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ABSTRACT 

 
Title: Assessing African-American and Latino Middle School Student Engagement 

and Motivation to Persist in STEM Domains  
Candidate: Jamie M. Bracey 

Degree: Doctor of Philosophy 

Temple University, 2011 

 

For the last decade, American leaders in business, industry, education, and national 

security have called with increasing urgency for improved production in the number 

and diversity of American born professionals in science, technology, engineering and 

math (STEM). The 2005 National Academies report Rising Above the Gathering Storm 

recommended heightened emphasis on including underrepresented groups, including 

the development and retention of students of color in STEM fields. 

 
This study used a quasi experimental design to compare two groups of African 

American and Latino middle school students’ pre- and post engagement after exposure 

to one of two STEM-related opportunities to learn: one with culturally relevant 

pedagogy anchored by elements of cognitive apprenticeship; the other without. The 

overarching goal was to determine if the merger of social culture, constructivist learning 

theory and instructional pedagogy would increase minority middle school student 

engagement, motivation and academic achievement in math. 

 
African-American and Latino middle school students from 29 of the lowest 

performing middle schools in a large urban school district participated in either a 

weekend Robotics Saturday Academy or a Math & Robotics summer camp. Prior to 

this study, none of the students had exposure to the STEM-based curricula or materials 

in their neighborhood schools.  
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The Research Assessment Package for Schools (Institute for Research and 

Reform in Education, 1998) was used to establish an engagement baseline. Engagement 

and motivation to persist in math was measured using both the Assessment of 

Academic Self-Concept and Motivation Scales (Gordon Rouse & Cashin, 2002), and 

culturally explicated elements derived from a review of the general anthropology of 

both cultural groups.    Math achievement was measuring using math benchmark data 

provided by the district. A post assessment survey of participants measured value and 

importance they placed on the quality of the STEM learning experience. 

 
Results indicated no statistically significant change in pre- or post levels of 

engagement or motivation to persist as a result of the different instructional formats. 

However, minority middle school students exposed to STEM using culturally relevant 

and cognitive apprenticeship elements maintained and showed a slight increase in math 

performance weeks after the program ended, compared to students who did not receive 

the integrated pedagogy.   In fact, the latter group showed a sharp decline in math 

achievement benchmark data weeks after the program ended. While it is inconclusive 

which elements of culturally relevant pedagogy or cognitive apprenticeship directly 

affected student math outcomes, this study encourages continued empirical research on 

how the culture of the learning environment can be adjusted to support minority student 

engagement and persistence in STEM domains. 
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CHAPTER 1 

 

INTRODUCTION 

 

There is tremendous urgency in the United States to increase the nation’s production of 

citizens with talent and expertise in the fields of science, technology, engineering, and 

math (STEM). Fewer U.S. students are selecting the sciences, engineering, and 

quantitative disciplines in college and beyond (National Science Foundation, 2004), 

and changes to pedagogy and curriculum have not yielded an increase in the number or 

diversity of students entering the quantitative disciplines (Jolly, Campbell, & Perlman, 

2004). As a result, the nation’s ability to tackle its aging infrastructure and demanding 

energy needs cannot be met given current science and engineering graduation levels 

(National Science Foundation, 2004). 

 
The production gap is a social and economic imperative. The national graduation 

rate of 62% for non-Hispanic White students, and 38% for African-American, Latino 

and female students in STEM disciplines is woefully inadequate to replace highly skilled 

but retiring Baby Boomers (National Action Council for Minorities in Engineering, 

2008).  Leaders of the National Business Roundtable (2007) recently estimated that the 

United States would need to graduate 400,000 STEM professionals every year after 2008 

to remain globally competitive; as of 2009 the current annual rate is approximately 

225,000 and the shortfall is a threat to the nation’s international economic standing. 

 
The report Rising Above the Gathering Storm (National Academies, 2005, 2008) 

issued a dire warning to Congress that the declining production of STEM-related college 

graduates, particularly among ―underrepresented groups of minorities and females is a 
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threat to the United States’ preeminence and economic viability. STEM disciplines 

represent less than 10% of the U.S. workforce, but the combined economic output from 

these knowledge-intensive fields contributes to at least half of the nation’s gross national 

product (United States Bureau of Economic Analysis, 2008). 

 
It is a sad reality that over the past several decades fewer young people, both minority and 
nonminority, have chosen to start on the pathway to science or engineering careers… Worse yet 
is what NACME has revealed as the 4% problem. This is the reality that only 4% of 
underrepresented minorities graduate high school ―engineering eligible.‖ (National Action 
Council on Minorities in Engineering, 2008, p. 6.) 

 
 

Tapping the nation’s diversity to close these gaps is hampered by subpar retention 

rates of ―underrepresented students in high school and college courses related to STEM. 

As the nation’s demographic makeup shifts to increased percentages of minority 

children, and the number of young White people who pursue careers in math and science 

decline (National Science Foundation, 2004), education researchers grow increasingly 

interested in pathways to increase all students’ interest and engagement in science, 

technology, math, and engineering related fields. 

 
Purpose 

 

This study examined the effect of exposure to STEM on the before and after levels of 

engagement and motivation of African-American and Latino middle school students 

from high-poverty, low-resourced schools in a large urban school district. Resources 

were secured through a federal grant designed to introduce the participants to engineering 

using robotics, math remediation and instructional pedagogy focused on STEM learning 

and achievement. 
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The purpose of the current study was to determine whether different 

instructional formats would increase minority middle school student engagement, 

motivation, and academic achievement in STEM domains. The goal was to contribute 

new knowledge in the form of educational strategies that might address the urgent need 

to diversify and retain U.S. students in these critically needed fields. 

 
Key Issues Regarding Engagement, Motivation, and Achievement 

 

Balfanz and Legters (2004) outlined the differences in engagement, motivation, and 

achievement in a comparison of high school dropout rates across the United States. They 

found only 11% of White students attend high schools where graduation is not the norm 

compared with a staggering 46% of African-American and 39% of Latino students who 

continue to attend schools labeled drop out factories (Balfanz & Legters). 

 
Research suggests the road to disengagement happens as early as middle school, 

when young adolescents must navigate more complex academic subjects, manage social 

networks, and respond to more competitive performance-based expectations like good 

grades, team projects, and high-stakes testing (Cleary & Chen, 2009; Ryan & Patrick, 

2001). Middle schools that have weak transitional support mechanisms in place are the 

primary feeders to high schools that have weak promoting power (Balfanz & Legters, 

2004), depleting the students available for the STEM pipeline very early. 

 
In fact, according to the National Center for Education Statistics (June 2009), 

25% of U.S. students who start the ninth grade now fail to graduate from high school in 4 

years. A growing concern is the fact that those figures do not include the increasing 

number of students dropping out in middle school, particularly in urban school districts. 
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Rumberger (2004) suggested that the extra support young urban adolescents need to 

successfully transition to high school is not available, particularly in resource-

strapped schools. The argument directly links the lack of support to increased student 

disengagement predictive of dropping out, even after controlling for academic 

achievement and student background (Rumberger). 

 
Disengagement and the African-American and Latino Achievement Gap 

 

Academic disengagement and poor achievement is disproportionately high in urban 

classrooms across the nation (Ladson-Billings, 1997; Conchas, 2001). As a result, 

cultural and linguistic minorities are disproportionately represented in learning 

environments that focus on low-level skills, discipline, and remediation (Ladson-Billings, 

2005). Although minority students have improved in national math standards, those 

improvements have been primarily in basic math skills (Martin, 2000). As the topics 

become more complex, the gap widens again (Strutchens & Silver, 2000). 

 
Lee (2002) presented an important meta-analysis of 30 years of National 

Assessment of Educational Progress (NAEP) data related to the achievement gap 

between African-American and White and Hispanic and White students. The study 

reported aberrations in the data not explained by commonly accepted variables such as 

low socioeconomic status (SES), poor parental education, anti-intellectualism (Cokley, 

2003), and youth disengagement. The NAEP data also suggest that low academic 

achievement motivation is not a static norm, as evidenced by African-American students 

who essentially closed the achievement gap with Whites through the late 1970s and 

early 1980s. 
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One explanation may be the heightened community demands for education reform 

within the context of the waning civil rights, Black power, and Chicano social activism 

movements during that time period. In fact, although the Hispanic–White achievement 

gap did not close as dramatically, Arias (2005) contended that Latino advocacy for 

desegregation and demands that schools support English language learners (ELL) under 

Brown v. Board legislation have been a constant since the late 1970s through early 1990s. 

 
Although no empirical educational research data were found to substantiate the 

socio-cultural and historical effect of desegregation and education reform effects on 

minority student academic achievement. The historical context is a logical and 

reasonable explanation for both groups increasing academic performance at the height of 

community awareness of and demand for better educational opportunities for cultural and 

linguistic minorities. 

 
In considering which education reform factors, if any, have been more likely than 

others to improve Latino student outcomes, the language barrier is a commonly 

understood challenge for first generation new comer American children. The notion of a 

strong external socio-cultural influence on minority student achievement must be 

considered given the differences in instructional practices afforded students in schools on 

the basis of race (Lubienski, 2007). The NAEP data suggest that many minority students 

are not experiencing instructional practices consistent with the recommendations 

suggested by the National Council Teachers of Mathematics (NCTM) or what Ladson-

Billings called just good teaching (1995). In contrast, Ferguson (2003) examined how 

teachers’ negative perception and poor expectations of students in urban school 

environments not only sustained but expanded the Black–White achievement gap. 

 
 

 

5 



 
The power of what happens in the classroom cannot be understated. The deep 

historical context of African-American community demand for quality education (Bush, 

2004; Hilliard, 1992) and more recent attention on the needs of Latino youth (Suarez-

Orozco, Pimentel & Martin, 2009), undergirds the possibility that the persistent 

achievement gap may be the unintended outcome of instructional leadership that focuses 

on safety, discipline, and remediation in urban schools. That emphasis, exacerbated by 

demands to meet annual yearly performance metrics under federal No Child Left Behind 

mandates may undermine teacher confidence in adopting the instructional innovation 

and competence required to scaffold conceptual understanding in more challenging 

domains (Rittle-Johnson, Seigler, & Alibali, 2001), particularly in poor performing 

schools. 

 
A culture of prescriptive academic remediation is the hallmark of high-poverty, 

low-resourced schools, which this study presumes do not offer the type of creative, 

inquiry-based learning foundational to STEM achievement. It can also be argued that 

very few resources are directed to STEM learning (which may require significant 

investment), because minority student achievement levels do not appear to warrant 

doing so. The net result is a lack of opportunities to learn STEM in schools with largely 

segregated, minority student populations. 

 
Construct Overview of Engagement 

 

Student engagement is generally discussed as a psychological state measured by 

observation of certain behavioral attributes. An engaged student is generally described 

as a student with a positive attitude who actively participates in school-based educational 

and enrichment activities (Chapman, 2003). Although there is no consensus among 
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researchers on the definition of engagement, emerging research suggests that the 

construct represents many of interrelated factors that should be considered in designing 

research to study engagement and STEM achievement (Singh, Granville, & Dika, 

2002).  Fredricks, Blumenfeld, and Paris (2004) provided the major source of current 

literature through their meta-analysis of engagement research that has been completed 

over the past two decades. The study presented in this dissertation followed their 

recommendation that research on engagement view the variable as a multifaceted meta-

construct consisting of the following: 

 
• Affective engagement—the emotional reaction to the learning context, including the 

people and academic experiences within that environment;  

 

• Behavioral engagement—the level of participation in the social and extracurricular 

activities offered by the school or learning institution; and  

 
• Cognitive engagement—students’ willingness to invest the time and attention needed  

 
to master complex concepts. 

 

The meta-analysis identified ethnographic studies that support the importance of 

belongingness, including student-expressed feelings of emotional connectedness to 

teachers and peers, and resultant social acceptance, as protective factors that increase the 

affective, behavioral, and cognitive engagement of at risk students (p. 72). Ryan and 

Patrick (2001) presented empirical evidence that middle school students’ perceptions of a 

sense of respect and belonging promoted achievement goals associated with positive 

motivation and engagement. 

 
Jolly, Campbell, and Perlman (2004) added to the discussion by defining 

engagement as a student’s awareness, interest and motivation to learn (p. 3). The 
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authors contended that engagement is a construct interrelated to student capacity 

(knowledge base) and environmental continuity (resources to sustain academic rigor). In 

their analysis of strategies for diversifying the STEM pipeline, the authors argued that 

engagement, capacity, and continuity must each be present to increase student 

achievement success. Jolly et al. advanced an important thesis: An integrated approach 

that addresses the trilogy of constructs (engagement, capacity, continuity) will likely 

yield better results for producing STEM literate students. In fact, in all of the studies 

related to engagement, an underlying assumption is that students will be more engaged 

when their needs for relatedness, relevance, and a sense of belonging are common and 

continuous elements promoted by teachers in the classroom. 

 
Construct Overview for Motivation 

 

Generally, it is believed that motivation overlaps with but is not the same as 

engagement, but that (1) both are positively correlated to achievement, and (2) student 

knowledge and value of the role math plays in future career opportunities could increase 

motivation at the middle grade level (Singh, Granville, & Dika, 2003). Although a 

significant body of work has explored students’ intrinsic motivation in the context of 

performance and mastery achievement goals (Dweck & Leggett, 1988), emerging 

research suggests that high levels of intrinsic motivation do not necessarily correlate to 

minority student academic self-concept or performance outcomes. 

 
Research documents consistently higher levels of African-American student self-

esteem and self-concept, compared with their White counterparts, even in the face of 

academic underachievement (Graham, 1994; van Laar, 2000). However, Graham argued 
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that African-American, and perhaps other cultural minorities, are more likely than Whites 

to attribute academic failure to external forces (school and society). Although suggestive 

of the findings associated with Ogbu’s acting White theory (1992), it may be that 

minority students reject and devalue a school-based identity they perceive they are not 

going to be allowed to achieve.  

 
Cokley (2003) argued for innovation in theory and research methodology to 

capture African-American student psychology that contributes to motivation. He 

effectively challenged the acting White argument by presenting empirical evidence of a 

strong relationship between positive racial identity and achievement motivation (Cokely, 

2001b; Fordham & Ogbu, 1986; Graham, 1997). Cokley (2003) also argued that external 

forces positively mediate African-American student motivation; that is, African-

American students (particularly male students) are more likely to be extrinsically 

motivated by their available social networks. This finding is important given that feelings 

of relatedness and belonging are dimensions that affect how ethnic minority adolescents 

navigate and negotiate social constraints in an effort to form socially valued identities 

(French, Seidman, Allen, & Aber, 2006). 

 
The paradox of high self-concept, self-esteem, and poor academic achievement 

is not quite so perplexing if research considers motivation as the intersection of student 

engagement, the perception of belongingness and the quality of the transactional 

relationships in the classroom. Some researchers suggested that this combination of 

psychological traits influences students’ desire to persist (Boykin, 2006; Cokley, 2002; 

Green, Rhodes, Hirsch, Suarez-Orozco, & Camic, 2008). Equally important, if one 

considers attribution theory (Graham & Weiner, 1986) as a framework for identifying 
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which external factors minority students cite for their academic failure, it is possible 

that those assigned to low-performing, low-SES, highly segregated schools may be well 

aware they are not receiving educational opportunities on par with their White peers. 

 
Students’ daily experience with inequitable funding could take the form of old 

textbooks, nonexistent lab materials, deteriorating buildings, or ill prepared teachers—all 

factors that could be attributed to minority student feelings of frustration, disconnection, 

and disengagement. By providing African-American and Latino students with an 

opportunity to participate in a fun and perhaps prestigious robotics environment, I created 

an opportunity to study elements that might support the development of motivation to 

persist in students who are neither likely to have inherited community knowledge about 

careers in STEM nor have a recent legacy of achievement in those domains. 

 
Statement of the Research Problem 

 

Fredericks et al. (2004) reported that the majority of engagement research does not 

address the nuances of why students choose to engage or disengage based on perception 

and attitude toward the learning environment. Jacobs (1997) succinctly noted that 

traditional education research falls into two camps, each of which has failed to fix the 

continued decline in academic achievement of students in the United States. Jacobs 

identified education psychologists who explore cognition while ignoring context and 

education anthropologists who focus on education environment while ignoring how 

cognition emerges from what is taught. In fact, developing an integrated, cohesive 

strategy for improving minority STEM engagement is complicated by the variety of 

perspectives about how to approach the problem. 
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For example, education reformers tend to focus on new funding policy or 

emergency teaching certifications to allow STEM professionals to teach in schools. 

Educational psychologists investigate a student’s mental state as it relates to learning, 

including student feelings of efficacy, relatedness, identity formation, and adaptive and 

maladaptive behaviors in response to classroom and learning environments (Dweck, 

1986; Dweck & Leggett, 1988; Eccles & Midgley, 1989; Klem & Connell, 2004; Ryan 

& Patrick, 2001). Cognitive researchers focus on the efficiency of the brain and in 

relation to student capacity for planning, organizing, processing, strategy use, and 

developing conceptual understanding (Bjorkland, 2004; Siegler & Alibali, 2004). 

