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ABSTRACT

THE EFFECTS OF A CONCRETE, REPRESENTATIONAL, ABSTRACT (CRA)
INSTRUCTIONAL MODEL ON TIER 2 FIRST-GRADE MATH STUDENTSN A
RESPONSE TO INTERVENTION MODEL: EDUCATIONAL IMPLICATIQS FOR
NUMBER SENSE AND COMPUTATIONAL FLUENCY
by Julie A. Eastburn
Doctor of Education
Temple University, May 2010

Major Advisor: Dr. Jacqueline Leonard

This study was designed to evaluate the effects of a Concrete Represahta
Abstract (CRA) instructional model on Tier 2 first-grade mathematiciests in a
Response to Intervention model. Twelve students were instructed three tireels a w
using the Expeditions to Numeracy program. The Test of Early Mattusmdility-3™
edition results overwhelmingly indicated dramatic student growtite&t which
included all twelve students in the study, was found to be statistically sagrtif=5.79,
p<.01). The effects of a CRA instructional model on students’ computational fluency
were measured through the use of the curriculum based assessments gkrgonad!
first-grade students. Only those students who had not yet met the fatstbgnachmark
were included in the analysis of growth over time. All intervention students dhowe
significant growth on their CBM scores throughout the study, exceeding the
recommended weekly growth of 0.35. Two-thirds of the students exceed the
recommended growth by two or more points. A single-subject analysis of the CBM data

all indicated the strong student growth. The analyses of the student growthGiBiMise



v
as well as the variables that affect this change, were also analyagdansivth Curve

Modeling. The final model of analysis indicated the treatment group’s slope was
statistically significantly greater than the slope for other mesntiiethe study, including
those students progressing at a typical first-grade level and thereforigiode ébr

services. These results indicate a statistically significanttadfea CRA instructional

model when used with Tier 2 students in a Response to Intervention Model on students’

computational fluency and mathematical achievement.
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CHAPTER 1
INTRODUCTION
The Research Problem: Background and Need
Instructional models which assist students who are struggling to gain &xcess
mathematics are crucial to the development of an effective educati@tam. Meeting
the needs of such students has long been the focus of research in education. However,
many believe that educators have demonstrated little success in improvingeheah
student’s education. No Child Left Behind (NCLB, 2001), signed into law by President
George Bush in 2002, brought a dramatic increase in reporting and accountability
measurements for K-12 schools in the United States. NCLB established fagrtpilla
help educators deliver a more valuable education. The first pillar providagest
accountability for student achievement. States must close the achievaméor gl
students, including those who are disadvantaged. Annual reports to local comnmunities
each state must show adequate yearly gains. If insufficient progassined, then
supplemental services, such as tutoring and after-school programs, must dedtovi
help students make significant progress. The second pillar of NCLB providesocadre
control and decision making for states and communities. School districts mayiuse the
federal funding with less regulation, allowing them to direct funds to arease needs
are most critical, including teacher salaries, professional developmentrwtment.
The third pillar emphasizes the importance of using curriculum derived tlan s
scientific research base. Federal funding for school districts is pdoadevelop and

support such programs. The final pillar of NCLB provides choices for parents in low
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performing schools. Students attending a school that has not made adequate yearl

progress over two consecutive years may transfer to better achieving schbeis in t
district. If a school fails to meet state standards for three yadents may be eligible
for free supplemental services (US Department of Education, 2008).

In addition, the reauthorization of the Individuals with Disabilities Education Act
(IDEA) was signed into law in December 2004. This reauthorization shared ahgnm
with NCLB and facilitated a change in the identification of students with specif
learning disabilities. Effective July 2005, states could no longer require stibtmts
to use a discrepancy model for the identification of students with a speaifinig
disability. The discrepancy model required a severe difference betwstedent’s
intellectual ability (as measured on an intelligence quotient test) andteohad
achievement when determining if the child needed special education servicestoEsduca
waited until there were sufficient gaps to provide students with specradeserThis
model placed a disproportionate number of minority students into special education
classrooms (wrightlaw.com). IDEA 2004 permits the use of a process thataeli
scientific, researched-based interventions to determine whether a chifeegdai
special education services. In fact, IDEA 2004 requires that students be provtded wi
appropriate instruction, delivered by a qualified teacher who formally dercigeh the
student’s progress at reasonable intervals of time, prior to any student lbeirepréor
an evaluation. Qualified teachers must be deemed as such through the NQieB teac

certification regulations (IDEA, 2004).



Rationale

IDEA and NCLB have heightened awareness regarding the need for raftren i
way students are identified for special education. Historically, there basabe
disproportionate number of minority students placed in special education, including
classes for specific learning disabilities (Zhang & Katsiygn?2002). African
Americans account for 14.8% of the general population; however, they rete%eof
special education classifications (Losen & Orfield, 2002). Blanchett (208&xsshat
placements are usually made by school personnel using subjective referiajibiitye
criteria, despite the original the intent of special education to provide objective
evaluation, instruction, and assessment for students (Blanchett & Shealey VZHen)
African American students are placed into special education classes ¢hgpically
segregated from the regular education population, have higher dropout rates, lower
standardized assessment scores, and watered-down curriculum (Fermé&r (2005).
The National Research Council (2002) asserts that improving the regular education
instruction students receive can reduce the placement of minority students ih specia
education, and increase the likelihood of success for all students.

Response to Intervention

The mandates of IDEA and NCLB have led some states to adopt a new model for
identifying students with specific learning disabilities. This modelllsd&esponse to
Intervention (Rtl). Rtl is divided into three tiers and requires educatorsgensall
students, not just those students that a teacher may notice having difficulty in the
curriculum. The National Research Center on Learning Disabilities desdrithin the

following way:
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Rtl is an assessment and intervention process for systeliyatica
monitoring student progress and making decisions about
the need for instructional modifications or increasingly
intensified services using progress monitoring data. The
following is the fundamental question of Rtl procedures:

Under what conditions will a student successfully
demonstrate a response to the curriculum? Thus
interventions are selected and implemented under rigorous
conditions to determine what will work for the student
(Retrieved August 28, 2008).

The first tier of Rtl calls for universal screening of all students. Atignisall
students are receiving standard research-based curriculum prescribedisfrict as
part of their comprehensive education. Research-based curricula arel@tinatinave
been tested through experimental measures and whose results have been palalished i
peer reviewed journal (Kovaleski, 2007). Many advocates of Rtl recommend that all
students have a one-time screening to determine eligibility. However, stmort-te
continuous curriculum-based assessment is the ideal model for identifyatemtst with
potential learning challenges since some students may “recover” brugato their peers
on their own (Fuchs, Fuchs & Hollenbeck, 2007). This provides many data points to
determine eligibility for more specialized services.

Those students who are labeled as non-responders in the regular curriculum
progress to Tier 2 instruction. At this tier students are taught in small gidagly for
one-half hour, three times a week, over an eight-week period (Fuchs, Compton, Fuchs,
Paulsen, Bryant, & Hamlett, 2005). These students are provided with a resdmsbed
program that has been proven successful with learners of similar need (Wgldsia

The program is delivered by a qualified individual, such as a teacher or irstalctide,

and weekly progress monitoring tracks student progress. Best pracésaligation at
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the end of the cycle is determined by adequate progress based on eithen<riteri

referenced or norm-referenced estimates of weekly improvement (Euahs2005).
Children who are identified as responders in Tier 2 are placed again in Tier 1 with
progress monitoring to ensure continued success. However, if a student is still
determined to be a non-responder, not meeting the goals of progress monitorihg then t
child is sent to Tier 3. In Tier 3 students are either tested for aisgeaiining disability
and/or given even more intensive interventions in groups of one or two to help them
overcome their learning challenges, thus increasing student success acdleimic
endeavors.

In recent years, classrooms have become more inclusive, including stuidlents w
diverse needs. Meeting the needs of all students has become a challeragsfoot
teachers, as some research indicates the need for direct instruction aniteodterel
indicates the need for creative problem-solving ability. The National afnci
Teachers of Mathematics (NCTM), in their documnhciples and Standards for
School Mathematic&000), called for a mathematics education that permits all students
access to an education which enables them to solve problems creativehyedBcation
will assist students in gaining access to careers previously nottdwadahose who do
not have an understanding of mathematics. According teriheiples and Standards
(2000) students must learn mathematics with understanding, actively building upon prior
mathematical knowledge. Teachers need to provide mathematical institheti@llows
students to construct knowledge based on prior skills and understandings. The current
research in the area of diverse learning needs indicates that teaehkts foeus on

explicit teaching (Hudson, Miller, & Butler, 2006). Hudson et al. suggest theigtien



for struggling learners should contain explicit instruction, and have stualgisly

constructing their mathematical knowledge.

Theoretical Framework

This study will draw on Jerome Bruner’s theory of Interactional Cogniti
Development. Bruner believes that knowledge is developed through three modes of
representation that allows learners to construct an understanding of their W first
mode is the Enactive Representation. This mode refers to “representing p&st eve
through appropriate motor response” (Driscoll, 2005). Students learning at this level
need to have concrete examples that they can physically manipulate througlkvtheir
actions. The use of manipulatives in mathematics education is important in the
development of student’s enactive representations necessary to develop remséer s
which can then subsequentially be applied to more advanced mathematicall$idlls.
Iconic Representation mode refers to the development of skills through the usged.ima
This would include diagrams and pictures of concepts that allow the learner toyidentif
the important features of a concept. Once the student has shown a mastery\altbfs le
representation, he/she is ready to move to the third mode called Symbolic Rigpicse
At this phase of development learners are able to use symbols, such as language and
mathematical notations, to represent concepts being developed. Bruner cautibned tha
pushing learners to the symbolic level quickly, or skipping the enactive and iconic modes
all together, can impede the development of a concept (Driscoll, 2005).

According to Bruner (1966) culture plays a significant role in the development of

knowledge. Bruner believed that learners progressed through various stages of
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development, but these stages were not age dependent. Any student could learn a

concept, at any age or developmental level, as long as he/she washgipeoper
prerequisite knowledge and experiences. Bruner believes that any idea caseheedre
to students via a discovery process where children are led througheexpsrihat allow
them to use their prior knowledge to gain an understanding, facilitated by the use of
active dialogue.

K-12 learning should be an active, engaging process not haphazard in nature, but
rather the result of careful planning. Bruner believes schools should equip stutients w
the skills and tools necessary for the culture in which they live. Brunevéelieat if
the education system did a better job helping students transfer their skills tultuee,
schools would be more successful (Driscoll, 2005).

Instructional Model

The Concrete-Representational-Abstract (CRA) approach offers stuaphts e
instruction in mathematics and assists the learner in constructing kisgveledge
through the use of multiple representations of a concept (Hudson et al., 2006). This
approach contains three stages of instruction, similar to Bruners stages adagmw|
development. The first stage is the Concrete Stage, where the teacher modelsttite conc
with concrete materials such as base ten blocks, digi-blocks, or fraction baus€eTtie
manipulatives has been proven useful in assisting struggling learnecgiceand
maintain various mathematical skills (Cass, Cates, Smith, & Jackson, 2003¢. In t
Representation Stage, the teacher changes the concrete representatom-magete
level that may include drawings or tallies. This stage prevents theidistoficoncepts

by connecting the pictorial with the concrete, which has been proven instrunoental f
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students with learning challenges in mathematics (Witzel, Mercerli@riv/2003). In

the final stage, called the Symbolic Stage, a model is used which includesisume

and/or symbols as the sole representation of a number sentence or concepet\Mitzel
(2003) believe that the value of the use of symbols in mathematics is to work beyond
what one can see or touch and establish the connections to other situations. Meaningful
connections between these representations are created for students toeassistie
development of a mathematical concept (Access Center, n.d.).

This meaningful development of concepts is crucial for young children. Research
indicates that 66% of the variance in first-grade student math achievemdrg ca
attributed to a student’s number sense (Jordan, Kaplan, Locuniak, & Ramineni, 2007).
Number Sense is defined as “abilities related to counting, number pattagrsiude
comparisons, estimating and number transformations” (Berch, as quoted in Jaidan et
2007). Research conducted by Jordan et al. (2007) indicates that number sense is a
predictor of mathematics achievement by the end of first-grade. Stbdy also reveals
a strong and significant correlation between number combination retrievabaynd st
problems, suggesting that these skills are fundamental to learning conventional
mathematics. It is therefore crucial that children experiencinyg @iiculty in
mathematics be given explicit instruction in number sense in order to ie¢heds
success in mathematics throughout later grades.

Study Purpose and Design

The purpose of this study is to examine the effects of explicit instruction on a

child’s ability to develop number sense and computational fluency. The following

research questions were addressed:



1. What are the effects of a concrete-representational-abstract
instructional model on students’ achievement as
measured on a mathematical achievement test?
2. What are the effects of a concrete-representational-
abstract instructional model on Tier 2 students’
development of computational fluency?
3. What are the differences in student growth, measured
via a progress monitoring tool, when students receive
concrete-representational-abstract instruction?
These questions were investigated in a single subject design studypmsnerc
in many Rtl studies due to the small number of participants qualifying fo2Tier
interventions. This method has a behaviorist background that allows the researcher t
observe behavioral changes over time, where each participant acts as his/bental.
All first-grade students at the study sites were screened using: 1.ih&lEaeracy
Indicators, a curriculum based assessment developed by Lembke and Foeger2 (2005),
Fuchs and Fuchs Curriculum Based Assessments (CBM) and 3.) teacherlinforma
assessments. Winter norms developed by Lembke and Foegen were used yo identif
students performing at or below thé"3%ercentile. The Lembke and Foegen instrument
is based on research studies indicating that items assessing number magghifonda{s,
reading numerals, and quantity discrimination are early predictors bématical
achievement (Baker, Gersten, Flojo, Katz, Chard, & Clark, 2002; Clarke & Shinn, 2004;
Mazzocco & Thompson, 2005).
Curriculum based assessment has been used for more than 25 years in special
education as a mechanism to both monitor students’ progress toward IEP goals, and

identify students at-risk (Deno, 2003; Shinn, 2007; Stecker, Fuchs, & Fuchs, 2005).

Stecker, Fuchs and Fuchs (2005) highlight three distinguishing features of CB&4, Fi
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the CBM must be used to assess students’ progress toward long term daatks tha

general, rather than specific in nature. The second feature is frequetdrgrof
student’s progress at least once per week, as it is a formative assesatnefietits
performance over time. To be used effectively, data obtained on the assesaosiriie
used to drive the curriculum by making instructional decisions based upon these
assessment results (Stecker, et al., 2005). The third crucial feature okGBMuse of a
sound instrument which is technically adequate. The instruments typically incdetle a
of standardized and validated assessments in mathematics computation, tieghema
applications, and other reading skills that take between one and four minutes to
administer (Shinn, 2007). There are many documented studies that support the use of
progress monitoring as part of the Rtl model of evaluating student’s respomse to a
intervention (Deno, 2003; Fuchs & Fuchs, 1986; Fuchs & Vaughan, 2005). During each
week of the small group instruction all first-grade students weresassasing
Monitoring Basic Skills Progress (MBSP).

Students who are identified as at-risk in both the regular curriculum dystiea
observation and the Lembke-Foegen instrument, or the CBM were given tlod Test
Early Mathematic Abilities (TEMA-3) assessment to measure theginematics
achievement of concepts and skills. It provides norm-referenced scores hgdcalie
and standard scores, and can be used to report progress and analyze growtkert a st
was labeled at-risk by these initial screenings and the classroomridegkbbhe was
identified as a Tier 2 student. These students will receive thirty insinatgessions

using the Expeditions to Numeracy program, which has a CRA-based approach
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embedded into its lessons. At the conclusion of the intervention, the Lembke-Foegen

and TEMA-3 assessments were re-administered again to assess sta#nt gr
Definition of Terms

In order to clearly understand the research questions, the following definitions ar
provided to ensure that the researcher and reader are clear about the toreepts
studied:

Number senses defined as the ability to understand the base-ten number system,
estimate, make sense of numbers, and recognize the relative and absahitiede ad
numbers (NCTM, 2000, p.32)

Place values defined as the value of a digit in the base-ten number system. This
value is based upon its location in relation to other digits in the number.

Computational fluencis a student’s ability to have efficient, flexible and accurate
methods for computing (NCTM, 2000).

Explicit instructionsystematically breaks concepts down into small sub-skills and
provides experiences for students to develop conceptual understanding through guided
discovery.

Response to Intervention (Rig)an assessment and intervention model which
systematically monitors student progress to make instructional decisiorisailbiw for
increasingly intensified services as student need indicates (NatieseaiRh Center on
Learning Disabilities, 2008).

