MCE program practices?

3. What is inhibiting you from implementing the MCE program practices?
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SOUTHWEST EDUCATIONAL

DEVELOPMENT LABORATORY 211 East Seventh Street  Austn, Texas 78701,3281  Voice: 512/ 476.6861  Fax:512 f 476.2286  Wab: www.sedl.arg/
Building Knowlodge to Support Learning

TO: Uma Jayaraman (Licensee)

FROM: Nancy Reynolds
Information Associate, Information Resource Center
Southwest Educational Development Laboratory
211 East Seventh Street
Austin, TX 78701-3253

SUBJECT: Permission to reprint and distribute SEDL material
DATE: December 4, 2006

Thank you for your interest in using the instrument Stages of Concem Questionnaire
published by the Southwest Educational Development Laboratory as Appendix A, pages 79-
82 in Measuring Implementation in Schools: The Stages of Concem Questionnaire written
by Archie A. George, Gene E. Hall, and Suzanne M. Stiegelbauer in 2006 and on pages 48-
49 of the SEDL publication Taking Charge of Change, revised ed., also published in 2006
and written by Shirley M. Hord, William L. Rutherfod, Leslie Huling, and Gene E. Hall. The
questionnaire will be referred to as the “work” in this permission agreement.

SEDL is pleased to grant permission for use of the material cited above by the licensee
in her doctoral work at Temple University. The following are the terms, conditions, and
limitations governing this limited permission to reproduce the work:

1. All reprinting and distribution activities shall be in the medium in which the work have
been made available for your use, i.e., print, or can be converted to an online version
that can be accessed only by participants in a password protected environment and
shall be solely for educational, non-profit use only. Precise compliance with the
following terms and conditions shall be required for any permitted reproduction of the
work described above.

2. No adaptations, deletions, or changes (the only exception allowed is to replace the
word “the innovation” with a phrase participants will recognize, such as the name of
the innovation or initiative; otherwise, the wording and order of items cannot be
changed) will be made in the material nor shall any derivative work based on or
incorporating the work be created, without the prior written consent of the Southwest
Educational Development Laboratory.

3. This permission is non-exclusive, non-transferable, and limited to the one-time use
specified herein. This permission is granted solely for the period Decem ber 4, 2006,
through December 4, 2007, inclusive. SEDL expressly reserves all rights in this
material.
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Page 2 of 2
Permission to reprint and distribute SEDL materials

4. You must give appropriate credit: "Reprinted with parmission of Southwest
Educaticnal Development Laboratory,” or attribute Southwest Educational
Development Laboratory as appropriate to the professional style guidelines you are
following. All reproductions of the material used by you shall also bear the copyright

notice which appears on the work.

5. An exact copy of any reproduction of the work you produce shall be promptly
provided to Southwest Educational Development Laboratory. All coples of the work
produced by you which are not distributed or used shall be destroyed or sent to
Southwaest Educational Development Laboratory, save and except a maximum of
three archival coples you are permiited to keep in permanent records of the activity

you conducted.

6. This license and permission to reproduce the work is limited fo the terms hereof and
Is personal to the person and entity to whom it has been granted; and it may not be
assigned, given, or transferred to any other person or entity.

7. Southwest Educational Development Laboratory is not charging the licensee a
copyright fee to use the work. -

I'm sending you a PDF of this agreement. Please print and sign one copy below, indicating
that you understand and agree o comply with the above terms, conditions and limitations,
and send the original back to me. If you wish to keep a ¢opy with original signatures, plaase
print a second copy, and also sign and retumn it to me and, after | sign it, I'll return it with
both of our signatures to you.

Thank you, again, for your interest in SEDL's Stages of Concern Questionnaire. If you
have questions, please contact me at (800) 476-6861, ext. 226 or by e-mail at

nreynold@sedl.org.

Slnoerely,
Nancy Raynold#or Soutfiwest Educational Development Laboratory
Agreed and accepted:

Signature: Um.z Q:w.m Printed Name: L MA D. UMHWM

Date signed: ilf;;’}f%fo

copy of 2006 version of Stages of Concern Questionnaire sent as a PDF document via e-
mall to licensee at ujayaraman@
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Renewal of Permission to Use SoCQ

Re: SEDL's Stages of Concern Questionnaire

From:  Naney Reynolds (nancy.reynolds@sedl.org)
Sent: Wed 1/16/08 9:52 PM

To: uma jayaraman (ujayaraman(@ )

Dear Uma,

Thank you for your continued interest in using SEDL's Stages of Concern Questionnaire
(SoCQ). By way of this e-mail, I am letting you know that I extend permission for your
use of the SoCQ for an additional year to accommodate your data collection for research
toward your doctorate at Temple University. I will update your signed license in my files
to reflect that your revised ending date for use of the SoCQ is now January 16, 2009.

Please let me know if I can help you in any other way to provide SEDL's research or
publications.

Sincerely,

Nancy Reynolds

Information Associate

SEDL

Information Resource Center
4700 Mueller Blvd.

Austin, TX 78723
512-391-6548 (voice)

512-476-2286 (fax)

nancy.reynolds@sedl.org
http://www.sedl.org

Advancing Research, Improving Education
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REFORMED TEACHER OBSERVATION PROTOCOL (RTOP)
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Reformed Teaching Observation Protocol (RTOP)
Daiye Sawada Michael Piburn

External Evaluator Internal Evaluator
and

Kathleen Falconer, Jeff Turley, Russell Benford and Irene Bloom
Evaluation Facilitation Group (EFG)

Technical Report No. INOO-1
Arizona Collaborative for Excellence in the Preparation of Teachers
Arizona State University
l. BACKGROUND INFORMATION

Name of teacher Announced Observation?
{ves, no, or explam)

Location of class

{dstmct, school, room)

Yeats of Teaching Teaching Certification
K-Ear 7-13)
Subject observed Grade level
Observer Date of observation
Start time End time

1. CONTEXTUAL BACKGROUND AND ACTIVITIES

In the space provided below please give a brief description of the lesson observed, the classroom setting in
which the lesson took place (space, seating arrangements, etc.), and any relevant details about the students
(number, gender, ethnicity) and teacher that you think are important. Use diagrams if they seem appropriate.