 
Cultural and developmental psychologists seek ways to understand how the home 

and community environments socialize students and analyze student behaviors to identify 

cultural elements that complement academic achievement and increase school 

effectiveness (Levine, Cooper, & Hilliard, 2000; Serpell, Boykin, Madhere, & Nasim, 

2006). They also posit that the situated context and opportunities to learn are critical 

elements, including studying the impact of ethnic identity (or lack of) on student 

approach to achievement (Arias, 2005; Keniel, Tzuriel, Feurestein, Ben-Schachar, & 

Eitan, 1991; Martin, 2000, 2006; Sfard & Prusak, 2005; Tyler, Boykin, Miller, & Hurley, 

2006). 

 
There are even important new developments in neurocognitive studies that 

explore how social culture specifically impacts the way students receive, attend to, 

and encode new information in memory (Hedden, Ketay, Aron, Markus, & Gabrieli, 

2008; Kitayama, Duffy, Kawamura, & Larsen, 2003; Masuda & Nisbett, 2001; 

Miyamoto, Nisbett, & Masuda, 2006). 
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Each of these explanatory models has made a significant contribution to our 

understanding of the symptoms that contribute to academic underachievement. 

However, the different camps rarely cross boundaries to develop an integrated 

theoretical approach to the challenge of minority student achievement in the higher 

order‖ STEM domains. The lack of connectivity across the different perspectives 

challenges innovation to study these issues in the field. 

 
This study represents one attempt to measure engagement and motivation to 

persist using an integrated conceptual framework. The program designed for this study 

draws on findings from cultural anthropology, linguistics, psychology, and educational 

theory in an attempt to develop learning environments for minority children who are 

not normally exposed to advancements in STEM teaching and learning. 

 
Theoretical Framework for This Study 

 

This study was grounded in three commonly recognized theoretical models: socio-

cultural learning theory (Crawford, 1996; Hay & Barab, 2001; Wertsch, 1986), culturally 

relevant pedagogy (CRP; Ladson-Billing, 1995; Leonard & Evans, 2008), and cognitive 

apprenticeship instructional theory (Collins, Brown & Newman, 1989; Collins, Hawkins 

& Carver, 1989). These theoretical perspectives are complementary in that each 

considers the social and cultural context of the learning environment as critical for both 

teaching and learning. 

 
Elements of the theoretical models were integrated in a mixed-methods quasi-

experimental design to examine whether minority middle school students enrolled in a 

STEM learning environment responded favorably to socio-cultural elements by showing 
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higher levels of engagement and motivation than those in a STEM environment without 

those elements. The overarching question was whether teaching using cultural assets 

anchored by cognitive apprenticeship elements had better math achievement outcomes 

than an environment without those elements. 

 
Presuming that a cultural or linguistic minority middle school student in a 

contemporary urban classroom has a STEM pathway available, the oft-cited reasons for 

the limited engagement of minority students in more challenging quantitative, abstract 

domains (Collins, Brown & Holum, 1991) include lack of preparation, lack of awareness, 

limited financial means to afford educational resources, or loss of interest in STEM 

related course work (often because of frustration and failure) early in the course of study 

(Reichert & Absher, 1997). In addition, Abedi and colleagues (2006) found that limited 

opportunity to learn affects ELL students’ academic achievement and engagement in 

math. 

 
Hypotheses 

 

An important aspect of this study was to determine whether an integrated theoretical 

approach would yield new information on how minority middle school students’ interest 

in STEM domains would be affected by exposure to learning opportunities not currently 

available in their schools. A second hypothesis was that there would be no difference in 

the before and after math scores of minority middle school students who participated in 

one of two versions of a STEM-based program—one with the culturally relevant 

cognitive apprenticeship elements and one without. Specific research questions this study 

sought to answer were as follows: 
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1. How would differences in program instructional formats affect minority middle 

school students’ level of engagement after participating in a STEM-enriched learning 

environment?  

 
2. Would there be a significant difference on motivation to persist in STEM based on 

the use of culturally relevant pedagogy and cognitive apprenticeship instructional 

methods?  

 
3. How would the two different treatment levels affect minority student math  

 
proficiency? 

 

For purposes of this study, the dependent variables were changes in measures of 

engagement, relatedness, motivation, and math performance. The prediction was that the 

group of minority students who experienced culturally relevant pedagogy in a STEM 

environment would show the biggest change in before and after levels of engagement, 

motivation and math proficiency compared with the STEM program group without the 

culturally relevant exposure. 

 
This research study also presumed that low-performing, low-SES middle schools 

do not provide the framework for STEM learning in an integrated, cohesive fashion. To 

that end, this study incorporated intensive exposure to competitive robotics, math 

tutoring, students’ native socio-cultural constructs, and, in one case, the support of expert 

mentors to measure impact on engagement and motivation to improve math performance. 

 
Significance of This Study 

 

Currently there is a serious paucity of empirical research on engagement and 

motivation as it relates to STEM teaching and learning at the middle school level 

(Singh et al, 2002). 
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 Of the 44 studies included in the engagement meta-analysis conducted by Fredericks et 

al. (2004), only 6 explicitly focused on African-American or Latino students; of those, 

only 1 analyzed engagement in a STEM domain (Lee & Anderson, 1993). Stretching to 

include ethnically diverse or urban students (assumed to be a euphemism for largely 

minority student populations), 8 of the studies identified in the meta-analysis focused on 

minority student engagement. Of those, 5 relied on data mining from the National 

Educational Longitudinal Study (NELS) rather than experimental or quasi-experimental 

design. 

 
Definition of Terms for This Study 

 

Engagement—the integration of affective attitudes, behavioral choices and cognitive 

effort measured as a meta-construct 

 

Relatedness—the psychological state of belonging to, identification with, and 

adherence to the culture or accepted normative behavior of a group 

 

Educational Motivation—the level or degree of effort expended to acquire 

knowledge based on student personal versus mastery achievement orientation 

 

Motivation to Persist—a meta-construct combining engagement and relatedness 

as they affect achievement orientation in a particular domain 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

The social culture of the classroom is becoming increasingly important as research 

emerges confirming that the learning environment impacts minority students’ attitudes 

toward learning (Davis & Jordan, 1994; Roth & Bowen, 1995; Ryan & Patrick, 2001). 

What is needed is a better understanding of how those contexts actually influence student 

engagement during the process of learning in STEM classrooms (Turner & Patrick, 

2008). 

 
Cognitive constructivist theory (Piaget, 1952) positions the acquisition of 

knowledge as the result of students’ active engagement in their environment with 

enough time and exposure to build mental models that help them interpret and process 

information. At the core of the theory is the fact that student engagement and capacity to 

construct new knowledge depends on both stage of development and access to 

information that supports ongoing knowledge construction. The student is proactively 

engaged in discovery learning while the teacher provides resources but limited 

scaffolding support. 

 
Social constructivism, such as that of Vygotsky (1978), is complementary to 

cognitive constructivism in that it also emphasizes the importance of the learning 

environment. The difference is that knowledge construction in a social context places 

much stronger emphasis on the support provided by actively involved teachers and 

community members who provide access to tools and resources (O’Connor, 1998; 

Wertsch, 1985). The quality of the learning environment depends on the quality of 

interpersonal communication and interaction within the environment, shared language, 
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and access to tools and resources that support opportunities to learn. Central to 

Vygotsky’s theory is the concept of achieving a zone of proximal development (ZPD, a 

learning plateau students reach that requires scaffolding from adult experts or advanced 

peers to help move to the next level. The student in the ZPD is supported toward mastery 

of more complex concepts such that students are able to master more knowledge than 

they could acquire on their own. Part of that process is the time to think, reflect and 

develop an internal self talk that students use to explain their actions and decisions to 

themselves. The internal communication supports the development of meta-cognition, or 

an awareness of the personal mental model used to transfer knowledge to solve new 

problems. 

 
Relevance to Engagement 

 

Elements of both cognitive and social constructivism have been integrated in this study to 

help provide the framework for measuring participants’ engagement in the STEM-based 

learning context. For the purposes of this study, the STEM learning environment 

represents social constructivism, and the focus on achievement in the math domain 

emerges from cognitive constructivism. 

 
        Jolly, Campbell, and Perlman (2004) made the useful distinction that school 

engagement (behavioral) is not the same as domain engagement (cognitive) in that 

motivation to do well in a subject that a student likes does not necessarily translate to 

motivation to perform well overall in school. For example, two students can be equally 

engaged in learning with completely different motives. One student may achieve because 

he or she really likes the content, whereas another student may be engaged to achieve 

because he or she is motivated to avoid the negative consequences for poor performance. 
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Turner and Patrick (2008) called for research that explains how student 

perception, attitudes, and beliefs about academic competency change over time. For 

example, researchers should determine whether there is consistency between what 

students self-report about their achievement goal orientation (performance versus 

mastery) and how they actually behave when given the opportunity over some period of 

time (p. 120). The authors cited one research exemplar that successfully examines math 

learning, engagement, and motivation as a function of opportunities to learn based on 

observed behavior and achievement over a prescribed period of time (p. 128). Providing 

opportunities to learn in STEM environments provides opportunities to measure not only 

the impact of changes in the learning context, but also the related behavioral and 

emotional impact of those changes (Connell, Halpern-Felsher, Clifford, Crichlow, & 

Usinger, 1995; Finn & Voelkl, 1993; Finn & Rock, 1997). 

 
This study’s research used the concept of an integrated, multidimensional 

approach to measuring student engagement based on opportunities to learn. The decision 

to avoid single variable analysis was echoed in a confirmatory factor analysis of previous 

measures of engagement (Glanville & Wildhagen, 2007). Glanville and Wildhagen 

reported a serious concern with the goodness of fit of many of the items in the self-report 

surveys commonly used to measure engagement, including the fact that the assessments 

normally focus on only one aspect of engagement at one point in time. 

 
Their findings confirmed the decision to approach engagement and its impact on 

minority middle school math achievement as a meta-construct in this study. Another 
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important presumption was that minority students enrolled in low-SES urban middle 

schools were not normally exposed to flexible instruction that adjusted to accommodate 

changes in levels of engagement; the remedial nature of the instructional context and 

compliance with federal mandates under NCLB most likely not allow for flexibility in 

teaching style. However, Fuller and Clark (1994) were adamant that it is impossible to 

improve school performance without examining the culture of the classroom as the key 

influencer on academic outcomes. Ladson-Billings (1995) articulated the lack of just 

good teaching in her discussion of why African-American students are just not 

performing, and Nunez, Edwards and Matos (1999) argued that math cognition was 

dependent on the situated context or environmental factors associated with the content 

received by underperforming learners. The literature on the culture of the learning 

environment, and its impact on minority student engagement was the cornerstone of this 

study. 

 
The severity of the problem of academic underachievement and disengagement as 

it relates to STEM domains was discussed with intensity during an Engineering Dean’s 

symposium I organized as a community advocate in Philadelphia, Pennsylvania, in 

December 2009. Deans of Engineering from 16 institutions (representing six states and 

the District of Columbia) attended, including those from predominantly White 

institutions, Historically Black Colleges and Universities (HBCUs) and community 

colleges serving growing numbers of Hispanic and Latino students. The collective 

concern focused on the low retention rate of underrepresented engineering students, a 

retention problem mirrored in the sciences, technology, medicine, and computational 

disciplines. Across institutions, the deans cited the lack of math and science preparation 
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as a critical issue and expressed frustration with the increased need for students to take 

remedial course work, particularly in math, in the freshman year. 

 
The lack of preparation in math may be the canary in the mine as the level of 

retention for American-born engineering students continues to decline (National Action 

Council on Minorities in Engineering; NACME, 2009; Reichert & Absher, 1997). At the 

Engineering Dean’s symposium, there was unanimous consensus that U.S. engineering 

innovation cannot be sustained when the need for remediation continues to grow at an 

exponential rate. In addition, deans of both majority- and minority-serving institutions 

noted the serious psychological impact of failure on minority students who withdrew or 

changed majors by their sophomore year after finding they were not adequately prepared 

for calculus and physics. 

  
One Dean from a majority-serving institution shared that not only the students but 

his faculty was frustrated—―we don’t know what to do‖ (personal communication with 

Dr. Keya Sadeghipour, Temple University, December 9, 2009). A dean from one HBCU 

institution shared that the emotional cost is exacerbated for poorer students who 

ultimately lose a year of tuition they cannot recapture, even if they transfer to another 

major (personal communication with Dr. Eugene DeLoatch, Morgan State University, 

December 9, 2009) 

 
In fact, according to the NACME, the additional time, effort, and expense 

required to complete undergraduate degrees in many STEM-related fields has now 

pushed the average undergraduate rate to nearly 6 years (2009) and the total average cost 

to nearly $110,000. Delayed college graduation rates and high urban school dropout rates 

do not bode well for demands to increase the numbers of Americans literate in  
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STEM fields. The deeper impact is the lack of diversity of thought needed to stimulate 

innovation in problem solving, especially at the advanced and terminal degree levels 

where research on new products and technologies is conducted. 

 
One recommendation the Engineering Deans supported was to introduce younger 

students to STEM professionals who could serve as cognitive coaches earlier in the 

learning cycle (panel discussion during the Engineering Deans Symposium, December 9, 

2009).  The rationale was that increasing exposure to applied uses of science, math, and 

engineering technology earlier in the learning cycle might increase student engagement. 

It was also felt that earlier exposure might help underrepresented students develop an 

identity affinity for one of the professions available in engineering and technology 

 
areas. The deans and other panelists called on K-12 educators to consider making their 

learning environments more relevant by developing STEM-based mentoring and 

internship opportunities as early as middle school. The study reported in this dissertation 

responded to that call to action. 

 
Gaps in Knowledge Regarding Engagement of Minority Students in STEM 

 

Less than 5% of the engagement studies analyzed by Fredericks et al. (2004) examined 

minority engagement in STEM domains. In their meta analysis, they found that 39 of the 

44 studies explored behavioral and cognitive engagement of White or suburban students 

by measuring homework completion, time on task, report cards, work styles, observed 

participation, and the like. In the six studies that targeted cultural and linguistic 

minorities, the focus was on negative affective engagement. The empirical research 

presented in this dissertation examines changes in learning attitudes by creating a 

specialized opportunity to expose African-American and Latino middle school students to 

more challenging subject matter associated with STEM fields. 
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Some studies suggest the increased cognitive load students experience as they 

transition from elementary school to the more complex demands of middle school 

increases the possibility of disengagement and a-motivational behaviors (Cleary & Chen, 

2009).  Cokley (2003, 2002) suggested that younger adolescents become more aware of 

how race affects their learning experience in middle school and begin to attribute failure 

to external forces. The net result is minority students become less concerned with 

achievement goals, which are normally associated with intrinsic motivation, as a 

measure of self-worth and identity. Students appear to be able to maintain high self-

esteem by compartmentalizing negative learning experiences and attributing them to 

external forces beyond their control. Thus, the culture of the learning environment for 

minority students became the point of departure in this dissertation’s study and the 

source for understanding what elements might need to be present to motivate 

underperforming minority students. 

 
The other reason for focusing on the culture of the learning environment was the 

need to contextualize the tremendous wealth of research on the a-motivation and dis-

engagement of minority students in schools, reflected in their disproportionately poor 

academic outcomes (National Research Council and Institute of Medicine, 2004, cited in 

Fredericks et al., 2004). The proactive use of culture in cognition has been advanced for 

decades (Rogoff & Chavajay, 1995), but it has often lacked the empirical evidence to 

support broad acceptance within the field of education. 

 
A. Wade Boykins’ three decades of empirical research has focused specifically on 

the impact of culture and learning context on African-American student achievement 

(1982, 1997, 2006, 2008). Abedi and colleagues have contributed an important body of  
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work on the subject of language accommodation as a critical strategy for increasing 

Latino student engagement and closing the achievement gap, particularly in math (Abedi 

& Lord, 2001; Abedi, Herman, Courtney, Leon & Kao, 2004; Abedi, Courtney, Leon, 

Kao & Assam, 2006).  Although their work was not cited in the Fredericks et al. meta-

analysis, their work had a profound impact on my ability to incorporate diversity of 

thought in developing the parameters of a study specific to African-American and Latino 

children. 

 
I am hopeful that my study will contribute new information to the body of 

empirical evidence regarding engagement and motivation of cultural and linguistic 

minorities by examining the impact of elements of two instructional theories that 

complement constructivist learning theory. Both instructional theories—culturally 

relevant pedagogy and cognitive apprenticeship—hypothesize that achievement can be 

increased by mediating the learning environment using the cultural assets that inform 

how disadvantaged (and often segregated students) are socialized to behave (Kaniel, 

Tzuriel, Feuerstein, Ben-Schachar, & Eitan, 1991; Kozulin, 1997). 

 
Gaps in Knowledge Regarding Cultural Influences on Cognition for Minorities 

 

From the literature review, it is clear that not much is known about which ethnographic 

constructs directly relate to increasing minority student engagement. We know from 

several studies that students’ psychosocial well-being positively affects engagement 

(Conchas, 2001; Fredericks, Blumenfeld, Friedel, & Paris, 2002), but each of these 

studies has looked at either elementary or secondary students, not middle school students. 

The challenge is to identify whether and how middle school students’ confidence and 

sense of belonging (relatedness) increases in socio-cultural context.  
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Both Helme and Clarke (2001) and Guiterrez (2000) used qualitative methods to unpack 

issues of relatedness in learning math, but the first study used a small sample size (N = 

24) in a private school, and the Guiterrez study examined high school students. 