Limitations
This study has several limitations. The first limitation is the usesfghe

subject design. Although this is the most common model used to study special education
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students, this design limits the ability to extrapolate the results to other popsila

However, it does provide the basis for further research. Another limitation is #le sm
sample size. Approximately 10 to 15% of the student population should qualify for Tier
2 services. If the population size is greater in a Tier 2 intervention, the irstratfered
to all regular education students needs to be examined. The small sample sgé&lewe
power of the study. Finally, the population of students participating in the stody is
representative of the general population of the United States, as theydanaipedely
upper-middle class children.
Significance of Study

The research on Rtl and Tier 2 interventions is limited and in its infancye Whi
many schools are implementing many reading programs for Tier 2 studertsnratts
interventions have not been fully studied or implemented. Current research mtheate
rigor of mathematics courses students enroll in are powerful predictorsonf sc
mathematics achievement in later education (Tate, 2005). In order $tuaghts to
reach their full potential, educators must provide students with a variety of oppestuni
to be successful. Berry (2008) indicates that the affective connection thnerseamke
with their students influences their academic outcomes. The use of soogll gr
instruction can facilitate this connection. This study looked at a CRA instrattmodel
that offers explicit instruction in computational fluency. This model of ingtnuct
provided the students with lessons which were broken down into small sub-skills, but still
involved teacher directed discovery of the concepts underlying the development of
addition and subtraction strategies. Through rich discourse and conceptuaésdtivit

the classroom, students developed strategies to increase their computatemt dind
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over-all mathematics achievement. Selection of students for this studased on

research indicating that young students’ ability to identify numbers, makatguant
comparisons, and identify the missing number in patterns are predictorr gluetess
in mathematics. Designing and implementing targeted mathematics psoghach
include small group instruction, should enable students to learn prerequisstengkith

will contribute to success in future grades.
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CHAPTER 2
LITERATURE REVIEW
Number Sense

This work is grounded in the developmental stages of number sense, a topic
discussed widely in the field of mathematics education. Berch (2005) idenrtifigd t
different definitions. According to his research the definition can encompaaseizess,
intuition, recognition, knowledge, skill, ability, desire, feel, expectation, process
conceptual structure, or mental number line” (p. 333). Berch further indicates tha
number sense can be attributed to natural ability or acquired skills. The NatomeilC
of Teachers of Mathematics (NCTM), in thBirinciples and Standards for School
Mathematicq2000) defines number sense as:

“The ability to decompose numbers naturally, use particular

numbers like 100 or %2 as referents, use of the relationship among

arithmetic operations to solve problems, understand the base ten

number system, estimate, make sense of numbers, and recognize

the relative and absolute magnitude of numbers.” (p.32)
The NCTM states that number sense is the cornerstone of elementary niathanta
should be developed between grades kindergarten and two. Certainly performing number
combinations such as single digit addition facts is essential for succeathenmatics.
However, developing computational fluency must go hand-in-hand with an understanding
of the meaning of the operation (NCTM, 2000).

Berch and Mazzocco (2007) claim that number sense cannot be taught; rather it is

an innate ability. Engaging in mathematical games and thinking can developkiiese s

(Berch et al., 2007). In contrast, this nativist position is refuted by reseavche
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believe number sense is linked to the cerebral part of the brain, which under normal

circumstances can be developed spontaneously. Other researchers susteas Ger
Jordan, and Flojo (2005) have discovered that informal knowledge of numbers is linked
to number sense in young children. These researchers believe that the lirdnbetwe
mathematics relationships, principles and procedures can be enhanced by gaining
informal knowledge before a child enters school.

Kroesbergen, Van Luit, Van Lieshout, Van Loosbroek, and Van de Rijt (2009)
studied the relationship between domain-general and domain-specific factoeslgnd e
numeracy. The researchers utilized 115 randomly chosen students in the Nethberlands
study executive functions, fluid intelligence, subitizing, and language. Theltsres
indicate 45% of the variance in early numeracy scores can be explaineddwesea
which assess planning, updating, and inhibition, with updating showing the highest
correlation. A second finding indicates that subitizing accounts for 22% of the aimanc
counting skills. These results indicate the need for the development of number sense
skills through the use of flexible strategies.

Development of Number Sense

Landmarks such as the Ten Frame (see Figure 2.1) are important tools in the
development of a child’s early number sense (Fosnot, 2001). Without these landmarks
children rely on strategies such as “counting on” that can become problematicligdthe
needs to rework the strategy of counting from the beginning. For exampldeatst
using a rudimentary “counting on” strategy when adding 3+5 would have to count three
times. First, they count three objects, then five objects and finally start/fie

beginning to re-count all eight items. In order for the child to discontinugsthef this
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strategy, he/she needs to have developed a sense of cardinality and a téérarchi

understanding of part-to-whole relationships. This struggle can be the rootyf man
children’s number sense difficulties (Fosnot, 2001). The use of a Ten Frame helps
students develop a visual model which can assist them in organized and predictable ways
by providing a clear and concise context of the number ten as a referenceenThe

Frame allows students to develop an understanding of number, place value, and an
anchor for computation, thereby enabling students to visually recogniae &tens unit

and a group of singles. When students see six on a ten frame, they are ablg to easil
visualize that four more will make ten, which is especially valuable sieckuman eye

cannot easily subitize past three or four when the objects are not organized (Losq, 2005).

Table 2.1
Ten-Frame from Expeditions to Numeracy
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Fosnot et al. (2001) reiterate the importance of number sense to the development of

young mathematicians when she states that:

They make meaning in their world by setting up quantifiable and

spatial relationships, by noticing patterns and transformations, by

proving them as generalizations, and searching for elegant

solutions. (p. 4)
To develop these ideas, students must develop a sense of numbers that Fosnot (2001)
calls strategies of schemes. In order for students to be able to add numbeypjthty
show perceptual correspondence by holding up fingers. Only when this is mastered can
students begin to line up objects and count them, eventually using one-to-one
correspondence. The development of these skills then allows students to develop
strategies for addition and subtraction. In the absence of these skills, the order of
mathematics and reasoning necessary for success is not developed in students.

Similarly, Fuson, Grandau, and Sugiyamam (2001) synthesize their previous

research in number sense and identify core mastery goals for childreroas\ages.

Figure 2.2 compares these mastery goals.
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Table 2.2
Core Mastery Goals

hree-Year-Olds  Four-Year-Olds Kindergartners First Grades

The goals emphasize which connections children should build in oral number words,
written numbers, and numerical quantities. The authors believe that if students ar
having difficulty mastering these goals, they need to be given more opportunities to
experience rich numerical lessons that can help them reach these goaés. Thes
experiences will form the student’s “learning zone” that allows him or heritddrened
mathematical citizens and build more complex mathematical ideas.

Wright, Stanger, Stafford, and Martland (2006) have a similar framework to
situate a child’s learning in early numeracy. Their Learning Framewdiumber
contains eleven different aspects of learning. One important aspect rggardiber
sense utilized in this study is called Strategies of Early Aritlcrhetarning (SEAL). The

authors identify the SEAL as the most important component of the LearningWogime
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as it is the foundation of number. Its seven stages start with Stage 0, wheresstudent

cannot count and do not recognize one-to-one correspondence. Stage 1, called Perceptual
Counting, is reached when children are able to count concrete objects, but not hidden
objects as the child is relying on their senses to count. Figurative courinigiised in

Stage 2 when children are able to count concealed items, most likely ergffici

However, if she is told how many in each group is to be counted, the child will start
counting from the beginning. Stage 3, also called Initial Number Sequence, begins whe
a child is able to “count on” when solving problems such as 6+5. A child at this stage
will start at six and count up five to arrive at eleven. It is also at thie stag

development when students can begin to develop concepts of ten. Intermediate Number
Sequence is the fourth stage in SEAL. At this level children are able to count down to
solve missing subtrahends. They are able to choose from a number of efficiegtestra
such as count down from and count down to. The final stage, called Facile Number
Sequence, is achieved when a child no longer counts by one to solve basic addition and
subtraction problems. She is able to use strategies such as compensation, commutative
property, addition/subtractive inverse efficiently, and has an awareness o @mshor

for operations. ldentifying a child’s level using this model allows the eduiatailor a
program to meet the student at the appropriate level for her development.

Another facet of the Learning Framework gives a sequential view of axstude
development in Base 10 strategies. As a child begins to develop her number skills, she
does not see ten as a unit and focuses on the individual objects that make up the tens unit,
counting up by ones. When a child reaches the intermediate level she is ablelitevisua

ten as a unit of ten ones. She can use hidden or visual groups of ten to count. However,
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she is not able to add or subtract without physical materials. Once the chilkelsreach

the highest level, called the Facile Concept of Ten, she can add or subtnagtowfis of
ten without supplementary materials. Assessing the child’s matlwamatiderstanding
in this framework can guide the development of instruction and an initial locattbe i

curriculum to begin planning instruction.

Additionally, John Van De Walle (2004) describes four different types of number
relationships students should master in order to use their number sense to indrease the
computational fluency. The first type of relationship is spatial, where stuldamh to
recognize the patterns of arrangements to help them determine the tobalf\wdunting.

This is also referred to as ‘subitizing’. Recognizing the number rolled on s alie i

example of this relationship. The second relationship is one/two more and one/two less
which involves counting on or back one or two. This enables students to think about
their counting and see the relationship of one number to another. For example, students
should understand that seven is one more than six and two less than nine. The third
important relationship is the use of the benchmarks of five and ten. Ten is the foundation
of our number system and is integral to the student’s use of the distributive ptoperty
break apart numbers in order to solving problems mentally. David Wertz developed the
Ten Frame in 1974 specifically for this purpose. Per Figure 2.1, the Ten Frageys a

5 array that allows users to illustrate numbers and their relationship toterfinal and

most important relationship identified by Van de Walle is called part-gastew He

asserts the importance of students being able to visualize numbers made up pénrtsany

as the foundation of number sense.
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Computation

The NCTM (2001) identifies three characteristics of computational fluehlog.
first, efficiency of recall, allows the students to achieve rapid recall obaufacts
which increases a student’s ability to monitor sub-problems, as well ademthfi
implement all steps of a problem. The second characteristic, accuracy addall,
allows a child to carefully record results and double check the accuracy obkhenpr
The third characteristic, flexibility, helps the student see multiple sokifor an
individual problem and choose the most efficient method. If a student is able to identify
two strategies and solutions, she can use one to solve the problem and one to check the
problem.

The ability to integrate these characteristics together to form a foomdiat
computational fluency is an important goal of mathematics instruction irathyegeades
(Fosnot et al., 2001; Ramos-Christian, Schleser, Varn, 2008; Russell, 2000). Students
with greater fluency have been found to stay on task longer and are better afikd to re
distractions (Binder, 1996; Hassellbring, Goin, & Bransford, 1988; Lindsley, 1996).
Understanding numerical magnitude relationships is positively correlatte@eguiring
new mathematical knowledge. Acquiring computational fluency is not a rotetyctivi
rather a developed concept (Booth & Siegler, 2008). Students struggling with
computational fluency spend more time using cognitive resources on fattwdeth
leaves little working memory left to tackle the problem which has the computation
embedded (Van De Walle, 2004). In fact developing routines for numbers without the

semantic analysis is detrimental to students’ ability to conceptuahteematics,
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indicating the need for strong understanding of concepts for success in niathema

(Wearne & Hiebert, 1988).

Henry and Brown (2008) studied first-graders’ mastery of basic computattsn f
and the impact of the teacher’s instruction on the computational fluency of the stadents i
the classroom. Their results indicated that 86% of the first-graders useshgount
strategies at the end of first-grade, even if they were a high functiordtigematics
student. When looking at fact retrieval, their research indicated that there is no
statistically significant correlation between the use of textbook or supplahmeaterials
and improved computational fluency. There was, however, a negative correlation
between fluency and the use of timed tests. Teaching for memorization did not help
students achieve fluency. However, the combination of memorization and the
development of strategies were predictive of an increase in studentasednecall via
fact-derived strategies. Interestingly, the use of double facts, usualtiptminant
strategy used in the United States, was not the primary predictor of fmt\flwith
sums over ten. In fact, the use of sums to ten facts had a larger contribution to the
mastery of facts. When evaluating the importance of number sense to facy,fitieras
determined that only 27% of the first-graders had a strong understanding ofglaze

A negative correlation was found between textbook reliance by the teacher and
number sense. Additionally, teachers whose instruction emphasized correct answers
reduced students’ opportunities to develop proficiency with numbers. The correlation
between number sense and fact derived addition strategies was strongark #pge is
a synergetic relationship between memorization and fact derived ssatelgnry et al.,

2008).
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In an effort to develop effective addition strategies, Fosnot (2001) stresses the

importance of strategies as schemes or organized patterns of behavidrerCiho are
able to quickly master their facts do so because of their understanding of tioasklps
between numbers and facts. This development allows children to more readily
comprehend higher level mathematics skills. For example, when learning daible f
students are able to recognize that counting by twos works when adding doubles.
Additionally they are able to discuss odd and even numbers and the commutative
property. When studying combinations to ten, students are able to see part-whole
relationships and concepts such as compensation.

Kamii and Dominick (1997) assert that instruction that focuses solely on
algorithms actually harms the mathematical development of students. One avayd
this problem is the use of manipulatives (Fosnot, 2001; Reys, 1971). Long term use of
manipulatives has resulted in an increase in mathematics achievement (H&8&m
Sowell, 1989; Suydam & Higgins, 1977). However, it is crucial that teachers help
students make the connection between the manipulative and the actions and symbols they
represent. When students do not make this connection, the cognitive load is large (Ball,
1992; Kaput, 1989). In fact, Ball (1992) asserts that manipulatives can easily mdsk a lac
of understanding. She cites the example of a student able to subtract using base ten
blocks, but not able to transfer this skill to the algorithm because the use of blocks
became a series of steps, not conceptual understanding. Manipulatives plagl aateuc
in enhancing student learning and communication only if used properly. The purpose of

the manipulatives must be to construct knowledge.
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Reys (1971), a seminal researcher in the use of manipulatives, asserted that the

use of manipulatives is based on experiential learning theory. This includes the
understanding that learning is based on experiences, and all experiences involve one’s
senses. He asserts that all students learn through a process that @ dgreste
concrete to the abstract, and involves active participation (Reys, 1971). Claménts
McMillan (1996) posit two levels of knowledge from the use of manipulatives.
Manipulatives develop concrete knowledge, also known as sensory concrete. This type
of knowledge allows students to use sensory materials to make sense of a concept.
Integrated concrete knowledge is an interconnected knowledge that involves the use of
physical objects and abstractions to help form a mental picture. This is the type of
knowledge necessary to build conceptual knowledge. An example of this is the use of
Digi-Blocks to teach place value. Digi-Blocks are individual blocks that are gaacte
holders to create larger blocks of 10, 100, and 1000. Through use of Digi-Blocks or other
manipulatives, student’s conceptual knowledge is enhanced, thus student learning can
increase. Clements and McMillian (1996) favor the development of number sense
through the use of manipulatives, believing it to be crucial for the development of
computational fluency, a necessary skill for the development of more advanced
mathematical skills.
Number Sense Assessment

A large amount of research is available regarding reading and mi@ryantion.
This is not the case for mathematics. For example, research on mathassggsnent
of number sense, especially for young children in grades kindergarten and thénis s

its infancy (Gersten et al., 2005; Jordan et al., 2007; Lembke et al., 2005). Cauncting
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guantity discrimination, the ability to identify the larger number when preseritied w

two or more numbers written as digits, are considered by Okamoto (1996) to be two of
the hallmarks of number sense through their six year study of instructisaareh.
Okamoto determined that many young children can count to ten, but have no
understanding of the magnitude of the number, meaning they are unable to identify
whether four is bigger than six. Without this link, students are not able to connect the
necessary components of number sense, such as estimation, to form more complex
mathematical ideas (Gersten et al., 2005). Evidence that supports the impoirtance
guantity discrimination can also be found in the work of Griffin, Case, and Siegler
(1994). They posit that students who cannot identify larger quantities in kindergarten
have difficulty in mathematical reasoning. This is especially true ofloame students
who have different experiences with informal instruction outside of school. However,
there is evidence which suggests when students are given instruction in schoog they a
quickly able to catch up to their peers, indicating that number sense is a learned concept
which needs to be accessed via a child’s prior knowledge.

Early screening is of critical importance for students with potentitthenaatical
disabilities in order to help facilitate number sense experiencgsiednkir educational
experience. Focus on the direct assessment of numerical skills is importiuet f
identification of mathematical difficulties. In early education, thesssent of number
sense is a better predictor of mathematical outcomes than non-matheassgssments
such as working memory (Fletcher, 2005). In order to assess the effedtioénes
screening tools in the area of number sense, Clark and Shinn (2004) evaluated

curriculum-based measurements in mathematics (CBM-M), which areflsteorty
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measures given to students to determine their growth in the curriculum. These

measures are designed to assess first-grade student ability arfgt tadents at-risk in

the area of number sense. Most CBM-M probes have a ceiling for studentsgnaiites,

and can only be used as a measurement once formal computational learning has begun to
take place, which for many students is not until the middle of first-grade.cdilid lead

to a critical failure to provide early interventions for struggling leandihis failure can
influence a child’s later ability to gain mathematical concepts, whialrimaiters a

child’s educational trajectory.

