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This thesis consists of a single subject multiple baseline study of a math 

intervention for students with behavioral challenges.  Students with behavioral 

challenges were given instruction using a concrete, representational, abstract (CRA) 

sequence in Algebra problems requiring transformations on both sides of the equation.  

This study examined maintenance of those skills.  Results indicate that while accuracy 

decreased from the post-intervention to maintenance phases, scores remained well-above 

baseline levels indicating that the students retained understanding of the concepts taught.  
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Chapter 1: Introduction 

 

  I have had the privilege of being both a teacher and a behavior specialist in 

a suburban high school outside of Austin, Texas for the past six years.  During that time, I 

have observed and personally noted the relationship between academic success, student 

behavior, and future success after high school graduation.  In the spring of 2011, I had the 

opportunity to participate in a research study involving academic interventions for our 

students, based on student need.  A review of student grades, state standardized test 

scores, student self reports and teacher reports indicated that students receiving our 

behavior support services had a strong need for academic interventions in the area of 

math, specifically in Algebra I.    Thus, my supervising professor suggested a math 

intervention for purposes of my internship and my thesis committee approved studying 

the maintenance of these skills as the topic for my thesis.   

In this thesis, I begin by outlining the challenges surrounding academic 

interventions for students with emotional and behavioral disorders (EBD), as by 

definition they have behavioral challenges which impact their academic performance.  I 

then review the math intervention study we conducted with students with challenging 

behavior who participated in the Behavior Program at a suburban high school.   Finally, I 

present the results and discussion of my study on the maintenance of these math skills 

and suggest recommendations for further study. 
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CONTEXT 

The past decade has seen a trend in education toward inclusion and academic 

accountability for all students, including those with disabilities.  The accountability 

associated with high stakes testing has forced districts to focus on teaching core subject 

content to all students (Vannest, Temple-Harvey, & Mason, 2009).  Making documented 

academic progress is essential for districts to meet their annual goals (Vannest, Temple-

Harvey, & Mason, 2009).  However, despite efforts to demonstrate improvement in 

academic achievement, students with challenging behaviors such as students with EBD 

continue to experience significant academic deficits across all subject areas (Nelson, 

Benner, Lane, & Smith, 2004).  Although the push for inclusion has resulted in nearly 

82% of students with EBD being served in inclusive settings (U.S. Department of 

Education, 2001), students with EBD continue to lag behind peers, often at a rate of one 

or two years below grade level (Trout, Nordness, Pierce, & Epstein, 2003). The inability 

to keep up academically impacts youth not only while they are in school, but also limits 

their options upon graduation (Carter & Lunsford, 2005).  Additionally, many students 

with behavior challenges do not graduate.  In 2004-2005 an average of 48% of students 

with EBD dropped out of school (U.S. Department of Education, 2007), continuing an 

ongoing trend (U.S. Department of Education, 2001).   This may be caused by student 

perceptions of school as a nearly impossible task, particularly for students with behavior 

challenges who are consistently unable to negotiate the social and academic demands 

school presents (Lane, Barton-Arwood, Nelson, & Wehby, 2008 ).  Eventually, students 
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with EBD have negative employment outcomes, more risk for substance abuse, and a 

high need for ongoing mental health services (Walker, Ramsey, & Gresham, 2004). 

ACADEMIC INSTRUCTION 

Until recently, research on interventions for students with EBD has focused 

mainly on behavioral interventions.  Given that academic underachievement is a criterion 

listed in the federal definition for emotional disturbance in IDEIA 2004, it is not shocking 

that these students underperform (Mooney, Epstein, Reid, & Nelson, 2003).  However, 

when compared with other disability groups, there is a lack of research on academic 

interventions for this population (Mooney, Epstein, Reid, & Nelson, 2003; Reid, 

Gonzalez, Nordness, Trout, & Epstein, 2004).  Additionally, poor behavior may prevent 

teachers from providing academic instruction or impelementing research based 

interventions (Wehby, Lane, & Falk, 2003; Reid, Gonzalez, Nordness, Trout, & Epstein, 

2004; Sutherland, Alder, & Gunter, 2003).  Further complicating the issue, behaviors 

may be exacerbated when students are presented with academic tasks they find 

unpleasant (Lane, 2004).  The level of  problem behaviors that a student exhibits often 

predicts his or her academic performance (Lane, Barton-Arwood, Nelson, & Wehby, 

2008 ).  In the absence of effective interventions, this cycle of negative behaviors and low 

academic performance becomes more firmly established and increasingly resistant to 

intervention (Walker, Ramsey, & Gresham, 2004; Nelson & Kauffman, 2009). 

Current research suggests that instruction that elicits higher levels of student 

engagement often leads to appropriate behavior (Nelson, Benner, Lane, & Smith, 2004; 
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Scott, Nelson, & Liaupsin, 2001; Haydon, Borders, Embury, & Clarke, 2009; Sugai & 

Horner, 2008).  Although there are relatively few studies on the academic progress of 

students with EBD, existing studies consistently show little to no improvement over time 

(Siperstein, Wiley, & Forness, 2011; Dunlap, et al., 2010; Lane, Wehby, Little, & 

Cooley, 2005).  Undoubtedly, the challenge of providing engaging instruction at an 

appropriate level of academic challenge to students with EBD is related to the variation 

and intensity of both their behavior challenges and their often comorbid academic 

challenges (Maggin, Wehby, Moore-Partin, Robertson, & Oliver, 2011; Nelson & 

Kauffman, 2009).  Theoretically, if use of effective instructional practices (such as those 

outlined in chapter two of this thesis) are increased, then academic achievement and 

classroom behavior will both improve (Sutherland, Wehby, & Yoder, 2002).  Sugai and 

Horner (2008)  cite the need to demonstrate and document ―variables that will enhance 

our knowledge and work with the academic-behavior relationship‖ (p. 73).  Kauffman 

(2010) stresses the need to focus on methods for increasing the use of evidence based 

academic interventions for students with EBD.  These leaders in the field of Emotional 

and Behavioral Disorders recognize the need for more research on and implementation of 

academic interventions for students with EBD.   