 
There is a clear need for more qualitative research. Fredericks et al. (2004) 

recommended that the phenomenology of engagement include exploration of students’ 

expression of processes they use to construct meaning and assign value as a 

 result of their varying levels of engagement. The current study focused on students’ 

before and after perception of the value they placed on their participation in the STEM 

activities and interest in persisting if given more opportunities to learn in STEM domains. 

 
Lewis (2005) used a phenomenological approach to explore how race and 

racialized learning contexts contribute to the negative learning experiences and alienation 

of young minority children. She leveraged her white skin privilege in a courageous 

examination of how negative social connotations affect teacher perceptions of African-

American, Latino, and ethnic minority Asian (Filipino) students, who disproportionately 

experience disciplinary and remedial education actions. Lewis’ assertion is that the socio-

cultural reality of minority children’s education often includes teachers and school 

administrators’ unconscious fear of and low expectation found earlier by Ferguson 

(1988). 

 
One subtext of this study was the effect of infusing cultural competence into the 

learning environment to increase the quality of the relationships and instructional  

effectiveness within the program. Although the psychological state of teachers working 

with these students is not the purpose of this study, it is hoped that teachers who work  
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with cultural and linguistic minorities in STEM domains will benefit from any evidence 

provided by this study. 

 
Elements of Culturally Responsive Pedagogy 

 

A unique feature of this study was the identification of cultural elements that may be 

unique to African-American and Latino students’ repertoires of practice (Gutierrez &  

Rogoff, 2003). The expectation was that there would be a difference in before and after 

 
perception of minority student engagement and motivation based on perception of a more 

culturally relevant learning environment. 

 
Culturally relevant, culturally responsive, and culturally specific pedagogy are 

synonymous terms for instructional techniques that encourage minority student 

engagement using culture as a process, a resource, and a tool in the classroom (Ladson-

Billings, 1995; Leonard & Davis, 2005; Leonard & Evans, 2008). Proponents of 

culturally relevant instruction suggest that it is highly effective because it taps into the 

natal culture students experience in their natural (home) environment. 

 
Ladson-Billings (1997) provided three pedagogical orientations that are congruent 

between home and school and contributed to success in teaching cultural and linguistic 

minorities: 

 
• Concept of self and others—high-impact teachers are confident and have a high 

expectation of students; they believe teaching is an art and education is the tool for 

giving back to community (p. 478).  

 

• Importance of social relations very important—high-impact teachers create 

environments of social connectedness, intentionally promoting constructive and 

respective feedback loops within the community of learning (p. 480).  
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• Concepts of knowledge—high-impact teachers use a balanced approach to helping 

students acquire knowledge both individually and in groups, scaffold critical thinking  

 
and internal reflection (Vygotsky, 1978), and use a variety of assessments to 

demonstrate learning (p. 480.) 

 
Continuing the theme of cultural congruence, Culturally Specific Pedagogy in the 

Mathematics Classroom (Leonard, 2008) provided specific strategies teachers can use to 

infuse multicultural literature, group work, and historical references of cultural and 

linguistic minorities into lesson plans for K-6 students. Ideally, the result will be the 

increased engagement and motivation of minority students learning math. 

 
This study incorporated culturally relevant themes by expanding the framework to 

include those elements of culture that have most likely socialized the group of students 

who participated (Tyler, Boykin, Miller, & Hurley, 2006). Cultural competency literature 

was used to establish normative baselines that (1) expanded culturally relevant pedagogy 

beyond a ―multicultural curriculum tool and (2) transformed the theory into a bridge 

that could be used to better understand the natal or indigenous culture that informs how 

African-American and Latino children think, feel, and behave.  

The following section mirrors Ladson-Billings’ (1995) use of educational and 

cultural anthropology to ground culturally relevant pedagogy. The process used to 

explicate those baselines required the identification of specific socio-cultural elements 

that might cognitively advantage the participants, as suggested by proponents of culture 

and cognition studies (Tyler et al., 2006). 
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African-American Socio-cultural Cognitive Orientation 

 

From the onset, it should be made clear that there is confusion in the definition of 

African-American. Cokley appropriately cited that using a race-homogenous approach to 

studying groups masks the geographic and cultural diversity within groups (2003). For 

example African (Ghanian, Nigerian) and West Indian (Trinidadian and Jamaican) 

immigrants outperform indigenous, native-born Americans of African descent (p. 555).  

Studies rarely parse out this information within group variation in achievement, instead 

 
lumping all ―black students together on the basis of skin color.   Fortunately, 

evidence exists to support the existence of shared cultural motifs because of the 

research of Senegalese genius Cheik Anta Diop. 

 
Diop (1954) successfully argued at the 1974 United Nations Educational, 

Scientific and Cultural Organization’s (UNESCO) conference that significant cultural 

elements exist that inform universal Black child and adolescent development in spite of 

the social upheaval of colonization, war, and geographic dispersion the past 5000 years. 

Those elements include a shared cosmology (spirituality), extended family social 

organization, matriarchy, and rhythmic linguistic patterns. 

 
Contemporary African and African-American psychologists have also contributed 

to increased knowledge about the socio-cultural lens through which children of African 

descent are socialized and prepared for identity and cognitive development (Ellison, 

Boykin, Tyler, & Dillihunt, 2005; Serpell, Boykin, Madhere, & Nasim, 2006; Tyler et al., 

2006). Specific socio-cultural baselines transmitted from one generation to the next help 

influence how students cognitively receive, attend and develop knowledge schema.  
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Explicating the African cultural context yielded learning-related constructs such 

as the following: 

 
• High-energy interaction with others  

 

• Heavy use of metaphor and analogy in verbal communication  

 

• Gender role equality  

 

• Extended family and group unity (communal relatedness) 

 

• Hands-on manipulation of materials to solve new problems  

 

• Goal orientation toward team achievement (competition)  
 
 
  

Within the learning environment designed for this study, socio-cultural elements 

that cognitively advantage African-American children included high-energy interaction 

(robotics competition), use of analogies by expert mentors to communicate key concepts, 

gender equality (equal assignment of engineering roles), and group unity (team 

orientation) toward preparing for the robotics competition. 

 
Latino/Hispanic Sociocultural Cognitive Orientation 

 

As a group, Latinos represent a mixture of several ethnic backgrounds, including 

European, indigenous tribal, and African. According to the Pew Hispanic Center  

(http://pewhispanic.org), nearly two-thirds of the 45.5 million people in the United States 

who self-identify as Latino/Hispanic  (www.America.gov, May 2008) cite Mexico as 

their nation of cultural origin. 

 
The history and cultures of Latino and Hispanic Americans can be subdivided to 

reflect the Mesoamerican lineage of indigenous language speakers who emerged from 

ancient Mayan and Aztec cultures but do not consider themselves Hispanic, a term that  
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connotes a cultural heritage related to European Spain. Based on historical and 

anthropological analysis (Noble & LaCasa, 1991; Rodriguez, 1995), many Spanish-

speaking cultures share the following socio-cultural elements that were used in designing 

the this study: 

 
• Extended family and group unity (communal relatedness)  

 

• Simpatico—consideration of and respect for others’ feelings  

 

• Respecto—a demand for respect  

 

• Artisan-craftsmanship—creating unique cultural artifacts  
 
 
•       Goal orientation toward team achievement (competition) 

 

The socio-cultural elements explicated here are hypothesized to cognitively 

advantage Latino children. In this study, those elements included high levels of 

interpersonal engagement (expert mentors and tutor coaches), communication that 

emphasized empathy and respect, group unity (team orientation toward preparing for the 

competition), and an opportunity to create a unique and socially valued artifact (robot). 

 
Language accommodation was provided each day to facilitate immediate 

development of conceptual understanding. The culturally relevant elements were 

embedded within a cognitive apprenticeship framework, which will be described later in 

this chapter. 

 
Relevance of Social Culture to Engagement 

 

In studying how engagement contributes to motivation, the similarities of the African-

American and Latino cultures have been highlighted, even as it is recognized that there 

are significant differences between the groups and that measuring how culture influences 

cognition may overstate the importance of any particular element.  
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However, my intent was to identify those constructs with enough similarity between the 

two cultures to cognitively advantage children from both African-American and Latino 

backgrounds. The following emphases were selected: 

 
• Strong interpersonal relationships between instructors and students  

 

• Majority of learning situated in communal, group settings  

 

• Opportunities to learn that build on previous knowledge  

 

• Accommodation for ELLs—language is not allowed to be a barrier  
 
•       Creativity and craftsmanship emphasized during problem solving 

 
 
 

Elements of Cognitive Apprenticeship Pedagogy 

 

Brown, Collins, and Duguid (1989) presented cognitive apprenticeship as an instructional 

methodology that emerged from social constructivist/situated learning theory. Cognitive 

apprenticeships take place in situated learning contexts in which teachers or mentors are 

the experts and students are novices in a domain. The model most closely approximates 

matches the Engineering Deans’ call for ―cognitive coaches to help younger students in 

the learning environment develop identities as members of a unique community of 

practice (Collins, Hawkins, & Carver, 1991; Wenger, 1998). Equally important, cognitive 

apprenticeships allow researchers to develop learning environments that provide students 

with opportunities for ―legitimate peripheral participation (Lave & Wenger, 1991), 

where they are active participants in observing, reflecting and practicing what they see 

and hear.  The strength of the cognitive apprenticeship model lies in its cross-disciplinary 

inheritance from education, psychology, sociology, and anthropology (Anderson, 1998).  
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          However, critics have raised concerns about situated learning theory.   For 

example, some have suggested that situated cognition is nothing more than reformulated 

environmentalism (Anderson, Reder, & Simon, 1996). Others question the relevance of 

diversity in teaching subjects that they assume are culture neutral (Cobb & Hodge, 

2002) and others have expressed concern that students who are taught math primarily 

through situated context appear to lack abstract thinking skills when presented with 

higher-level mathematics (Bereiter, 2002). 

 
In fact, social constructivists must be careful to avoid their own form of 

reductionism—focusing so much on cognition embedded in ―real-world activities 

that transfer across domains is limited. Hendrick’s (2001) research study demonstrated 

that African-American seventh grade students exposed to a cognitive apprenticeship 

model were not able to transfer comprehension skills from one problem to another. 

Reviewing Hendrick’s research design revealed that two novice teachers were selected 

as the experts and after minimal professional development were assigned to work with 

children with low literacy levels who were then asked to understand, interpret, and 

transfer cause and effect from one situation to the next. It appears more likely the 

inconsistency in the elements used by Hendrick to create an artificial cognitive 

apprenticeship resulted in uneven and unreliable outcomes than a failure of the 

pedagogical model. Hendrick was correct to advise replication and more research using 

cognitive apprenticeship elements. 
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The challenges notwithstanding, there are compelling reasons to explore the effect 

of integrating theoretical models in educational settings.   The nation’s traditional (and 

current) adherence to reductionist teaching and learning models has not increased  

American students’ achievement in STEM domains. This is particularly true for the 

bottom quartile of students in math and science, most of them children of color and many 

of them in urban, segregated, poor-performing schools across the United States.  How 

students successfully transfer knowledge, which Hendricks (2001) describes as the goal 

of education, is at the heart of determining whether the integration of cultural relevance 

and cognitive apprenticeship can significantly increase student attitudes, motivation to 

persist and actual performance in domain specific STEM content areas. 

 

 
Why Is the Learning Environment Important? 

 

First, children’s motivation to learn is dependent on their interpretation of the dynamics 

in the learning environment and their history of emotional experiences as determined by 

the quality of the learning strategies available to them (Jarvela, 1998; Jarvela, Lehtinen, 

& Salonen, 2000).  Second, research about knowledge acquisition confirms it is 

traditionally a process that focuses on helping teachers teach in existing environments 

instead of increasing their capacity to change the learning environment itself (Hay and 

Barab, 2001).  Third, the key advantage of the apprenticeship model is that is requires a 

collaborative relationship within and between humans in the communities of practice that  
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increase the likelihood that experts will convey heuristics that allow students to accelerate 

their acquisition of knowledge and perhaps self-efficacy in solving problems across 

domains (Brown et al., 1989). 

 
By providing teachers and students with opportunities for authentic cognitive 

modeling (Hogan & Tudge, 1999), it is possible that students will show higher levels of 

reasoning, motivation, and retention of both domain-specific and domain-general 

knowledge. Proponents believe that students must see how a thinking process works to 

replicate it (Collins, 1989). In an authentic cognitive apprenticeship, novice students 

would be exposed to expert mentors throughout the creative process. Novices would be 

immersed in an environment rich with the tools, artifacts, language, and visual motifs 

specific to conceptualizing, researching, designing, creating prototypes, manufacturing, 

and testing an innovation or a refinement of an existing product. 

 
Teaching and learning as theorized by Collins, Seeley, and Brown (1989) would 

rely heavily on experts demonstrating their cognitive processes in the moment as they 

are thinking through the creative process. Novices would observe, practice solving 

problems using the mental and material resources at hand, and demonstrate proficiency 

in producing an output and articulating the underlying theoretical concepts required to 

innovate at increasingly sophisticated levels.  The transition to expertise would 

represent the formation of an identity as a valued member with access to the body of 

expertise associated within the quantitative sciences. 
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Although not a fully developed cognitive apprenticeship, the research in this 

dissertation appropriated elements of cognitive apprenticeship, including access to expert 

mentors, introduction to engineering through robotics, exposure to various STEM 

identities, authentic tools, and a community of learning that integrated nuanced elements 

of social culture specific to African-American and Latino students (i.e., dynamic group 

learning, language support, team orientation, high energy). Cognitive apprenticeship 

moves beyond experiential learning (Kolb, 1984) by targeting students’ ability to 1) 

reflect on their decisions during the learning process and 2) create deeper, relevant 

relationships within the learning environment. 

 
In Kolb’s model, the priorities were those observable behaviors that lead to task 

performance. In fact, one of the distinctions of experiential learning was the emphasis on 

cognitive education for routine application (memorizing facts and developing skills). 

Much of Kolb’s work focused on vocational education (modern day apprenticeships), 

which rely on experiential learning to teach novices how to produce (or reproduce) a 

socially valued product. Cognitive apprenticeship expands the experiential learning 

model for use in abstract domains by including critical reflection on how to think. Ideally, 

as student novices gain experience in the use of problem-solving strategies, they become 

faster at associating new information with knowledge already held in memory, resulting 

in more efficient strategy use to solve new problems. When applied to domain expertise, 

the result should be an improvement in math achievement. 
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It is this latter outcome that this study highlights, using some (but not all) of the 

elements of the cognitive apprenticeship model with culturally relevant pedagogy 

integrated in as a means for adjusting and sustaining student engagement. Although the 

theoretical orientation is very prescriptive, the pedagogical orientation can be 

measured from several perspectives: 

 
• Impact of socio-cultural context on group problem solving (learning communities)  

 

• Domain-specific versus domain-general understanding (cognitive orientation)  

 

• Instruction that supports retention and transfer via performance (meta-cognition)  

 

• Heuristic knowledge within communities of practitioners (repertoires of practice)  

 

• Early identity formation and belongingness (affective engagement)  

 

• Impact of authenticity in situated learning (learning by doing)  
 
 
 
 

Relevance of Learning Environment to Engagement 

 

In 2005, de Jager, Jansen, and Reezigt undertook an experimental study on the impact of 

learning environments, comparing a traditional, direct instruction classroom with one 

that used elements of cognitive apprenticeship. A third classroom served as the control. 

In the study, both treatments showed higher levels of student engagement and motivation 

to learn as measured by meta-cognition—what students know about how they think, and 

how they use those processes during learning (de Jager, Jansen & Reezigt, 2005). The 

role of expert mentors role in a cognitive apprenticeship learning environment was 

designed to provide the level of support low achievers need to develop and sustain a 

deeper level of engagement (Davidson, Deuser, & Sternberg, 1995). 
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Studies suggest that the level of engagement and motivation depends on the 

socio-emotional orientation of students during the teaching and learning process (Jarvela, 

Lehtinen, & Salonen, 2000). Adults help mediate that orientation through their behaviors, 

attitudes, and communication with students. A key presumption of this study was that the 

infusion of culturally relevant pedagogy would increase minority student engagement 

and interest in learning the STEM-related content. For example, analysis of learning 

preferences for both African-American and Latino students suggests a heightened desire 

for strong relationships with culturally competent teachers in the learning environment 

(Ladson-Billings, 1995; Martin, 2007; Portes & Rumbaut, 2001). 

 
Suarez-Orozco, Pimentel, and Martin (2009) addressed the significance of school-

based relationships as integral to the achievement of newcomer Spanish-speaking 

immigrant students. Their study assessed the cultural, psychological, and academic 

demands (language proficiency, gender, national origin, home context) most likely 

to contribute to positive adjustment to urban U.S. school systems. 

 
Spanish-speaking immigrant students and their native-born bilingual peers face 

distinct challenges that native-born English-speaking African-American peers do not. 

Learning the English language is the most obvious cognitive challenge, and the lack of 

verbal proficiency affects the student’s ability to communicate with teachers and seek 

help. The dual linguistic load also affects reading and writing proficiency, affecting 

ability to comprehend, extract meaning, and detect nuances as information becomes 

more complex (Suarez-Orozco, Pimental, & Martin, 2009). 
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The development of bilingual language skills is critical to helping bilingual 

students establish strong social support networks in school. Language competence serves 

as a protective factor, and research suggests its rapid development increases the 

likelihood of academic engagement and academic success (Green, Rhodes, Hirsch, 

Suarez-Orozco & Camic, 2008; Suarez-Orozco, Suarez-Orozco, & Todorova, 2007). 