In order to fill this gap, Clark and Shinn (2004), in their study of first-graders
(n=52), assessed the effectiveness of using oral counting, number identificatidity qua
discrimination, and missing number measures as potential early mathematics
assessments. Oral counting was identified as a student’s ability to coting sthone
for one minute. The number identification assessment asked students to identify numbers
through twenty when presented with a set of number cards. The quantity discominati
assessment asked students to determine which of two visually representedswereral
larger. The missing number probe asked students to identify the number missing in a
string of numbers between one and twenty. All probes were given for one minute. The
results indicate that these measures were each reliable and validenéasdentify
first-grade students with early mathematics difficulty when comparsthhdardized
mathematics achievements tests such as the Test of Early Matlsefinlities (TEMA).
Additionally, the measures were sensitive to student growth. The oral coumding a

number identification seemed most sensitive to student development.
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Lembke and Foegen (2005) built upon this research in an effort to add to the

scant research on early measures of mathematics skills. They incteasadber of
students studied, introduced new measures, and investigated different criteriblesaria
The students’ results were compared to Stanford Early Achievement Test and the
Woodcock Johnson Mini Battery of Achievement, along with a teacher rating Shale
results indicated that the Quantity Discrimination, Number Identificatiooh Missing
Number probes all had test-retest reliability, with Quantity Discratidon and Number
Identification being the strongest. The criterion validity of all the measanged from
.57 to .63. When compared with standardized tests, the strongest correlations were with
Quantity Discrimination (.45), Number Identification (.45), and Missing Number (.50).
Jordan, Kaplan, Olah, and Locuniak (2006), while working with the Children’s
Math Project, conducted a longitudinal study of the mathematical skills ohssuaterisk
for math failure. Their number sense battery included five different assetss The
first was counting skills, where students used sequences, enumerated cghszedc
numbers, and counted. The second, a number knowledge assessment, asked students to
compare quantities. The non-verbal calculations, the third assessmeingédstudents
to complete simple addition and subtraction. In the fourth assessment story problems
were solved without the use of concrete objects. The final assessment, number
combinations, was verbally presented with no concrete objects available fardéets
to use. Jordan et al determined that early number sense was a reliablerapgdrsulictor
of mathematics achievement at the end of first-grade. Additionally, they disdave
strong correlation between number combinations and story problem solving, even in

kindergarten.
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Mathematics Difficulties

Early screening of students in mathematics is crucial to the identfiaait
students with potential mathematics difficulties. Math DisabilitieB)Mave many
definitions in the literature, with little or no standard criteria. For exanpichs, Fuchs,
and Prentice (2004) have identified four different methods of labeling studentsi@it
In some schools, students identified with a MD are functioning two grade levels below
their expected grade. Other schools use one grade below as their cut-efftivbis use
a score below the $5ercentile on a standardized assessment or the students receiving
Chapter 1 services as their identification procedure. Regardless of thaddtotif
students with MD need instructional methods that will help them achieve success.

Fletcher (2005) found statistical differences between children with matieemat
difficulties (MD), reading difficulties (RD), and a co-morbidity of mattaics and
reading difficulties (MD/RD), indicating differences between studehits struggle in
mathematics. Fletcher’s research focused on the importance of dirsshasseof
numerical skills, which revealed that students with co-morbid associationsase
likely to have a language-based difficulty than students with only mathematics
difficulties. When looking at profiles found on the Woodcock-Johnson Psycho-
Educational Test Battery-Revised, Fletcher found statisticgjiyfgiant differing
profiles in sustained attention, procedural learning, concept formation, phonological
awareness, rapid naming, vocabulary, paired associative learning, and \osurasuy-
tests, thus indicating that MD, RD, and MD/RD students learn differently.

Regardless of the identification, Jordan, Hanich, and Kaplan (2003) identify

common characteristics of students with math difficulties, whose populatistineted
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to be between 6% and 14% (Barbaresi, Katusic, Colligan, Weaver, & Jacobson, 2005).

However, many more students are struggling because of inadequate instruction or
cognitive deficits (Geary, 2004). Students with only a MD have more success in
mathematics than students with MD and RD. The MD students demonstrate different
patterns of cognitive deficits. Their achievement is significantly hjgiret they have an
advantage over students with MD/RD in the areas of arithmetic combination®gnd s
problem solving. They were also able to use finger counting strategies ecoorataly

than MD/RD students, indicating that students with a MD have better counting
procedures and problem solving because of the reading deficits in MD/RD students.
Students with spatial representation issues, related to numerical magstiudygile with
rapid retrieval and have trouble moving visual representations on a number line, which is
critical for addition and subtraction conceptual development. This finding underscores
the idea that computational fluency is a hallmark of MD. The two groups do not show
differences in the areas of timed number combinations recall, estimatioa velae and
written computation at the end of third grade (Jordan et al., 2003).

Students with MD often struggle with multi-step problems (Bryant, Bryant, &
Hammill, 2000). Fuchs, Fuchs, and Prentice (2004) determined that there wasah gener
improvement when problem solving instruction was combined with explicit instruction to
transfer broad schemas for identification of familiar problem types and the
encouragement of meta-cognition in students. The authors define transfer as teaching
rules for problem solving, along with building cumulative knowledge. It involves three
components: explicitly transfer, immediate transfer, and near transfericiEixphsfer

involves looking for superficial changes in a problem, and finding novel changes in
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regular problems. When teaching problem solving skills for immediate transfer,

problems similar to those taught in class, it is reported that MD/RD studemtsvied

less than MD, RD, and non-disabled students. MD/RD, MD only, and RD only improved
less than non-disabled students in computation. In the area of labeling all students
improved at the same rate. When evaluating near transfer, solving problems with
superficial changes to create novel problems, it was determined that MR ts
improved less than non-disabled peers on conceptual underpinnings. Students with
MD/RD, MD only, and RD only improved less than their non-disabled peers in
computation. Labeling had similar improvement across all students. Overddintst

with MD/RD in this study showed less growth than MD only and non-disabled peers.
The MD students showed less growth than non-disabled peers. Therefore, it isnmporta
to provide students who have MD and/or RD with explicit instruction that includes
supplemental, intensive tutoring in computation.

Aster and Shalev (2007) researched the neuropsychological underpinnings of
developmental dyscalculia (DD) as a genetic disorder of number sense. He found that
two-thirds of the students with DD had co-morbid conditions and under-activated regions
of the brain, including the parietal area, which is important for number function, and the
frontal region, which controls executive functions. The mental number line is imjporta
in the development of a child’s spatial image and ability to construct, autemetid
enlarge ordinal numbers. A student needs to interlink the understanding of magnitude
with symbolic and spatial properties of numbers. This requires cognitive functions,
including language skills and working memory, which should develop during preschool

and early primary grades.
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Aster et al. (2007) developed a core system of representation organized in a

hierarchy, which can predict the pathways of development. This system has four core
steps. The first step begins in infancy and involves the bi-parietal area of thelbrai
allows children to develop subitizing, approximation, comparison and gain a basic
understanding of number, which enables a child to associate a perceived number of
objects with spoken and written numbers later in development. If this step is not
developed appropriately, names of numbers can be learned by rote but may be devoid of
the meaning of numerical magnitude leaving children at risk for mathematical
difficulties. The second step begins in preschool and involves verbal counting, counting
strategies, and fact retrieval, which involves the left prefrontal lobe diréne.

However, if language development and the association between linguistic sytidioliza
and non-verbal numerical properties are not established students are at risk for
developing math difficulties, including the retrieval of mathematics factp tBtee

involves the Arabic number system, including place value and the digits that represent
numbers. This development occurs in the bi-occipital area of the brain that involves
written calculations and concepts such as odd and even (Aster et al., 2007). Failure to
develop at this step leads to difficulties in the construction of a mental number line,
causing the child to be unable to place 52 on the number line between 50 and 60. The
final step of number acquisition takes place in the bi-parietal area of thetmbhelps

one develop a mental number line via a mental image. It allows children to appsoximat
calculation and identify numerical neighbors on the number line. The development of
this mental number, a mental anchor, is strongly related to the student’s e)gsesardc

learning environment.
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Instruction needs to be provided that allows students to compensate for the

skills which are lacking in their development. Students with MD have weak rétfeva
mathematics facts and rely on counting long after their peers have develo@ed m
efficient strategies (Dowker, 2005). Baker, Gersten, and Lee (2002) detdrthat an
explicit, teacher led, contextualized approach to instruction is paramount for student
struggling in mathematics. Explicit instruction in the application of quioed
understanding and real-world applications led to statistically signifieantts on a
mathematics achievement test. Explicit teaching of rules, conceptspiasnand
problem solving had a moderate effect on the achievement tests of studentedlastifi
at-risk for MD, indicating the importance of such instruction for strugglindremastics
students.
Addition Intervention

Carpenter and Moser (1984) identify five levels of basic fact development for
students in grades one to three. Students at level 0 have no ability to solve amg.proble
At level 1, students need direct models to manipulate in their attempt to solve basic
addition problems. Level 2 involves modeling with verbal and mental counting
strategies. Students at level 3 can use verbal and mental strategies fwraolems. At
the fifth and final level, students are able to use basic fact knowledge to solye ma
different types of problems. Countries which have high mathematics achiesaoers
on standardized international assessments, such as China, Taiwan, and Japan, teach
strategies of ten to assist their students in their quest for CarpenteoardsMifth level

(Henry et al., 2008).



33
Three strategies have emerged to assist students with anchoring their

mathematics facts into their long term memory for easy recall (Fusow@K1992;

Fuson, Stigler, & Bartsch, 1988). The Up and Over Ten strategy teaches cluldren t
decompose addends into facts that have a sum of ten. The Down and Over Ten strategy
is used with subtraction to decompose numbers down to make ten. A final stratedyy calle
Take from Ten teaches students to decompose the minuend into ten and a remainder and
subtract multiples of ten using the minuend. Allowing students to learn suchisateg

via repeated practice, forms bonds for long-term memory retention (AgH985;

Baroody, 2003; Fox, 1995; Geary, 1994; Siegler & Jenkins, 1989). Above average
mathematics students use short cuts and deductive reasoning to solve basic &usprobl
while students with below average achievement use derived facts, slowing dawn thei
computational fluency development (Gray, 1991). Research indicates a strong
correlation between basic fact fluency and mathematics achievemeandarstized
assessments (Kilpatrick, Swafford, & Findell, 2001).

Henry and Brown’s (2008) study of nine elementary schools in southern
California provides further evidence to support this strong correlation. Dagta wer
collected on first-grade fluency facts, instructional strategieseretatstudent
achievement, and the interaction of instructional decisions and their relationship to
number sense. Regular education teachers were given surveys to undercoveramformat
such as years of experience, level of textbook implementation, the use of supglement
activities, and the number of instructional events per week that explicitlychetipeents
learn their basic facts. Students were given a basic fact pre-test wtiuded 36 un-

timed items. Additionally, Mathematics Intervention Assessments ageménistered to
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204 students that required them to solve problems and explain how they solved each

problem. The results indicated that two-thirds of the first-grade studextsaseating as
their primary solution method. Students who used this strategy had lower scores on
number sense assessments. Only 6.9% of the students had their basic factd 8@te
of the way through the school year, with subtraction scores being weaker th@maddi
facts. Frequent use of timed tests actually worked against student memorizdtion a
successful mastery. The teacher reports indicate that textbook use hadwenegati
correlation with student achievement, indicating the need for more impleroeraat
supplemental conceptual activities.

Only if facts are mastered, and therefore stored in long term memory, canstudent
generalize and use procedural knowledge for abstract mathematics psri@plsten et
al., 2005). A child’s mathematics trajectory is set early in his or her moadareer.
Measures on mathematics and reading assessments between kindengastzroad
grade are statistically related to mathematics and reading acleievengrades three
through six (Jordan et al., 2002). A child whose learning growth curve indicated low
levels of learning fell increasingly behind children with steeper tirawrves
(McCelland, Acock, & Morrison, 2006). Therefore early intervention is crucial davall
all students to reach their mathematics potential (Gersten et al., 2005uN&n L
Schopman, 2000). Early intervention is beneficial, but immediate transfer masighe t
explicitly through a structured model, with number sense being stimulate@/ars_uit
et al., 2000). It should include three goals: fluency and accuracy with number

combinations, mature efficient counting strategies, and number sense development
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including magnitude comparisons along with the ability to use numbers lines. Gersten

and Baker (1998) recommend a blend of a conceptual model with explicit instruction.
Concrete Representational Abstract

One model that has shown success when working with struggling students is the
Concrete-Representational-Abstract (CRA) model (Butler, Milleeh@n, Babbitt, &

Pierce, 2003; Cass et al., 2003; Hudson et al., 2006; Miller & Mercer, 1993; Witkel et a
2003). According to the Access Center (n.d.), a website supported by the United State
Department of Education, CRA is an explicit instruction strategy thatlbleonceptual

and procedural learning in a structured way that can be used with individuals, small
groups, and whole classes. This graduated framework uses explicit instrioatibelps

all students make meaningful connections to mathematical concepts, speasEive
learners. It also aligns with the recommendation of many researchersregsotse
importance of learning disabled students receiving explicit instruction (Hudsbn et
2006).

This method of instruction is based on Jerome Bruner’s ideas in Toward a Theory
of Instruction (1966) which supports progress through the enactive, iconic, and symbolic
stages. Students must manipulate concrete items throughout the enactive pbase. T
children are then ready to learn through the use of pictures and representatigestsf
in an iconic way. Once the enactive phase is mastered the child is ready t@ rtin@ve t
abstract level of knowledge. In order for this level to be successful, studentisaneist
the prerequisite knowledge in place. The use of the concrete pictures and maegulati
anchor the abstract knowledge. However, it is important that the concrete work does not

distort the abstract learning and that multiple solutions are provided to refressaie
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concept (Devlin, 2000; Hudson et al., 2006). The use of this method is also supported

in the NCTM Process Standards where it is recommended that students make connections
between concrete and abstract ideas. NCTM Process Standards support the use of
reasoning and proof that students demonstrate when they decide how to represent a
problem and justify their solution.

The first level of CRA instruction, called the Concrete level, focuses on tlef use
concrete models to develop a concept. Students use manipulatives, such as blocks, chips
or fraction pieces to learn the most basic ideas of a mathematical concepis thii
most critical phase of learning, thus making it crucial that students asiegutavith the
appropriate concrete items to develop the concept. For example, when students are
learning to add single digits, the students would count blocks for 5+4 and put those chips
on a Ten Frame. At the Representational level, students move to a seretectewel,
drawing pictures on a Tens Frame to show 5+4 and writing the equation 5+4=9
underneath. In the Abstract level of instruction, students use only numbers and symbols
to represent the equation 5+4=9. It is essential that the teacher helpsssindentlop
appropriate strategies to make the connections between the multiple lewelsermore,
it is paramount that students be given independent practice after each stegenodel.
Examples of this include peer tutoring, board games, self-correctingatster
homework, or computer-assisted instruction (Allsopp, 1999).

There are many research studies that have proven the effectivenessi®Athe C
method of instruction. Maccini and Hughes’s (2000) meta-analysis ofliteran
learning disabled students found that there were few studies focusing on the demtlopme

of conceptual knowledge. Most studies focus on teaching instructional rules. Their
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analysis indicates that the use of explicit models to teach conceptual umdiegsta

such as CRA, has proven successful for students with learning challengeshekgers
and VanLuit (2003) also studied the effectiveness of mathematics intervention for
students with special needs. Methods that used direct instruction and explicitiomstruc
were determined to be more effective for teaching math facts and probieng ol
children with learning differences than reform based mathematicsapnegimdications
are that students with special learning needs require a blend of stratdggesitwessful

in the classroom.

Hudson et al. (2006) identifies explicit instruction as the design of lessons and
arrangement of instruction to promote optimal student learning. The big idéas of t
concept need to be developed with measurable outcomes where the teacher delivers
instruction in four phases. In the first phase the teacher activates pridekgewvith
advanced organizers, while explicitly stated objectives are provided fstuitients. The
second phase involves demonstration or modeling of overt actions, along with modeling
of meta-cognition and cognitive thinking. Questions and prompts are provided and
adjusted to clarify misunderstandings. Guided practice is the hallmark &f thihes.

This is an opportunity for students to practice the new concept. High levels of support
should be offered in the beginning and gradually decreased as the student gains
confidence. The final phase is independent practice to allow students to practice and
reinforce the skill on their own.

Researchers have incorporated CRA methods into a variety of mathematics
instruction with success. Witzel et al. (2003) applied the CRA model to an algebra

inclusion classroom. In this randomly assigned pre-post follow up study studeats we
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identified by three criteria: performance below the classroom aveseges below the

50" percentile on recent statewide achievement tests, or low socio-economsc stat
Results indicated that students who received CRA instruction over a four-week
intervention period out-performed the abstract only similarly matcheggroheir data
showed significant improvement in the students’ ability to solve single variaoilti-
step problems. Both groups showed significant increases in their post-test satr
the CRA students being significantly higher and maintaining those gains oave-tql
exam. These results also indicate that CRA can be used successfullj@s-alass
intervention.

Butler et al. (2003) investigated the effects of CRA and Representatibsaibét
on the teaching of fraction concepts to middle school students with mathematics
disabilities. A four-phase model of instruction was used to deliver the CRA ingiructi
Their results revealed a statistically significant differenca gonantity fraction sub-test.
Although the CRA group outperformed the control group on every subtest, lending
evidence that the use of concrete manipulatives could increase a chidtianfra
understandings.

Miller and Mercer’s (1993) study compared how long it takes students to
“crossover” when they received a CRA approach to the instruction of basic adaldien f
They defined “crossover” as the point where students were computing moreab&sic f
correctly than incorrectly in one minute. The purpose of the study was twofold: to
confirm that students were able to gain basic fact acquisition through the@RA @nd
to determine how long this process can take. Their research indicated that stedents

able to master their basic computation facts through the use of the CRA method and it
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took between three and seven lessons for the crossover effect to take hold. They also

discovered that when the crossover was achieved, the students’ rate ofrespentes
continued to rise, while their rate of incorrect responses continued to decrease.
Additionally, it was shown that once students mastered the concrete learyimgetiee
able to successfully apply this knowledge to abstract learning.