2000 Revision

Copyright™ 2000 Arizona Board gf Regemts
-lm?r'g iz Reserved plafl
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Record here events which may help in documenting the ratings.

Time Description of Events

2000 Revizion

L"o'_]‘rr' hr 2000 Arizona Board of Regents
Al Rights Reserved
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I11.  LESSON DESIGN AND IMPLEMENTATION

Never Very
Occurred Descriptive
1) The instructional strategies and activities respected students” prior 01 2 3 4
kmowledge and the preconceptions inherent therein.
ry) The lesson was designed fo engage students as members of a 01 2 3 4
learning commumnity.
3 In this lesson, student exploration preceded formal presentation. 0o 1 2 3 4
4) Thus lesson encouraged students to seek and value altemative modes 0 1 2 3 4
of investigation or of problem solving.
3 The focus and direction of the lesson was often determined by ideas 0o 1 2 3 4
originating with students.
V. CONTENT
Propositional knowledge
a) The lesson mvelved fundamental concepts of the subject. 01 2 3 4
7 The lesson promoted strongly coherent conceptual understanding. 0 1 2 3 4

g) The teacher had a solid grasp of the subject matter content inherent 0 1 2 3 4
in the lesson.

9 Elements of abstraction (i.e.. symbolic representations, theory 0 1 2 3 4
building) were encouraged when 1t was important to do so.

10) Connections with other content disciplines and/or real world 01 2 3 4
phenomena were explored and valued.

Procedural Knowledge

11) Students vsed a vanety of means (models, drawings, graphs, 01 2 3 4
concrete materials, manipulatives, etc.) to represent phenomena.

12} Students made predictions, estimations and/or hypotheses and 0 1 2 3 4
devised means for testing them.

13) Students were actively engaged in thought-provoking activity that 0 1 2 3 4
often involved the critical assessment of procedures.

14) Students were reflective about their learning. 0 1 2 3 4

13) Intellectual rigor, constructive criticism, and the challenging ofideas 0 1 2 3 4
were valued.
2000 Revision

Comright 2000 Arizona Board of Regenis
Jfﬁifg i R;.rern'sa‘ o piafi
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Continue recording salient events here.

Time Description of Events

2000 Revision

Copyright . 2000 Arizona Beard af Regents
All Rights Reserved
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V. CLASSROOM CULTURE

16)

17y

18)

19)

20)

21)

22)

23)

24)

Communicative Interactions MNever
Qccurred

Students were involved in the communication of their ideas to
others using a variety of means and media.

The teacher’s questions triggered divergent modes of thinking.

There was a high proportion of student talk and a significant amount

of it occurred between and among students.

Student questions and comments often determined the focus and
direction of classroom discourse.

There was a climate of respect for what others had to say.

Student/Teacher Relationships
Active participation of students was encouraged and valued.

Students were encouraged to generate conjectures, alternative
solution strategies, and ways of interpreting evidence.

In general the teacher was patient with students.

The teacher acted as a resource person. working to support and
enhance student investigations.

The metaphor “teacher as listener™ was very characteristic of this
classroom.

Additional comments you may wish to make about this lesson.

2000 Revision

Copyright 2m:-a_¥+zm Board of Regents

All Rights Reserve
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Very
I 4
34
I 4
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Permission to Use RTOP

from Jo Vasquez <Jo.Vasquez@asu.edu>

to ujayaram(@

date Tue, Jan 22, 2008 at 5:55 PM hide details 1/22/08 Reply
subject Re: RTOP

Hi Uma,

You can certainly use this instrument in your research it is not
public domain yet; however I would be very interested in seeing how
you modify it as we are struggling with modifying these as well and
did have permission from the original researchers. Hopefully you
will share.

Best Wishes, Jo Anne

Jo Anne Vasquez, Ph.D.

Director of Professional Development, Policy and Outreach
CRESMET, Center for Research on Education in
Science, Math, Engineering and Technology

Arizona State University
jo.vasquez@asu.edu

Phone: 480.965.7820

Cell: 602.818.3739
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APPENDIX H

SAMPLE LESSON PLAN
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Monday 7o Nawl - How o you saive, O j;gmv\j Fpa'&:}a?

Text Ref- p.144- 202
Olasswork  (Teachs- Led) @ Draw LDS of elemends 1-20
mdmduﬁﬁ) & Drow LDS W) single boﬂdfg .
Nocksheet ™ | o single bonds
Homeworle - (guaplete :\lef_;&w#- 3
Zea PA:C}E/-ML

Tuesday
Text Kef- p-20%
Classwarl - Review "LDS mnﬁjlﬂ bowels’
- E?egih “LbS po'luja,{-:}m{c, lpas" Workshet
Homwwor - Bead ¢ 205 .
_ Wednesday - Qomplete " LoS polyatmaie Ims

v
T‘éﬁ‘ Pef- p Ip4 - 105

Classmovll — Review “LE5 polyotamic tms”
- pegin * LDS muf‘hjﬁ?"‘ﬂ bacls
Hivagiy et - Zeod P 204-2095

Thurselay - Conplede LDS mant ple: pond<”