 In a recent review of published articles in Behavioral Disorders, a premier journal 

published by the Council for Children with Behavioral Disorders, only 35 articles 

published between 1975 and 2010 focused on academics (Gage, Lewis, & Adamson, 

2010).  Of those 35 studies, 33 addressed reading.  While reading is considered a gateway 

skill to success for other school subjects and a necessary skill for many employment 
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settings (Trout, Nordness, Pierce, & Epstein, 2003), other core academic areas carry 

significant importance.  For example, proficiency in mathematics is important for a 

variety of jobs and future educational pursuits (National Council of Teachers of 

Mathematics, 2010).  Algebra is particularly important for a wide variety of employment 

opportunities and to open the doors to study more advanced mathematics (Witzel, 

Riccomini, & Schneider, 2008).   

Students with behavior challenges who demonstrate academic deficits in math do 

not improve over time.  In fact, without interventions, academic deficits in math increase 

(Nelson, Benner, Lane, & Smith, 2004).  When compared to peers their own age, students 

in secondary grades demonstrate relatively lower skill sets in mathematics than students 

in primary grades (Lane, Barton-Arwood, Nelson, & Wehby, 2008).  This may be due to 

pacing of curriculum, gaps in sequencing lessons in math textbooks, and teachers feeling 

that they do not have enough time to explicitly teach concepts from earlier grades (Wiztel 

& Riccomini, 2007).    Research pertaining to instruction and intervention in mathematics 

is critical to helping students improve their math knowledge and skills. 

 Between 1990 and 2000, ten studies examining math interventions for students 

with EBD were published (Lane, 2004).  All ten studies were in self-contained 

classrooms, with five studies in self-contained schools (Lane, 2004).  Few studies address 

math for students with EBD, and even fewer concern students with challenging behavior 

such as EBD who receive all of part of their mathematics instruction in inclusive settings 

(Reid, Gonzalez, Nordness, Trout, & Epstein, 2004).   
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MAINTENANCE  

 While a focus on academic instruction is critical for students identified as at-risk 

to be successful (Scott, Nelson, & Liaupsin, 2001),  also critical is students’ need to 

maintain skills as well as generalize them to different settings.  Maintenance refers to the 

ability to maintain skills over a period of time and generalization pertains to the ability to 

use knowledge and skills learned under different conditions, with different people, and in 

different contexts (Chandler & Dahlquist, 2010).   

Studies have shown that academic performance declines in direct relationship to 

the restrictiveness of setting, with students in self-contained classrooms performing lower 

academically when compared to students in general education settings (Lane, Wehby, 

Little, & Cooley, 2005; Maggin, Wehby, Moore-Partin, Robertson, & Oliver, 2011; 

Smith, Katsiyannis, & Ryan, 2011). However, the use of small-group instruction in more 

restrictive settings has been associated with higher rates of student engagement and 

teacher support for students with EBD (Baker, Clark, Maier, & Viger, 2008) and may be 

useful for teaching key skills or strategies.  Thus, of particular importance for students 

with significant behavior challenges such as EBD is the ability to generalize skills 

learned during instruction in more intensive settings for independent student use in the 

general education classroom (Trout, Nordness, Pierce, & Epstein, 2003; Reid, Gonzalez, 

Nordness, Trout, & Epstein, 2004).   

While it may be necessary to create a structured environment for students to 

initially learn and safely practice skills (Lane, Wehby, Little, & Cooley, 2005), this is not 
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sufficient, and skills must be then transferred and applied to produce appropriate behavior 

across varied settings and conditions (Kavale, Mathur, & Mostert, 2004).    In the past, 

behaviors seen when rewards and punishments were implemented did not carry over 

across settings and were not maintained long-term (Nagle, Erdley, Carpenter, & 

Newman, 2002).  An additional consideration in generalization across settings is the need 

to build intrinsic motivation so that students to continue to perform skills in the absence 

of artificially proscribed external rewards and punishments (Lane, Wehby, Little, & 

Cooley, 2005).   

STATEMENT OF THE PROBLEM 

Teachers must focus instruction on ways to help students sustain what they have 

learned through continued use, particularly when they are in a less structured setting 

without more intensive instructional and behavioral supports.  Carr (1988) suggests that 

the whole purpose of teaching new skills is to generate meaningful change.  While Carr 

was primarily referring to the behavioral domain (Carr, 1988), the same wisdom can be 

applied to the academic domain as well.  In order for students with EBD to fully benefit 

from academic interventions, research is needed not only on the interventions themselves, 

but also on on whether specific strategies will help these students maintain and generalize 

the skills they have learned. 

PURPOSE AND RESEARCH QUESTIONS 

 

 This study focused on the use of a math strategy for students with challenging 

behavior such as EBD at the high school level.  In the intervention phase, were taught to 



8 
 

use concrete, representational, and abstract (CRA) methods to solve algebra problems.  