There are many studies on the effective use of CRA in elementary school.
Peterson, Mercer, and O’Shea (1988) studied the use of CRA to teach place value skill
They used place value cards, cubes, teacher-made cards, and picture reresentati
cubes. The results indicate immediate and delayed mastery of place valug08bthe
mastery level. Funkhouser (1995) used manipulatives to assist kindergarten and first
grade students in the acquisition of number identification through five and sums up to
five. After a four-week intervention, students had 90% mastery. Miller, Hatrasvser,
Jones, and Mercer (1998) employed a CRA model, along with modeling, demonstration,
feedback, and cognitive training, to a group of second graders’ learning of roatiguii
The students included learning disabled and underachieving students. The results
indicate that all students benefited from the instruction provided in an inclusiomysetti
with 25 to 27 other students.

Response to Intervention

This study is based on the identification of students through a Response to
Intervention (Rtl) model. Rtlis a general education model that is measretnsall
students and identify those students who are most at risk for failure in thel genera
education curriculum. It also allows students to be diagnosed with a speciiiadgear

disability without using the Discrepancy Model, which identified childreniysole the
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difference between their IQ and achievement. The Discrepancy Moekelledtves

children to flounder in the general education curriculum without support until the gap
becomes wide, typically around third grade (National Research Center iminigea
Disabilities). Rtl seeks to determine if the student’s struggles ar®dutue disability
or merely poor instruction. Providing access to quality instruction is impontéinst-
grade, as prior approaches to learning predict future mathematics adaneyByrnes &
Wasik, 2009). A student’s success in a research-based program, implememted wit
fidelity, eliminates the possibility of poor instruction as a reason for lackoeith

(Fuchs et al., 2007).

According to the Pennsylvania Training and Technical Assistance Network
(PaTTAN), an initiative of the Pennsylvania Department of Education, themssxacore
characteristics of Rtl. The first characteristic is a standaigiseal curriculum. All
students must receive a high-quality, research-based, general educatmriuwartihat is
standards aligned. This should include the use of formative and summative assessments

The second characteristic promotes the use of universal screening. Allstudent
must be screened at least three times per year to determine theasprim the regular
education curriculum, both academically and behaviorally. Data gainedHes® t
screenings should be organized and maintained in a friendly format with easy to rea
summaries and graphs. Teams should meet at least three times pergdantthe
data and make instructional decisions. The universal screening instrument should be
research-based and predictive of future student growth. It should have norms and be

sensitive to student improvement.
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Shared decision making is the third hallmark of Rtl. All educators in the

building should take ownership of student learning. All teachers, including special
educators, general educators, Title 1 teachers, and ESL teachers araeblesfoons
assessment and implementing effective programs. Once data areedplbecriculum
decision-making must be based upon the results. The data team will review all
summative, formative, and normed data to determine those students who are at risk for
failure in the regular curriculum. Progress monitoring should be used to determine
instructional goals, intervention effectiveness, and drive any instructioaagjeb to
meet the child’s learning needs. The data team should also choose the fessedch-
program and plan for its implementation, determining staffing and time is$oeg véth
fidelity checks.

According to PaTTAN (Pennsylvania Training and Technical Assistance
Network), the fourth characteristic of Rtl is the use of a tiered systeme. T
Commonwealth of Pennsylvania uses a three-tier system. All students beginrst the f
tier where all children are provided with a quality regular education and aresaliye
screened at least three times per year. The regular curriculum shoulddtave
expectations for all students and provide for high student engagement. Approximately
80% of the population should stay in this tier and meet with academic success. When
more than 20% of the students are not meeting success in the regular curriculum, both the
curriculum and instruction need to be re-evaluated. There are two possibté stude
outcomes in Tier 1: responders and non-responders. Students who are responding to the

regular curriculum continue to receive the instruction at this level.
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The second tier is for those students called non-responders in the regular

curriculum, those students whose assessments indicate they are not makintggadequa
progress in the regular curriculum. Approximately 15% of the population is argtipat
to fall in this tier. Students at this tier must receive research-baseemtions that
have been proven successful with students with similar learning profileb. Ea
intervention should last approximately 10-12 weeks. It is crucial that teachers
implement the program with fidelity, as it was designed. Interventions needuddncl
increased time for mastery of the learning objectives in small group imstruerogress
monitoring should be implemented in order to incorporate any necessary insttuctiona
changes. There are two potential outcomes at this tier: responders aedpmmders.
The responders either continue in the Tier 2 invention or move back into Tier 1.

Non-responders, expected to be approximately 5% of the population, need to have
either their Tier 2 intervention adjusted to better meet their instructionds nede
moved to Tier 3. Tier 3 involves more intensive instruction that includes weekly
progress monitoring for students who are showing significant difficultiappl&mental
materials are used to develop specific skills. Additional tutoring, along hexiblie
grouping, may be added to give Tier 3 students more intensive instruction. Fidelity of
intervention is also crucial at this tier. Those students who are respondimgresthesto
Tier 2 or are referred for a special education evaluation.

The final characteristic of the Pennsylvania model of Rtl is parentatjengant.
It is imperative that parents receive information regarding their stugeatgess in the
regular curriculum. If a student is receiving intervention services, gaskatld receive

information about the process, intervention implemented, and regular progress report
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This Pennsylvania model is meant to ensure that all students are receiving an

appropriate education that meets their learning needs and includes parental suppor

Little research has been conducted which investigates the implementation of Tie
2 interventions in mathematics. Gersten, Beckmann, Clarke, Foegen, Marsh, and Star
(2009), in their analysis of effective Rtl models, point to strong evidence suppbsing t
use of explicit instruction which provides guided practice, frequent cumutathiews,
and verbalization of thought processes. They found moderate evidence supporting the
use visual representations of mathematical concepts and the building of casnpltat
fluency. Evidence also supports the use of instruction models which develop properties
of whole numbers and operations. This recommendation is supported by the NCTM’s
Focal Points (2006) and the National Mathematics Advisory Panel’'s 2008 report.

Most of the research into Tier 2 interventions studied the mastery of fawogs usi
drill and practice as the intervention (Fuchs et al., 2007). Fuchs et al. (2007) adgocat
research that incorporates curriculum trends in mathematics. They desigsedrah
study that targeted first-grade and had three purposes. They sought to assess the
effectiveness of preventative small-group tutoring, investigate the usefuihsesreening
and progress monitoring tools, and to examine the prevalence, severity ahdityenfsi
Rtl methods for determining lack of response to treatments. The reseamcbepsrated
forty-one classrooms and identified students at risk for mathematics liiéfscbased on
low performance. Their control group continued to receive instruction in the dsstrict’
basal program. The experimental group received tutoring, using a CRA approach, and
computer practice three times a week for 16 weeks. All students weresdssesgly

with curriculum-based measures to monitor their progress. Study resuteténttiat the
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experimental group’s growth outperformed the control group, and in some cases

surpassed the Tier 1 students. These results indicate that Rtl has promiseettheeduc
number of students with math difficulties. In fact, the results indicate thaaRthe
ability to reduce the number of students identified as having a mathematicstglisabil
The Tier 2 intervention reduced the identification of a math disability by 35.696. Thi
statistic remained stable at the end of second grade indicating thaayRibenmore
sensitive to the identification of learning disabilities than commerQiaésts.

Fuchs et al. (2007) also studied a group of third-grade students in need of a math
intervention. They used a problem-solving schema broadening intervention with self-
regulating strategies. Students in the third-grade cohort were evaiadedtify those
at risk for mathematical difficulties and were then randomly assignfit different
groups: no primary or secondary intervention, primary intervention, only secondary
intervention, and both primary and secondary interventions. Students were assessed in
immediate, near, and far transfer of problem-solving skills. A lack of relsjeoess was
defined as being one or more standard deviation below the growth of the normative
group. When evaluating immediate and near transfer, 86% and 100% respectively of the
at-risk students who received no intervention were unresponsive. On contrary, students
who received the primary intervention had their non-responsive rate drop to 29% on
immediate transfer, and 62% on near transfer. However, when students received both
primary and secondary interventions, the non-responsive rate dropped to 12% on
immediate transfer and 26% on near transfer. These data also indicate thabfree use

tiered intervention can assist students in overcoming mathematical diéculti
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Bryant, Bryant, Gersten, Scammacca, and Chavez (2008) studied the effects of

a 10- to 12-week multi-tiered model of intervention on first- and second-gradetstude
Concepts were taken from Number and Operation and Quantitative Reasoning Skills
assessment, as well as concepts in the NCTM standards for grades kiadehgatigh
second grade. Magnitude comparisons, number sequences, place value, and
addition/subtraction combinations were used as measures of student progress. Thei
results posit a significant main effect for the spring assessmentstgigecond graders,
indicating a positive effect for the intervention. The first-grade inteimewlid not have
statistically positive effects. However, the authors believe this mayatedicat the
intervention should include a minimum of 20-minute sessions due to first-grade students’
developmental level. The authors conclude that Tier 2 interventions for first-comtise
grade students should focus on number sense development due to its predictive ability to
identify future mathematics difficulties. They further recommend thatdugtudies

provide more intervention time, along with interventions that include practice with

different representations, such as pictorial and abstract.

Summary
Clearly the groundwork has been laid to show that number sense is the foundation
of students’ ability to be successful in mathematics. Educators must provigeitiens
to determine if a student is struggling due to inadequate instruction or cognitive
difficulties (Geary, 2004). Jordan and her colleagues (2007) recommend that future

studies look at explicit instruction for Tier 2 students that develops number gsemder



46
to help students compensate for mathematical difficulties. If students lage t

successful in mathematics, they need to have mental pictures of quantities and use
visualization or counting to add numbers fluently (Jordan et al., 2007). The systematic
model of CRA instruction will assist students in developing conceptual knowledge in
both place value and addition combinations.

The need for more research in the area of early intervention in matteati
evident. The identification of young students struggling in mathematics ssinfancy.
Systematic and effective reading interventions have been thoroughlycheskao that
teachers are able to identify predictors and strategies that have beengifestare with
struggling readers. This study will provide research into the use of earlyemtiens
using strategies that have proven successful in special education. Much ofdhedite
focuses on the development of skills in mathematics. Through this lens, the rasearche
will add to the literature, providing guidance for educators in the field of Response t
Intervention, and emphasizing the importance of including conceptual development in

instructional practices.
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CHAPTER 3
METHODOLOGY

Introduction

Using the procedures outlined below, the effects of a Concrete-Representation

Abstract (CRA) model of instruction was studied to determine its effeetbgewith first-
grade Tier 2 students in a Response to Intervention (Rtl) model. These students we
identified as at-risk on at least two of the following methods of evaluatembke-
Foegen Early Numeracy probes, Fuchs and Fuchs Curriculum based assesathents, a
teacher recommendation. Additionally, the CBM provided data to evaluate videa sing
subject design model. The TEMA-3 and Lembke-Foegen instrument were admdhister
both pre-and post-intervention to determine student growth. In an effort to evhkiate t
effectiveness of this model, the following research questions werareecim

1. What are the effects of a concrete-representational-

abstract instructional model on students’ achievement
as measured on a mathematical achievement test?

2. What are the effects of a concrete-representational-
abstract instructional model on Tier 2 students’
development of computational fluency?

3. What are the differences in student growth, measured
via a progress monitoring tool, when students receiving
concrete-representational-abstract instruction are
compared to a control group?

A single subject design, as described by Rogers (2007), was used due to its ability
to provide systematic data collection in the natural environment of the classrddisn. T

allows the researcher to study and modify the design of the instruction ttheeet

learning needs of the learner on a continuous basis and serves to evaluate the process
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Comparisons are made within the subject, instead of between subjects makifg it idea

for an Rtl model, as it provides a direct measure of the treatment effett as strict
controls (Tankersley, Harjusola, & Landrum, 2008, Zhan & Ottenbacher, 2001). The
model consists of two phases of implementation: the baseline and intervention phases.
The target behavior is repeatedly measured during both phases and plotted on a graph.
This ensures a true representation of the student’s performance due to thleof dimér
random factors of the environment (Tankersley et al., 2008). In the baseline phase, data
are collected over time, looking for consistency in performance. Once #labas
established, any changes in the performance indicate a trend of thentitery When
the independent variable, Expedition to Numeracy program, is implemented, outcomes
can be measured by the Math-Curriculum Based Measures, the dependerd variabl
(Rogers, 2007).

Although statistical tests were performed on the data collected, inspaiction
is one of the primary evaluations of Single Subject Design models. This is asppbces
systematic rules to be followed when evaluating the graphs for each student. The
researcher examines the data noting changes in the dependent vanahlefbaseline
to intervention time periods (Tankersley et al., 2008). The first examinationaeaquir
analysis of the mean using a progress monitoring tool, applied both pre- and post
intervention, to determine the magnitude of change (Alberto & Troutman, 2006). It is
also important to look at the growth in performance immediately following the
intervention, referred to as the ‘level’. Researchers should look at both the magnitude
and immediacy of changes in level; the larger the change in level, therdheastrength

of the intervention. In single-subject design, as implemented in special educ#teng a
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in data points either systematically ascending or descending also provides sol

evidence that the intervention is effective. The latency of change indicatssength
of the intervention. The more dramatic the growth in the desired direction, the stronger
the intervention effects (Tankersley et al., 2008). However, there is tittlensus as to
the desired slope which would indicate significant progress in student learheuy &
Ottenbacher, 2001).

Growth Curve modeling, a type of Hierarchical Linear Modeling, was aksi us
to add to the power of the data. This model allows the researcher to compare scores
across time and look for changes in the slope and intercepts (starting) s¢ahe linear
regression. This change may be either positive or negative in nature arglthéow
researcher to determine what variables account to the growth and rate of change.

Participants

Participants in this study represent a sample of convenience. Theheséaa
Mathematics Specialist at the schools in which the study will occur. Shedratdeed
in the implementation of the Expeditions to Numeracy program by the lead author. The
school district is located outside of a major United States city in the nddirepart of
the country. This suburban district has two high schools, one alternative school, three
middle schools, and ten elementary schools. The total enrollment is 12,395. The
researcher works in two of the elementary schools.

The researcher has obtained approval from the Internal Review Board at Temple
University and obtained parent permission, as well as student assent. idigaodst
were first-grade students attending three elementary schools inttiet.disll students

are instructed using the Scott-Foresman Addison Wesley 2001 Grade 1 textbook, along
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with a reform-based supplemental curriculum entifl&RC InvestigationsThe

classrooms are heterogeneously grouped with approximately 25 studentsggeonias
Due to the nature of Rtl, no students with IEP goals in mathematics wierdeidén the
study.

Students were chosen for inclusion in the study based on being labeled mrisk i
minimum of two of the following: teacher recommendation, performance on the Fuchs
and Fuchs computation probes and performance on the Lembke-Foegen Early Numeracy
probes. The control group for this study included first-grade students from another
school in the same district. The students chosen as the control group were identified
solely on the median of their first three computation probes. They were notegtreen
with the Lembke-Foegen instrument or referred by teacher recommendahese
control students, along with all students at the control school, continued to take the
computation probes throughout the study.

Instrumentation
Lembke-Foegen Early Numeracy Indicators

A universal screening tool designed specifically for first-gradeents was used
to identify those students who are experiencing difficulty in mathemafes. Appendix
A) This instrument, designed by Lembke and Foegen (2005), is based upon research that
indicates that identifying numbers, quantity discrimination, and missing numlengtsr
have strong criterion validity and reliability (Clarke & Shinn, 2004; Chard, Caker,
Otterstedt, Braun, & Katz, 2005). Lembke and Foegen developed the universal screening
during six years of study in an urban fringe school district. They demonstrateg st

technical adequacy in the areas of number identification, quantity discriompatid



51
missing number. These sub-tests had positive correlations with the TEMA-3,

Woodcock Mini-Battery of Achievement, and the Stanford Early Achievement Thst. T
alternate form reliability had an r value between .79 and .89 and the testoetest
efficient was between .73 and .91, indicating that the two forms of the asseasenent
positively correlated. The criterion validity was between .36 and .71, with mtist of
values between .5 and .6. These results reveal a significant correlation béveen t
Lembke-Foegen instrument and other measures of early mathematicssgadine

The Lembke and Foegen Early Numeracy Indicators consist of three nogmi
probes given to students in kindergarten and first-grade. The first sub-test,Numbe
Identification, asks students to read a list of numbers presented in random order from O
99. The Quantity Discrimination probes require students to indicate the larger number
when presented with two numerals from 0-19, inclusively. The final sub-testpiyliss
Number, provides a series of four numbers which has one of the numerals missing,
requiring students to indicate the missing number. The series does not uaualitist
one and can count by ones, fives, or tens. All sub-tests are administered in a similar
fashion, the student page placed in front of the child. A scripted set of directions are
provided for each sub-test that leads the student through three sample items. If the
child’s answer is correct the assessor responds, “Good”, and repeats theimaswe
complete sentence. If the response is incorrect, the assessor indicatesettteanswer.
For example, “The number that is bigger is 7. You should have said 7 is bigger.” At the
beginning of the assessment, the assessor then repeats the directionsrasdhefor
student to go across the page and try each one. The student starts with her firgger on th

first problem, and works for one minute giving answers verbally while gesasr marks
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each student response on the examiner copy. When scoring each probe, protocol

indicates if a student fails to answer a question in three seconds, she is th$trtigte
the next problem. If the student correctly answers the probe, one point is given.
Conversely, if she states any other number, no points are awarded. A skipped probe is
marked incorrect, as are all probes in an entire row that is skipped.