Text Ref-~ p- 18G- 205
"LPS muliple boiadls "

Classwer - Review : : ]
- Workshee! “Mired Beview LDS

Friday
b Now = Quiz, (_a(?en ﬂoi’a}

plosewwll — Zevien notes on p. 184 - 205
- Extm Zeview fimiL
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APPENDIX I

RTOP TEACHER SURVEY (RTOPTS)
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RTOP Teacher Survey (RTOPTYS)

Never Very
Occurs Descriptive
LESSON DESIGN AND IMPLEMENTATION
1. My instructional strategies and activities respect students' prior knowledge 0 1 2 3 4
and the preconceptions inherent therein.
2. My lessons are designed to engage students as members of a learning 0 1 2 3 4
community.
3. In my lessons, student exploration precedes formal presentation. 0 1 2 3 4
4. My lessons encourage students to seek and value alternative modes of 0 1 2 3 4
investigation or of problem solving.
5. The focus and direction of my lessons are often determined by ideas 0 1 2 3 4
originating with students.
CONTENT
Propositional Knowledge
6. My lessons involve fundamental concepts of the subject. 0 1 2 3 4
7. My lessons promote strongly coherent conceptual understanding. 0 1 2 3 4
8. T have a solid grasp of the subject matter content inherent in the lesson. 0 1 2 3 4
9. Elements of abstraction (i.e., symbolic representations, theory building) are 0 1 2 3 4
encouraged when it is important to do so.
10. Connections with other content disciplines and/or real world phenomena 0 1 2 3 4
are explored and valued.
Procedural Knowledge
11. Students use a variety of means (models, drawings, graphs, concrete 0 1 2 3 4
materials, manipulatives, etc.) to represent phenomena.
12. Students make predictions, estimations and/or hypotheses and devise 0 1 2 3 4
means for testing them.
13. Students are actively engaged in thought-provoking activity that often 0 1 2 3 4
involves the critical assessment of procedures.
14. Students are reflective about their learning. 0 1 2 3 4
15. Intellectual rigor, constructive criticism, and the challenging of ideas are 0 1 2 3 4
valued.
CLASSROOM CULTURE
Communicative Interactions
16. Students are involved in the communication of their ideas to others using 0 1 2 3 4
a variety of means and media.
17. My questions trigger divergent modes of thinking. 0 1 2 3 4
18. There is a high proportion of student talk and a significant amount of it 0 1 2 3 4
occurs between and among students.
19. Student questions and comments often determine the focus and direction 0 1 2 3 4
of classroom discourse.
20. There is a climate of respect for what others have to say. 0 1 2 3 4
Student/Teacher Relationships
21. Active participation of students is encouraged and valued. 0 1 2 3 4
22. Students are encouraged to generate conjectures, alternative solution 0 1 2 3 4
strategies, and ways of interpreting evidence.
23. In general I am patient with students. 0 1 2 3 4
24. T act as a resource person, working to support and enhance student 0 1 2 3 4
investigations.
25. The metaphor "teacher as listener" is very characteristic of my classroom. 0 1 2 3 4
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Permission to use RTOPTS

Dear Ms. Vasquez,
Thank you for your permission to use the RTOP. [ have
attached the modified RTOP (called RTOP Teacher Survey or
RTOPTS). The only difference between RTOPTS and RTOP is the
perspective. RTOP is from the perspective of the observer
(researcher), whereas the RTOPTS is from the perspective of
the practitioner himself/herself, a self-assessment tool for
the lesson's alignment with the reform practices . In
keeping with this perspective, the statements in RTOPTS are
first person singular.
I hope I will have your permission to use RTOPTS also.
Thank you.
Regards,
Uma
2) RTOP Teacher Survey.doc
76K View as HTML Open as a Google document Download

Jo Vasquez show details 1/27/08 Reply

0o me

Dear Uma,

Sorry for the delay. I think as long as you are using this instrument in
your research for your doctoriate and nothing else this is fine to make
it for the teacher. You certainly have our permission.

Best of luck,

Jo Anne

Jo Vasquez show details 1/27/08 Reply

to me

sorry I meant to correct the spelling of doctorate before I sent it. .
Jate night and I've been traveling.
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SEMI-STRUCTURED INTERVIEW — GENERALIZED QUESTIONS
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Note

Semi-Structured Interview — Generalized Questions

: These questions were generated by the researcher of the proposed study.

What were the several reasons behind your decision to enroll in the MCE
program?

What supports will help you in implementing the MCE program practices?

What is lacking that prevents you from implementing the MCE program
practices?

Questions about the peaks of the Concerns Profile

4.

Your concerns profile has the highest peak at the “unconcerned” stage. What are
the other activities/tasks/initiatives that are of greater concern to you at this time?

Your concerns profile has the second highest peak at the “management” (as an
example) stage. What are your concerns regarding organizing
time/resources/other responsibilities etc. in order to enable you to implement the
practices?

Your concerns profile has the third highest peak at the “ collaboration” stage.
What are your concerns regarding working with others/finding how others are
implementing the practices etc., that will enable you to implement the practices?

Questions about the valleys of the Concerns Profile

7.

9.

Your concerns profile has the deepest valley at the “informational” stage. What
concerns do you not have and why about knowing how the program works/what
kinds of resources it will require etc.?

Your concerns profile has the second deepest valley at the “consequence” stage.
What concerns do you not have and why about knowing what your students’
attitude towards it will be/how will it impact my students?

Would you like to comment on anything?