The purpose of this study was to determine maintenance effects of CRA strategy 

instruction, and while baseline and postintervention phases are outlined, the primary 

focus of this study is on maintenance of skills.  The following research questions were 

addressed: 

 

1.  Do students with challening behavior who have previously shown 

mastery of multi-step algebraic equations with the same variable on both 

sides after receiving instruction using a modified CRA sequence 

demonstrate maintenance of their performance over time? 

 

2. To what extent do students with challenging behavior who have been 

given instruction in concrete and graphic representations of multi-step 

algebraic equations with variables on both sides maintain use of this 

modified CRA strategy? 
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Chapter 2: Literature Review 

 

 While research in specific academic interventions for students with challenging 

behavior is lacking, there is a body of evidence suggesting various instructional strategies 

that may increase student participation and engagement, therefore resulting in improved 

behavior and more learning. Academic deficits exhibited by students with behavior 

challenges may be exacerbated by lack of effective academic instruction, which is in turn 

also related to their behavior (Sutherland, Wehby, & Yoder, 2002).   The instructional 

environment for students with challenging behavior such as EBD must be modified to 

include behavior interventions and positive behavior supports to optimize student success 

(Maggin, Wehby, Moore-Partin, Robertson, & Oliver, 2011).  Thus, in reviewing the 

literature, this paper begins with a review of behavior interventions pertinent to this 

study.  The following section focuses on instructional practices effective for students with 

EBD, as many of these practices are incorporated into the instructional methods used in 

this study.  The final section in this literature review focuses on math interventions, 

particularly on the concrete-representational-abstract (CRA) sequence of instruction. 

BEHAVIOR INTERVENTIONS 

 A thorough review of behavioral interventions for students with behavior 

challenges is beyond the scope of this thesis.  However, it is important to note that 

positive behavior supports and a system of rewards played a key role in instruction with 

the participants in this study.  Witt, Vanderheyden, and Gilbertson (2004) suggest a three 

tier pyramid model for classroom management.  In this model, appropriate academic 
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instruction is the most basic and essential foundational component, followed by well 

taught and reinforced positive behavior expectations and finally consistent, accurate 

teacher responses to inappropriate behavior  (Witt, Vanderheyden, & Gilbertson, 2004).    

For students with behavior challenges such as EBD to achieve academic success, it is 

critical for teachers to create a warm, supportive environment that includes instuction 

characterized by a high level of proactive structure, which is related to improved behavior 

and engagement (Baker, Clark, Maier, & Viger, 2008).     

Setting        

 An essential feature for any intervention, academic or otherwise, for students 

with EBD is effective behavior supports including, but not limited to, ―clearly stated rules 

and behavioral expectations; consistent rule monitoring; immediate and uniform feedback 

and positive corrective actions for rule infractions; consistent and predictable schedules 

and routines; appropriate and supportive learning environments including lighting, 

sounds, heating and cooling, storage, and so forth; sufficient and suitably designed and 

identifiable space for learning, social, and other activities; developmentally appropriate 

schedules and transition opportunities; developmentally appropriate and organized 

classroom materials; elimination of high-traffic classroom and school areas that are prime 

areas for disruption and behavior problems; and seating arrangements that are based on 

unique and individual student needs and tendencies and predispositions‖ (Simpson, 

Peterson, & Smith, 2011, p. 235).  It is assumed that these behavior supports are in place 

in most behavior support settings designed to serve the needs of students with EBD.   
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Active Supports 

In addition, supports for students with EBD include active supervision by teachers 

and staff and positive reinforcement in the form of edible, tangible, and social rewards 

(Sugai & Horner, 2008).  Active supervision refers to continual teacher feedback to 

praise desired behaviors in a manner appropriate to each individual student and to 

intervene early in the cycle of behavior escalation to prevent more severe problem 

behaviors from occurring whenever possible.  Positive reinforcement refers to providing 

rewards for behaviors based on individual student goals and reinforcement preferences.  

It is important to change rewards to keep them both interesting and appealing to students 

as needed. 

INSTRUCTIONAL PRACTICES 

 Academic engagement through delivery of instruction that is appropriately 

targeted to students needs is a critical tool for managing behavior, as students who are 

engaged academically are by the very nature of engagement also behaving in a more 

desirable manner.  Rather than a focus on behavior interventions, comprehensive 

classroom management includes modifying instruction by both ensuring an appropriate 

level of rigor for each student and also ensuring appropriate methods of instructional 

delivery for student engagement (Witt, Vanderheyden, & Gilbertson, 2004).   

In a study on academic engagement, Baker, Clark, Maier, and Viger (2008) 

identified interactive teaching where students play an active role in instruction as 

particularly effective for increasing student engagement.  When compared with direct 
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instruction, individual seatwork, and group work, students with EBD reached an average 

level of engagement (as compared to typically developing peers) only in highly structured 

small group work and interactive teaching (Baker, Clark, Maier, & Viger, 2008).    

 Although studies specifically addressing math interventions for students with 

EBD are lacking, there are some instructional strategies that have proven effective.  

Active instruction, praise, and opportunities to respond have a reciprocal relationship in 

increasing student engagement and providing effective instruction (Maggin, Wehby, 

Moore-Partin, Robertson, & Oliver, 2011).  An increase in opportunities to respond 

simultaneously establishes an increase in opportunities for teacher praise of correct 

student responses (Sutherland, Wehby, & Yoder, 2002); this in turn leads to desirable 

student behavior and allows for more active instruction (Sutherland & Oswald, 2005).   