Teachers and support staff who provide structured bilingual support in classrooms 

increase Latino student perception that they have the ability to connect with their teachers 

for academic support. 

 
By incorporating opportunities for language accommodation and forging 

positive peer and adult relationships in the STEM learning environment, this study made 

it possible to measure changes in Latino middle school students’ academic self-

efficacy— confidence in the ability to control the process of learning—which contributes 

to increased levels of engagement as students asked more questions, sought help, and 

looked for guidance and feedback. 

Latino children whose parents speak little or no English are forced to rely on 

school professionals to advocate and monitor their academic achievement. In struggling, 

low-performing schools, that level of proactive social responsibility and relationship 

building is not one that many schools are equipped to handle. To combat the immediate 

potential for disengagement for children from both cultures, this study created a learning 

environment that not only allowed students to adopt a STEM-based identity (robotics 

engineers), but also afforded them the opportunity to function in the presence of bilingual 

adults as part of a community of practice. 
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There is little argument that culture is a complex, multifaceted construct (similar to 

engagement) in that it demands a richer, multidisciplinary examination of toolkits, behavioral cues 

and symbolic boundaries used by different ethnic groups in response to their macro environment 

(Lewin, 1948).  However, Warkus and Carter (2009) argued that even as attempts are made to 

bring forward culturally derived explanations for ethno-racial achievement differences, there are 

obvious differences in analysis that view involuntary minority culture (African-American and 

Latino) as immature compared to the prevailing myth that the voluntary minority (post-1965 East 

Asian, South Asian, and some Caribbean immigrants) achieves on the basis of a mature, mobility-

oriented culture (2009). The unifying theme across cultures may be the fact that all humans 

interact and relate during the transfer of knowledge from one generation to the next. 

 
Martin and Dowson (2009) explored the concept and importance of interpersonal 

relatedness in an analysis of achievement motivation using the social-cognitive lens (Dweck & 

Leggett, 1988). They identified the prevailing theories that conceptualize the importance of 

interpersonal relationships in different ways. Their analysis, captured in Table 1, increases our 

ability to better understand the role relatedness, as a cultural construct, plays in minority middle 

school students’ goal orientation (Midgley, 2002). Analyzing the prevailing theories supports a 

cogent integration of models that may, when combined, result in better hypothesis testing of 

minority student attitudes toward academic engagement and achievement (Cokley, 2003).  

Table 1 presents the major motivation-related theories that I have reframed in the context of 

how I hypothesize contemporary segregated African-American and Latino children are socialized 

to achieve. 
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Table 1.1.  Motivation and Relatedness in Sociocultural Context 

 
   Link to African-American 

Theory Key concepts  and Latino Cultures 

Attribution Student behavior, emotion, • Socialization toward learning shaped by 

 and cognitive development  parent–teacher relationship 

 based on perceived causes • Feedback shapes ability to control 

 external to student  reaction to external environment 

   (cultural code switching) 

Expectency High expectation and value • Home and school socialization 

value placed on outcome of  establishes values of performance 

 successfully completing • Parents influence early attitudes, 

 learning tasks  behaviors, and persistence toward goals 

Goal theory The decision to engage in or • Intrinsic desire to change quality of life 

 achieve a specific goal using  can represent personal or family values 

 either performance or mastery • Dominant extrinsic drivers may reflect 

 goal orientation  attempts to acquire the majority 

   culture’s material status 

Self- Part of a psychosocial • Struggles against history of oppression 

determination mandate to control identity  and ethnic manipulation increases 

theory and value of self within the  sensitivity to perception that institutions 

 learning experience  are trying to derail progress 

  •       Caregivers socialize students to achieve 

   no matter what and to value education 

   as key to success 

Self-efficacy Belief in ability to do well in • Communicated at home and school 

theory a specific domain or task • Mediated by perceived opportunities to 

   learn (e.g., teacher quality, texts, 

   language accommodation, learn (teacher 

   quality, texts, language accommodation, 

   assessment equity) 

  • Heavily affected by negative 

   experiences of previous generations 

Self-worth Value and contribution as a • Often separated from schooling 

motivation student is based on level  experience but traditionally linked to 

 achievement  desire for approval of teachers as a 

   significant motivator 

  •       Caregiver or parent encouragement to 

   achieve may begin to wane as African- 

   American and Latino parents transfer 

   the responsibility for older student 

   achievement to teachers (a reflection of 

   the extended cultural family network) 
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A significant body of research on motivation of academically underperforming 

students has focused on perception of self-worth, intrinsic motivation, and self-

regulation during the learning process (Caraway, Tucker, Reinke, & Hall, 2003; Pajares 

& Graham, 1999). In this study, motivation is viewed as a more nuanced 

multidimensional construct that reflects the varied ways different types of motivations 

can develop at the same time (Caraway et al., 2003). Ciphering the traditional 

motivational theories through a cultural lens will help expand future empirical studies of 

culture and cognition. 

 
For example over the past 20 years, attribution theory has been used to explain the 

―acting White‖ myth as a rationale for African-American students making a conscious 

decision to affectively disengage (and perform poorly in school) to maintain some 

socially defined standard of Blackness.   Attribution to the ―acting White‖ myth has itself 

taken on mythic proportions, in spite of the fact that little or no empirical evidence exists 

to support the hypothesis (Cokley, 2003). The literature on minority student engagement 

in STEM would benefit from refinement and perhaps retranslation of outcomes from 

previous studies. 

 
The current study relied on self reports of 6th and 7th grade inner-city middle 

school students levels of engagement, relatedness, and motivation based on their 

perceptions of their current school reality. The results were compared with their self-

reported levels of engagement and self-reported motivation to persist after participating 

in a STEM-based learning environment. Motivation related to intrinsic value, extrinsic 

factors, self-concept (belief in ability to achieve in a math domain), and achievement 

goals are viewed in cultural context in this study. 
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Empirical Studies of Culturally Relevant Pedagogy and Math 

 

A significant body of research is growing that connects culturally derived assets 

(communal and interpersonal relationships) to student achievement in STEM, 

particularly math. Tyler, Boykin, Miller, and Hurley (2006) explored student perception 

of learning environments that incorporated social culture. The African-American students 

appeared to prefer communal learning rather than individual competition at school and at 

home. However, both boys and girls appeared to prefer individualism in the classroom 

when they perceived their teachers (and to a lesser extent parents) wanted them to be 

individualistic and competitive in school. In other words, students appeared to have been 

socialized to modify their behavior to suit the person in power. 

 
Overall, African-American students showed a significant preference for learning 

in communal context, which Hurley (1994) defined as social interaction that places a 

premium on the joy of group relationship, sharing, and reciprocity over individual 

achievement or benefit. In an earlier study, Hurley, Boykin, and Allen (2005) researched 

the cognitive bias of 78 African-American fifth graders in a study comparing high 

communal versus low communal learning environments. The students were pretested on 

initial math learning with no significant differences in scores by gender. They were then 

randomly assigned for the study. 

 
The protocol used structure (group work versus individual work), physical 

proximity (sitting together with shared materials versus sitting alone at desks with own 

materials), reward versus no reward, and a motivational prompt (communal versus 

individualistic). Children in the high communal learning environment scored significantly 

higher than the low communal learning group. The results of both Tyler et al. (2006) and 
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Hurley et al. (2005) suggest African-American students are more cognitively responsive 

and have better achievement outcomes in the communal, high verve, interactive context. 

 
An important gap in knowledge from the Tyler study is the identification of 

which aspects of communalism specifically lead to academic achievement; however, 

each of these lines of inquiry has strong potential for advancing new knowledge as the 

culture and cognition field evolves. This is particularly important in classrooms where 

both cultural and linguistic minorities are the primary population. For example, 

instructional pedagogy that cognitively advantages Spanish-speaking middle school 

students reveal an increase in academic performance when teachers accommodated for 

language by simplifying questions, providing extra time, and using vocabulary supports 

when teaching math (Abedi, Lord, & Hofstetter, 1998). 

 
Abedi and Lord (2001) also examined the impact of using different classroom 

language supports to help eighth grade ELL middle school students learn math. The 

study showed that of three different accommodations (reducing linguistic complexity, 

providing a dual language glossary, and giving extra time), only the first intervention— 

reducing linguistic complexity in a supportive environment—helped narrow the gap in 

math scores between ELL and native English speaking students. Both studies are 

important because they suggest the pedagogical issues math teachers responsible for 

managing classrooms with growing numbers of ELL students face. 

 
In another study, ELL students reported fewer opportunities to learn than native 

English speaking students in the same math classroom (Abedi, Herman, Courtney, Leon, & 

Kao, 2004). The level of participation of the ELL students in the study diminished as their 

math teachers increasingly missed their raised hands (2004).   Green, Rhodes, 
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Hirsch, Suarez-Orozco, and Camic (2008) used hierarchical linear modeling to 

demonstrate how initial engagement, gender, and perceived caring and support from 

school staff affected the academic engagement levels of newly arrived immigrant youth 

over time. Using a subset of Mexican (n = 76) and Central American (n = 63) youth from 

an ongoing longitudinal study, the authors found that school support and engagement 

appear to increase and decrease in tandem. 

 
As stated before, the common ethnographic attributes of African-American and 

Latino cultures were explicated and used to develop an educational intervention to try 

to affect math academic performance. Both ethnic groups demonstrate cultural 

orientations toward strong interpersonal relationships in the classroom, reliance on 

caregiver nurturing and respect, opportunities to learn that build on communal 

knowledge, language accommodations, and tangible craftsmanship (a socially valued 

output). 

 
In an effort to apply the findings on culture and cognition to the 

underperformance of minority children, it would be easy to expect that education 

professionals would immediately implement highly interactive project groups and 

cooperative learning techniques in classrooms that serve African-American and Latino 

children. Serpell, Boykin, Madhere, and Nasim (2006) conducted a race comparison 

study that explored the effect of communalism on transfer, the golden fleece of 

educational attainment. Participants were fourth-grade students (N = 162, 90-African-

American, 72 White) drawn from urban public schools with more than 80% free lunch 

usage and 20% or more non-Hispanic White students. All of the students were enrolled in 

general education courses. 
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Students were assigned to 1 of 40 three-person groups (20 African-American, 20 

White), balanced by gender, and a multiethnic control group of 42 students. The groups 

were randomly assigned to a communalism group that used a physical apparatus to 

solve a problem or a communal group that used computer simulations to solve the same 

problem. The hypotheses were that ethnicity and cultural learning context would have 

significant interaction on solving the problem and that the use of a tool would facilitate 

stronger group participation (physics apparatus) or deeper individualism (one-on-one 

interaction with the computer). No significant effects were found for learning condition 

versus ethnicity, but the dependent variables—initial learning and transfer—were 

significantly affected by learning condition (Serpell et al., 2006). 

 
Students who worked communally with a physical device to help them solve 

problems scored better on transfer scores than either the communal computer users or the 

control group. African-American students scored significantly higher than White students 

in either communal setting (mean [M] = 2.12, standard deviation [SD] = 2.15 vs. M = 

1.10, SD = 1.38). The findings in this study suggest African-American children have the 

requisite cultural skills to negotiate a learning context that may have seemed alien to the 

White children. 

 
Again, this finding is not to suggest that children can learn in only one context. 

That conclusion would dramatically oversimplify the case. However, from the historical 

and anthropological background presented earlier, it is clear that African-American and 

Latino children share a cognitive orientation developed in large extended social networks 

that depend on strong interpersonal relationship and interactive communication motifs. 
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According to Kitayama, Duffy, Kawamura and Larsen (2003), culturally 

divergent thinking has been examined using a number of measurements with the 

generally accepted conjecture that culturally influenced strategies for cognitive 

processing are differentially advantageous for tasks attended to in that person’s normal 

cultural context. That position is supported by case studies that examined the impact of 

using the culture of indigenous Yup’ik Indian craftsmanship to teach math to Yup’ik 

children. Lipka, Sharp, Brenner, Yanez, and Sharp (2005) found that a culturally 

competent teacher steeped in the traditions of the Yup’ik was not only able to serve as 

the ―expert-mentor to her class, but used her knowledge of both culture and math to 

engage students as novices as cognitive apprentices in the creation of indigenous crafts. 

The authors found that the students were more attentive and outperformed both a second 

treatment group and a control group in recognizing symmetry, patterns and shape 

congruence – elements of math associated with the cultural task. 

 
In the case of African-American children, Hurley, Boykin, and Allen (2005) 

demonstrated empirically that the students who solved a math estimation task using nice 

numbers in high communal context performed better than their peers who solved the 

same problem in a low communal context that emphasized personal effort and offered 

extrinsic rewards. Again, the findings are consistent with the earlier suggestions that 

children of African descent enjoy group socialization, joint productive activity and 

competition for the sake of it, as much as to win. 

 
These studies are limited in their ability to generalize to other ethnic groups, but 

many other gaps in knowledge can be addressed by experimental research of culture and 
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cognition. Kitamaya et al. (2003) devised a two part study to address the significant 

gaps in the current research on culturally derived cognitive biases including the 

following: 

 
• Failure to use consistent criteria for establishing norms;  

 

• Inability to demonstrate that context orientation was caused by cultural predisposition 

to attend versus higher competency incorporating context; and  

 

• A problem establishing the degree to which cognitive bias could extend from social 

to nonsocial domains.  

 
The two-part study comparing the cognitive bias of Japanese and Euro-American 

students provided evidence for several important predictions related to attention and 

memory. Part one demonstrated increased accuracy on culturally preferred tasks. Part 

two found that cognitive bias is malleable, diminishing with increased exposure to the 

host culture. In other words, children acculturated outside their native culture eventually 

pick up the nuances and assimilate to the cognitive biases of a new culture if given the 

opportunity (Kitamaya, Duffy, Kawamura & Larsen, 2003). 

 
Perhaps the most enlightening outcome was the fact that errors in accuracy were 

largely dependent on the level of the attention control required to complete the tasks, 

given culturally influenced cognitive biases. The Japanese students found it difficult to 

release their attention from relative context and focus on an object, whereas American 

students demonstrated lower performance attending to context. One interpretation is that 

cultural disposition toward tasks in non-preferred context may influence the quality of 

attention and memory required to encode new information. 
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 Although the authors correctly urged caution interpreting the findings, they also 

opened the door to examining how culture influences attention and memory in specific 

domains. If minority students attend to information shared in contexts that promote 

strong interpersonal relationships, highly interactive information exchange (like the call 

and response practice particular to people of African descent) and scaffolding that builds 

on or introduces new information, then it made sense to hypothesize that the minority 

students in this study would benefit from a STEM enriched learning environment that 

incorporated their preferred cultural and cognitive orientations. 

 
On the basis of the literature it became possible to hypothesize and investigate 

strategies to increase math knowledge comprehension, problem solving, processing 

speed, early long-term retrieval, and working memory by infusing cultural elements into 

math classrooms inhabited primarily by cultural and linguistic minorities, that is, urban 

middle school students. 
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CHAPTER 3 

 

METHODOLOGY 

 

Research Design 

 

Although it is common in educational research to use previous research as a basis for 

protocol design, the tremendous lack of empirical evidence available examining African-

American and Latino middle school engagement in STEM required the creation of a 

STEM-based learning environment from which to test this study’s hypotheses. To do so, 

the author applied for and received funds to create a STEM program to serve middle 

school students from a large urban school district in the northeastern United States. 

 
The application proposed a two-part STEM program open to middle school 

students from 29 of the lowest achieving middle schools in the district. The first part of 

the program offered robotics learning every Saturday for 12 weeks for 50 students, 

culminating in the 13th week with participation in an all-day international remotely 

operated vehicle (ROV) robotics competition. The second phase of the program offered a 

20-day summer robotics camp platform for another 50 students. Each group of students 

was from a different subset of the 29 schools, that is, none of the middle school students 

in Group 1 was from a school attended by students in Group 2 and vice versa. 

 
Both the spring and summer formats of the program emphasized math learning 

in the context of building underwater ROVs. The weekend program Saturday Academy 

used an enrichment format, whereas the summer camp represented an immersion design 

given the students’ daily exposure to STEM. 
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Although the ideal would have been a true, randomized experimental design, the 

nature of the district’s involvement in the assignment of students affected the original 

intent in that the program was asked to take students on a first-come, first-serve basis. 

Although an attempt was made to randomize the first-come, first-serve applicants, 

student attrition during the application process and the district’s demand for immediate 

placement of students prevented fidelity in the randomization process. 

 
Gribbons, Barry, and Herman (1997) indicated a quasi-experimental research 

design is appropriate when the random assignment of students is not possible. The 

authors emphasized that quasi-experimental design is particularly useful for evaluating 

program impact and effectiveness. Other criteria that support the rationale for a quasi-

experimental design include the ability to empirically assess the differences between two 

nonequivalent groups, as long as it can be established in the pretest phase that no 

significant differences exist between two distinct groups on the items being measured. In 

this study, the two groups consisted of a program/treatment group (STEM with culturally 

relevant pedagogy) and a comparison group (STEM without culturally relevant 

pedagogy). 