Fixed questions on lesson planning and content:

1. How do you plan your lesson?

2. What is important to you when planning your lesson? Doyou have a certain format
for it?

3. What do you do to make sure that students develop the depth of understanding of
content?

Thank you for your cooperation.
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SOCQ QUICK SCORING DEVICE
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STAGES OF CONCERNS PROFILES OF TEACHERS
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Concerns Profile for Teacher C
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APPENDIX M

DATA FLOW
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Data Flow and the Purpose of Each Protocol

Stages of Concern Questionnaire (SoCQ) with 3 Open-ended Questions
The 1st protocol completed by the teachers, before the commencement of classroom
observations

Responses to open-ended questions 1a and 1b will be used in answering research questions 1
and 2
Responses to open-ended question 2 will be used in answering research question 3
Responses to open-ended question 3 and 35-item questionnaire will be used in answering
research question 4

RTOP-Classroom Observation Teacher-generated Lesson Plans
Protocol
Completed by the researcher during 3 Collected on the days of observations

classroom observations of each teacher
Will be used in answering research questions 1 and 2

Will be used in answering research questions

land 2

RTOPTS-Teachers’ Self-reported Survey of
Classroom Practices
Completed by the teachers towards the end of the
observation period
Will be used in answering research questions 1 and 2

\ 4

Semi-structured Interview
Conducted by the researcher as the culminating data collection activity
Responses to 3 questions on lesson design and content (fixed questions) will be used in
answering research questions land 2
Responses to some of the rest of the questions (flexible questions) will be used in answering
research questions 3 and 4
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THE SCHOOL DISTRICT OF PHILADELPHIA
RESEARCH REVIEW COMMITTEE
Office of Accountability, Assessment & Intervention
440 North Broad Street, 2*! Floor
Philadelphia, PA 19130

OFFICE OF RESEARCH AND EVALUATION Tel.: (215) 400-4260
FAX: (215) 400-4252

November 29, 200-6

Ms. Uma D, Jayaraman

Dear Ms. Jayaraman:

Please allow this letter to serve as notice that The School District of Philadelphie, through
its Research Review Committee has granted you expedited approval to commence your
study entitled, “Classroom Implementation of the Practices Learned in the Master of
Chemistry Education Progiam by the School District of Philadelphia’s High School
Chemistry Teachers.”

Any evaluator interacting directly with children in the school(s) must have both child
abuse and criminal checks completed. As with all research in the District, all student data
must remain strictly confidential, and entry into & school is contingent on the principal’s
approval. You are required to provide a copy of the final report to the Office of
Accountability and abstracts must be furnished to each cooperative school or office
and regfon leader.

Please contact Dr. Joanne Broder Sumerson at jbrodersumerson(@phila k12.pa.us, if you
have any questions or concerns related to conducting research in the District.

chm'dﬂ, | . '
W \Y . AL

Joatdie Broder Sumerson, Ph.D. Thomas J, Clark,(Ed.D.

Chair, Research Review Committee Director, and Evaluation
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A SAMPLE OF PRINCIPAL’S LETTER GRANTING PERMISSION
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SCHOOL DISTRICT OF PHILADELPHIA
HIGH SCHOOL

Phone 215- Fax 215-
January 22, 2008

Investigator: Uma D. Jayaraman
Telephone: 215-

Advisor:  Dr. Joseph S. Schmuckler
Telephone: 215- °

CITE Department, :

College of Education, Temple University
Ritter Hall, Room 452

1301 Cecil B. Moore Ave.

Philadelphia, PA 19122-6091

Dear Ms. Jayaraman:

I grant permission for you to conduct the research study entitled, “Classroom implementation of
the practices learned in the Master of Chemistry Education program by the School District of
Philadelphia’s high school Chemistry teachers” at the High School

I understand that this permission includes the following data collection activities pertaining to
the chemistry teacher Ms. , and will be cleared with her.

1) Obscrvauon of 3 classes by the investigator

2) Collection of lesson plans and other handouts by the mvest:gator on the days of observation
3) Completion of a questionnaire and a survey by the teacher, and

4) Audio-taping an interview of the teacher by the investigator

None of these activities will interfere with Ms. "'s regular job performance.

I understand that this study has the potential to reveal valuable information about how a program
predicated on research-based practices gets implemented in an urban environment and what
factors assist or inhibit the process.

You are required to submit the abstract of the study to the school upon its completion.

Regards,

Principal
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LETTER GRANTING CONSENT FROM TEACHERS
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College of Education

TEMPLE UNIVERSITY

Curriculum Instruction and phone 215-204-2117/8377
Technology in Education - CITE fax 215-204-1414
1301 Cecil B. Moore Avenue web www.temple.edu

Philadelphia, PA 19122

Teacher Consent Form

Title: Classroom implementation of the practices learned in the Master of
Chemistry Education program by the School District of Philadelphia’s

high school Chemistry teachers.
Investigator’s Name: Uma D. Jayaraman
Department: CITE, College of Education
Telephone: (215)
Advisor: Dr. Joseph Schmuckler
Department: CITE, College of Education
Telephone: (215) '

Introduction/ Purpose/ Selection Criteria

We are currently engaged in a study of the classroom practices of the teachers
who have successfully cumplcwd the MCE program for 1-6 years, and are
currently teaching chemistry in the School District of Phlladclphia‘s high schools.
There are 6-8 teachers meeting the above criteria, teaching in 6-8 different high
schools in the city. These teachers are potential subjects for this study.