Opportunities to Respond 

A key element to effective instruction is providing high rates of opportunities to 

respond (Haydon, Borders, Embury, & Clarke, 2009; Lane K. , 2004).  Opportunities to 

respond refers to the number of academic requests that elicit an active response from the 

students, whether this be verbal, written, physical (such as thumbs up/thumbs down) or 

using a prop (such as cue card with ―true‖ on one side and ―false‖ on the other.  Increased 

opportunities to respond result in increased student engagement during instruction for 

students with EBD as well (Sutherland, Alder, & Gunter, 2003; Moore-Partin, Robertson, 

Maggin, Oliver, & Wehby, 2010; Vannest, Temple-Harvey, & Mason, 2009).     
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The Council for Exceptional Children (CEC; 1987) published guidelines 

regarding instructional strategies for teachers and specifically addressed increased 

opportunities to respond.  When introducing new material, teachers should elicit four to 

six responses per minute at 80% accuracy; during independent practice of familiar 

material, teachers should elicit eight to twelve responses per minute at 90% accuracy 

(Council for Exceptional Children (1987), as cited in Sutherland, Alder, & Gunter, 2003).  

Choral responding, response cards, errorless learning, and wait time are four specific 

instructional strategies that teachers may use to meet these standards (Haydon, Borders, 

Embury, & Clarke, 2009).   

 

Choral responding 

  In choral responding, teachers present a simple question such as, ―A negative 

number times a negative number gives us a…‖ and the class responds in unison, 

―…positive number.‖  If there are students who do not engage in choral response, the 

teacher can give the correct answer and ask the question again.  Another strategy is to 

incorporate ocassional individual questions to keep students engaged.  The brisk pace 

teachers set during choral responding increases attentiveness;  as a result, students are 

less likely to engage in off task or disruptive behaviors (Haydon, Borders, Embury, & 

Clarke, 2009).    
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Response cards 

  Response cards can be in the form of white boards on which students write their 

answers, or in the form of preprinted cue cards that have words such as ―yes‖ printed on 

one side and ―no‖ printed on the other.  During instruction, teachers can easily assess 

student learning with a quick visual assessment, thus enabling teachers to reteach or 

explain concepts to students who may not be comfortable asking questions or admitting 

they do not understand.  The use of response cards both increases student engagement 

and prevents students from losing interest while waiting their turn to answer a question 

(Haydon, Borders, Embury, & Clarke, 2009).   

Errorless learning 

   In errorless learning, the teacher embeds the answer into the question.  For 

example, ―A negative times a positive is negative.  What is a negative times a positive?‖   

Errorless learning is particularly helpful to engage students who may otherwise use 

disruptive behavior to avoid academic tasks they find difficult (Haydon, Borders, 

Embury, & Clarke, 2009).  An essential component to errorless learning is to avoid 

students becoming dependent on it by fading the prompts over time—introducing a 

concept initially with a large number of prompts and then decreasing the prompts over 

time to increase student independence with tasks (Haydon, Borders, Embury, & Clarke, 

2009).  By using errorless learning, teachers increase student engagement and confidence 

in their learning. 
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Wait time 

  Wait time uses a pause between teacher question and student response in order 

to allow students an opportunity to process the question and formulate an answer.  

Typically a wait time of 3 to 5 seconds is recommended.  Wait time can be formally 

incorporated when the teacher asks a question and then counts aloud ―one-one thousand, 

two-one thousand, three-one thousand, four-one thousand, five-one thousand.‖  For those 

who prefer not to speak outload, the teacher can make a point of looking at a stopwatch 

or clock, so that students know not to answer during those three to five seconds, thus 

giving all students increased time to respond (Haydon, Borders, Embury, & Clarke, 

2009).   

 Praise 

 Praise and positive reinforcement are almost universally recognized as important 

tools in the classroom, yet teachers neglect to use these tools as often as they themselves 

state is ideal (Kauffman, Bantz, & McCullough, 2002).  Students with EBD who may 

need to receive even more praise and positive reinforcement than their peers typically 

receive even less. In general, teachers provide less praise to students with EBD as 

compared to their peers, with teachers in both general education and special education 

settings praising students approximately twice in a fifteen minute period, significantly 

below the recommended rate (Maggin, Wehby, Moore-Partin, Robertson, & Oliver, 

2011).  The skilled use of praise to increase positive behavior has been shown to 
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simultaneously increase desired behaviors such as academic engagement in students with 

EBD (Moore-Partin, Robertson, Maggin, Oliver, & Wehby, 2010).   

 It is important to use both skill and caution when implementing praise for students 

with EBD.  Moore-Partin, Robertson, Maggin, Oliver, & Wehby (2010) outline several 

considerations.  First, praise should be explicitly linked to behaviors the teacher wishes to 

see increased.  Second, statements of praise should include informative feedback on 

specific behaviors.  Third, praise should provide opportunities for positive and 

meaningful interactions.  Fourth, students’ skills and levels of performance should be 

considered when providing praise, with praise given individually for each student based 

on his her current goals.  Last, teachers should self-evaluate the effectiveness of their 

praise. 