 
According to Leary (2003), limitations to the quasi-experimental design include 

threats to internal validity. In the case of this study, those threats included the possibility 

of enrolling students who might have already been highly engaged or motivated, 

differences in parent support available to attend and participate on a college campus 

versus a neighborhood school, and maturation differences between grades and cultural 

groups. For example, given that the school district required a first-come, first-serve 
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enrollment instead of a randomized control assignment, the question of initial levels 

of motivation was a preliminary challenge. 

 
To minimize the possibility of response bias during the application process, the 

survey instruments were not provided until students attended an orientation 2 weeks 

after notification of acceptance. Additional steps to minimize threats to internal validity 

included measuring responses twice using the same pretest–posttest instrument to 

analyze the impact of the independent variable (where X is the culturally relevant 

pedagogy treatment), as shown in the following table: 

 
 Pretest Treatment Posttest 

Quasi-experimental group O1 X O2 
Comparison group O1 O1 O2 

 
 
 
A pretest–posttest comparative analysis increases confidence in the ability to 

interpret program fidelity and impact. 

 
Participant Sample 

 

The nature of the grant required that the study offer an open recruitment to a combined 

cohort of 4,774 low-income 6th and 7th grade students across 29 middle schools. The 

target schools had failed to achieve adequate yearly progress (AYP) targets under the 

No Child Left Behind academic achievement guidelines and were in their second year 

of Corrective Action Level II as of the 2008–2009 school year. Each middle school was 

also designated a Title 1 school under the federal poverty guidelines, with more than 

85% of the student population eligible to receive free or reduced school lunch. Table 3.1  

provides information on the demographic characteristics of the program participants for 

each cohort of the STEM robotics program.     
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Table 3.1. Demographic Characteristics Across Program Groups 

 Group 1  
(STEM w/CRP) 

Group 2  
(STEM w/o CRP) 

Ethnicity (N = 110)   
 African-American  41 (69.5%)  38 (69.1%) 
 Latino-Hispanic American  17 (28.8%)  8 (14.5%) 
Gender (N=112)   
 Boys  30 (50.8%)  34 (61.8%) 
 Girls  29 (49.2%)  19 (34.5%) 
Grade (N = 112)   
 Sixth  24 (40.7%)  33 (60%) 
 Seventh  35 (59.3%)  20 (36.4%) 
English at home (N = 107)   
 Yes  47 (79.7%)  47 (85.5%) 
 No  10 (16.9%)  3 (5.5%) 
Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy 

 

Method: Program Implementation 

Group 1: The Math and Robotics Saturday Academy  

Recall the literature suggesting that both African-American and Latino students 

demonstrate cultural orientations toward strong interpersonal relationships in the 

classroom. Both groups also appear to rely on caregiver (teacher) respect, want  

opportunities to learn that build on previous knowledge, require language 

accommodations, and prefer to demonstrate tangible craftsmanship (creating a socially 

valued output). Research also suggests that African-American and Latino students share  

enough cultural similarity to benefit from elements of the cognitive apprenticeship model  

(Floyd, Evans, & McGrew, 2003; Hedden, Ketay, Aron, Markus, & Gabrieli, 2008; 

Mayfield & Reynolds, 1997).  
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Student Participants 

School district staff recruited the students using flyers and program applications 

they gave to principals in each of the 29 targeted middle schools. Principals were asked to 

have math teachers and school counselors help advertise for the program. Student 

applications were completed at the schools and forwarded to the graduate researcher via 

fax or hand delivery from the district. Completed applications were accepted first come, 

first served at the district’s request. For the first phase of the program (STEM with 

culturally relevant pedagogy), 147 students completed applications for 60 available slots. 

Half of the applications (73) were randomly selected; of that number, only 59 students 

and parents attended the mandatory orientation session. Those who attended were advised 

of the voluntary nature of the program and the nature of the research protocol. 

Program Permissions 

Each parent was provided either an English or Spanish version of the parental 

consent forms for the research protocol. Recognizing that some parents might not be 

literate in Spanish, the Site Coordinator read each section of the form in Spanish and 

questions were answered before parents signed their consent. Student assent forms were 

also reviewed in both English and Spanish before students were asked to sign their 

agreement to participate in this study. 

Situated Learning Context 

The STEM program was situated on a university campus to remove students from 

learning environments that might be associated with failure or frustration. Technology- 
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rich classrooms and computer laboratories were secured on campus in a location 

easily accessible by public transportation. Robotics kits, materials, and curricula outlines 

were provided by the school district’s Boosting Engineering Science and Technology 

(BEST) program. Certified robotics teachers were hired to provide instruction and hands-

on coaching to help the participants build robots that would function as underwater 

ROVs.  

Program Structure and Staff 

The first treatment consisted of ten 3-hr math and robotics sessions every 

Saturday, equal to 30 total hr of STEM exposure over 2½ months. The program 

culminated in the option to participate in an international ROV competition on the 12th 

consecutive Saturday. Three certified robotics instructors from the district’s robotics 

office provided weekly instruction. Ten older adults (age ≥50 yr), each with a minimum 

of 15 yr of experience in a STEM discipline (engineering, technology, computer 

programming, physics, finance, or math) participated every week for 2 hr as expert 

mentors.                                                                                                                                          

The majority of the STEM mentors (80%) were African-American, 20% were White; 2 

were bilingual. The daily site manager for both treatment groups was a bilingual Latina, 

bringing to 5 the total number of staff and volunteers able to provide immediate language 

support.  Eleven math and science undergraduates from the university’s pre-service 

teacher development program served as the primary math tutors and robotics team 

coaches and monitored student use of First in Math®, a district-approved online tool for  
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math remediation. For the first treatment, all program staff (N = 24) participated in a 

group orientation about the goals of the program. They also received training in the 

robotics platform to be used and were presented with the research cited in this study, 

which suggests that using culturally relevant strategies improves engagement and 

motivation to achieve in math (Leonard, 2008).  

Parents were required to sign children into the learning environment every 

Saturday by 9:00 a.m. and pick participants up by 12:15 p.m. Breakfast was provided 

each Saturday morning before students were guided to assigned computer labs to work 

with the online math remediation software. Then students were moved to the robotics 

classrooms. The math and science pre-service teaching students managed all sign-ins and 

classroom rosters and provided technology and tutoring support for the students during 

their use of the First in Math program.  

Expert mentors and program staff divided into instructional teams to support four 

distinct subgroups: design engineers, electrical and computer wiring engineers, 

construction engineers, and communications engineers. Each classroom had a 1:3 ratio of 

instructors to student participants.  Participants gathered each Saturday morning for a 15-

minute general assembly during which the robotics instructors introduced the weekly 

topic using multimedia resources (Web casts, videos, presentations). Once the general 

assembly was completed, the instructional teams supported the robotics instructors as 

they role modeled activities to build the ROV. 

Program staff members were asked to promote a learning community that valued 

respect, open communication, and exchange of ideas across the teams. Instructors and  
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mentors introduced new vocabulary in dynamic exchanges with students while engaging 

students in the activity related to that vocabulary. The practice was consistent with 

Mayfield and Reynolds (1997) neural-cognitive study that indicated African-American 

children have a high word memory and sequence recall, suggesting the ―call-and-

response‖ method of teaching works best for children who attend to highly interactive 

modes of communication.  

This behavior was intentionally modeled with the large and small group teams. 

For example, the robotics instructors would hold up a device, show a video, call out the 

name and use, and have the students respond back with the name and purpose. Mentors 

maintained this Socratic type of exchange while moving among the small working teams. 

Students were encouraged to ask questions and conduct research on the Internet in 

preparation for the regional robotics competition. Each small group team had a specific 

role: designing and wiring the robot, drafting and writing the notes for the engineering 

notebook, designing creative marketing materials, and completing a table display of the 

evolution of the ROV.  

The expert mentors transmitted the heuristics (tricks of the trade) of working in a 

design-and-build shop, including demonstrating soldering, design sketching, prototype 

development, and short cuts in online research as examples of project-based activities the 

expert mentors would perform in completing the tasks. Bilingual accommodation was 

provided in several ways. The site coordinator for both sessions was a woman of Puerto 

Rican heritage fluent in English, Spanish, and several patois languages. Three of the pre-

service teachers were also fluent in English and Spanish; 2 of the 11 pre-service  
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undergraduates were bilingual and of Latino descent. The communal nature of the 

learning environment was reflected in the students’ unanimous decision to travel to the 

international competition as one team, rather than five separate teams. 

 

Group 2: The Math and Robotics Summer Camp  

A comparison group of students also participated in a STEM-based program that used the 

same robotics platform as Group 1. Again, school district staff managed the outreach and 

recruitment to a second cohort of middle schools from within the original 29 targeted 

schools. Marketing and applications were distributed to principals, who were asked to 

direct the materials to their math teachers and school counselors before the end of the 

school year. A total of 64 completed applications were returned to the researcher by the 

cutoff date, which affected randomization. The summer camp program staff contacted 

each student, and 58 students agreed to participate in the summer program. 

 

Program Orientation and Permissions 

Parents were required to participate in a preprogram orientation and were 

provided an overview of the activities and expectations for the students. The consent 

process, including language accommodation for Spanish-only speaking parents was 

identical to treatment one. Student assent forms were also reviewed in both English and 

Spanish before students being asked to sign their agreement to participate in this study.  
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Situated Learning Context 

The program location, campus resources and access to materials were identical to 

the context provided for Group 1. 

Program Structure and Staff 

The STEM program format for Group 2 also consisted of 30 hours of STEM 

exposure using the same underwater robotics instruction provided to Group 1. Although 

the dosage was identical, Group 2 participated for 3 hours per day for 10 days. The 

mentor experts did not participate, thus there was no support of the culturally relevant 

pedagogy or cognitive apprenticeship model. The staffing pattern for Group 2 consisted 

of 18 people: a program manager, 2 certified robotics instructors, 10 undergraduate 

classroom assistants, and 3 graduate-level instructors. The robotics instructors were 

ethnic minorities, as were 4 of the undergraduate students. Two-thirds of the staff was 

White. The staff for Group 2 also participated in a program orientation; however, they 

were not presented with the research regarding culturally relevant strategies to improve 

engagement and motivation. 

After completion of the robotics phase, Group 2 instructors used traditional block 

schedules to organize math, reading, and writing classrooms for the second half (10 days) 

of the summer camp. Academic information was delivered in traditional lecture format 

using multimedia support. Instead of preparing for a competition, participants completed 

poster presentations for display at a culminating event. 
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Engagement and Motivation Scales 

To measure engagement, the study used the Research Assessment Package for Schools 

(RAPS; Institute for Research and Reform in Education, 1998). The RAPS version for 

middle school (RAPS-SM) is a self-report instrument that taps engagement (ongoing  

including reaction to challenge), beliefs about self (perceived competence in ability and  

strategy use), and experiences of interpersonal support (parents, teachers). The scale has 

84 items ranging from I can’t do well in school to I can’t get my teacher to like me. 

Responses were recorded using a 4-item Likert scale of very true, sort of true, not very 

true, and not at all true.  

 RAPS reliability scales have published Cronbach alphas of .87 for all students; 

with .87 for male students and .85 for female students (Institute for Research and Reform 

in Education, 1998). The RAPS instrument was selected because it was normed using 

data sets that included students in Grades 6 to 8 from schools in which 65% of students 

met federal guidelines for free and reduced lunch. The normative population data set also 

reflected 57% African-American, 23% White, and 20% Hispanic ethnic representation. 

Table 3.2 outlines the domains and subdomains of the RAPS. 
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Table 3.2. Domains and Subdomains for the Research Assessment Package for Schools scale 

Domain Subdomain Definition 

Engagement Ongoing engagement Student adjustment to school 
culture 

 Reaction to challenges Coping strategies used when 
faced with stressful or new or 
novel events during learning 

Beliefs about self Perceived competence Student knowledge about ability 
to use strategies to achieve 
academic goals 

 Perceived autonomy Student belief he or she has 
personal authority and 
resources to achieve 

 Perceived relatedness Emotional security with self and 
others in the learning 
community 

Interpersonal 
support 

Parental support Perception of parent/caregiver 
involvement including structure 
and value for education 

 Teacher support Perception that teacher cares, 
provides structure and is fair 

 

 

Student engagement and motivation to persist was also measured using the 

Assessment of Academic Self Concept and Motivation Scales (AASCM; Gordon Rouse 

& Cashin, 2002). The scale includes 80 items based on a 7-point Likert scale, repeated 

under four conditions that cover students’ responses to questions regarding social, 

cognitive, personal, and extracurricular domains, including student perception of  

belonging, self- efficacy, and value attributed to those domains. The AASCM has been 

validated across ethnic groups, gender, and academic achievement levels with published 

Cronbach alphas for the subscales ranging from .80 to .94 (Gordon Rouse & Cashin, 

2002).  
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In the current study, six items related to social (affective) and cognitive engagement in 

the math domain were included in an online postassessment survey. The Likert scale was 

reduced from 7 points to a 4-point scale of 4 = very true, 3 = sort of true, 2 = not very 

true, and 1 = not at all true to increase students’ likelihood of completing the survey. 

Reliability testing in this study yielded a slightly diminished but very acceptable alpha of 

.78 for measuring engagement in the math domain. 

Table 3.3. Before and After Test Items From the Academic Self-Concept and Motivation (AASCM) 

Scale  

AASCM question Subdomains Item No. 

How important is it to you to 
understand the math in your class this 
year? 

Affective engagement, cognitive 
engagement 

4 

How important is it to you to finish your 
math homework? 

Affective engagement, cognitive 
engagement 

5 

How important is it to you to make good 
grades in math? 

Affective engagement, cognitive 
engagement 

6  

How do you feel about your ability to 
understand the math taught in your 
classes? 

Affective engagement, self-concept 
(perception of competence) 

7 

How do you feel abut your ability to 
learn math and science? 

Affective engagement, self-concept 
(perception of competence) 

8 

Do you feel participating in the 
(treatment) group will increase your 
willingness to perform better in math? 

Affective engagement, self-concept 
(perception of competence) 

9 

         

 

In the posttest phase Questions 8 and 9 were modified to past tense, for example, 

How do you feel about your ability to learn math after participating in the (treatment) 

group? and Do you feel being in the (treatment) group increased your willingness to 

perform better in math? Only students who completed the posttest were included in the 

pre–post analysis of engagement and motivation using the AASCM. 

 

    60 



 

The earliest available standardized math benchmark scores were collected from 

the district for each participant who completed the AASCM. Group 1 scores were 

collected in late June, 6 weeks after the conclusion of the program. Group 2 scores were 

collected in late October, 8 weeks after the conclusion of the program. 

 

Culturally Explicated Relatedness Construct 

From the literature, cultural elements that contribute to African-American and 

Latino student socialization were explicated by the primary researcher and used in this 

study to measure relatedness. Internal consistency for the items was established with a 

Cronbach’s alpha of .739, acceptable for determining inter-item reliability on relatedness. 

 

Table 3.4 Relatedness Constructs Represented in the Science, Technology, Engineering, Math 

(STEM) With Culturally Relevant Pedagogy (CRP) Group  

Cultural Element  Program Element Item 
No. 

Opportunities to learn using dynamic, 
nontraditional instructional context 

Robotics competition 14a 

Real-world transfer of knowledge Learning made relevant by experts  14b 

Technology used to demonstrate concepts and 
scaffold information; language not allowed to 
be barrier 

First in Math online tutoring using gaming 
format 

14c 

Strong interpersonal relationships develop 
between Experts and Novices 

STEM mentor experts and instructors 
provide heuristic “tricks of the trade” to 
enrich, accelerate cognition 

14d 

Learning is situated in technology rich, 
communal, small group settings with ongoing 
adult facilitation 

Strong robotics team orientation with small 
group learning helped by parents, staff, 
mentors 

14e 

 
Clear structure and expectations established 

 
Clear goal was set with coaching 

 
14f 

Creativity and initiative are emphasized during 
problem solving and output  

Students routinely access technology to 
research, design and build robots 

14g 
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Data Collection Methods 

Each group (STEM with CRP, n = 54; STEM without CRP, n = 59) completed the 

84-item RAPS engagement survey during the preprogram orientation session. Each group 

also completed a paper-and-pencil version of the abbreviated 8-point item of the AASCM 

(Gordon Rouse & Cashin, 2002) as part of the application process. Post-assessment data  

were collected using an online survey on the last full day of each program. Motivation to 

persist was measured as a combination of engagement and relatedness.  

Because the RAPS scale is a more general measure of engagement, all student 

records for the RAPS have been included in the threshold analysis. However, only 

students who completed both the pre- and post- version of the AASCM engagement and 

motivation scale were included in the post-assessment statistical analyses.  
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CHAPTER 4 

RESULTS 

This chapter will be presented in four parts. The first will present descriptive data on the 

sample, the second will present the results relevant to the assessment of initial levels of 

engagement, the third part will present the results relevant to the major research questions 

and the fourth part will present additional analyses that are intended to elaborate on and 

extend the findings of the research questions. 

Part I. Descriptive Data on the Sample  

Table 4.1 presents descriptive data on the subjects who participated in this study.  