Experimental Procedures
To help us gain insight into this topm, we are requesting }'our permission to
conduct the following data collection activities:

1) Observation of 3 of your chemistry classes by the investigator

2) Completion of a questionnaire (35 Likert-type and 3 open-ended
questions) by you

3) Submission of the lesson plan and other handouts, if any, on the days of
observation by you

4) Completion of a 25 item survey by you

5) Participation by you in an interview to be audiotaped by the investigator

TEMPLE UNIVERSITY
IRB (COMIAITTEE B) APPROVAL

FEB 1 9 2008

VALID FOR NO MORE 1
THAN ONE YEAR
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Details of the Experimental Procedures

For the observation of your lessons, the investigator will visit 3 of your chenustry
classes, in a span of 3-5 months, according to a schedule set by you. You may
reschedule or cancel the visits. During these visits, the investigator will complete
an observation protocol, and take notes on what transpires in the classroom. We
recognize that the presence of the investigator in the classroom can be stressful
and she will make every effort to be as unobtrusive as possible. The investigator
will not interact with the students or interrupt your lesson in any manner.

You will be asked to submit your lesson plans and handouts, if any, on the 3 days
of classroom visits. You can do this before or during the visit, either electronically
or as hard copies.

At the beginning of the 3-5 month data collection period, the investigator wﬂl
send you a questionnaire with 35-item items with Likert-type responses and 3
open-ended response items. This will be sent to you as either an e-mail attachment
or a hard copy, the method of transmission will be determined by you. You will
have at least 2 weeks to complete this questionnaire.

Similarly, after the 3 classroom observations, you will be asked to complete a
survey with 25 statements requiring a Likert-type response, following the same
procedure as for the questionnaire.

The culminating data collection activity for this study will be the audiotaping of
your interview by the investigator/investigator at the end of the 3-5 month period.
A separate consent form for this activity will be sent to you.

Risks

Your participation in this study does not involve any physical or emotional risk to
you. If at any time you feel uncomfortable with any of the procedures, you may
withdraw from the study.

Benefits

There may be no direct benefit to you by your parhclpatmn in this research study

The potential benefit to you from participation in the study may include an
improved understanding of your extent of implementation, in your classroom, of
the research-based practices you were exposed to in the MCE program as well as
an understanding of the similarities and differences of implementation among the
teachers in the study.

Alternatives

You have the alternative to choose not to participate in the research study. You
may withdraw from the study at any time. Both of these actions will not prejudice
future interactions with the investigator or Temple University.

TEMPLE UNIVERSITY
IRB {COMMITTEE B) APPROVAL

FEB 1 9 2008

VALID FOR NO MORE 2
THAN ONE YEAR
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Confidentiality

Participation in this study may result in a loss of privacy, since persons other than
the investigator may have access to the data supplied by you or collected in your
class by the investigator. Unless required by law, only the study investigator, her
advisor, and the Temple University Institutional Review Board will have the
authority to review the aforementioned data. They are required to maintain
confidentiality regarding your identity. All the information, analysis, and results
pertaining to the study will be stored in a locked file cabinet in the investigator’s
secure office. Only the investigator will have immediate access to these.
However, you can request for review of only your material in the investigator’s
presence. All the documents will be stripped of any identifying information and
assigned a pseudonym and/or code to protect the privacy of all records. The
computer file that allows the investigator to match the pseudonym/code to the
teacher identifying information will also be kept in a password-protected
centralized computer in the investigator’s secure office accessible only to the
investigator. Additionally, at no time will any information provided by a teacher,
or arrived at by the investigator will be shared with another teacher in the study or
anyone other than the principal investigator. Results of this study may be used for
teaching, research, publication, or presentation at scientific meetings.

Financial Information
You will not incur any financial obligations because of your participation in the
research study. Further, there is no compensation for participation in the study.

Subjects’ Rights

Your participation in this research study is voluntary and you are free to withdraw
at any time. Participation or withdrawal will not affect any of the rights you are
entitled to. If you choose to withdraw from the study prior to its completion you
will not incur any penalty, risk, or loss of benefits. You may ask not to be
observed or complete the survey or the questionnaire for any reason at any time
and your wish will be honored. If you wish further information regarding your
rights as a research subject, you may contact Richard Throm, Program Manager
and Coordinator at the Office of the Vice President for Research of Temple
University by contacting (215) 707-8757.

Questions
We welcome questions about the study at any time. Please direct your questions
to the investigator, Uma Jayaraman at (215) or (215)

TEMPLE UNIVERSITY
IRB (COMMITTEE B) APPROVAL

FEB 1 9 2008

VALID FOR NO MORE
THAN ONE YEAR 3
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Title: Classroom implementation ofl the practices learned in the Master ofi
ol Chemistry Education program by the School District ofl Philadelphia's
high school Chemistry teachers

Consent .

The investigator has explained the research study to me and I have read this form.
I have been given the opportunity to ask questions and my questions have been
answered satisfactorily. If I have additional questions, I will contact the
investigator.

I agree to participate in the research study described in this document and will
receive a copy of the consent form after my signature. Another copy of this
(signed) consent form will be securely retained by the principal investigator (the
advisor) of the research study in his confidential files for a period of at least five
years after the completion of the study.

Subject’s Signature Date
Investigator’s Signature Date
TEMPLE UNIWERSITY
IRB (COMMITTEE B) APPROVAL
FEB 19 2008
VALID FOR NO MORE
THAN ONE YEAR 4
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College of Education

TEMPLE UNIVERSITY

Curriculum Instruction and phone 215-204-2117/8377
Technology In Education - CITE fax 215-204-1414
1301 Cecil B. Mogre Avenue web www.temple.edu

Philadelphia, PA 19122

Permission to Audiotape

Investigator’s Name: Uma D. Jayaraman -

Department: CITE, College of Education

Telephone: (215)- (215)

Advisor: Dr. Joseph S. Schmuckler

Department: CITE, College of Education

Telephone: (215) )

Project Title: Classroom implementation of the practices learned in the

Master of Chemistry Education program by the School
District of Philadelphia’s high school Chemistry teachers.