Curriculum-Based Measurement-Mathematics (CBM-M

Fuchs and Fuchs have designed progress monitoring probes to be used weekly to
assess student’s growth in mathematics. Progress monitoring is a tool used to make
educational decisions, specific to a skill. Three of the goals of progress nmonéce:

1.) estimating rates of improvement, 2.) identifying students not making adequate
progress, and 3.) comparing the efficacy of different types of instruction (Fuahs e
2005). In the study the Fuchs and Fuchs probes were used to assess students weekly.
These probes have been proven valid and reliable measures for each of thegmtbree
(Deno, 1985; Marston, 1988; Shinn 1989).

The probes are designed to be used weekly and to include uniform instructions
each time they are administered. Each assessment contains 25 computatiorsproblem
which represent skills covered throughout first-grade, and include multiple foains
assess the same skills throughout the school year.

Test of Early Mathematics Ability (TEMA-3)

Students who are identified on the universal screening as at-risk were given the
Test of Early Mathematics Ability-Third Edition (TEMA-3). This testniorm-
referenced and appropriate for students between the ages of three andaemgldlgven

months. It has parallel forms and provides a raw score, age equivalence, grade
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equivalence, percentile rank, and Math Ability Score, also known as the standard

score. Ginsburg and Baroody (2003) cite five purposes for using the TEMA-3:

1. Identify those students significantly ahead or behind their peers in
mathematical thinking

Identify strengths and weaknesses in mathematical thinking
Provide instructional strategies appropriate for each child
Document a child’s progress in learning mathematics

Serve as a measure for scholarly research

abrwn

The TEMA-3 is a statistically valid and reliable assessment. Ihaased in the
fall of 2000 and the spring of 2001 on a sample of 1,228 students from 15 states. This
sample selection is a representative sample of students from acrosstéueStaies with
regard to geography, region, gender, ethnicity, family income, educagweablf
parents, and disabling conditions. The percentages for each characterstompared
to 1999 data obtain from the United States Census Bureau. The reliability ot ths tes
reported by the authors, has also been shown to be high. Table 3.2 lists the reliability.

Table 3.1
TEMA-3 Reliability

Form Cronbach Alpha Test-Retest
A .94 .82
B .96 .93

(TEMA-3 Examiner’'s Manual, 2003)

The content validity of the TEMA-3 was established through the assessment wfainfor
and formal mathematics knowledge. Informal knowledge is measured through the use of
items that assess numbering skills, number comparisons, calculation skills, and

understanding of mathematical concepts. The items assessing formal atathem
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knowledge include: numeral literacy, number facts, calculation, and concepts such as

base 10.
Procedures
Lembke-Foegen
All first-grade students in this study were assessed using the LembgefFmstrument.
Those students that scored at the 35th percentile on two of the three sub-tegiatedrtic
were labeled at-risk on this instrument. The cut scores for each sub-testedra
Table 3.2. The Winter and Spring scores, respectively, were used pre- and post-

intervention.

Table 3.2
Lembke-Foegen Cut Scores

Assessment Fall Winter Spring

Number 30 38 41
Identification

Quantity 26 28 31

Discrimination
Missing 13 14 17
Number

Curriculum Based Assessment
The Fuchs and Fuchs probes were given once a week to all students imdiest-gr
at both study sites. Additionally, a control site at a third elementhookmn the district
was utilized. All classroom teachers received training in the implenantatd
received a written set of directions. The researcher and a cooperatingnhatics

Specialist scored each CBM. These assessments are scored by chentinglver of
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digits correct for each problem. A correct two-digit answer received twospdint

one digit is correct and the other incorrect, the student received one point. The points ar
totaled and recorded on a spreadsheet to track student progress. As recommended by the
authors, three baseline data points were obtained. The median score waswitidine
evaluating eligibility for the study. A score of twelve indicated a stud@s not on

track to reach the first-grade benchmark score of 20 by the end of the yddahys

identified a student as at-risk for difficulties in mathematics.

Once the study began, the researcher continued to collect CBM data eviery wee
from all first-grade students, at all three schools. An increase of 0.35 pointegleisw
considered average growth for a first-grade student. The benchmark for thefieste of
grade was 20. Progress toward this goal was monitored for all students in badidyhe s
schools and the control school.

Teacher Evaluation

All first grade teachers at the two study schools were asked to subm# a clas
roosters identifying students they believed were currently strugiglitige first grade
curriculum and were at-risk for future difficulties in mathematics. Theareher was
careful not to discuss any assessments results with the teachersheefostdrs were
submitted.

TEMA

Each student identified as at-risk for mathematics difficulties on the Lembk
Foegen assessment and the computation probes were given the Test of Heaitpdilas
Abilities (TEMA). This test is an individually administered, un-timest.téh an effort to

determine the entry point for each student and shorten the length of the test, theSTEM
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manual provides suggested entry points. Students who are six years old wemngiven

guestion 22 and students who are seven were given on question 32. The lower limit of
the test, known as the basal, is achieved when the student gets five consecutive questions
correct. If the student is not able to answer five consecutive questionslgpthect
examiner continues the test until the student misses five questions in a row, and then
work backwards from the entry point until a basal is reached. If no basalneditas
may happen with students with severe mathematics difficulties, the testlche
scored. A student earns one point for each correct answer, and the test is concluded when
a child hits the ceiling, meaning she answers five consecutive questions ithgoitas
then assumed that all questions prior to the basal are correct. If there is maneetha
basal, the basal closest to the ceiling is used for scoring purposes.
Expeditions to Numeracy

Students were included in the study if they were labeled at-risk in a minimum of
two out the three following measurements: teacher recommendation, Fuchs and Fuchs
computation probes, and the Lembke-Foegen Early Numeracy probes. Once parent
permission and student assent was obtained the students received instruction using the
Expeditions to Numeracy program. This is an intervention program designed to help
students develop conceptual knowledge of the base-ten number system (see Appendix B).
It is divided into five mathematics regions: place value, addition and subtraction,
multiplication and division, money, and proficiency practice. The most cruciattaspe
the program is place value, as it contains the underlying principles of our nwsieen s
and is the basis of the balance of the program. This region is divided into fiverdiffer

number sections: 0-9, 0-19, 0-99, 0-999, 0-1000+. The focus of this study was on the 0-9
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place value due to the age and ability level of the students in the study. Adiitional

addition and subtraction were covered from 0-9; as this region uses place vakmgsonc
to assist students in mastering their addition and subtraction facts.

At the core of the program is the use of Digi-Blocks, a mathematics manipulat
system. These blocks are a proportional nesting system that gives a physical
representation of the base-ten number system. The basis of the system is thiecke’s
in the form of a small rectangular prism. Ten of these one’s blocks are placeddk a bl
to form a ten. Ten, ten’s blocks can be placed in a hundred block. Similarly, ten of the
hundred’s blocks nest into a thousand’s block. Through packing and unpacking different
blocks, students are able to develop connections such as ten ones are equal to one-ten and
ten-tens are equal to one-hundred or one-hundred ones. (See Appendix C)

It is crucial that students who qualify for the Tier 2 intervention be properly
placed in the Expeditions to Numeracy program. In order to facilitate thisstatent
was given a placement test written by the authors of Expeditions to Nuntakacy
Rimbey, 2008). Proper placement ensures that students are unimpeded by gaps in thei
conceptual knowledge. Due to the young age of the students, the authors recommend that
the users start at the beginning of the program and administer the fxstrasst in the
Place Value 0-9 program. If students show mastery, the examiner wilwemd move
through each lesson’s assessment until gaps in understanding are uncoverngctiomstr
is then offered and the pre-test for the next lesson is subsequently given to the student

Formative and summative assessments are included in the program. Evidence-of-
learning statements at the end of each lesson inform the teacher of which gkitmbe

demonstrated in order to show evidence of mastery. The instructor recordery maste
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the Student Progress Record sheet (Appendix D). When students have completed an

exploration or lesson, a summative assessment was administered. Thésamesubtes
were also included on the Student Progress Record sheet. The following rubric was
created to score student work:
Performance

4.  The student performs the task easily and with no errors.

3: The student performs the task with a few minor errors.

2:  The student has difficulty performing the task and/or makeguénet and/or
significant errors.

1. The student is unable to perform the task
Criteria for Mastery
Pre-test The student receives a score of 4.
Post-test The student receives a score of 3 or 4.

The students received thirty half-hour instructional periods using the Program

three times per week. According to the Leader’s Guide, the teacher is idierdataker
in the classroom. The teacher must determine the proper instruction to meet each
student’s needs, and how long to spend on each concept, while using assessment to drive
the instruction. Teacher monitoring of student progress is crucial. She mustidete
when to progress to additional instruction on the same concept, and when it is appropriate
to spend multiple lessons on the same concept. Fidelity checks, conducted by
independent members of the school, were completed using the attached Flokkiist

(Appendix E).
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Curriculum Based Assessments

The Curriculum Based Measurements (CBM) was administered weeklyarge
group setting, to all students in grade on Fridays. If school is not in session, the probes
were given on Thursday. Two minutes is allotted for the probe (Fuchs et al., 2005).
When the Fuchs and Fuchs CBMs are distributed, students put their first and last name
and date on the paper to ensure accurate record keeping. Students were then bé instructe
to: 1) complete as many problems as possible in two minutes, 2) remembenthatl the
receive credit for each correct digit in the problem and 3) know to skip problems they
find too challenging and can come back to them after they have completedé¢heres
(see Appendix F). The probes are scored by counting the number of digits correct on
each question, as the digit count is more sensitive to student growth than counting only
completely correct answers (Fuchs & Fuchs, 2005). Outside assessors sked the
scoring to ensure the accuracy of the data.

Data Analysis
TEMA
Once the TEMA-3 was administered to all qualifying students the results
were analyzed for use as both a pre- and post-assessment. When this test was
administered, the examiner recorded the student’s birth date and cadleufatcise age,
including the years, months, and days. It was important that the examinee’s hge not
rounded when using the normative tables provided in the Examiner's manual. When the
test was scored, it provided the examiner with raw scores, percentile nathlegyeaand
grade equivalents, and standard scores. The raw score has little sigaiiicamaluating

a student’s mathematics knowledge and cannot be interpreted or compared with other
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scores. The percentile score gives the researcher a measure of asstogeaton a

scale of 100. A percentile rank indicates the percentage of the students thatlseore be

the given student. The age and grade equivalents are “math ages” which deel iepor

terms of years and months. The standard score, called the Math Ability Scordegi@vi
global measure of achievement. It has a mean of 100 and a standard deviation of 15. The
table below provides the appropriate interpretation of the standard scotestivas

used to compare the pre- and post-TEMA-3 scores for each student.

Guide to Interpreting TEMA-3 Math Zsikl)ilte)}/ %Sores (TEMA-3 Examiner’'s Manual,
2003)
Description Percentage included in the
Standard Score Bell-Shaped Distribution
2131 Very Superior 2.34
121-130 Superior 6.87
111-120 Above Average 16.12
90-110 Average 49.51
80-89 Below Average 16.1
70-79 Poor 6.87
<69 Very Poor 2.34

Curriculum Based Measurement
Once the data were collected each score was graphed to provide a visual

representation of student growth to assist the researcher in setting afdngaphals
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and instruction. Zhan and Ottenbacher (2001) identify three advantages of visual

analysis. It allows for continuous monitoring of student progress, is wedddoit
individualized treatment and outcomes, and it can be widely understood when analyzing
slope, variability, and trend. Visual analysis also allows for addition@tstat analysis,
including correlating the data with other variables and assessing Egpsdii

Numeracy’s impact on achievement (Parker & Tindal, 1992).

The end of the year goal for first-grade students is 20 out of 30 digits correct in
two minutes. A point is placed on the student’s graph to represent the end of year
benchmark and a line is then drawn from the median of the first three scores to the goal
This allowed the researcher to track trending toward the goal. Afteadatallected for
approximately eight weeks, the researcher was able to evaluatera’stadtal
progress toward the desired goal set at the beginning of instruction. Since visual
inspection is subjective, other statistical methods will also be implemented.

Fuchs and her colleagues (2005) provide a nationally normed guideline for
student improvement. The weekly rate of growth for a typical first-gradest is .35,
indicating that students should add approximately .35 points to their score every week. In
order to evaluate this, the researcher used the Tukey Method to give aieapatiure
of how the student’s actual growth is trending (Parker & Tindal, 1992). Theaksear
collected at least seven data points. The data was divided into three equal g@ups, e
containing approximately the same number of assessments in each secttmal s
were then drawn on the graph to show the division of the three groups. The median score

of the first and last group was calculated, along with median week number. As X wa
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then placed on the graph at the appropriate score and week in the first and last group.

The line created shows the trend of growth and line of improvement.

There are other techniques that can be utilized to evaluate the data collected.
Olive and Smith (2005) describe an analysis technique found in the literature which
assess change in the baseline and intervention data and appear to provide consistent
measures across data. Percentage of Over-lapping Data is utilized tthpidge
effectiveness of the intervention. Since the current study is focusing on ingr&&ii
scores, the highest baseline data point was identified. Next the total number of data
points falling below this point was calculated and divided by the total number of data
points. If the score is above 90%, the treatment is considered very effeckegise,
percentages between 70 and 90% are considered effective, scores between 50 and 70%
are considered questionable. Any percentage below 50 is considered ineffativggs
& Mastropieri, 1998).

Zhan and Ottenbacher (2001) recommend the use of Split Middle Trend Line,
also called the celeration line approach. In this quasi-experimental techhigue, t
baseline data were divided in half. The median of the data of both halves was plotted.
The two points are then connected indicating the trend of the data. If the slope of the
celeration line is similar in the baseline and intervention data the program would be
proven ineffective. If the proportion of data points above the celeration line in the
treatment phase is greater than the baseline data one can conclude teatrtteat was

effective (Zhan et al., 2001).
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Hierarchical Linear Modeling

Hierarchical Linear Modeling (HLM) was also be used to offer validithe
single subject design and evaluate the change in the Fuchs and Fuchs tomputa
probes. Growth Curve modeling, a specific kind of HLM, was used to study the many
layers of units of the computation scores. A study eligible for this method g&mnal
must have at least three waves of data, have outcomes that change aite madr
time, and have a sensible metric for clocking time. In this study, thirteessved CBM
data was collected, scores changed throughout the study, and the probes were given on a
weekly basis, thus meeting the criteria for inclusion in this model. Thesassas being
observed are nested with-in people and observations over time are independent of one
another. The first layer measures with-in subject changes from thenbatath and
characterizes the individual student’s growth over time. The second level ofi@nalys
accounts for the observed variance among students. It allows the restapbdict
those differences among the subjects that could account for the differencesftaved i
one. In this statistical model the change in scores was analyzed, not the indictitas,
along with the steepness of the slope and the beginning scores on the CBMs (Singer &
Willett, 2003).

This hierarchical structure has many benefits in research studies \mitila s
number of participants (Singer & Willett, 2003). The structure is able to cootrdype
1 errors regardless of the sample size or serial dependence and providete quegeia
being able to detect moderate and large effects (Jenson, Clark, Kirchestg@ngson,
2007; Singer & Willett, 2003). Additionally, it can accommodate varying numbers of

phases and number of data points in each phase, including data with missing data points.
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This allows for fewer participants (Singer & Willett, 2003). It can be wdezh the

researcher is “reasonably certain” of the interventions’ effects notadual analysis

(Godbold, 2005), and allows for data to be linear, curvilinear, or exponential.
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CHAPTER 4

RESULTS

Introduction

Twelve first-grade students were chosen to participate in the Concrete
Representational Abstract (CRA) study based on identified needs as detieeoniiadly
by teacher recommendation, Lembke-Foegen Early Numeracy screening, jgiradyer
the Fuchs and Fuchs Computation Curriculum-Based Measures (CBM). Students who
failed to meet the criteria in at least two of the three screening toasaligible to
participate in the intervention. This CRA instructional model intervention was
implemented three times a week beginning in March and ending in June, with each
instructional session lasting thirty minutes. One group of six received instructi
immediately following lunch and recess, and six students were instruciad the last
thirty minutes of the day. The Expeditions to Numeracy program was useddeiityfi
following the prescribed lessons as designed by the authors. The twelvesstudent
involved in the study were students that did not qualify for special education, but were
having difficulty in the district’'s prescribed curriculum. There were spskand six
girls. The group which met after lunch had four girls and 2 boys, while the end of the
day group had two girls and four boys. Students ranged in age from six years seven
months to seven years two months. No student had repeated first grade.
At the beginning of the intervention, students were given a placement assessment

and then progressed through the sessions, completing one lesson at each meeting. This

assessment demonstrated that the students were proficient in countingtoligtts
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reading and writing numerals to ten, counting backwards from ten, and matching

numerals and sets. Therefore, the researcher began with ten-framediosirate the
students had little experience with the manipulative. There were occasienstwas
necessary to extend a lesson into two sessions. Occasionally, it was possibidine
two lessons into one day, especially at the beginning of the program when stugtents w
being introduced to the materials and routines. A total of 30 sessions occurred.
Anecdotal notes were taken daily as an auxiliary record of student progtetbe A
conclusion of the program, the students were given the Test of Early Mathefimlitys
(TEMA-3), the Lembke —Foegen Early Numeracy probes, and a final Fuchs drl Fuc
CBM.