Active Instruction 

 Active instruction refers to presentation of academic materials via lecture, multi-

media, demonstration, or discussion.  Active instruction is critical to mathematics, and 

the use of multiple methods of instructional delivery is clearly proven effective in the 

literature (Baker, Gersten, & Lee, 2002).  While these general strategies are an important 

consideration that may be used to modify methods for direct instruction, research for the 

exact implementation of subject specific direct instruction is needed (Maggin, Wehby, 

Moore-Partin, Robertson, & Oliver, 2011).   
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Think aloud 

 Although ―think alouds‖ were initially used in language arts, they are also a valid 

strategy for use with sturggling students in math (Shellard, 2004).  In a think aloud, the 

teacher models solving a problem, while saying out loud very explicit steps as the student 

should be thinking them.  For example, in the math problem, ― 4 – (3x + 6) = 7,‖ the 

teacher might say, ―I know I need to use order of operations first.  I can’t do anything 

with what is inside the parentheses because they are not like terms.  I know this because 

the groups do not have the same variable raised to the same power.  There aren’t any 

exponents.  I can multiply negative one times the quantity three x plus six.  There is only 

a minus sign there, but I remember that there is an invisible one in front of everything, so 

it’s a negative one…‖ and so forth.   

I do, we do, you do sequence 

 An ―I do,‖ ―we do, ―you do‖ sequence of instruction is a form of scaffolding 

direct and active instruction.  In the ―I do‖ portion, the teacher models how to solve a 

problem or complete a task.  After the students have seen the problem or task modeled, 

often accompanied by a ―think aloud,‖ they are encouraged to complete the problem or 

task with the teacher in the ―we do‖ portion.    In this portion, the teacher may cue the 

student and prompt them to answer questions about what is done next.  Finally, in the 

―you do‖ portion students complete the problem or task independently while the teacher 

checks their work for understanding. 
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Self-monitoring 

   Self-monitoring as an academic intervention is a relatively new intervention being 

studied for use with students with EBD (Mooney, Ryan, Uhing, Reid, & Epstein, 2005).  

Of particular interest in the area of math is strategy instruction, wherein a student is 

taught a series of explicit steps to follow independently to solve a problem.  This may 

include a checklist for student use.  Additionally, students may self-monitor their own 

progress by setting goals for their learning and graphing or charting their learning 

progress. 

MATH INTERVENTIONS 

In a joint public statement, the National Council of Teachers of Mathematics 

(NCTM), the Association of State Supervisors of Mathematics (ASSM), the National 

Council of Supervisors of Mathematics (NSCM), and the Association of Mathematics 

Teacher Educators (AMTE) have established standards for mathematics instruction.  

They argue against lowering standards for the curriculum for students of different 

abilities, and instead advocate for effective adaptations and teaching methods so that all 

students can learn essential math skills (National Council of Teachers of Mathematics, 

2010).  They list four central principles for mathematics instruction: 

1. All students need to develop mathematical practices such as solving problems, 

making connections, understanding multiple representations of mathematical 

ideas, communicating their thought processes, and justifying their reasoning. 
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2. All students need both conceptual and procedural knowledge related to a 

mathematical topic, and they need to understand how the two types of 

knowledge are connected. 

3. Curriculum documents should organize learning expectations in ways that 

reflect research on how children learn mathematics. 

4. All students need opportunities for reasoning and sense making across the 

mathematics curriculum—and they need to believe that mathematics is 

sensible, worthwhile, and doable.     (National Council of Teachers of 

Mathematics, 2010) 

 While research focused on instructional interventions to aid students with EBD in 

meeting these standards is lacking, research on math interventions for students with LD 

may be helpful.   There are many similarities between academic characteristics of 

students with EBD and students with LD (Lane, Carter, Pierson, & Glaeser, 2006; 

Sabornie, Evans, & Cullinan, 2006); in fact students with EBD and students with LD 

often have similar academic profiles in the early grade levels (Anderson, Kutash, & 

Duchnowski, 2001).   

General Instructional Strategies 

Math strategies for struggling students include schema-based instruction, 

cognitive strategies, scaffolding, peer-mediated instruction, mnemonics, and concrete-

representational-abstract (CRA) sequence of instruction (Cole & Washburn-Moses, 

2010).   



20 
 

Schema-based instruction 

 Schema-based instruction emphasizes skills to break down word problems and 

understand the structure of problems.  Students are explicitly taught to diagram specific 

parts of the problem to understand how to proceed.  They may work backwards to 

determine the goal of the problem and discern what question is being asked in order to 

solve an equation (Maccini, Mulcahy, & Wilson, 2007).   

Cognitive strategies  

Cognitive strategies in mathematics focus on solving problem steps.  For 

example, students learn the acronym ―STAR,‖ which includes Search the word problem, 

Translate the problem, Answer the problem, and Review the solution (Maccini & 

Mulcahy, 2005 as cited in Cole & Washburn-Moses, 2010).   These strategies can include 

a checklist for students to use as they implement the strategy. 

Scaffolding   

Teachers use scaffolding as a way of building new information onto previously 

learned material.  This cognitive framework helps students make connections between 

previous materials and what is currently being presented.  This approach makes use of 

explicit modeling by the teacher using a structured review of previously learned material 

prior to having students investigate how to expand on this material to solve a new 

problem (National Council of Teachers of Mathematics, 2010).  For example, if students 

already know how to use inverse operations to solve, ―x – 7 = 14‖ and ―2x = 8‖ the 
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teacher may review those problems and then ask students how they think they would 

solve, ―3x – 4 = 28.‖   

Peer-mediated instruction   

Peer-mediated instruction provides opportunities to engage in mathematical 

communication by working collaboratively on structured activities (Cole & Washburn-

Moses, 2010) and enhances achievement (Baker, Gersten, & Lee, 2002).   A common 

structure is for both students to take turns in the roles of tutor and tutee with explicit 

instructions on expectations for each role.  An example of this is a set of problems 

numbered one through six.  The first student has the answers to the first three problems.  