Subject: Date:

Log #:

I give Uma D. Jayaraman permission to audiotape me. This audiotape will be
used only for the following purpose:

Education

This audiotape will be used as a part of a research study (see the title above) by
the investigator at the CITE department, Temple University. I have already given
written consent for my participation in this research study. At no time will my
name be used.

Other

[ can request for a review of the audiotape in the presence of the investigator.
Additionally, a transcribed copy of the audiotaped interview will be sent to me by
the investigator for my review and comments.

TEMPLE UNIVERSITY
IRB {COMMITTEE B) APPROVAL

FEB 1 9 2008

VALID FOR NO MORE
THAN ONE YEAR 1
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When will I be andiotaped?
I agree to be audiotaped during the time period: 3/1/08 to 12/1/08

Hﬂ long will the tapes be used?
I give my permission for these tapes to be used from: 3/1/08 to the completion of

the study.
Additionally, the tapes will be stored in a secure place for three years after the
completion of the study.

What if I change my mind?

I understand that I can withdraw my permission at any time. Upon my request,
the audiotape will no longer be used. This will not affect my care or relationship
with the investigator in any way.

ther
T understand that I will not be paid for being audiotaped or for the use of the

audiotapes.

For further information
If T want more information about the audmtape, or if I have questions or concems

at any time, I can contact:

Investigator's Name: Uma D. Jayaraman

Department: CITE

Institution: Temple University

Street Address:

City: State: Zip Code:
Phone: 2 iS) - _ (215)

This form will be placed in my records and a copy will be kept by the person
named above. A copy will be given to me.

TEMPLE UNIVERSITY
IRB (COMMITTEE B) APPROVAL

FEB 1 9 2008

VALID FOR NO MORE
THAN ONE YEAR
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Title: Classroom implemenr.atioh ol the practices learned in the
Master ol| Chemistry Education program by the School District

ol! Philadelphia's high schoel Chemistry teachers.

Subject's Name:

Date:
Address:
Phone:
Subject's Signature:
Date
Investigator’s Signature:
Date
TEMPLE UNIVERSITY
IRB (COMMITTEE B) APPROVAL
FEB 1 9 2008
VALID FOR NO MORE
THAN OHE YEAR
3
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APPENDIX Q

CODES AND TEACHERS’ SAMPLE RESPONSES TO THE INTERVIEW’S FIXED
QUESTIONS
(3 questions pertaining to lesson design and content)
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Research Question 1--- Codings for Teachers’ Responses to 3 Questions on lesson

planning

Domain: Lesson Design and Implementation

Statement 1 Code:

Teacher Response:

Statement 2 Code:

Teacher Response:

Statement 3 Code:

Teacher Response:

Statement 4 Code:

Teacher Response:

Statement 5 Code:

Teacher Response:

Domain: Content

Statement 1 Code:

Teacher Response:

Statement 2 Code:

Teacher Response:

Addressing students’ preconceptions/prior knowledge
My preclass activity will be based on the prior knowledge

they should have.

Engaging students as community

I plan some activities to make sure they understand it, and
sometimes, or most of the time, I make them work in pairs
or make them work individually.

Exploration before formal presentation

My preclass activity will be based on the prior knowledge
they should have so that I can continue my lesson.

Alternative modes of problem solving encouraged

It is important to me is that they be able to critically think
and apply the information and to use it in other situations.

Students’ ideas determine lesson focus

If this technique doesn’t work I’m not going to just give up.
I’m going to tweak it a bit and try it again.

Fundamental Concepts

I just try to start from the basic level.

Teacher promoted coherent conceptual understanding

I just try to show them what a coefficient is, what a subscript
is, how do you count the number of atoms-----slowly build it

up.
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Statement 3 Code:

Teacher Response:

Statement 4 Code:

Teacher Response:

Statement 5 Code:

Teacher Response:

Statement 6 Code:

Teacher Response:

Statement 7 Code:

Teacher Response:

Statement & Code:

Teacher Response:

Statement 9 Code:

Teacher Response:

Statement 10 Code:

Teacher Response:

Teacher had strong grasp of content

I have a good understanding of the chemistry from the

courses.

Teacher promoted elements of abstraction

No response

Teacher promoted connections with other disciplines & real

world

Try to bring in environmental issues, I try to tie it in with

biology.

Students used variety of representations

Different ways in which they can look at it.

Students made predictions and devised means to test

They had to explain why the trends were there.

Students actively engaged in critical assessment of procedure

Give them activity so they learn whatever I am teaching.

Students were reflective

Webb’s DOK because it’s a process that requires time for
them to think, for them to comprehend.

Rigor, challenging of ideas valued

I try to make the students think higher at a higher level of

thinking.
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Domain: Classroom Culture

Statement 1 Code:

Teacher Response:

Statement 2 Code:

Teacher Response:

Statement 3 Code:

Teacher Response:

Statement 4 Code:

Teacher Response:

Statement 5 Code:

Teacher Response:

Statement 6 Code:

Teacher Response:

Statement 7 Code:

Teacher Response:

Statement & Code:

Teacher Response:

Student communicate with a variety of means/media
Journal entries that would be relevant--- to do writing---- use
four types of questions, different things.

Teacher questions triggered divergent thinking

What is important to me is that they be able to critically think
and apply the information and to use it in other situations.

High degree of communication between/among students

----group activity because they can help one another in a social
aspect of  bits and pieces of the information that they may not
understand as individuals.

Student comments determined classroom discourse

If I think they need to understand more about a topic or I'll
even go back and do another lab that ties in with---

Climate of respect

No response.