During the initial sessions, students were instructed on place value of nimbers
10 using ten-frames and Digi-blocks. The introductory ten-frame lessarsetbon
assisting students in the development of subitizing the Digi-blocks on the ten-fildrs
instruction exposed students to ten-frame formations and enabled them tozetbgni
number of blocks on the frame without hesitation. Additionally, they were instruncted i
modeling numbers ten and below on the frame. One lesson in place value had students
identifying quantities on the ten-frame without counting, thus creating heatiares of
numbers for use in addition and subtraction. For example, when a student identified a
ten-frame with seven blocks, discourse in class centered around seven beinggwo mor
than five and three less than ten, using the anchors of five and ten. The visualrof the te
frame assisted the students in subitizing and creating visual images talle use
subsequent lessons. These skills provided the necessary background knowledge to begin

instruction in addition and subtraction.
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Once place value instruction was completed, students moved to the addition

and subtraction with numbers from 0-9. This exploration led students through addition
on a number line and the use of a ten-frame as a learning tool. Students initially
manipulated the Digi-blocks on the ten-frame to concretely add numbers. During the
initial phases of instruction, only the top row of the ten-frame was utilized. Ssudent
added numbers such as two and one by combining the correct number of blocks on the
first row of the ten-frame. After practice and mastery was acthj¢hie students began

using addends that required the use of both rows of the ten-frame for repi@seinta

this case the students solved expressions such as 2+7 by placing two blocks on one ten-
frame and seven on another. The students then combined the blocks together to
determine the sum of nine. The discussions in class centered around deterntieing if t
sum would be more or less than five and identifying the sum by subitizing. Nine of the
twelve students became confident in making pairs of ten within two lessons. The
remaining three students continued to use the ten-frame to make ten and showad signs
frustration. They required more one-on-one modeling by the instructor. The next step
had students creating number sentences to represent their concrete manipulateans

the students had mastered the representations, instruction moved to visualization. The
students were given an addition problem and asked to visualize the first addend on the
ten-frame by mentally putting an X on the correct box, or even their fingera§ saiy.

The second addend was then added mentally and read from the ten-frame. Some students
initially began by putting their finger on the starting number, but were able to move

beyond with practice. Rich discussions occurred as students shared theirestatdgi
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solutions. Activities such as Addition Solitaire and Go Fish for Ten, allowed students

to practice these skills over the course of the lessons.

Interestingly, all students were incorrectly solving problems involvarg at the
beginning of the intervention. Some students even changed the number of blocks on the
ten-frame to fit their answer. For example, when solving the equation 2+0 on the CBM
all students incorrectly answered zero. When presented with a ten-frame tthisolve
problem, some students cleared the frame to represent the answer they believed to be
correct. As students were led through a series of questions similar to thege thee
ten—frame instruction, they changed their perceptions of adding and subtratting wi
zero. Some students were able to shift their thinking after one lesson; otheredraquir
to five lessons. However, all were able to master the concept. The use of taenten-f
enabled the student to see that adding and subtracting zero did not change the number of
blocks on the ten-frame.

Mastery of addition allowed the students to move toward an abstract model of
subtraction, where the students were eventually asked to visualize the addition and
subtract problems on the ten-frame. Activities such as Go Fish, solitaire,tandidimg
addition and subtraction partners were used at the end of the exploration to help students
make the abstract connections necessary to store the number facts into thagkeimh
memory. Finally, at the end of the program, the students began to formally ideatify t
connections between addition and subtraction.

Two students, Matt and Emily, were chosen to demonstrate the typical
development of students in the study because their growth on the computation probes

represented characteristic progress for those students involved in the intervention.
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Emily’s growth was linear in its shape, and demonstrated regression in two of the

weeks. Matt, on the other hand, started very low, made substantial gains followed by
small regressions. Unfortunately, he ended the program with regression, butythis ma
attributed to the timing of the end of the intervention. The program and assessments
continued into the last week of school in an effort to provide 12 weeks of intervention.
This time frame was problematic for the researcher and subjects, ad shadigation

decreases and activity level rises as the school year draws to a close.

Test of Early Mathematics Ability'3Edition

In an effort to measure goal one of the study, the effects of a CRA irmtalct
model on students’ achievement, twelve children were given the TEMA-3 FornmhA bot
pre- and post-intervention. All students, except one, demonstrated growth fram pre-
post-assessment. One student remained at fAger2entile both pre and post-
intervention. This score does indicate growth for a typical seven year oldtstude
However, the other students’ scores indicated growth exceeding expexied gn this
measurement. The range of improvement on the TEMA-3 was 0 to 30 percentile points.
A paired t-test was conducted to compare the pre- and post- assessment $wyees. T
was a significant increase in the scores pre- (M=32.33, SD=18.13) and post- (M=52.92,
SD=18.54) assessment; t(11)=5.86, p<.001. The students’ scores on the TEMA-3
increased dramatically after the ten week intervention. Table 4.1 repostsitdeats’ pre-

and post-intervention TEMA scores, along with the increase in percentile.
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Table 4.1
Test of Early Mathematics Ability-3 (TEMA) scores expressed in pemntiles

TEMA-A  TEMA-A

Student March June Gain Score
1 12 21 +9
2 19 61 +42
3 68 79 +11
4 42 68 +26
5 21 45 +24
6 21 47 +26
7 42 42 0
8 19 25 +6
9 25 55 +30
10 35 63 +28
11 63 79 +16
12 21 50 +29

When analyzing the target students, it was found that Emily was atthe 21
percentile prior to the intervention. After the intervention, her score rose to'the 45
percentile, an increase of 24 percentile points. Her standard score rose 88naa
below average score, to a 98, an average achievement score. Emily was able to
determine number magnitude for numbers through one hundred, read and identify three
digit numbers, and verbally count by tens through 190. Matt began the study df the 25
percentile and improved to the”SBercentiIe, an increase of 30 percentile points. Matt’'s
standard score rose from 90 to 102, both of which are considered average achievement
scores. He was able to read two digit numbers write three digit numbers, courg by te
through 190, and determine number magnitude through three digit numbers. Table 4.2

specifically reports Emily and Matt’s percentile scores.
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Table 4.2
Selected Students’ TEMA-3 Scores

Student Pre-Intervention Post-Intervention
Emily 21 45
Matt 25 55

Curriculum Based Assessments

The Curriculum Based Measurements (CBM) were used to measure the
development of computational fluency in the first-grade Tier 2 mathematics stualent
defined by the second research question. This measurement was also used as @ene of thre
criteria for inclusion in the intervention. If a student’s median score onrttehiee
CBMs was below 13, he/she was considered eligible for participation in the niterve
Two of the twelve intervention students had median scores above the establishied cri
However, these students fell below the benchmark on both the Lembke-Foegemgcreeni
and teacher evaluations. The CBMs were given to all students in fidgt-grshree
elementary schools in the district. Two of the schools had students which padiaipate
the study. The third school took weekly CBMs which were used as a control group.

At the conclusion of the study, all students demonstrated adequate progress, as

defined by Fuchs and Fuchs. Ten students of the students surpassed the minimum growth
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of three points. Two students met the minimum growth requirements. Three students

met or surpassed the end of first-grade benchmark score of 20. Given the ilowingeg
scores, it was not realistic to expect all students to reach the benchmarkd.Bable

provides the baseline and post intervention data for all students.

Table 4.3
Computation Probes Median Scores
Student Pre Post Increase

1 *9 *15 6
2 *9 *18 9
3 *10 *13 3
4 *7 24 17
5 *12 25 13
6 *8 *11 3
7 13 20 7
8 *10 *15 5
9 *4 *16 12
10 *10 *15 5
11 14 21 7
12 *6 *16 10

*score below benchmark

Three data analysis techniques were used to evaluate the effectvkthess
intervention. The first technique was the use of a Tukey, which provides a visual
analysis of student’s growth by comparing the growth of a student adgeerestpgected
growth, and allows the researcher to compare the expected and actual stmwitmt gr
This analysis demonstrated positive growth for all students. The second technique, the
Percentage of Non-Overlapping Data, which calculates the percent of dataswhich i
above the median baseline score, determined that only three students had mbtbéstha
of their data points below their highest baseline data point. In all three ottsese the
scores which fell below the highest baseline data point occurred at the begihthiag

study indicating the program proved successful for all students after hbseita four
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weeks of instruction. The final method of analysis was the Split Middle Trewd Lin

In this analysis, the trend line of the baseline and intervention data is cadcanet
plotted on a graph, providing evidence that students made greater than expected growth
when instructed using the CRA instructional model. All students exceeded their
projected growth from their baseline data

The target students demonstrated significant gains. Emily’s medienme-
intervention was 9 digits correct out of 30. By the end of the intervention, Emily’s
median score from the last three weeks of instruction was 18 digits correst. Thi
represents an increase of 9 points, 5.5 points above the weekly acceptable gobwsth F
and Fuchs established to assist educators in measuring adequate weekbjigdieaend
of the third week of instruction, Emily’s weekly CBM score increased 5 points and bega
to demonstrate a steady increase, except during weeks seven and ten. Shexldhigpass
end of the first-grade benchmark three times throughout the intervention, sigcific
during the last two weeks of the intervention. Figure 4.1 illustrates Emilggklye

scores.
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Emily's Weekly CBM Scores

CBM score

Figure 4.1 Emily’s Weekly CBM

Matt began the intervention with a median score of four. During last three weeks
of instruction Matt had a median score of 16, an increase of 12 points during the
intervention. He showed an immediate increase in scores of eight points dufingf the
two weeks. However, he had a temporary setback in week six, but showed steady
upward growth after this decline in score. His scores did decline in the ¢tasietks of
the intervention. This could be attributed to the end of the school year, as the
intervention was completed during the last week of school, when students become less
enthusiastic about learning and more interested in summer activitiess MBM¥ scores

are represented in Figure 4.2.



75

Matt's Weekly CBM Scores
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Figure 4.2 Matt’'s Weekly CBM

Both of the CBM graphs indicate a steady increase in the students’ score
throughout the intervention, especially since the final data were collectEstinecek of
school. Emily was able to achieve the end of year benchmark of 20. Matt’s scores
steadily increased throughout the study. In week eleven he did approach the benchmark
scoring a 19. The latency of change on both graphs indicates about two weeks of
instruction was required to facilitate a large increase in the CBM scggesting the
impact of the program requires instruction in number sense before a change taacore
be realized. All twelve students exceeded the recommended rate of gr@@b pbints
per week. Sixty-six percent of the students surpassed the acceptable growii texel
or more points. This positive impact of the instruction is evident in continued student

growth.
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Tukey Method

Another data analysis technique in Single Subject design is the Tukey method,
which provides a visual analysis of student’s growth. By comparing the growth of a
student against the expected growth, the researcher is able to compare exyected a
actual student growth. Figures 4.3 and 4.4 illustrate the expected growthlyh&d
Matt respectively. The graph with Emily’s data indicates a two-poiférdifice between
actual and expected growth in the first two weeks of instruction. After week two, the
growth accelerated well above the expected outcome. By the end of the studys Emil
score was 12 points above the expected growth rate, indicating an acceddeatdd r
growth. Matt’s actual growth also exceeded the expected growth on the CB&k 1We
had the largest difference between expected and actual growth, with a pofgnende
of 12 points. Even at the end of the study, when Matt’s score declined, he remained
seven points above the expected growth. These data give further evidenaelhthat e
student’s overall growth exceeded the expected growth rate when instructed Gstdg

instructional model.
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Figure 4.3 Emily’s Tukey Analysis

Emily's Tukey
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Matt's Tukey
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Figure 4.4 Matt's Tukey Analysis

Percent of Non-Overlapping Data

The percentage of Non-Overlapping data (PND) (Scruggs et al., 1998) provides
another meaningful analysis of the effect of the intervention. Scruggs and Mastopie
(1998) identify PNDs greater or equal to 0.80 as highly effective. All of Endbfa
points during the intervention were above highest baseline data points, as dentbimstrate
Figure 4.5. Her PND score was 1.0 indicating a strong effect from the imierve
program. As stated earlier, her CBM score exceeded the first-grade laekchiMatt’s
PND, as represented in Figure 4.6, was 0.9. Only one data point in the third week of
instruction fell below the highest baseline data point, which indicated the intervent

was highly effective as measured with this statistic.
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Figure 4.5 Emily’'s PND Analysis

Emily's PND

Weeks

79




80

Matt's PND

30
Baseline : Intervention
25

20 A

15 A

CBM Score

Figure 4.6 Matt's PND Analysis

Split Middle Trend Line

The Split Middle Trend Line provides further evidence that the intervention was
successful. In this analysis, the trend line of the baseline and interventiaraelata
calculated and plotted on a graph, providing evidence that students made greater than
expected growth when instructed using the CRA instructional model. The baseline data
for both Emily and Matt indicate the scores are low and seem to be trending downward.
Although it should be noted that the students’ scores most likely would not have
continued downward, rather they would have shown slower growth than was evident on
the graph post intervention. After the intervention began, the scores climbedadya st
rate, although scores can rise or fall from week to week. As indicated dgpbe$the

regression line, Emily showed an average of 1.17 weekly growth. Matt's wgrekiyh
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on the CBMs was .75. Figures 4.7 and 4.8 show the expected growth based on

baseline data, along with the actual growth, adding further to the strength of the

intervention for first-grade students.

Emily's Split Line
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Linear (Intervention)
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Figure 4.7 Emily’s Split Trend Line Analysis
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Figure 4.8 Matt’s Split Trend Line Analysis

Lembke-Foegen Early Numeracy Indicators

All students participating in the study were given the Lembke-Foegen Early
Numeracy indicators, both pre- and post-intervention. This assessment was ilized a
one of three screening tools to identify those students struggling with numerfasy- i
grade. The probes were utilized to screen students for inclusion in the study. d-paire
test was conducted to compare the pre- and post-intervention Early Numerasyf@core
students who received the intervention. There was a significant increase in therNum
Identification probe between the pre- (M=28.92, SD=11.39) and the post- (M=48.08,
SD=10.54) assessment; t(11)=5.68, p<.001. The Quantity Discrimination probe also had

a significant increase in the pre- (M=23.92, SD=8.73) and post- (M=29.33, SD=6.58)
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assessment; t(11)=2.29, p=.04. The Missing Number probes did not have a significant

increase pre-(M=12.08, SD=5.07) and post-(M=14.33, SD=3.65) assessment, t(11)=1.10,
p=.29. Table 4.3 shows student scores both pre- and post- intervention raw scores.

These scores indicate the number of correct answers in one minute.

Table 4.4
Lembke-Foegen Early Numeracy Scores
Winter Scores Spring Scores
Student NI QD MN NI QD MN
1 8* 6* 23 51 28* 6*
2 27* 29 16 43 35 15*
3 32* 15* 13* 67 31 16*
4 33* 26* 13* 63 37 19
5 40 37 17 47 37 19
6 34* 30 o* 46 28* 13*
7 51 25* 8* 59 25* 17
8 15* 17* 4* 31* 13* 13*
9 24* 32 11* 38* 29* 12*
10 29* 30 8* 39* 31 13*
11 34* 23* o* 46 33 17
12 20* 17* 14 47 25* 12*

*indicates score below 25%ile

Emily’s scores are found in Table 4.4. These scores demonstrate that Edely ma
progress in the area of number identification and quantity discrimination, but not in
missing number. The missing number probe required students to fill in the blank in a
pattern that was counting by ones, twos, fives, or tens. This is not a skill covered by the
intervention program, and therefore may not accurately reflect the stugewth in
mathematical achievement and computational fluency. Matt’s scores, as shaatahein T
4.5, indicate he made improvement in the area of number identification. His quantity
discrimination and missing number assessments show little (if any) groletquantity

discrimination score does not align with his improvement in computational fluency, as
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measured on the CBMs or his overall mathematics achievement as measured on the

TEMA. ltis plausible that the lack of performance may be due to the admiivistof
the assessments during the last week of the school year when motivatioiorestedt

persistence may have been lower.

Table 4.5
Emily’s Lembke-Foegen Scores

Assessment Pre-Intervention Post-Intervention
Number Identification 27* 43
(NI)
Quantity Discrimination 29 35
(QD)
Missing Number 16 15
(MN)

*indicates scores at or below the 25%ile
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Table 4.6
Matt’'s Lembke-Foegen Scores

Assessment Pre-Intervention Post-Intervention
Number ldentification 24* 38*
(NI)
Quantity Discrimination 32 29*
(QD)
Missing Number 11* 12*
(MN)

*indicates scores at or below the 25%ile

Growth Curve Modeling

The third research aim of the study was to measure the differences in student
growth on the computational probes. In an effort to add more power to the data analysis
and measure these differences in students’ computational fluency over timi Grow
Curve modeling was used. This model of Hierarchical Linear modeling eathate
heterogeneity of change in scores across individuals. This study was lspecia
conducive to this type of evaluation due to its multiple waves of data, whose values
change over time, and are measured at regular intervals (Singer, et al., Gé8)h
Curve modeling determined the effectiveness of the CRA instructional model on the
intervention group. The model analyzed the shape and rate of change in students’ growth.
For this analysis students, who had met or exceeded the first-grade benchmark of 20 in
March were removed from the data in an effort to remove outlier that may skew the
results of the study.

In many phases of early learning, growth follows a curve, where studamts

begin at different points, and some grow faster than others. In the presentsanhé/se
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treatment group or students who received the CRA instruction was used as@ipredi

of students’ beginning scores (intercept), and also as a predictor of student$’ rat
growth in CBM fluency. In an effort to arrive at a model which best predictedrgtude
growth on the Fuchs and Fuchs CBM, four models were examined. Figure 4.10
compares the data in all of the models.