Table 4.1. Demographic Characteristics Across Program Groups  

  Group 1 (STEM 

w/CRP) 

N = 59 

n (%) 

Group 2 (STEM 

without CRP) 

N = 54 

n (%) 

Ethnicity    

African-American 41 (69.5%) 38 (69.1%) 

Latino/Hispanic American 17 (28.8%) 8 (14.5%) 

Asian 0 (0%) 4 (7%) 

Biracial 0 (0%) 2 (4%) 

White 0 (0%) 1 (2%) 

Missing (no ethnicity noted) 1 (2%) 3 (5%) 

Gender    

Boys 30 (50.8%) 34 (63%) 

Girls 29 (49.2%) 20 (37%) 

Grade    

Sixth 24 (40.7%) 33 (61.1%) 

Seventh 35 (59.3%) 20 (35.2%) 

Missing 0 1 ( 3.7%) 

English spoken 

at home 

   

Yes 47 (79.7%) 47 (85.5%) 

No 10 (16.9%)  3 (5.5%) 

Missing  2 (3.4%)  4 (7.4%) 

Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy. 
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The two groups were compared on each of the variables listed in Table 4.1. 

Differences were found for two of the variables: ethnicity and grade level. Specifically, 

there is a significantly higher proportion of Latino students in Group 1 (χ
2
 = 9.87, p = 

.002) and significantly higher proportion of 7th grade students in Group 1 as well (χ
2
 = 

5.74, p = .017). Neither of these differences was viewed as having a major impact on the 

results of the research. 

Part II. Establishing an Engagement Baseline 

Instrument 

RAPS is a multidimensional survey consisting of three domains and seven subdomains. 

The RAPS was cited in the Frederick et al (2004) meta-analysis as one of the few 

instruments for engagement normed with disproportionately high numbers of minority 

students. The authors of the RAPS report internal reliability alphas ranging from .85 to 

.87. However, when tested in this study, several subscales had unacceptably low alphas 

from .38 to .59. As a result, the decision was made to use the responses only to provide 

descriptive data indicating the preengagement baseline for the sample. 

Analysis Strategy 

Klem and Connell (2004) used threshold analysis to identify levels of engagement most 

likely to predict positive and negative school outcomes. Threshold analysis is an 

analytical strategy that moves away from comparing group means and instead focuses on 

understanding where people score in relation to an established standard. Using the RAPS 

as a threshold indicator is supported by research that identifies those youth who are doing  
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well as having achieved an optimal engagement level based on positive ―resources and 

experiences‖ (Gambone, Klem, & Connell, 2002). The same research defines youth who  

are struggling as those with ―liabilities and experiences‖ that suggest risk thresholds most 

likely to result in negative school outcomes.  

Applying threshold analysis allows researchers to estimate what levels of support 

contribute to or undermine students’ level of engagement. Gambone et al. (2004) 

established a mean score of 3.75 or higher on the RAPS as the threshold for optimal 

engagement for middle school students. 

The following scale was created using the optimal mean score of 3.75 as the 

anchor. The purpose was to better categorize and analyze the response means based on 

the item distribution: 

Scale 
No. of Items  

in Distribution 
Level of  

Engagement 

3.75–4.00 7 Optimal 
3.50–3.74 18 High 
3.26–3.49 15 Moderate 
2.76–3.25 13 Low 

0–2.75 8 At Risk 

 

The total group mean for all items on the RAPS was 3.36, which translates to a 

low-moderate initial level of engagement across both groups. Table 4.2 shows the items 

with the highest means for the entire sample, representing those items on which the 

participants are optimally engaged. Table 4.3 shows the items with the lowest means 

across the sample, representing those items on which participants were at risk for 

negative school outcomes. 
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Table 4.2. Descriptive Data Establishing Optimal Means for School-Related 

Engagement Items 

Variable Item Subdomain 

Mean  

(n = 121) 

24 I work really hard in school Competence 3.92 

84 How important is it to you to do the 

best you can in school 

Ongoing engagement 3.89 

70 I don’t know what my parents expect 

of me in school 

Interpersonal 3.87 

20 My parents don’t explain why school is 

important 

Interpersonal expectations 3.84 

33 My parents know just how well I can 

do in school 

Interpersonal expectations 3.81 

2 When I’m with my classmates I feel 

ignored 

Relatedness emotional 

security 

3.76 

49 Trying hard is the best way to do well 

in school 

Competence 3.75 

 

Table 4.3. Descriptive Data Establishing At Risk Means for School-related 

Engagement Items 

Variable Item Subdomain 

Mean  

(n = 121) 

81 My teacher likes to be with me Interpersonal 2.95 

69 When I’m with my teacher I feel happy Interpersonal 2.94 

78 My teacher tries to control everything I 

do 

Interpersonal 2.92 

5 I do my homework because I like to do 

it 

Ongoing engagement 2.63 

51 My teacher isn’t fair with me Interpersonal expectations 2.61 

72 I work on my classwork because I’ll feel 

guilty if I don’t do it 

Ongoing engagement 2.34 

46 I do my homework because it’s fun Competence 2.32 

16 I do my homework because I’ll feel bad 

about myself if I don’t do it 

Ongoing engagement 2.28 
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In addition to the total item distributions for the sample, Group 1 (STEM with 

CRP) and Group 2 (STEM without CRP) each selected 70% of the same items on the 

RAPS instrument as the top 10 and lowest 10 rated items. Using those common items, 

means were computed and rank ordered from high to low for each group. A summary of 

this analysis is presented in the following tables where the items are shown in rank order 

to the students in the culturally relevant group. Scores ranged from 1 = not true at all to 4 

= very true.  

An independent samples t-test indicated Group 2 (STEM without CRP) had a 

higher overall total mean for engagement (M = 3.44) than Group1 (STEM with CRP; M = 

3.30). This was statistically significant at t = –2.021, p =.047.  

Part III. Analysis Relevant to the Major Research 

This section of the chapter presents the results for the major research questions. The 

overall prediction was that the group of minority students who experienced culturally 

relevant pedagogy in a STEM environment would show a significant increase between 

the before and after levels of engagement, motivation, and math proficiency as contrasted 

to the group with only STEM exposure. 

Six items specific to affective and cognitive engagement were selected from the 

AASCM for this study. The AASCM is an 80-item survey that measures affective, 

cognitive, social and personal engagement. The AASCM treats engagement as a meta-

construct; however, it measures self-concept within STEM domains (math and science). 

Tests on the reliability of the abbreviated version yielded an alpha of .73, acceptable for 

analysis.  
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Table 4.4. Descriptive Data Establishing the Highest Student Engagement Baselines 

by Means 

Variable Item Subdomain 

Group 1  

(n = 59) Rank 

Group 2  

(n = 54) Rank 

24 I work really hard in school Competence  3.86 1  3.98 1 

84 How important is it to you to 

do the best you can in school 

Ongoing 

engagement 

 3.82 2  3.87 5 

33 My parents know just how well 

I can do in school 

Interpersonal 

expectation  

 3.80 3  3.80 6 

19 My parents enjoy spending 

time with me 

Relatedness 

emotional 

security 

 3.76 4  3.91 3 

30 When I’m with my parents I 

feel good 

Relatedness 

emotional 

security 

 3.72 5  — — 

49 Trying hard is the best way to 

do well in school 

Competence  3.71 6  3.81 8 

36 My parents do a lot to help me Interpersonal 

involvement 

 3.67 7  3.80 9 

10 My parents encourage me to 

find out how school can be 

useful to me 

Interpersonal   3.66 8  — — 

39 The rules in my class are clear Structure  3.65 9  — — 

27 My teacher cares about how I 

do in school 

Interpersonal 

involvement 

 3.64 10  3.89 4 

Note. Compared with Items 30, 10, and 39 ranked in the top 10 by Group 1, Group 2 ranked the following 

items with higher means: Item 28 (I can do well in school if I want to, M = 3.92, rank = 2); Item 83 (I work 

on my class-work because I think it is important, M = 3.81, rank = 7); and Item 82 (I’m pretty smart in 

school, M = 3.80, rank = 10). 

 

 

 

 

68 



 

Table 4.5. Descriptive Data Establishing the Lowest Student Engagement Baselines 

by Means 

Variable Item Subdomain 

Group 1  

(n = 59) Rank 

Group 2  

(n = 54) Rank 

20 My parents don’t explain why 

school is important 

Interpersonal 

expectation 

 

1.16 1 1.11 2 

13 My parents don’t think I can do 

very much 

Interpersonal 1.23 2 1.09 1 

57 When something bad happens 

to me in school I say it was the 

teacher’s fault 

Ongoing 

engagement 

1.24 3 — — 

47 When I’m with my parents I feel 

unhappy 

Relatedness 

emotional 

security 

1.24 4 1.15 7 

42 I’m not very smart in school Competence 

ability 

1.26 5 1.23 4 

18 When I think about myself, I feel 

bad 

Relatedness 

self-concept 

1.33 6 1.25 3 

70 I don’t know what my parents 

expect of me in school 

Interpersonal 

expectation 

1.39 7 — — 

8 When I’m with my parents I feel 

mad 

Relatedness 

emotional 

security 

1.39 8 1.26 10 

48 I don’t know what it takes to get 

good grades in school  

Competence 

strategy 

1.40 9 1.27 6 

61 My parents don’t seem to have 

enough time for me 

 1.41 10 — — 

Note. Compared with Items 57, 70, and 61 ranked in the top 10 by Group 1, Group 2 ranked the following 

items with higher means: Item 9 (My math teacher is fair with me, M = 1.25, rank = 5); Item 44 (When I’m 

with my classmates I feel mad, M = 1.29, rank = 9); and Item 74 (When I’m with my classmates I feel 

unhappy, M = 1.27, rank = 8). 
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Research Question 1: How Did Differences in Program Instructional Formats Affect 

Minority Middle School Students’ Level of Engagement Based on the Use of Culturally 

Relevant Pedagogy in a STEM-Based Learning Environment? 

 

The null hypothesis was that the change between pretest and posttest would be the same 

for the two groups based on the program format—STEM with CRP versus STEM 

without CRP. To answer this question, there were two possible analyses: a repeated 

measures analysis of variance (ANOVA) if the two groups did not differ at the pretest or 

an analysis of covariance (ANCOVA) if the two groups did differ. The means for the two 

groups at the pretest and posttest are contained in Table 4.6. 

4.6. Means and Standard Deviations for the Two Groups on Engagement 

 Pretest Mean (SD) Posttest Mean 
(SD) 

Culturally relevant 3.478 (0.57) 3.500 (0.41) 
Not culturally relevant 3.471 (0.56) 3.549 (0.54) 

 Note. SD = standard deviation, p < .05 

 

A separate samples t-test indicated that the two groups did not differ at the pretest 

(t = .891, p = .375). Consequently, a repeated measures ANOVA was performed. The 

results of this analysis are shown in Table 4.7. 

Table 4.7. Results of Repeated Measures Analysis of Variance on Engagement 

 df MS F 
Significance 

(p <.05) Partial η
2
 

Group 1 .014 .052 .821 .001 
Pre–Post 1 .081 .281 .598 .005 
Interaction 1 .026 .091 .764 .001 

Note. df = degrees of freedom.  

 

As shown in Table 4.7, neither the main effects nor the interaction were 

significant. Stated another way, the results indicate that neither group significantly 

changed between the pretest and the posttest in levels of engagement.  
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To further explore the data, t-tests or one way ANOVAs were computed to determine 

whether any of the demographic variables had an impact on the results. These tests 

indicated that none of the variables (specifically gender, ethnicity, grade level, and ELL) 

were related to the pretest. As a consequence, the repeated measures ANOVA was 

reanalyzed with the demographic variables included as between subjects factors. None of 

these results were significant, indicating that the demographic variables did not moderate 

the basic findings. 

These results suggest that using culturally relevant pedagogy did not significantly 

change the level of engagement of minority middle school students in the prescribed 

STEM learning environments. Given the results, the decision was to not reject the null 

hypothesis. 

Research Question 2: Would There Be a Significant Difference on Motivation to 

Persist in STEM Based on the Use of Culturally Relevant Pedagogy and Cognitive 

Apprenticeship Instructional Methods? 

 

Motivation to persist in STEM domains is treated as a post-treatment variable because the 

constructs to measure it did not exist in the pretreatment stage. Moreover, 98% of the 

participants indicated on their applications that they had never participated in a STEM 

initiative before enrolling in either one of the two treatment groups. Therefore, it is 

presumed that motivation to persist in STEM could not be established with fidelity before 

the current study. Because the motivation to persist variable was measured only at the 

posttest, the means of the two groups were compared by an independent samples t-test. 

The means and standard deviations of the two groups are presented in Table 4.8. 
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 Table 4.8. Means and Standard Deviations (SD) for Motivation to Persist 

  STEM w/ CRP  STEM w/o CRP 

Mean 3.29 3.33 
SD 0.322 0.454 

Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy  

 

As shown in Table 4.8, there was no difference between the two groups. 

Specifically, neither group showed a significant difference in post analysis of items 

measuring engagement and relatedness, which were combined to represent motivation to 

persist. As before, the data were reanalyzed with the demographic variables included. As 

before, none of these analyses were significant. 

Research Question 3: How Did the Two Different Treatment Levels Affect Minority 

Student Math Proficiency? 

 

The null hypothesis was that there would be no difference in the means of the math 

scores of the two groups based on the program format—STEM with CRP versus STEM 

without CRP. Data in Table 4.9 represent the average percentages achieved on 

standardized math benchmark tests assessed and reported for each participant by the 

school district. 

 Table 4.9. Means and Standard Deviations for the Two Groups on Math 

 Pretest Mean (SD) Posttest Mean (SD) 

Culturally relevant 80.33 (13.82) 81.85 (13.77) 
Not culturally relevant 84.40 (9.43) 67.18 (22.16) 

 

 

A separate samples t-test indicated that the two groups did not differ at the pretest 

(t = 1.40, p = .165). Consequently, a repeated measures ANOVA was performed. The 

results of this analysis are contained in Table 4.10. 
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Table 4.10. Results of Repeated Measures Analysis of Variance on Math 

 df MS F Significance  Partial η2 

Group 1 1017.165 2.847 .096 .039 

Pre–Post 1 2231.336 15.285 .000 .177 

Interaction 1 3175.172 21.751 .000 .235 

p < .05. 

As shown in Table 4.10, there is a significant main effect for pre–post, and a 

significant interaction. The plot of this interaction is shown below in Figure 4.1.  

 

Figure 4.1. Plot of the pre–post interaction of math by group and pedagogy. 

 

Figure 4.1 shows that the STEM group with the culturally relevant pedagogy not 

only maintained performance in the post assessment stage but increased slightly between 

the pretest and the posttest. The STEM group without this pedagogy significantly 

declined in the post assessment stage. 
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Part IV. Additional Analysis  

Post assessment qualitative data were collected the last full day of the program for each 

group. The purpose was to (1) provide additional information on posttreatment 

engagement and motivation to persist, (2) assess each group’s perception of math based 

on instructional format, and (3) identify program areas with the strongest perceived value 

by group.The distribution of the responses for each group, and the means for each group 

for each of the questions in the post-assessment survey are shown in Table 4.11. An 

independent samples t-test was conducted for each question in Table 4.11, and no 

statistically significant differences were found in the posttest between the two groups. 

However, Table 4.11 provides an important comparative analysis of the frequency 

distributions and means based on surveys of participants’ attitudes toward math after 

experiencing each instructional format of the STEM program.  

Table 4.11. Postassessments of Math Engagement Based on Instructional Format 

Note. t = 0.801, p = .092; STEM = science, technology, engineering, math; CRP = culturally relevant 

pedagogy. 

Note. t = –0.494, p = .076; STEM = science, technology, engineering, math; CRP = culturally relevant 

pedagogy. 

Note. t = 1.705, p = .119; STEM = science, technology, engineering, math; CRP = culturally relevant 

pedagogy.  

            74 

How important is it to you to do well and make good grades in math?   

 
Not 

important 
Sort of 

important Important Very important Mean (SD) 

STEM with CRP 0 0 5 27 3.85 (.359) 
STEM without CRP 0 2 8 35 3.77 (.515) 

How important is it to you to finish your math homework on time?   

 
Not 

important 
Sort of 

important Important Very important Mean (SD) 

STEM with CRP 0 4 16 13 3.29 (.667) 
STEM without CRP 0 4 23 17 3.36 (.705) 

How important is it to you to understand the math in your classes now?   

 
Not 

important 
Sort of 

important Important Very important Mean (SD) 

STEM with CRP 0 1 10 23 3.71 (.458) 
STEM without CRP 0 3 20 22 3.51 (.585) 



 

Engagement 

Students’ perception of the importance of completing math homework is treated as a 

strong indicator of behavioral engagement. Recall that the STEM with CRP group is 

gender balanced but has a higher percentage of 7th graders and ELL students. The STEM 

without CRP group had more African-American male students, more 6th graders, and 

fewer ELL students. Both program groups indicated they identify math homework as a 

priority, rating it 87.9% compared with 87.2% ―important‖ to ―very important.‖ 

Whether students recognize the importance of understanding math is treated as a 

strong indicator of likely affective and cognitive engagement. In the post assessment, 

69.7% of the minority middle school students in the STEM with CRP instructional format 

rated the need to understand math as ―very important‖ compared with 55.3% who rated it 

―very important‖ in the STEM without culturally relevant pedagogy (CRP) group.  

Results in Figure 4.2 show participants in both groups consider math important. In 

the post assessment phase, each group rated their most recent math course as ―important 

but not challenging‖ (STEM with CRP = 48.5% versus STEM without CRP = 54.2%). 