Active student participation valued/encouraged

I might do two or three labs on one topic if I have some that are
engaging the kids.

Students encouraged to conjecture/alt. solutions/interpret

I gave them a handout and had them explain the trends, how you
can figure out if it’s polar or non-polar, emphasize using what
you learned in some way

Teacher was patient with students

We usually spend two to four days sometimes on a Web DOK
because it’s a process that requires time for them to think.
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Statement 9 Code: Teacher acted as resource person

Teacher Response: During the activities I’m also available for them.
Statement 10 Code: Teacher listened to student ideas
Teacher Response: I make sure they understand what I am doing.
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APPENDIX R

SUMMARY OF FINDINGS FOR ALL AND INDIVIDUAL TEACHERS

436



Table 18: Summary of Findings from All Applicable Data Sources for Research Question

2 and Contributory Questions 2a, 2b, and 2c, for ALL the Teachers (N=6)

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*

1. SoCQ

Open-ended Q. I(N) | 5(D)

la

Open-ended Q. 2(0) 1(5) | 3(7,8)

1b

2. RTOP

Total 5 1
Lesson Design & 1 4 1
Implementation
Content 3 3
Classroom Culture 2 2 2

3. 3 Interview

Qs

Total 2 1 3
Lesson Design & 2 1 1 2
Implementation
Content 2 2 2
Classroom Culture 2 1 3

4. RTOPTS

Total 6
Lesson Design & 4 2
Implementation
Content 6
Classroom Culture 1 5

* Full = MCE Program Intention
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Table 19: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher A

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*

1. SoCQ

Open-ended Q. X

la

Open-ended Q. X

1b

2. RTOP

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

3. 3 Interview

Qs

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

4. RTOPTS

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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Table 20: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher B

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*

1. SoCQ

Open-ended Q. X

la

Open-ended Q. X

1b

2. RTOP

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

3. 3 Interview

Qs

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

4. RTOPTS

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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Table 21: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher C

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*
1. SoCQ
Open-ended Q. X
la
Open-ended Q. X
1b
2. RTOP
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X
3. 3 Interview
Qs
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X
4. RTOPTS
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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Table 22: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher D

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*

1. SoCQ

Open-ended Q. X

la

Open-ended Q. X

1b

2. RTOP

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

3. 3 Interview

Qs

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

4. RTOPTS

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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Table 23: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher E

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*
1. SoCQ
Open-ended Q. X
la
Open-ended Q. X
1b
2. RTOP
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X
3. 3 Interview
Qs
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X
4. RTOPTS
Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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Table 24: Summary of Findings from All Applicable Data Sources for Research Question
2 and Contributory Questions 2a, 2b, and 2c, for Teacher F

Data Source

Data Source

Level of Implementation

Domains Absent | Low | High | Full*

1. SoCQ

Open-ended Q. X

la

Open-ended Q. X

1b

2. RTOP

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

3. 3 Interview

Qs

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

4. RTOPTS

Total X
Lesson Design & X
Implementation
Content X
Classroom Culture X

* Full = MCE Program Intention
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APPENDIX S

CODES AND TEACHERS’ SAMPLE RESPONSES TO SOCQ’S 2N OPEN-ENDED
QUESTION
(Question: What is helping you to implement the MCE program practices?)
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Research Question 3--- Codings for Responses to SoCQ’s amended Q. #2 on Enabling

Factors

Category: MCE Program Practices

Enabling factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling factor:

Teacher Response:

Depth of Content Knowledge

Now I have a deeper scientific knowledge base

Formal Laboratory Exercises and Reports

I do labs every week. Another practice I implement from MCE
program is the use of formal lab report write-ups.

Hands-on Problem-solving Activities

Students ready to solve problems scientifically

Group Work

Students do more group work

Category: Student Characteristics

Enabling factor:

Teacher Response:

Enabling factor:

Teacher Response:

Enabling factor:

Teacher Response:

Good Behavior

Students were well behaved

Self-motivation

Students were motivated

Basic Skills to follow Instructions

Students had the basic skills to follow the instruction and carry
out activity
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Category: Administrative Support

Enabling factor:

Teacher Response:

Enabling factor:

Teacher Response:

Enabling factor:

Teacher Response:

Category: Other

Enabling factor:

Teacher Response:

Enabling factor:

Teacher Response:

Supportive Department Head

Department head who will help you out to implement new
practice

Laboratory Assistant as Teacher Aide

Lab assistant who will help you out to implement new

practices

Adequate Supplies

Supplied materials in class as needed

Nothing
Nothing

Not Using the MCE Program Practices

I currently do not use the program
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APPENDIX T

CODES AND TEACHERS’ SAMPLE RESPONSES TO INTERVIEW QUESTIONS
ON ENABLING FACTOR
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Research Question 3--- Codings for Responses to Interview questions on Enabling

Factors

Category: MCE Program Practices

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Lab work
I feel that doing labs is very engaging for students. So I do that.

Less preps to allow more time for inquiry

Less subjects because then I could do some type of inquiry in
the classroom for that

Use of POGIL and PIM

Use of POGIL that [ learnt in MCE and the use of Penn
Instruction Model (PIM)

Less lecturing/more of students taking ownership of learning

Let them do it by themselves kind of guided the instruction, it
makes more sense and be able to learn much better than lecture,
rather than me being the main speaker all the time.