The first model, an unconditional means model, examined each individual's mean
CBM score without consideration of any predictors. Each student’'s mean score was
compared to the mean for all participants. This first model indicates that tiagave
score on the computation assessments was statistically signifigeedkgr than zero.
When scores were collapsed across time, the average score for all stndbet€BMs
across time was 15.68 with a standard deviation of 0.39. A statistically sighifica
variance in the intercept was found, indicating that students’ mean scores rariadd
grand mean at the beginning of the study. A significant variance in the Lestab&rt)
residuals was found, indicating that each student had scores that varied ardwerd his/
own mean. The Intra-class Correlation Coefficient, which describes haed ¢hee
scores are to each other, for Model 1 was 0.52, suggesting that analyziteyreatiaé
model that accounted for time was warranted.

As described above, results of the unconditional means model warranted
exploration of a second model, an unconditional growth model, which examined student
scores over time to determine if there was a difference in scores as thprsgregssed.
Visual inspection of the data suggested a linear growth pattern, rather thailimecur
growth pattern. Model 2 fit significantly better than Model 1 (difference inahed =

607.6, change idf = 1,p < .001, Pseud& = 36.71). Model 2 indicated that students’
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scores did grow over time, with a mean starting score of 12.36 and a mean growth of

0.58 per week. This model indicated that students had varying intercepts and varying
slopes in their rates of linear growth. There is a statistical diiferan growth over time
between students, and there are differences between students when theindpsgomneis
are considered. No significant relationship was found in the covariance of therslope a
starting score. This finding indicates the need to investigate further thetpredhat
account for the differences in starting scores and growth in students’ ctiopait

fluency.

The third model examined the differences in intercept (starting score)drmetwe
students who received the intervention and those students who were eligible but did not
participate in the intervention, also known as the control group. Model 3 fit significantl
better than Model 2 (difference in deviance = 54.9, chandé=r2,p < .001, Pseudo
Rlintercept= 38.91% Resiope= 0.5%). Those students who were not eligible for the
intervention (due to median scores above twelve points, but less than twenty pibiats at
beginning of the study) had a significantly higher mean intercept of 13.58. The control
group had a starting score of 8.7, while the treatment group had an startingf 8882
The differences between starting scores of the treatment and control greujpuvel to
be statistically insignificant. In the third model, the slopes of the CBM seweenot
modeled as different for control and treatment students; the common slope of grewth wa
0.57. The variance in the slopes was found to be significant; therefore, further inquiry
was warranted to determine if the slopes for students in the treatment grodfreamie

the control group. Variance in Level 1 residuals and intercepts remainedcsighifi
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suggesting there are some predictors that are not accounted for in the model. The

intercept-slope covariance remained non-significant, however.

The final model investigates whether the slopes of growth for students in the
treatment group were steeper than the slopes for students in the control groupt ftode
significantly better than Model 3 (difference in deviance = 60.06, chardfe=i@,p =
.001, Pseud®ercept= 39.03% Rsiope = 5.9%). With regard to intercepts (starting
scores), non-eligible students had a mean intercept of 13.87, which was significantly
higher than eligible participants (8.76) and eligible non-participants (8.67, ). T
results indicate the non-eligible students had a slope of .56. The control group’s slope
was .49, which was found to be statistically non-significantly different than the non
eligible students. However, the treatment group’s slope (.38) was higher than the
control's (.93), statistically significantly greater than the othembers of the study.

This finding indicates a positive effect for the use of a CRA instrudtiondel. Table

4.6 demonstrates questions answered in each model and how the slopes and intercepts
were calculated. Figure 4.9 shows fitted growth trajectories fagible students,

eligible participants, and control participants in the final model, indic#éiiaigstudents in

the treatment group began to close the achievement gap among firstrgitheenatics

students in the study.
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Table 4.7
Individual Growth Model Statistics

Parameter Estimates (SE)

Model 1. Model 2: Model 3: MOde|.4:
Uncond. . Intervention on
Uncond. Intervention
Means Intercepts and
Growth Model  on Intercepts
Model slopes
Fixed effects
Intercept 15.68* 12.36* 13.86* 13.87*
(-39) (.35) (.34) (.34)
Control on intercept 31 -.09
1.17) (1.18)
. -5.19* -5.10*
Treatment on intercept (71) (71)
- .58* .58* .56*
Slope: Time (weeks) (.04) (.04) (.04)
Slope: Treatment x time .38*
(.17)
Slope: Control x time -.07
(.10)
Random effects
Residual L1, estimate 19.20* 12.22* 12.22* 12.22*
(.67) (.45) (.45) (.45)
Intercept, estimate 20.81* 14.26* 8.71* 8.69*
(2.62) (2.08) (1.45) (1.45)
Slope, estimate NA .18* A7 .16*
(.03) (.03) (.02)
(.18) (.15) (.15)
Proportional
reduction in variance
from baseline model
Residual, L1 .37
Intercept .59 .39 .39
Slope <.01 .06
Deviance 10650.65 10043.04 9988.19 9982.98
?rll(?el:(lz s information 10656.66 10055.04 10005.18 10002.97

*p<.01
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Table 4.8
Explanation of Growth Curve Data

Model 1: Model 2: ) Model 4:
Model 3: .
Uncond. Uncond. . Intervention on
Intervention
Means Growth on Intercents Intercepts
Model Model P'S and slopes
Whatis the Is there a Is there a Is there a difference in

median score fc

Question answered by modelall students
collapsed acro

time?
Intercept-start
score 15.68*
(SD) (.39)

Treatment on
intercept

Control on
intercept

Slope: Timggrowth
per week)

Slope: Treatment
X time

Slope: Control x
time

Sgtudents and their

difference between
slopes between the

treatment and control

difference bewVe‘?the treatment and

control starting

intercepts? scores? group?
12.36* 13.86* 13.87*
(.35) (.34) (.34)
-5.19* -5.10*
(.71) (.71)
13.86-5.19=8.7 13.87-5.1=8.76
31 -.09
(1.17) (1.18)
8.7-.31=8.39 8.76-.09=8.67
.58* .58* .56*
(.04) (.04) (.04)
.38*
(.17)
.56+.38=.94
-.07
(.10)

.56-.07=.49
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Summary

The 12 students who participated in the intervention made significant gains on
their weekly curriculum based assessments and the TEMA-3, a math aclmeveme
measure, indicating improvement in student number sense and place value understanding.
The two target students’ growth was indicative of the growth seen dbeosgjority of
the intervention participants. Their CBM scores rose significantly by the eéhd of
intervention, far above the expected growth. The Tukey, Percent of Non-Oveglappin
Data, and the Split Trend Line data all indicate the intervention had a saghificpact
on student computational fluency. Growth Curve modeling adds to the abundance of data
for student improvement. The results of the final model, which indicate the growth in
intervention students’ CBM scores, were statistically greater thamthetstudents’

growth on the same measure.
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CHAPTER 5
DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS
Introduction
This chapter presents an overview of the major findings of a study focused on the
effects of a Concrete, Representational, Abstract (CRA) instructional modaeér 2
first-grade mathematics students in a Response to Intervention (Rtl) modelndihgsf
were discussed and linked to prior research as well as the theoreticatdr&me
Educational implications and recommendations for future studies is offetesl at t
conclusion of this chapter.
Summary of Major Findings
The purpose of this study was to determine whether a Concrete, Representational,
Abstract (CRA) instructional model was an effective model to assisgfiaste students
who were eligible for remedial services under a Response to Interventipm(idel.
All first-grade students in two elementary schools were universally sciresne
prescribed by the Pennsylvania Training and Technical Assistance N¢RedrKAN),
an initiative of the Pennsylvania Department of Education. Each child wasextreen
using three tools. First, students were given Fuchs and Fuchs computation probes once a
week for three weeks. Those students whose median score was below 12 out ef 30 wer
labeled at-risk by this indicator. Next, the students were individually sudsnthe
researcher using the Lembke-Foegen Early Numeracy Indicators. Stoelemishe
35" percentile were identified as being at-risk by this indicator. Finalhghers were

asked to provide a list of students whom they believed were struggling in the
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mathematics curriculum. Only the twelve students who were identified &k dtyra

minimum of two out of three indicators were included in the research study. These
students were given the Test of Early Mathematics Ability-3 both pre- atd pos
intervention to measure their mathematical achievement.

During the intervention, 10 weeks of instruction was provided to the students
three times a week for 30 minutes. A CRA method of instruction was implemented
through a program entitled Expeditions to Numeracy. Students were instructedeon plac
value and addition and subtraction of numbers 0-9 through the use of Digi-blocks and a
ten-frame. Once the concept was mastered, the abstract representatioref
sentences was introduced. Throughout the intervention, all students in first-gitaele at
study sites (regardless of inclusion in the study) were given the FodHh=uahs first-
grade computation probes weekly as a progress monitoring tool to assess conglutati
fluency. Additionally, a control group from a third school in the same district was giv
identical first-grade computational probes. At the conclusion of the studiyddings in
the intervention were given the TEMA-3 a second time to measure growth in
mathematical achievement. Additionally, the Lembke-Foegen Early Magprobes
were re-administered.

The results of the study indicated dramatic student growth on the Fuchs and Fuchs
computation probes and the TEMA-3, with significant growth on the Lembke —Foegen
Early Numeracy probes in the area of Number Identification and Quantity
Discrimination. No significant growth was found in the Missing Number probes. Two
students were chosen as a representative sample of the twelve involved inytherstud

the single subject design. Both target students far exceeded the amtighoatth on the
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computation probes, regardless of the method of analysis used. A visual analysis of

the CBM growth model showed steady progress above the expected growth level. Tukey
and Percentage of Non-Overlapping Data analyses also added to the strémgth of
achievement claim. Although the students did show regression in scores during a few
weeks, the intervention students’ CBM growth far exceeded the control group, vdsch w
comprised of students from the control school whose median score was below 13. In
fact, the achievement of the intervention students began to approach the achievement
level of students who demonstrated typical achievement in first-grade nagitterithe

use of linear growth modeling revealed a statistically significant diffex between those
students who received the intervention and eligible students who did not receive an
intervention.

The TEMA-3 also indicated significant mathematical achievementtgrasv
measured by the instrument. This assessment was meant to measure strdeaitaht
informal mathematics skills, including numeral literacy, number facts, andsiadeing
of the base 10 number system. Participating students showed statisticaligasiggiains
in achievement ranging from 0-42 percentile points, with the average gain of 20.6
percentile points. Clearly the CRA method of instruction, as measured by th&-3EM
was successful for the students who participated in the intervention.

The Lemke-Foegen Early Numeracy Indicators were administered botmnpre-
post-intervention. Initially, the probes were used as part of the screeaggspias an
indicator of number sense in young children. Jordan et al. (2007) have identified number
sense as a predictor of mathematics achievement at the conclusiongrifilest The

probes evaluated students’ quantity discrimination, number identification, ary @bili
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identify numbers missing in a pattern. Emily, one of the target students, densahstrat

consistent growth throughout the probes. Her pre-intervention missing number sgore wa
below the 28 percentile, after the intervention the score rose above the bottom quartile,.
Matt’s score remained in the bottom quartile but increased fourteen points. Bothsstudent
showed growth on the number identification probe. Emily and Matt’s scores on the
missing number probe remained constant.

Lembke and Foegen (2009) identify number identification and missing number
probes as having the highest predictive validity of mathematics achieyemen
compared to teacher ratings of student achievement. The correlation wias aimeh
compared to the TEMA-3, especially in the spring of first grade. These datatshppor
rise in TEMA-3 scores for Matt and Emily, but lack of growth on some Lembke-Foegen
probes. The probes were designed for kindergarten and first grade students; however
Matt and Emily were at the end of first-grade, when growth on the probes begms to sl
(Lembke & Foegen, 2009). In fact due to this slower growth rate, Lembke and Foegen
guestion the use of these probes as a progress monitoring tool at the end afdiérst gr

Links to Prior Research

The framework for this study originates in Bruner’s theory of Cognitive
Development. This framework asserts that knowledge is developed through three modes
of representation that allow the student to construct an understanding of his/herdyorld:
enactive, 2) iconic, and 3) representational models (Bruner, 1966). The Concrete,
Representational, and Abstract (CRA) instructional model is based on thesvfoaknand
provided the foundation for the instruction offered in the study intervention. In this

model, students started with concrete objects to represent numbers on a terniFnagne
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first progressed to writing numbers which describe the formations on the temdram

finally to writing addition and subtraction sentences. In addition, studentsdvarke

solve activities that presented only abstract number sentences. This modexfiers
instruction for students in mathematics and assists the learner in construsimig gful
knowledge of numbers, thus developing the students’ number sense. The Expeditions to
Numeracy program provided students with the necessary instructionaliestivit

increase both their number sense and computational fluency achievement.

Maccini and Hughes'’s (2000) meta-analysis of literature of studetitdearning
challenges found few studies focused on the development of conceptual knowledge.
Their analysis, along with that of Kroesbergen and VanLuit (2003), indidasdéthe use
of explicit models to teach conceptual understanding, such as the CRA instructional
model used in this study, delivered successful outcomes for students with learning
challenges. Using the State of Pennsylvania’s model for Response to Inberversults
from this study reinforce these research findings, and further undesgberimportance
of explicit instruction in place value and computational fluency for strugglargées.

The instructional model, which utilized direct and explicit instruction to develop
conceptual understanding, was determined to be more effective for teactimtaots.
Clement and McMillian (1996) favor the development of number sense through the use
of manipulatives, believing it to be crucial for the development of computationatfiue
Combined use the ten-frame, along with the Digi-blocks, facilitated stugeotsess
from the concrete to the abstract level of understanding. The students pictuesd the
frame in their mind as they completed basic addition and subtraction problems. These

findings support earlier research in the use of manipulatives, which inditatetts
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with conceptual understanding of the physical objects to effectively lighten the

cognitive load of the student when mastering a new concept (Ball, 1992; Kaput, 1989).
Students’ evolving use of their fingers throughout the study further supports tileeobal

the ten-frame in relieving the cognitive load for students. Students begatzethgir
fingers as a ten-frame and utilized them more effectively, with maeryteally dropping
their use altogether. Subtraction proved to be more challenging for the studeamtgs
students were only beginning to master the abstraction of subtraction by the end of the
study. All students were able to successfully use the ten-frame for botiomddid
subtraction.

Henry and Brown (2008) cite the importance of assisting children in the
development of automaticity in recall of basic facts. They determined thabB&%t
graders continued to use counting strategies at the end of first gradejngdicat
students need to develop efficient strategies and conceptual understanding to become
computationally fluent. This study furthers this research and provides &satdgch
have proven effective in the development of computational fluency. This study includes
the use of the ten-frame and explicit instruction first in the development of plaee va
understanding, and then in its application to sums of zero to nine. Furthermore, this study
adds to research by Henry et al. (2008), suggesting that there is a sgretgatinship
between fact-derived strategies and memorization of facts.

Miller and Mercer’s (1993) study compared the amount of time necessary for
students to “crossover” to recall basic addition facts when they received agjRéach
to the instruction. This study’s results concur with their findings that tbrimeit weeks

is the average time necessary for students to begin mastering basiCdactsilum-
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based measurement scores in this study rose after approximately threefveek

intervention, and continued to rise at a statistically significantly paocaghout the
intervention, thus indicating an increase in the students’ computational fluemcys&h

of the ten-frame was an integral piece of the intervention and provided the foundation for
the CRA instructional model.

Although there have been no studies using the CRA instructional model in a first-
grade Response to Intervention model, the data cited in this study support the use of the
model for young students. Many studies have cited successful use of a CRA ntlodel wi
early elementary students who have mathematical learning diffic(Biigker, Miller,

Crehan, Babbitt, & Pierce, 2003; Flores, 2009; Miller, Harris, Strawser, Jones,c&iMer
1998; Miller & Mercer, 1993). This study adds to this literature and begins to gatesti
the use of the model for students identified as at-risk in mathematics.

The results of the TEMA-3 confirm research indicating a strong correlation
between basic fact fluency and mathematics achievement on standardizethasse
(Kilpatrick, Swafford, & Findell, 2001). Early intervention for students strugghkn
crucial. Assisting low-achieving first-grade mathematics studentsstlmvstudents to
begin to close the gap with their typically developing peers. Without such intierve
the gap between the high achievers and at-risk students continues to widen (Rasanen,
Salminen, Wilson, Aunio, Dehaene, 2009). Clearly, the improvement on the TEMA-3,
an achievement assessment, indicates that instruction using the CRA imsalutiodel
via the Expeditions to Numeracy program with the use of ten-frames proves to be a

valuable tool for students in a Tier 2 Response to Intervention model.
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Limitations of the Study

There are limitations due to the nature of the study. The first limitation issthe
of students who were not randomly selected for this intervention. The sample was a
sample of convenience. The 12 students in the study attended first grade at the two
elementary schools where the researcher is employed. Students were dmsen fr
sample of approximately 150. However, only those students who were having difficulty
in the regular mathematics curriculum were included in the study. This nuraber w
limited by the scope of the Rtl model. By design only 10-15% of the students should be
eligible for a Tier 2 intervention. If the number of eligible students wegedait would
indicate a flaw in either the teacher’s instruction or the district’sattiam. In this study
approximately 10% of the population was eligible for and received services.