The second student has the answers to the last three problems.  The expectation is that 

they will work through the problems that they do not have the answers for, and then help 

each other to check their work.  Both students also have a script for what to say when the 

problem is solved incorrectly by the tutee which may include items such as, ―Check your 

work on step two,‖ or ―Did you make sure to notice all the positive and negative signs?‖   

Mnemonics   

Mnemonics refers to a word sequence or technique for improving memory and 

has been effective for students with EBD in the past (Vannest, Temple-Harvey, & Mason, 

2009).  An example of this is the made up word, ―PEMDAS‖ or ―Please Excuse My Dear 

Aunt Sally,‖ to help students remember that the order of operations for simplifying an 

expression is Parentheses, Exponents, Multiply and Divide, Add and Subtract.   
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Concrete, Representational, Abstract Sequence 

In examining math interventions for students with LD, Maccini et al. (2007) 

identified using a concrete-representational-abstract (CRA) sequence of instruction as an 

effective math intervention.  The CRA sequence is taught using an explicit, structured 

teaching framework that encourages student participation and engagement, emphasizes 

understanding of the task, and breaks the more abstract concepts down to concrete tasks 

until mastery of each level of understanding is reached (Miller & Hudson, 2007).  CRA 

has been effective for students with LD who are learning Algebra I at the high school 

level (Witzel, 2005).   

In this sequence, mathematic concepts are first presented using concrete 

manipulatives, then concepts are practiced using representational pictures or drawings, 

and finally abstract numbers most reflective of traditional instruction are used (Maccini, 

Mulcahy, & Wilson, 2007).  At the secondary level, this sequence has been effective 

through tiered instruction starting with concrete or hands-on activities, moving to pictoral 

representations, and then transferring understanding to more abstract symbolic notation 

such as traditional numbers and variables (Witzel, Riccomini, & Schneider, 2008; 

Maccini & Ruhl, 2000).   The sequence must be presented as a whole, as connection from 

one stage to the next is essential for learning the skill and understanding underlying 

concepts (Witzel, 2005). 

Although research exists on the use of a CRA sequence of instruction for students 

with LD and at-risk for failure (Kroesberger & VanLuit, 2003), the effectiveness of this 
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type of strategy for students with challenging behavior is unknown.  The CRA sequence 

of instruction may be as effective for students with challenging behavior as it is for 

students with LD.  However, due to their emotional and behavioral needs some 

modification may be necessary.  For example, some students were able to focus through 

the entire lesson, which typically lasted fourty-five minutes.  For others, this lesson was 

broken down into two separate instructonal periods.  In those instances the instructor 

ended the instructional session before the student became distracted, thereby eliminating 

the need for a student to exhibit problem behaviors in order to escape the task.   

Additionally, positive rewards were given based on student preference for successful 

completion of lessons, as this tends to increase productivity (Witt, Vanderheyden, & 

Gilbertson, 2004).   

For students with challenging behavior, it is essential that teachers have a method 

of instructional delivery that allows teachers to provide a match between academic 

demands and student ability to meet those demands (Baker, Clark, Maier, & Viger, 

2008).  In a CRA instructional sequence, students can progress through the different 

phases: concrete, representational, and abstract as students are ready to do so.  Also, 

future use of manipulatives is encouraged and supports differentiation within the 

classroom as students are encouraged to use the tools that work best for them at their 

present levels of understanding.  This ease of adaptibility is key instructional component 

for teachers to provide when they are working with diverse groups of students with 

challenging behavior (Baker, Clark, Maier, & Viger, 2008). 
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 The CRA sequence addresses many of the instructional strategies identified as 

effective for students with challenging behavior, explained as follows.  As part of the 

CRA sequence, students are presented with numerous representations of the concept. By 

requiring students to play an active role in the instruction, the CRA sequence naturally 

provides students with engaging, interactive learning through the use of manipulatives, 

drawing representations, and finally performing abstractly.  Interactive teaching leads to 

increased academic engagement (Baker, Clark, Maier, & Viger, 2008).   

As students learn to make connections between the concrete, representational, and 

abstract representations, the CRA approach helps them develop a strong understanding of 

mathematical concepts (Miller & Hudson, 2007).  The NCTM standards above are 

addressed by having students relate both conceptual and procedural knowledge, 

particularly when related to higher concepts such as those taught in algebra (Witzel, 

Mercer, & Miller, 2003; Witzel, 2005).  Additionally, students are taught how to use 

multiple representations of problems and to justify the accuracy of their representations.  

Students can be taught to generalize these skills by applying them to word problems 

(Witzel, 2005). 

The use of this modified CRA sequence as presented appears to be associated 

with improved algebra performance for students with challenging behavior.  Instructional 

strategies, such as CRA, that promote improved academic outcomes with students must 

be used; however, another significant concern is whether students maintain use of the 

strategy. 
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Chapter 3: Method 

 

 In this study, I focus on the maintenance of CRA strategy instruction.  In this 

chapter, I begin by outlining the behavior support setting in which this study took place.  

I then describe the participants and give demographic data, academic data, and presenting 

behaviors for each participant.  Next, I describe the procedures, including 

accommodations that were made for some participants based on their behavior 

improvement plans (BIP), attention span, and moods.  This is followed by a section on 

social validity and treatment integrity.  Finally, procedures for data analysis are reviewed. 