Use of internet and technology

For example like the use of internet and the use of technology

Use of inquiry methods

The practices that I found in the program, that I do truly use and
I really enjoy is the inquiry method of teaching

Students’ focus on writing

It allowed the students to write formal lab reports. I think they

valued it
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Category: Student Characteristics

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Higher level

I think as the students move on to higher level classes it’s very
easy to implement Penn program

Eager/willing to embrace inquiry methods

inquiry methods (work well) when you have students who don’t
mind to investigate

Category: Administrative Support

Enabling Factor:

Teacher Response:

Category: Other

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Enabling Factor:

Teacher Response:

Support from administrators

I think the administration, the principal that I currently have he
would be supportive (of MCE practices)

Adequate time and training for the students

It takes time, you cannot implement PIM right away. You have to
train them.

Adjusting teaching strategies to student needs

So even in mid stream you may have to turn horses because if you
look out and it’s not getting across, that night you better come up
with a way to get it across

Teachers writing the curriculum aligned to MCE
knowledge/practices

Teachers be able to take that knowledge and be able to control the
curriculum process ourselves

Information on differentiating curriculum

Tailor mine teaching or my methods of giving instructions to
students here and students elsewhere who are economically up
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Enabling Factor: Teachers’ personal motivation
Teacher Response: ~ One of the things that is helping me is my personal motivation

actually

Category: MCE Program

Enabling Factor: Connecting with other MCE program participants

Teacher Response:  If I was checking back with my colleagues at MCE to discuss my
classroom practice with them. I think that would have helped.
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APPENDIX U

CODES AND TEACHERS’ SAMPLE RESPONSES TO SOCQ’S 3RP OPEN-ENDED
QUESTION
(Question: What is inhibiting you from implementing the MCE program practices?)
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Research Question 4--- Coding for Responses to SoCQ’s amended Q. #3 on Hindering

Factors

Category: School District Mandates

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Core Curriculum and Pacing Schedule

The (core curriculum) timeline issued by the school district does
not allow the teacher to spend sufficient amount of time to cover
some topics thoroughly and it limits the development of skills for
students to become independent and critical thinkers.

Test Preparation (Standardized, Benchmark, AP, and IB)

The need to cover a lot of material and prepare students for tests
takes precedence.

Policies

School district policy

Administrative Paper Work

There is a lot of paper work and obligation during prep time (i.e.,
CSAP meetings, performance reviews etc.)

Large Class Size

Large class sizes

Category: Student Characteristics

Hindering Factor:

Teacher Response:

Unprepared for Student-centered Work

Lack of student preparation makes student centered work
unproductive.
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Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Poor Math and Reading Skills

Poor math and reading skills of our students

Lack of Motivation

Demotivated students

Lack of Basic Skills to Follow Instruction

Classes where students don’t follow the instruction and your
priority becomes classroom management

Category: Administrative Support

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Unsupportive Department Head
No support from the department head

Unsupportive Administration

Nobody to complain to because when you complain about
something you are the ‘bad’ person and the only outcome will be
that you are in trouble

Lack of Resources

Poor or lack of resources
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APPENDIX V

CODES AND TEACHERS’ SAMPLE RESPONSES TO INTERVIEW QUESTIONS
ON HINDERING FACTORS
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Research Question 4--- Coding for Responses to Interview questions on Hindering

Factors

Category: School District Mandates

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Parental calls

I have to do a lot of parental calls for a large amount of students

Many classes/Preps/Duties/Lack of time

We don’t have the time to analyze and reflect on things, the way
they want to do it

Single lab period

We actually don’t have double lab periods we only have 50 minute
periods

Category: Student Characteristics

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Students who cannot focus

Sometimes | get a class with students who cannot focus

Low level

If you get a very low level class it takes time, you cannot
implement PIM right away

Need to train how to work in a group

Start working with them and teach them how to work in groups
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Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Do not reflect on previous knowledge

Students do not want to go back and look (at) what they already
learned

Often require reteaching

I end up teaching or reviewing everything one more time

Need more time to learn the basics

So by the time you teach basics you’re lagging behind

Work only for credit

If I’'m not going to collect it in some way shape or form, frequently
they won’t even attempt the problem

Resistance to learn/Explain

You know sometimes kids refuse change

Category: Administrative Support

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Unconcerned administrators

It wasn’t a push from the administration. The administration didn’t
care about that (MCE practices)

Unsupportive NTA
We need more support from the Non Teaching Assistants (NTA)

Unsupportive lab assistant

lab assistant is not cooperating
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Hindering Factor: No/restricted access to computer lab/technology

Teacher Response:  There is not a computer lab for academic teachers

Category: MCE Program

Hindering Factor: Lack of networking with MCE staff/students

Teacher Response: I don’t think there’s anything that they have in the program that
allows you to maybe call them up like a hotline or something or
ask questions its nothing like a forum

Hindering Factor: Not realistic for high school classroom

Teacher Response: I think it would have been a lot helpful if they just implemented
some things that are more high school related

Hindering Factor: Professors out of touch with high school environment

Teacher Response: I think a lot of the teachers were at the college level. They didn’t
have any high school teaching experience

Hindering Factor: Two pedagogy courses not helpful

Teacher Response: I think their education end of the course for lack of many things is
lacking a whole lot

Hindering Factor: Teachers in education courses substandard

Teacher Response:  The teachers of the educational end of it basically had no clue what
they were doing

Category: Teachers’ Characteristics/Limitations

Hindering Factor: Other priorities took precedence

Teacher Response: I just became preoccupied with other things that needed to be done
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Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Hindering Factor:

Teacher Response:

Class management/control problems

Kids are almost taking control of the classroom. I am really
concerned about classroom management

Inability to engage students

I don’t always have time to come up with a way to present the
information that is as engaging as I’d like it to be

Lack of collaboration with other teachers in school

I would like to collaborate more and show him

Not enough time to develop understanding/thinking skills

Other responsibilities that I have in the school prohibit me to get
into those fundamental topics on a deeper level.
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