Less than one-third of students in each group rated school-based math as ―important and 

very challenging‖ after completing the program. Neither group changed in levels of 

engagement in the study conducted for this dissertation; however, post-analysis revealed 

the majority of students in each group maintained a high self-reported perceived value for 

the math domain. 
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Figure 4.2. Do you feel the math you are learning in middle school is ______? 

Relatedness 

Participants were asked to rate their perception of learning math in school after 

participating in the campus-based STEM-based programs. In Table 4.12, slightly more 

than two-thirds of the participants in the STEM with CRP format (higher percentage of 

7th graders and ELL students) felt increased teacher knowledge of their cultural 

backgrounds would help improve school-based instruction, whereas one-third either were 

not sure or did not feel it would matter. However, fully two-thirds of participants in the 

STEM without CRP group (more African-American male students, more 6th graders, and 

fewer ELL students) also felt increased cultural relatedness would improve their school-

based instruction. An independent samples t-test was performed, showing no statistically 

significant difference between the groups in response to perceived relatedness. Across the 

sample, the response was the same with regard to this construct. The comparative 

analysis and distribution of responses is presented in Table 4.12 and Figures 4.3 and 4.4. 
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Table 4.12. Minority Middle School Student Desire for Teacher Cultural 

Competence 

Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy. 

 

 

12.50%

18.80%

50.00%

18.80%

Not sure

No, it really wouldn't matter

Yes, it would help somewhat

Yes, it would really help

 

Figure 4.3. STEM with culturally relevant pedagogy: Would it help if your math teachers knew 

where you came from and how it makes you feel and behave? 

8.3% 2.5%

31.3%

35.4%

Not sure

No, it really wouldn't matter

Yes, it would help 
somewhat

 

Figure 4.4. STEM without culturally relevant pedagogy: Would it help if your math teachers knew 

where you came from and how it makes you feel and behave? 

    77 

Would it help them teach you better if your math teachers knew where you came 
from and how it makes you feel and behave? 

  

 Not sure 

No, it 
wouldn’t 
matter 

Yes, it 
would help 
somewhat 

Yes, it would 
really help Mean (SD) 

STEM with CRP 6 4 16 6 2.69 (1.02) 
STEM without CRP 8 7 16 14 2.94 (.976) 



 

Motivation to Persist 

In the post assessment, independent samples, t-test analysis reveals no statistically 

significant difference between the groups on motivation to persist. Table 4.13 and Figure 

4.5 present the comparative data on participants’ post perception of math academic 

competence (t = –1.608, p = .173). Table 4.14 and Figure 4.6 present group responses 

regarding willingness (motivation) to persist in math (t = –1.563, p = .205). Figure 4.7 

displays post-assessment levels of interest in engaging in more STEM related activities at 

school after completion of each format. 

Table 4.13. Postassessment Attitudes Toward Math Academic Competence 

Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy. 

 

 

 

Note. 1 = Not sure; 2 = anxious, nervous, 3 = somewhat more positive than before; 4 = more positive. 

Figure 4.5. How do you feel about your ability to understand math after participating in the 

program? 
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How do you feel about your ability to understand math after participating in the program? 

  
Not  
Sure 

Anxious, 
Negative 

Somewhat 
Positive 

Very 
Positive Mean (SD) 

STEM with CRP 0 6 19 9 3.79 (.687) 
STEM without CRP 0 9 26 13 3.73 (.821) 



 

 

Table 4.14. Post-assessment Attitude Toward Math Achievement  

 Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy 

 

 

 

 

  Note. 1 = No; 2 = not much; 3 = somewhat more than before, 4 = yes, definitely more than before. 

Figure 4.6. Has being in the program increased your willingness to do better in math? 

 

Table 4.15. Distribution of Post-assessment Responses on Willingness to Persist in 

STEM Activities 

  
No Not Sure Yes, Sort of 

Yes, With More 
Variety 

STEM with CRP 6.1% 9.1% 30.3% 54.5% 
STEM without CRP 6.3% 8.3% 18.8% 66.7% 

Note. STEM = science, technology, engineering, math; CRP = culturally relevant pedagogy. 
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Has being in the program increased your willingness to do better in math? 

 No 
Somewhat, 
Not Much 

Somewhat, 
More Than 

Before 

Yes, Very  
Much  

Improved Mean (SD) 

STEM with CRP 4 6 14 11 2.91 (.981) 
STEM without CRP 2 7 16 22 3.23 (.865) 



 

 

Note. 1st column = no; 2nd column = not sure; 3rd column = sort of; 4th column = yes, with more variety. 

Figure 4.7. Would you like to participate in more activities like this one back at your 

school? 

Perception of Program Quality 

Each group was asked to rate the programmatic elements in the two instructional formats. 

The data presented in Tables 4.15 and 4.16 are presented as a measure of program 

fidelity, that is, that the students experienced and perceived value in each of the STEM-

related elements introduced through this study. An independent samples t-test was 

conducted on those elements that were standard in both formats: working on robots, 

having a clear goal to achieve, and using technology to conduct research. Of those three, 

only using technology for research showed a statistically significant difference between 

the groups (t = –2.010, p = .048), with the STEM without CRP producing a higher mean 

(M = 3.67, SD = 0.595) than the STEM with CRP group (M = 3.34, SD = 0.873). For the 

balance of the program elements, the data should be analyzed within context and not as a 

comparison between the formats. 
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Table 4.16. Group 1 Response Frequencies on Value of Program Elements  
 

STEM With Culturally Relevant Pedagogy/Cognitive Apprenticeship:  

Which of the following helped keep you involved in the STEM Saturday Academy program? 

Answer Options 
Not 
sure 

Not 
True at 

All 

Somewhat 
True 

Very 
True 

Mean (SD) 

Helping the team get ready for the robotics 
competition* 

1  0  15  17  
3.49 (.658) 

Learning from experts at college how to 
relate math to the real world* 

6  1  19  8  
2.94 (.938) 

Working on math skills using First in Math 
online program 

5  5  12 11 
3.00 (.970) 

Getting advice and guidance from the STEM 
mentors* 

3 1 13 16 
3.20 (.901) 

Getting help from adults (parents, robotics 
instructors and university) teaching staff)* 

3 2 12 16 
3.23 (.910) 

Having a clear goal to achieve 1 0 13 17 3.47 (662) 
Using technology for robotics mission 
research 

3 2 10 17 
3.34 (.873) 

Note. STEM = science, technology, engineering, math; SD = standard deviation. 

*Elements of sociocultural learning elements within the cognitive apprenticeship. 

 

 

Table 4.17. Group 2 Response Frequencies on Value of Program Elements 
 
STEM Without Culturally Relevant Pedagogy/Cognitive Apprenticeship 
Which of the following helped keep you involved in the STEM summer camp program? 

Answer Options 
Not 
Sure 

Not True 
at All 

Somewhat 
True 

Very 
True Mean (SD) 

Working on the robots 0 0 13 30 3.70 (.462) 
Being on a college campus to learn 3 3 18 19 3.23 (.792) 
Receiving instruction in math and writing 
skills 

5  5  22 11 
3.19 (.851) 

Creating posters and oral presentations 4 1 21 17 3.28 (.772) 
Getting help from adults (parents, 
robotics instructors and camp staff) 

3 0 20 19 
3.52 (.658) 

Having a clear goal to achieve 1 2 15 25 3.55 (.686) 
Using technology for robotics mission 
research 

1 1 11 29 
3.67 (.595) 

Note. STEM = science, technology, engineering, math; SD = standard deviation. 
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CHAPTER 5  

DISCUSSION 

This chapter presents a summary and discussion for the results of the research questions 

hypothesized and investigated in this dissertation. This study examined the impact of 

exposure to science, technology, engineering and math (STEM) on the levels of 

engagement of African American and Latino middle school students enrolled in high 

poverty, low resourced schools in a large urban school district. The purpose was to 

determine whether STEM exposure using different instructional formats would increase 

minority middle school student engagement, motivation and academic achievement in 

more cognitively challenging subjects. The overarching goal was to contribute new 

knowledge about educational contexts that might stimulate the early interest and long-

term retention of American minority students in STEM domains.  

 The study used a quasi-experimental design to compare two groups 

exposed to identical STEM content using instructional format as the independent 

variables. Engagement, relatedness, motivation to persist and math achievement scores 

were the dependent variables.  

Participants for both groups were recruited from the lowest performing middle 

schools in a large urban school district. The schools had failed for at least the previous 

three years to achieve annual yearly progress (AYP) under federal No Child Left Behind 

guidelines and were in Corrective Action II status. Each of the schools also had a 

minimum of 85% of students eligible for free or reduced lunch, resulting in 100% of the  
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schools eligible to receive federal Title 1 funds – allocated to help meet the educational 

goals of near poverty, at risk student populations. 

From within this category of schools, 6th and 7th grade middle school students 

were recruited to participate in one of two groups: a program/treatment group (STEM 

with culturally relevant pedagogy) and a comparison group (STEM without culturally 

relevant pedagogy). According to Leary (2003), limitations to the quasi-experimental 

design include threats to internal validity. In the case of this study, those threats included 

the inability to randomly assign students to a group, the possibility of enrolling students 

who might have already been highly engaged and/or motivated, and maturation in the 

post assessment phase affecting math achievement outcomes.  

Those concerns are legitimate threats to any attempt to conduct applied research 

in an educational setting. However, reasonable efforts were made to minimize threats to 

internal validity and justify completion of this study. Those efforts will be discussed 

within the context of the results. 

Another important point is that the opportunity to research this group of minority 

middle school students’ engagement in STEM domains using an integrated theoretical 

model did not exist until it was created for this study. With great humility I share that the 

multiple and complicated roles required to design, implement, manage, and administrate 

this project while attempting to maintain a nonbiased researcher role was a tremendous 

challenge and responsibility. Continuation of the grant that funded this protocol required 

proof of program fidelity and quality; the integrity of the research required tremendous  
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persistence in making sure staff from each phase stuck to the protocol without 

modification during the process.  

As shown in Chapter 4, the net result of these attempts was a highly regarded 

program that a majority of the students rated as being worthwhile. However the core 

purpose of the study – to investigate whether culturally relevant pedagogy, embedded in 

cognitive apprenticeship-type program would affect engagement - did not yield 

significant results for two of the three hypotheses presented as the primary research 

questions. The significant difference between the two groups on the third research 

question found that the students who were exposed to the culturally relevant pedagogy 

maintained increased in math performance weeks after the program ended as compared to 

the post program math performance of students taught without this element. The results 

are shared in the context of this famous quote from one of history’s most prolific 

inventors:  

If I find 10,000 ways something won’t work, I haven’t failed. I am not discouraged, because every 

wrong attempt discarded is another step forward. 

——Thomas Edison (1847–1931), Encyclopedia Britannica 

Primary Research Results 

The first research question this study sought to answer was whether the differences in 

program instructional formats affected minority middle school students’ level of 

engagement after participating in a STEM-enriched learning environment. The Research  

 

     84 

 



 

 

 

Assessment Package for Schools (RAPS) instrument was used to provide descriptive data 

regarding the minimum threshold for engagement. The initial threshold means for each 

group indicated that both groups were slightly above the 3.00 threshold established by 

Klem and Connell (2004) as the level of engagement most likely to predict negative 

school outcomes for students.  

In other words, each group in this study started out with levels of engagement at 

low-moderate levels of overall engagement. This is an important finding in that it 

indicates the research protocol did not initially enroll highly engaged students, which 

reduces the threat to internal validity that would have been attributed to the lack of 

randomization. 

The RAPS instrument provided important qualitative data that were supplemented 

by quantitative data captured using the Assessment of Academic Self Concept and 

Motivation Scales (AASCM scale). Inferential statistics showed no difference between 

the two program groups in the pretest. A repeated measures ANOVA was computed for 

the post-test and revealed no statistically meaningful changes in levels of engagement for 

either group after participating in the STEM robotics program. These results failed to 

support the hypothesis that exposure to STEM using a popular robotics platform would 

result in higher levels of engagement among minority middle school students from low 

SES, underperforming schools.  

Inferential statistics were used to analyze possible differences in changes in 

engagement levels by grade level, gender, ethnicity and ELL status, and the findings were  
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consistent across both groups in that no statistically different changes occurred on the 

basis of the common demographic variations.  

In spite of the failure to change engagement levels, the study yielded important 

new information about attitudes toward STEM achievement for this population of 

students. Consider the fact that students’ perception of the importance of completing 

math homework is treated as a strong indicator of behavioral engagement. For example, 

in the post assessment, each group was asked to rate the importance of doing math 

homework, finishing it on time and getting good grades.  

There was no statistically significant difference between the two groups. However 

the AASCM post assessment comparison between the two groups indicates both 

considered doing math homework a priority – an indicator of behavioral engagement that 

should be further studied in the context of doing it and doing it well. While the empirical 

results showed no statistically significant difference, there is an opportunity for 

qualitative research to further explore the reactions across both groups.  

Another strong indicator of student affective and cognitive engagement was 

whether students recognized and valued the importance of understanding math. Again, 

the statistical analysis between the groups in the post-test analysis resulted in no 

statistically significant differences between the groups. But the qualitative data did yield 

the findings that two thirds of the STEM with culturally relevant pedagogy and more than 

half of the STEM without culturally relevant pedagogy rated the need to understand math 

as ―very important.‖ 
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One logical inference is that a common presumption that underachieving students 

don’t understand the importance of math achievement is wrong. More importantly, the 

inconsistency in the lack of change in overall engagement may be because it was treated 

as a meta-construct. I think it is possible that following Fredericks’ et al.’s advice to 

integrate the variables could have contributed to masking the impact of the individual 

elements of engagement, leading to conflicting results. 

For example, the post-assessment data suggest strong levels of affective 

engagement that are not borne out by the differences between the groups in overall 

engagement. However, the students’ emotional attitudes toward math learning are 

consistent with findings that minority children consistently express high self-esteem 

toward learning, in spite of academic underachievement. Additional research is needed to 

focus as much as possible on behavioral and cognitive engagement as separate constructs 

in the learning process. 

In fact, from these data, and given that the results are consistent across both 

groups, the case can be made that a more refined approach to research on engagement of 

minority children will prevent the possibility that results from one aspect of engagement 

are masking other findings.  

Another possible explanation for the conflicting results between the students’ 

static engagement levels and their self reports of the importance and value of math is the 

fact that the program duration was too short, and the high intensity required to build 

robots in a short period of time did not give students the chance to fully absorb and 

reflect on the learning process.  
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This is a critical shortcoming, particularly for the cognitive apprenticeship model, 

which requires periods of intensive reflection on how to think through processes. The 

need to meet the district’s time frame for program delivery may have undermined the 

development of skills specifically associated with improving cognition in the quantitative 

sciences. The findings are important as program interventions are designed to accelerate 

STEM achievement in general—students must be given time to think about why they are 

thinking, even given the national urgency to get them into the STEM pipeline. Lipka, et 

al (2005) demonstrated that giving Yu’pik children opportunities to learn using culturally 

relevant pedagogy anchored in a cognitive apprenticeship instructional format did 

increase students’ focus, attention and time on task, all indicators of cognitive 

engagement that future research can explore. 

The second research question this study sought to answer was whether there 

would be a significant difference between pre and post STEM motivation to persist based 

on the use of culturally relevant pedagogy and cognitive apprenticeship instructional 

methods. Recall that motivation to persist was also defined as a meta-construct 

combining engagement, relatedness and achievement orientation in a particular domain.  

The results of the statistical analysis did not support the hypothesis that a 

difference in minority students’ motivation to persist in math would occur as a result of 

exposure to socio-cultural teaching and learning contexts. In the post-assessment of the 

AASCM, an independent samples t-test analysis revealed no statistically significant 

difference between the groups on motivation to persist.  
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Examining post assessment attitudes between the groups yielded additional 

information that confirmed that nearly half the respondents in each group (again, across 

demographic variability) were somewhat positive about their ability to understand math 

after the program. The differences between the STEM with CRP and STEM without CRP 

were not statistically significant for each post-test question, but there were findings that 

help provide directions for additional research. For example, it is possible to reconcile the 

lack of statistical significance in each groups’ motivation to persist by considering that 

the majority of participants in each group expressed confidence in their ability to 

understand math, willingness to do better in math and willingness to persist in more 

STEM activities. Each groups’ responses suggest the meta-construct motivation to persist 

is important, but the method for examining it needs to better discern how changes in the 

learning environment actually contribute to different outcome levels for motivation.  

The third research question this study investigated was how the two instructional 

formats affected minority student math proficiency. The prediction was that minority 

middle school students given an opportunity to learn STEM using elements of culturally 

relevant pedagogy and cognitive apprenticeship would show greater increases in math 

achievement than the comparison group exposed to STEM without the socio-cultural 

learning elements. Because a separate samples t-test indicated that the two groups did not 

differ at the pre-test, a repeated measures ANOVA was conducted. The results showed a 

significant interaction for math proficiency based on instructional format.  
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The STEM group with the culturally relevant pedagogy increased slightly 

between the pre-test and the post-test. Possible explanations for why the students 

maintained their performance levels could be attributed to the culture of learning 

promoted within the program, especially by the Expert-mentors who participated with 

students each week. While not explicitly tested, it is possible that a nascent identity 

affinity began to develop during the program, and continued for weeks after its 

conclusion, consistent with the STEM with CRP group’s indication of willingness to 

perform better in math.  