SETTING 

 This study took place in a suburban high school with an enrollment of 

approximately 2,200 students.  For the school district, the student population is 67.9% 

Caucasian, 20.8% Hispanic, 5.2% African American, 4.9% Bilingual/ESL, and 22.6% 

Economically Disadvantaged (Texas Education Agency, 2010).  This particular high 

school within the district offers a range of behavior support services to students who 

qualify for special education services and demonstrate a need for more intensive behavior 

supports. 

 Behavior support services at this school include a Guided Study support lab for 

scheduled and pull out academic tutoring, academic resource level classes in the behavior 

setting, a rewards center, a cool down area, vocational services in the behavior setting, 

and an in school suspension area specific to behavior support services.  Each of these 

components is located in a separate classroom.  Based on individual student need, 
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students who receive behavior support services may access some or all of these support 

options.  For purposes of this study, the Guided Study support lab, academic classes, and 

in school suspension area are relevant.  Also relevant is the district alternative education 

placement for disciplinary actions, or DAEP. 

The setting for instruction varied, based on student need.  All three participants 

received behavior support services.  They had access to academic support as a component 

of these services via a tutorial center known as ―Guided Study.‖ Staff members in the 

Guided Study room provided academic and organizational supports as part of behavioral 

support services.  All three students were enrolled in an academic tutorial lab in the 

Guided Study room at least every other day for 45 minutes.  Additionally, all three 

students were permitted to leave their general education or resource classes for support in 

the Guided Study room as needed.  For two of the three participants, Dylan and Josh, the 

baseline, intervention, and post-intervention phases of the study were implemented 

during scheduled tutorial lab time in the Guided Study room.  Maintenance was tested in 

this same setting for Josh.  Dylan was placed in the district alternative education 

placement (DAEP) for disciplinary action. Maintenance for Dylan was tested in pull out 

sessions in a conference room at the DAEP.  

The third student, Chris, received instruction as part of his resource math class 

which took place in another of the behavior support rooms.  The intervention was 

presented to all students in the resource math class.  Chris received instruction both in his 

math class (lesson one) and in one-on-one instruction when he had been assigned to in 
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school suspension (lesson two).  However, due to scheduling constraints, Chris was 

moved to individualized math instruction, created to accommodate his choice in career 

and technology classes.  Chris received lesson three of the original study in this 

individualized setting and was also tested for maintenance in this setting. 

PARTICIPANTS  

  Due to attrition and extenuating circumstances three students completed the 

entire study from baseline through postintervention and maintenance.  These three 

participants will be referred to as ―Dylan,‖ ―Chris,‖ and ―Josh‖ which are pseudonyms 

used for confidentiality purposes.  All three participants qualified for this study based on 

their need for intensive behavior support services and math interventions.  This was 

determined by placement in behavior support services by ARD
1
 committee decision, and 

by having specific math goals and objectives in each participant’s Individualized 

Education Plan (IEP). All three participants were enrolled in the 10
th 

grade, are all 

Caucasian, all male, and all receive behavior support services (see Table 1: Participant 

Demographics).  Two of the three participants are classified as economically 

disadvantaged. 

         All three participants have been enrolled in special education since elementary 

school, and all three participants received structured behavior support services in middle 

school.  Thus, students have a history of receiving behavior support services prior to high 

                                                           
1
 ARD refers to Admission, Review, Dismissal Committee in Texas, often termed the IEP team in other 

states 



28 
 

school.  Student records indicate that all three participants have often been removed from 

the general education setting for disciplinary and behavior reasons.  All participants have 

received behavior support services for academic assistance.  The participants typically 

access this academic assistance for math as well as other subject areas. 

Table 1:     Participant Demographics. 
 

 

             Characteristic Dylan Chris Josh 

 

Age 

 

15 

 

14 

 

15 

Gender Male Male male 

Ethnicity Caucasian Caucasian Caucasian 

Primary Language English English English 

Primary Qualifying Condition OHI (ADHD) OHI(ADHD) LD 

Secondary Qualifying Condition LD none OHI(ADHD) 

Instructional Setting for Math general 

education 

resource 

setting 

general 

education with 

modified 

content 

 Note.  OHI= Other Health Impaired.  ADHD=Attention Deficit and Hyperactivity Disorder.  LD=Learning    

Disability 

 Academically, the three participants received their academic instruction in 

different settings at different levels.  This includes instruction in general education with 

accommodations, resource service, or general education with modifications.  They also 

participated in instruction on a variable basis in the behavior support setting for various 

content and skill areas. 

 Even though none of these three participants were actually classified as having 

EBD they all have Behavior Intervention Plans (BIPs) and their behaviors were 
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consistent with the emotional and behavioral profiles of students with EBD.  For 

example, while students are noted to have many strengths, they are also noted to 

demonstrate defiant and verbally aggressive behaviors under normal circumstances, 

which is consistent with the definition of EBD (U.S. Department of Education, 2004).  

The students’ BIPs indicate a need for students to manage their moods and frustration as 

well as appropriately seek assistance.  Their BIPs also suggest frequent breaks, 

prompting, firm guidelines, and one-to-one support as well as positive reinforcement.  At 

least one student does better if given an outline of how to complete the task.  For all three 

participants self-confidence in math is a particular limitation even though for two of the 

participants math appears to be a relative strength.   