A second limitation is the sample size of 12 students. However, the nature of an
Rtl model by definition requires a small number of students. The single subjgct des
and the use of linear growth modeling were designed to account for this limitation.
Students’ scores were analyzed individually in the single subject analygsisiffort to
effectively evaluate individual growth. Linear growth modeling added to therpmiwe
the research model (Singer & Willett, 2003). Thus the model for this study ificgbci
designed to compensate for a small sample size. Additionally, the reseeashable to
compare a significantly larger control group’s CBM scores to the suljeitts current
study, even when a few data points were missing in the control group.
A final limitation is the selection process for the control group. Students in thelcont
group were identified as at-risk based solely upon their median score on tttediest

computational probes. Students in the invention group were subjected to further
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screening via the Early Numeracy probes and teacher recommendations. Control

group students did not receive this extra level of screening. It is possible thatnooee or
students could have been eliminated from the control group (reclassified as aygic

not at-risk) had they received these two additional screenkegsedition to Numeracy
intervention results indicated that computational fluency scores for the treagroap

grew at a significantly higher rate than did fluency scores for the cagmboop. If, in
actuality, the control group included students who were incorrectly includid in t
control group of at-risk students, then the study results for the success of Expedition t

Numeracy are even moselbstantial

Summary of Conclusions

This study was designed to evaluate the effects of a CRA instructional amodel
Tier 2 first-grade mathematics students in an Rtl modNel Child Left BehindNCLB)
and thendividuals with Disabilities Ac(IDEA) have heightened the awareness of the
need for reform in the methods used to identify for special education. TheoBl was
developed in response to this legislation. This model is divided into three tiers, #ach wi
screenings for learning challenges. All students begin in Tier 1 with a slarzised
education. Students labeled as non-responders, due to lack of adequate progress in Tie
1, are then placed in a Tier 2 intervention where they receive intensive, helsasec
instruction in a small group. Weekly or bi-weekly progress monitoring is used to
evaluate student progress throughout the intervention. Those students who are non-
responders in Tier 2 move to Tier 3 where they receive more intensive interventions,

which may include special education placement.
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The TEMA-3 is part of Tier 2 monitoring, and is designed to assess formal

mathematics knowledge, including number literacy and the concept of place value.
Results from this study indicate dramatic student growth. This assessaseused to
evaluate the students’ development in number sense and place value. The TEMA-3
provides the assessor with a standard score, called the Math Ability Share, w
provides an overall assessment of a students’ mathematical achievementerft die
the intervention, 9 of the 12 students participating in the study scored in the average
range on the TEMA-3, indicating a gain in their mathematics achievemengtiout the
study. In fact, two of the students scored in the above average range at thehend of t
study. All but one student in the study demonstrated growth on the TEMA-3, as
measured by an increase in standard score.

The effects of a CRA instructional model on students’ computational fluency
were measured through the use of weekly CBMs administered to afjriucde-students.
Only those students who had not yet met the first-grade benchmark were included in t
analysis of growth over time. If a child had reached the benchmark at thaibggf
the study, he/she continued to take the weekly CBM, but his/her scores were notcexclude
in this study. All intervention students included in the study demonstrated caguifi
growth in CBM scores throughout the study, meeting or exceeding the recmad
weekly growth of 0.35. Two-thirds of the students exceed the recommended growth by
two or more points.

Analysis of the CBM data indicates the strength of the study inteoveniihree
methods of Single Subject Design analysis were used to evaluate thesehdstfiest, T

the Tukey method, demonstrated positive growth for all students. The secondsanalysi
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method, the Percentage of Non-Overlapping Data, revealed that scordgdecor

below the highest baseline data point occurred at the beginning of the study and
accounted for 10% or less of all CBM scores. Thus, the program proved successful fo
all students after about three to four weeks of instruction. The final method of analysi
was the Split Middle Trend Line, which revealed that all students (but oneddexte
their projected growth from their baseline data. The lone student followed theegkpec
growth and grew by 3 points on the computation probes by the end of the study.

Analysis of student growth on the CBMs, as well as the variables that affect t
change, was also analyzed using Growth Curve Modeling. The slope of the linear
regression line demonstrated the growth in CBM scores over the course ofithe st
This final method of analysis indicated that intervention group’s slopetatistisally
significantly greater than the slope for other members of the studyctjra
intervention group’s slope also exceeded the slope for students progressingcla ty
first-grade level who were therefore not eligible for services. Seslylts clearly
indicate a statistically significant effect when using a CRA instroal model with Tier
2 students in a Response to Intervention Model.

Educational Implications

The results of this study indicate a Tier 2 intervention using a CRA instructional
model is able to improve student achievement in computational fluency. These findings
have several educational implications. First, this study provides a model thafcan
prove successful in an elementary school. The Lembke-Foegen Early Numeracy
indicators, CBM computation probes, and teacher recommendation identified the

appropriate students in need of a Tier 2 Rtl intervention. Additionally, the CRA
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instructional model, via the Expeditions to Numeracy program, provided instruction

that assisted in the improvement of students’ over-all mathematical atieietvand
computational fluency. Itis crucial that policy makers at the school digvielt develop
creative scheduling that allows teachers to provide additional instructiorthiemmetics
to struggling students. In this study, intervention students continued to attend their
regular instruction in mathematics and received their tiered instruction.

A second educational implication of the study underscores the need for early
intervention for first-grade students struggling with mathematics. Matingin
educational community hope that struggling students will eventually catch lgirto t
peers as they mature and develop. In some instances this may be the case;ihiswever
the best interest of a child to provide specific educational opportunitieslitafadhis
growth. There is compelling evidence that this is especially true for nyistudents, as
the gap often widens for these students if specialized instruction is not oféarebynd
(Alexander, Entwisle, & Olson, 2007). ldentifying students before the discrepancy
between their mathematical achievement and their peers becomesagmficrucial.
However, many schools are reluctant to conduct formal educational evaluations on
students in first-grade due to staffing and monetary concerns, as Walss 1Q and
achievement tests for young children.

A final implication involves the use of a CRA instructional model in first-grade
classrooms. There are many studies which validate the effectiveness Afradciel in
the classroom (Butler, Miller, Crehan, Babbitt, & Pierce, 2003; Flores, 200&rMill
Harris, Strawser, Jones, & Mercer, 1998; Miller & Mercer, 1993). Studies have als

shown the power of manipulatives in the classroom (Ball, 1992; Clement and McMillan,
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1996; Kaput, 1989; Reys, 1971). This study has shown the appropriateness of this

model in an Rtl intervention using Digi-blocks and ten-frames. The Expedition to
Numeracy program provided systematic instruction through the use of manigsikatid
the ten-frame. Ten-frames are scattered throughout many firstigettiematics
textbooks. However, few programs offer on-going instruction in its use, or development
of place value skills beyond ten, using this valuable tool. The foundation of the CRA
instruction in this program was the use of the ten-frame. Remedial mattematic
programs should incorporate the development of place value and number sense
understanding through the use of this tool. In fact, every primary classroom saeeilld h
frequent instruction involving the use of a ten-frame in place value development and
computational fluency skills.
Recommendations

This study has provided valuable insights into the use of an Rtl model with first-
grade mathematics students. The CRA instructional model proved valuable to students
with needs in the area of computational fluency and over-all mathematics achigve
The following recommendations are offered to further the study of Rtl and the use of a
CRA instructional model:

1. Future studies should investigate the long-term effects of this intervention
on students’ mathematical achievement. This study followed students for
approximately 12 weeks. Following students throughout the early
elementary years could uncover the learning patterns of students who

would later be identified as having a mathematical learning disability.
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2. Future studies should determine if the use of this model was able to

decrease the number of students placed in special education. Future
research is necessary in order to further investigate the value of early
intervention in computation and global mathematics achievement, thereby
allowing students to develop strategies to assist in overcoming learning
challenges earlier in their academic experience.

3. It would be helpful to replicate this study in a larger setting that involves
students from different socio-economic backgrounds to confirm these
findings. This study was conducted in a suburban school district with 12
students from higher socio-economic families than is the norm in most
public schools.

4. While the CRA instructional model has been used with many different
populations, the Expeditions to Numeracy program has not been formally
assessed with diverse populations. Future studies should specifically
investigate program use with a more ethnically diverse student body.

5. A future study finding relationships between the CRA instructional model
and the development of problem solving proficiency in first-grade students
should be investigated, as students’ skills in problem solving were not
investigated in this study.

Clearly, there has been sufficient evidence presented to validate thetlisdroif
and CRA instructional model to increase first-grade student achievement in
mathematics. The results are promising, as they identify an instruatiodal which

can increase first-grade student achievement in the areas of compufaiemal and
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global mathematical achievement. More research in the area of earlyeirtton in

mathematics is critical for mathematics reform in the United States
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APPENDIX A
LEMBKE-FOEGEN INSTRUMENT

MNumber Identification, Fall—1

MNumber Identification

Example

Missing Number, Fall—1

Missing Number
Example 1
01 2 1 3 4 5 10 15
Chuantity Discrimination, Individual—1
Examples
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APPENDIX B
EXPEDITIONS TO NUMERACY
CURRICULUM

# EXPEDITIONS TO NUMERACY
A Place-Value-Based Intervention for K-4

Place Valué

City

;. Ordering and Comparing Numbers 0-19

. Counting by Tens

: Equivalent Block Representations

I Place Valus Meaning or Three-Digt Numbers
j umbers 0-

2 Ordering and Comparing Large Numbers

Add’n’Subtract 1. _Adding on the Ten-Frame
Town

..................................................................

2: Using Numerals to Add and Subfract Three-Digit
Numbers

B 2: Subtracting Large Numbers 2
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L

EXPEDITIONS TO NUMERACY

A Place-Value-Based Intervention for K-4

Place Value 910 | 1. One Two,Three 5 .
City .2;_Counting Objects o 10. .l 1
_3:_Reading and Writing NumeralsOto 10 . | 7.
4 _Mafching NumeralsandSets | 10
5 More, tess, Baual |18
6:_TenframeFormafions . ] 7.
I:_OrdinalWords and Numbers . 4.
8 TenOnesEqualOneTen .1 . f 9.
8. _Benchmarkswitin 010 4 5.

10: Counting Backward from 10 6
ounting Pest 10 | 5 .
lace Value Meaning for Tesn Numbers | - 0

3
byTens 5
rTwo-Digit Numbers | 7.
Ordering Numbers0-99 | 7.

3
lace Value Meaning for Three-Digit Numbers 1 6.
omparing and Qrdering Numbers 0999 | 4

3
.1 _Place Value Meaning for Large Numbers | 6

2
Add’n’Subtract 1 Adding on the Ten-Frame | "
Town ubiracting on the Ten-Frame | {3
ressions and Equations [ 3.

5
lace Value Addition (No Regrouping) | ... 7.
TR 8 .
Xpressions and Equations 1 3.

8
. Place Value Two-DigitAddion | 6

7
Using Models to Add and Sublract Three-Digit Numbers | 7

Using Numerals to Add and Subtract Three-Digit 8

Numbers

: Adding and Subfracting Large Numbers 3

"2 Subtracting Large Numbers | 2
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APPENDIX C
DIGI-BLOCKS

Block-of-1000

Block-of-100

Block-of-10

H Single

Block
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APPENDIX D
STUDENT PROGRESS RECORD SHEET
(Sample pg. 1 of 5 Place Value City)

Name

Student Progress Record for Place Value City 0-10

Performance Criterfa for Mastery
4: The student performs the task easily and with no errors.
3: The student performs the task with a few minor errors.
2: The student has difficulty performing the task and makes frequent
and/or significant errors.
1: The student is unable to perform the task.

Pre-test: The student receives a score of 4.
Post-test: The student receives a score of 3 or 4.

- Exploration *{ ‘Learning Objective. | AssmtTask’ : core:

.| Demonstrate the Task 1 as
| concepts 1,2, and 3. Pre-test

Task 1 as
Post-test

I Count objects fo 10. Task2 as
Pre-test
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APPENDIX E
EXPEDITIONS TO NUMERACY
FIDELITY SELF-CHECK
... Date:
1. Pre-and post-test according to 5: Always : Usually 3: Sometimes 2: Seldom
instructions. 1: Never
‘Comments:
2. Have each student working at hisor | 5: Always : Usually 3: Sometimes 2: Seldom
her level, based on pre-test results. 1: Never
Comments:
3. Prepare each lesson before teaching| 5: Always : Usually 3: Sometimes 2: Seldom
it. 1: Never
Comments:
4. Teach to the lesson objective. 5: Always : Usually 3: Sometimes 2: Seldom
1: Never
Comments:
5. Follow the lesson procedure. 5: Always : Usually 3: Sometimes 2: Seldom
1: Never
Comments:
6. Engage every student in learning. 5: Always : Usually 3: Sometimes 2: Seldom
1: Never
Comments:
7. Challenge each student to his or her| 5: Always :Usually 3: Sometimes 2: Seldom

potential.

1: Never

8. Check for evidence of learning |__5:Aways __ 4:Usually  3: Sometimes_2: Seldom _




before advancing to the next lesson. 1: Never

Comments:
9. Maintain instructional materials for 5: Always 4: Usually 3: Sometimes 2: Seldom
every student in an individualized 1: Never

binder or folder. L
Comments:

10. Keep student progress sheets up-to- 5: Always 4: Usually 3: Sometimes 2: Seldom

date.

Comments:

1: Never
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APPENDIX F
FUCHS AND FUCHS
CURRICULUM BASED ASSESSMENT

Sheet #1 Computation 1

Password: ACT
LwatINES Date:
A B C D E
0 7 0 54 7
+3 +3 +7 +33 +2
F G H I I .
10 9 0 6 8
-4 bl ) =9 =5
K L M N 0
10 8 10 1 6
-1 -1 -7 7 -2
- o T +1
P Q R s T
65 45 5 8 7
+23 -4 +1 3 -5
T +0
U Y W X Y :
8 99 10 9 9
1 -8 -3 =7 1

& 1598 by PRO-ED, lr;:.

Bl A AP LD Ll Al A B R B Ll Al B O el el A el LF e e e e e e = = = = - o
1 —
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APPENDIX G
IRB CONSENT

""‘ College of Education

i TEMPLE UNIVERSITY

Curricuium, (nstruction and phone 215-204-2117/8377
Technology in Education - OITE fax 215-204-1414

130 . Mgore Avenue
! d Floor {003-00;
Philaclalphia, PA 19122

Participant’s Name:

February 23, 2010

" Project Title: The Effects of a Concrete, Representational, Abstract (CRA) Instructional Modelon Tier2™
First Grade Mathematics Students in a Response to Intervention Model: Educational Implications for
Number Sense and Computational Fluency

Investigator(s) Name(s), Department, Phone Number:
Student Investigator; Julie Eastburn, Doctoral Candidate, CITE Department
Principal Investigator: Jacqueline Leonard Ph.D., CITE Department (215) 204-8042

My name is Julie Eastburn and I am completing my dissertation in Mathematics Education at Temple
University. I am conducting a research study to determine if a CRA instructional model can help students
develop number sense and computational fluency (rapid math fact recall). Your child has been identified as
a student who may benefit from additional instruction in mathematics. As in previous years, a mathematical
support program is being offered to students who have shown areas of need in regular clagsroom
performance and assessment. The support program I am offering works hand-in-hand with the regular
classroom curriculum. Your child will have greater opportunities, in a small group setting, to get specific
help in areas that he or she may be struggling with in the classroom. Thirty minutes of instruction will be
offered three times a week for 12 weeks. I will be using a program entitled Expeditions to Numeracy, a
base-10 intervention program that targets number sense and operations. It operates under the idea that
numeracy, the ability to understand and work with numbers, underlies success in mathematics. Its goal is to
identify gaps in student knowledge and provide systematic instruction to fill those gaps while developing a
strong base for continued mathematical growth. [ will be assessing your child’s mathematics achievement
and monitoring his/her weekly progress. These results will be available at the end of the study.

The information ¥ collect on your child’s progress will be kept confidential. Furthermore, your child’s name
will not be used. An ID number will be assigned to refer to him/her during the study. There are no risks to
participating in this study. However, your child will benefit from participating in small group activities to
improve his/her skills in math.

Your questions about the study are welcome at any time. Please call me at 215-944-1541 or email me at
julicast@temple.edu. Your child’s participation in this study is voluntary. There is no penalty for not
participating. It will not affect your relationship with your child’s school or teacher.

Questions about your rights as a research subject may be directed to Mr. Richard Throm, Institutional
Review Board, Temple University, 3400 N. Broad St., Philadelphia, PA 19140, phone (215) 707-8757.

Signing your name below indicates that you have read and understand the contents of this Consent Form
_and that you agree to allow your child to take part in this study. You may withdraw consent at any time.

Parent Consent Date

Principal Investigator’s Signature Date
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APPENDIX H
STUDENT ASSENT

&l College of Education

@ TEMPLE UNIVERSITY

Curriculum, Instruction and
Technology in Education - CITE
1301 Ce Moore Avenue
Ritter Hall Floor {003-00)
Philadelphia, PA 19122

Minor Assent Form

TITLE: The Effects of a Concrete, Representational, Abstract (CRA) Instructional Model

on Tier 2 First Grade Mathematics Students in a Response to Intervention Model:
Educational Implications for Number Sense and Computational Fluency

Mrs. Julie Eastburn, Math Education, Temple University

I am planning to see how first grade students learn about
numbers and learn their addition facts.

If you want to be involved, I will meet with you three times per
week to practice your math skills.

You can ask me questions any time about what I am studying.
Questions about your rights as a research subject may be directed to Mr. Richard Throm,

Office of the Vice President for Research, Institutional Review Board, Temple
University, 3400 N. Broad Street, Philadelphia, PA, 19140, (215) 707-8757.

Signing your name below means you understand what we will be doing
and you agree to take part in this study.

Participant's Signature Date

Investigator's Signature Date