By providing the opportunity to make math relevant, and validating its importance 

in context, it is possible the positive attitude toward math led to improved performance 

on the next standardized measure of math achievement, six weeks after the end of the 

program, at the end of the school year. 

 Conversely, the STEM group without this pedagogy declined significantly on the 

next standardized measure of math achievement, which took place ten weeks after the 

end of the summer program. Although the decision is made to not accept the null, the 

findings on the math scores should be interpreted with caution. First, the overall increase 

in scores for students participating in the STEM with CRP group suggests that the 

treatment was directly responsible for the performance change. However, maturation 

could have influenced their performance. For example, the district was also involved in a 

huge parent-teacher engagement campaign at the end of the school year that coincided 

with the conclusion of phase one of the STEM program.  
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In comparison, the second group (STEM without CRP) standardized math data 

were collected after the summer, two months into the new school year. It is difficult to 

determine if exposure to culturally relevant pedagogy would have prevented the 

academic slide the second group experienced. This is an important point, as the district 

continued its parent-teacher awareness campaign into the new school year, and still the 

students’ performance declined. Thus it is difficult to determine what impact the STEM 

program had, in spite of the positive responses of the participants to being in the program. 

What can be stated is that there is no conclusive evidence that participating in the daily 

immersion version of the STEM program had a lasting effect on the students. While the 

math achievement findings for the STEM with culturally relevant pedagogy are 

encouraging, it is also difficult to attribute student commitment to math improvement 

solely to this program. Additional research should be conducted on the difference 

between STEM programs that include mentors, identity affinity and inquiry based project 

learning in both weekend and daily immersion formats using behavioral and cognitive 

engagement as the dependent variables.  

Opportunities to Learn 

Tate and Rousseau (2002) provided an exceptional meta-analysis that frames 

opportunities to learn math as a function of unique groups’ social value and political 

power. Ironically the authors expose the fallacy in the argument captured in the 

introduction to this study: that global competition will inspire nations to invest in the 

intellectual capacity of their ―minority‖ citizenry and tap nontraditional resources to 

maintain technological superiority.  
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Instead the authors seem to urge caution, citing renowned MIT economist Lester 

Thurow in his iconic book Building Wealth: ―…it was not the physical destruction of 

losing a war but its racial policies that cost Germany its scientific and engineering 

leadership.‖ (p. 20).  

Thus, the argument that global competitiveness and changing demographics will 

be reason enough to spur investment in the educational outcomes of ethnic and racial 

minorities is not borne out by history. When it comes to teaching STEM to minority 

children, a very compelling case can be made that opportunities to learn are not as simple 

as better teacher preparation and equitable funding for minority students. It requires a 

moral imperative and a unified belief that America’s democracy is as important as the 

economic model that supports this nation’s way of life.  

The challenge in meeting the nation’s urgent need to increase STEM 

participation, particularly among underrepresented groups, is a complicated and nuanced 

undertaking. Although the hypotheses for two of the three research questions were not 

substantiated as statistically significant, several of the research outcomes presented in this 

discussion provide guidance for continued research on paradigms that cognitively 

advantage minority middle school students. In the case of this study CRP did not have the 

impact it was hypothesized to have, and may have had impact on the stable math 

achievement of participants in that phase of the program, but the evidence supporting 

CRP’s direct impact on math performance is not conclusive. 
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In an ideal situation a less prescribed program would allow for more flexibility in 

fully developing the culturally relevant pedagogy with principles of the cognitive 

apprenticeship model. For example, Leonard (2008) identifies the in-service teacher as 

the primary mediator and facilitator of culturally relevant materials. In this study, as is 

arguably the case in most externally funded programs, non certified program staff (pre-

service undergraduates, traditional undergraduate students and Mentor-Experts) were 

assigned the responsibility of infusing CRP into the first phase of the program. Relying 

on non-professional teaching staff to create the learning community is a common 

occurrence in program design and implementation. It is also important to note that the 

presence of minority Mentors was important, but their roles were limited to STEM 

education.  

Articulation of the history of achievement and accomplishments to STEM by 

people of color was not encouraged in order to prevent response bias that could be 

attributed to motivators like racial or ethnic pride – elements not normally encouraged in 

a traditional urban mathematics classroom (Martin, 2000). Going forward very real 

question is whether infusing the historical context into a full STEM program with 

minority Mentor-Experts will actually yield data that supports culturally relevant 

pedagogy.  

Leonard and Davis (2005) found no significant differences in pre- or post math or 

science achievement in an exploratory study that examined computer aided instruction 

using stories from the Underground Railroad.  
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Similar to their findings, the study in this dissertation found no significant 

differences in the constructs measured, but similar to their findings I also observed 

consistent indications of student enjoyment, high energy, time on task and motivation to 

excel in both program groups.  

The most logical conclusion is that culturally relevant pedagogy may support the 

goals cited in the Principles and Standard for School Mathematics (NCTM, 2000), but we 

may be measuring the wrong constructs, or perhaps measuring engagement and 

motivation the wrong way. Instead of the meta-construct theory, future research on the 

engagement of minority students may yield valuable information if the constructs of 

engagement and motivation are better defined. 

This research would test the importance of several elements: whether it is the 

increase in perceived relatedness and belonging during the learning process; the 

participation of caring, supportive adults who are trained to scaffold new knowledge; the 

access to authentic materials and tools; or the production of a socially valued output – in 

both in school and out of school learning environments. 

The same is true for the use of cognitive apprenticeship in this study. Similar to 

the culturally relevant pedagogy, cognitive apprenticeship models have been generally 

confined to classrooms as reform models to try to create effective learning communities. 

Collins (1989) describes a study that required certified teachers to provide explicit 

instruction and coaching to ―disadvantaged‖ students as they researched real world 

problems.  
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The teachers served as experts who provided increasingly complex information as 

students achieved higher levels of domain content knowledge. In that study, interviews 

and observations indicated that students were both engaged and intrinsically motivated 

(1989), but no empirical data were collected on the effectiveness of the elements of 

cognitive apprenticeship in that signature study.  

Future research may yield different data outcomes if authentic teaching 

professionals work with Expert-mentors to facilitate elements of both pedagogies. 

However, the practical reality is that the urgent need to introduce higher order thinking 

domains to disadvantaged students may not take place in the traditional school 

environment. In fact, I was initially advised by the district that the STEM program 

created to test the hypotheses in this study would not be adopted in the underperforming 

schools from which this study’s sample was drawn. 

However, 2 months after the conclusion of the STEM activities presented during 

this study, and largely on their independent evaluator’s observations, interviews and 

focus groups during this program, the district invested in establishing afterschool robotics 

clubs in every one of the 28 schools cited for the federal grant my project was funded 

under.  Given that these schools are undergoing federally mandated reform, the 

institutional culture may not be prepared to receive STEM programming in classroom 

settings as the focus is targeted to improving traditional and basic instruction. The limit 

on teacher attention would prevent adopting Expert-mentor roles to help students reflect 

on how they seek and process information to solve increasingly complex problems.  
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That process of reflection is at the heart of inquiry and project-based learning, and 

time constraints may hinder implementation of STEM programs within schools even 

more than it did with this external program.  

It can be argued that overcrowded schools with limited resources struggling to 

meet federal No Child Left Behind AYP standards do not have the capacity to support 

higher-level thinking given the emphasis on low-level skill remediation. It is more likely 

that future research using STEM program design can extend student time in general, and 

incorporate a reflection period to enhance development of meta-cognition. In addition, 

the high turnover among math teachers in low performing schools (cited at 42% in recent 

school reform meeting) makes the continued development and implementation of high 

quality out of school STEM programs a critical opportunity through which to test the 

research questions raised during this study.  

 

Implications for education policy, advocacy and research 

Recalling Thomas Edison’s admonition, and Cokley’s call for more innovation in theory 

and methodology (2003), this study represented an ambitious effort to not only provide 

exposure to STEM for disadvantaged students, but to measure changes in levels of 

engagement, motivation and math achievement as a result of participation in learning 

environments shaped by socio-cultural teaching and learning theory. While two of the 

three hypotheses were not supported by data, continued research with minority student 

populations is advised with the following key elements: 
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• Replication using situated learning and cognitive apprenticeship with expert-mentors 

trained to support culturally relevant pedagogy 

• Certified teachers also trained in cultural competence and culturally relevant 

pedagogy;  

• Focus on behavioral and cognitive engagement as separate constructs; 

• A minimum of 6 months of program activities with sufficient time allowed for 

reflection;  

• Access to STEM resources, materials and opportunities to learn outside of the 

traditional school environment; 

• Continued language accommodation and literacy development to support advanced 

STEM learning; and 

• Pre- and postachievement assessments built into the research model to track changes 

in academic performance in relation to changes in engagement and motivation levels. 

Limitations of the Study 

The study is limited to African-American and Latino middle school students attending 

classes in majority minority urban schools. It is also limited in that it evaluates student 

engagement and achievement using a program model that located the students on a large 

university campus rather than in their traditional neighborhood schools. 

Using the engineering robotics platform was ambitious and well received by 

program staff and the students, but the time period was too short and the pace may have 

been too intense to allow participants time to absorb key math concepts related to 

robotics design.  
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The program design approximated elements of culturally relevant and cognitive 

apprenticeship pedagogies but the limited knowledge about the instructional formats 

among teachers within the school district prevented me from hiring highly skilled, 

culturally competent teachers trained in either format. As a result the scaffolding and 

reflection elements were not fully developed or implemented. Future research in this area 

will include teacher professional development in both pedagogies, allowing an 

examination of the impact on math for students exposed to instructors (not just 

volunteers) skilled in both pedagogies. One might expect a drastic improvement in math, 

beyond what the STEM with CRP group demonstrated in this study. 

Finally, an ethnographic study before the STEM activities began might have 

included observations, interviews and other qualitative elements to help better define 

several of the constructs in this study, including culturally appropriate definitions of 

engagement, motivation and identity for African-American and Latino youth exposed to 

science, technology, engineering and math. 

Reflections on My Experience in Conducting This Dissertation 

 Every student who completes work on a dissertation must come sooner or later to 

the point of asking at least a couple of questions. Probably the first of these is: what have 

I learned from all of the effort I expended in bringing this process to its completion? This 

question is typically followed by its logical extension: was this effort really worth all of 

the trouble? These questions are undoubtedly even more perplexing when, as was the 

case in my dissertation, two of my fundamental hypotheses were not supported. 
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 Faced with these questions, and confronting the undeniable fact that most of the data I 

collected did not unequivocally support the core concepts on which I based my research, 

I feel compelled to step outside of the empirical data to reflect on what this dissertation 

has meant to me.  

First, let me state right from the start that my belief in the value of culturally 

relevant pedagogy has not been diminished by the results of this dissertation. I define 

cultural competence as the ability to navigate relationships with exquisite finesse such 

that human communication allows a bonding across boundaries and differences. That 

bonding contributes to innovation, creativity and ingenuity.  Second, I do not expect 

everyone to want to be an engineer, but I do believe that the ability to engineer – to create 

something, to solve a problem, to make something better - is the hallmark of a society 

that can sustain itself as a high performing culture.  While I was not able to show in a 

convincing manner that my treatments worked, the face validity of cultural competence 

cannot be denied.  

Similar to Jean Piaget, my interest in STEM cognition emerged from my curiosity 

observing how my own children approached learning in four very different disciplines 

(science, technology, engineering and math), each of which has been integral to creating 

and sustaining previous civilizations. During the Deans’ Engineering symposium that is 

mentioned in Chapter 2 of the dissertation, I became sensitized to the fact that we face a 

critical juncture as a society, and that very few people in education know about it. In fact, 

there is very little awareness of the drastic paradigm shift in the nation’s STEM related 

workforce needs, or the changing demographics that demand we engage more minority  
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students in these domains.  The lack of opportunities for minority children to participate 

in quality STEM programs heightened my interest in social justice and parity, including 

researching ways to engage and perhaps accelerate STEM cognition to meet the national 

need.  

My original intent, based on the limited data on minority student engagement in 

STEM activities, was to explore motivational theories using observation, interviews and 

self reports of desire to participate. The problem then and now was the very limited 

number of existing programs to study, and other than the district’s robotics program, 

none was in more than one site. Thus, the quality of the programs would have likely 

differed and scalability would be challenged by a lack of consistency across the treatment 

groups. Not a single program in the region used culturally relevant pedagogy or cognitive 

apprenticeships to introduce STEM to minority or non-minority children, and no research 

protocols were underway to test the models in situ. 

I decided to engineer a learning environment, and researching its efficacy required 

an evolution in my thinking about the type of research to conduct. In fact, my maturation 

as an educational researcher quickly accelerated as I attempted to design a ―true‖ 

experiment while working with a large group of failing schools. The barriers to 

implementing a research protocol reflected the anxiety on the part of administrators that 

they control and manage every element of the program I designed. Fortunately, removing 

the students from those environments and bringing them to the campus allowed our 

program staff to manage student activity as closely as possible to the protocol. 
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 I believe it also helped contribute to the students’ commitment to behave like 

college students, a new and future identity to which they can aspire.  It is the idea that 

these students may have developed nascent identities as ―engineers‖ in the robotics 

teams, or could picture themselves as future college students, which inspires my 

commitment to continue research in the field of culture and cognition. The lack of 

empirical evidence for two of the main hypotheses is unfortunate, but these data cannot 

undermine the positive psychological state that everyone on our staff witnessed. The 

issue for me, therefore, is not so much that the treatments failed to increase student 

engagement, but is rather that I was not able to demonstrate in hard data the success that 

we all perceived. I believed at the time, and I continue to believe, that the students gained 

something important during their interaction with the robotics program. The fact that this 

could not be empirically demonstrated cannot be denied. What we all saw in the students, 

however, cannot be denied either. 

 The key to narrowing down what works with African-American and Latino 

middle school student will be to conduct mixed methods research, including qualitative 

interviews, observation protocols and longitudinal measures of changes in cognitive and 

behavioral engagement in reaction to different situational contexts. The very real 

excitement we witnessed each session confirmed that STEM exposure triggered a 

positive psychological state in the students, and that is why I plan to persist. I will focus 

much more on identity formation in learning situations, and the role of intergenerational 

transfer of knowledge in culturally competent ways. Any flaws in the design to capture 

that data will be addressed in future design protocols. 
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RESEARCH ASSESSMENT PACKAGE FOR SCHOOLS—MIDDLE SCHOOL 

VERSION 
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APPENDIX B 

PRE-/POSTASSESSMENT OF ACADEMIC SELF CONFIDENCE & 

MOTIVATION SCALES (MODIFIED) 

1. I am entering the  

I am entering the 7th grade 8th grade 

My student id # is  

2. What is your gender? 

What is your gender? Female Male 

3. What is your ethnicity or race? 

 African American (non-Hispanic) 

Hispanic American (Puerto Rico, Cuba, Mexico, S. America) 

Asian American (China, Japan, India, Pakistan, Korea, etc.) 

White American (non-Hispanic) 

Native American (Indigenous, tribal) 

Other ___________________________ 

4. How important is it to YOU to understand the math in your classes this 
year? 

 Not important at all 

Sort of important 

Important 

Very important 
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5. How important is it to YOU to finish your math homework on time? 

 Not very important 

Sort of important 

Important 

Very important 

6. How important is it to YOU to do well and make good grades on math 
tests or quizzes? 

 Not very important 

Sort of important 

Important 

Very important 

7. How do you FEEL about your ability to understand the math you are 
taking right now? 

 Very anxious, nervous, negative 

Somewhat nervous, negative 

Somewhat confident, positive 

Positive 

Very happy, excited 
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8. How do you FEEL about your ability to learn math after participating in 
the GEARUP Summer Camp? 

 Very anxious, negative 

Somewhat negative 

Not sure 

Somewhat more positive than last year 

Much more positive last year 

9. Do you FEEL that being in the GEARUP Summer Camp has increased 
your willingness to do your math homework and perform better on tests or 
quizzes ? 

 No, not at all 

Somewhat but not much 

Somewhat, definitely more than before 

Yes, very much improved 

10. Do you think if your teachers understood where you come from and how 
it makes you feel and behave it would help them teach you better? 

 Not sure 

No, it doesn’t matter 

Yes, it would help somewhat 

Yes, it would really help 
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11. How would you prefer to learn math subjects?  

 In a group with other students helping each other 

One-on-one with a teacher or tutor 

Sometimes alone, sometimes in a group 

Using tools that make it relevant (like robotics) 

12. Do you feel the math you are learning in school is 

 boring and repetitious 

just a class you have to take 

somewhat interesting but not important to you 

important but not challenging 

important and very challenging 

13. How do you FEEL about your current math performance (check all that 
apply) 

 I’m near the bottom of my class and I don’t like it 

I don’t care if I’m at the bottom but I don’t want anyone to know 

I don’t care if I’m at the bottom and I don’t care who knows 

I want to do as well or better than my peers 

I work hard to be the best 
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14. Which of the following helped keep you involved in the GEARUP 
summer camp? 

  I’m not sure not true at all somewhat true very true 

working on the 

robots     

being on a 

college campus 
    

working on my 

math and 

writing skills 
     

creating oral 

and poster 

presentations 
     

help from the 

robotics and 

summer camp 

staff 

     

having a clear 

goal to achieve      

using 

technology for 

research 
    

15. Would you like to participate in more activities like this one back at your 
school? 

No 

Not sure 

Sort of 

Yes with even more variety  
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