DESIGN 

 This study employed a single subject multiple baseline design across participants 

with three distinct phases:  a baseline phase, a post-intervention phase, and a maintenance 

phase. Participants all began in the baseline phase until a stable trend (flat or declining) 

was demonstrated for a participant.  The first participant to demonstrate a flat or 

declining trend in baseline was entered into the intervention phase while the other 

students remained in baseline where they continued to take probes until the student in the 

intervention phase demonstrated a stable trend in the intervention phase.  This process 

continued until all three students entered into the intervention phase.  This was followed 

by the maintenance phase in which students participated after they had demonstrated a 

stable trend on the postintervention probes. 
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MEASURES 

 A series of 20 different probes consisting of five algebra problems each were 

created for the study.  Probes were chosen at random for each student.  If the chosen 

probe was one the participant had already taken, it was returned to the pile and another 

randomly selected.  In this way, no probe was given more than once to a particular 

participant. 

  The five algebra problems on each probe were taken directly from section 3.4 of 

the Algebra I textbook, related workbook and extended practice materials adopted by the 

participants' high school (Larson, Boswell, Kanold, & Stiff, 2007).  Each probe contained 

two simple problems with transformations on both sides of the equal sign, such as "4x + 2 

= 16 - 3x."  The remaining three problems were more complex, including simplifying by 

combining like terms and use of the distributive property.   

  Participants were encouraged to do the best they could and manipulatives were 

available for student use both in the baseline and postintervention phases.  Participants 

were also permitted to use a graphing calculator.  They were instructed to answer each 

problem.  The probes were scored based on full credit for a correct final answer and no 

credit for an incorrect final answer.   

  During the maintenance portion, participants were again randomly given probes 

from the same pool of 20 probes.  Again, if the chosen probe was one the participant had 

already taken in any phase of the study, it was returned to the pile and another randomly 

selected.  This continued to ensure that no probe was given more than once to a particular 

participant. 
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  During the maintenance portion of the study, participants were encouraged to do 

the best they could and permitted to use a graphing calculator.  Participants were 

instructed to answer each problem.  If the participant answered a problem incorrectly or 

declined to answer a problem writing that they did not know how to do it, the instructor 

offered to review the problem with the participant.  Only problems solved correctly by 

the participant with no instructor assistance were scored. 

PROCEDURES 

 

Baseline    

 In the baseline phase of the study, students were given probes to assess their 

performance with the types of algebra problems that they would be introduced to in the 

intervention.  As dictated by the multiple baseline methodology used for the study, 

students remained in the baseline condition for as long as necessary to demonstrate a 

stable trend. 

Intervention 

In the intervention phase, three lessons lasting approximately 45 minutes each 

were presented either in their entirety or in sections, dependent on instructor observations 

of participant interest and ability to maintain attention.  After a pattern of growth was 

established, the instructor waited a period of two weeks before probing for maintenance 

of skills. 
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In lesson one (see Appendix A), students were introduced to the manipulatives.  

Plastic chips were used to represent variables, with one color denoting positive variables 

and another color denoting negative variables.  Ten-sided dice were used for numbers, 

again with one color denoting positive values and another color denoting negative values.  

Lesson one focused on single variable equations with positive and negative numbers.  

Positive and negative numbers were reviewed, and rules for adding/subtracting to both 

sides of the equal sign and multiplying/dividing both sides of the equal sign by something 

were demonstrated.  The instructor reviewed the order of operations for combining like 

terms if needed.  Then, the instructor taught one-step equations and combining like terms.   

Lesson two (see Appendix A) focused on transformations on one side of the equal 

sign.  The instructor reviewed concepts from lesson one and went over the order of 

operations for combining like terms.  The steps to solve two-step equations were 

demonstrated, and the steps ―add or subtract first, then multiply or divide‖ were explicitly 

taught.  The instructor then reviewed and modeled solving equations involving the 

distributive property. 

Lesson three (see Appendix A) focused on transformations on both sides of the 

equal sign.  The instructor reviewed concepts from lesson two, including ―add or subtract 

first, then multiply or divide‖ and concepts such as ―combining like terms‖ from lesson 

one as needed.  The instructor then explicitly taught the steps needed to solve equations 

with variables on both sides of the equal sign, and emphasized that it does not matter 

what side of the equal sign the variable ends up on, both can be correct. 
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Each lesson consisted of four steps.  In the first step, the instructor reviewed 

previous lessons or prior knowledge (such as the review of operations with positive and 

negative numbers at the start of lesson one).  This step was repeated as needed when the 

lesson was presented in separate chunks to accommodate for student interest/attention.  In 

the second step, the instructor modeled the concept using manipulatives.  In this step, the 

instructor first modeled solving the problems with manipulatives and spoke aloud what 

they were thinking as they demonstrated.   

Then, the instructor prompted the student as they worked though problems 

together.  Finally, the instructor watched as the student solved the problem 

independently.  This follows an, ―I do, we do, you do‖ sequence.  This sequence is 

repeated in the third and fourth steps, where the concept was practiced representationally 

(drawing pictures) and finally in the more traditional abstract manner using numbers, 

symbols, and variables. 

 In the intervention phase of the study, through the  series of three lessons broken 

into chunks as needed to accommodate for student interest/attention, students re-learned 

algebra basics such as: combining like terms using order of operations, solving multi-step 

single variable equations, solving multi-step equations with a single variable on both 

sides, equations involving multiplication and distribution, and equations that have no 

solution or infinite solutions.  In the first lesson, the instructor introduced the 

manipulatives to show how different colored disks represented positive and negative 

numbers.  Likewise, the instructor showed how different colored ten-sided dice 
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represented positive and negative numerals.  The instructor modeled how the positive 

manipulatives and the negative manipulatives cancel each other out, as in (-3) + (+3)= 0.   

The instructor went through all three ―I do, you do, we do‖ stages of practice for the 

concrete application of the concept being taught.  In the representational phase, the 

instructional modeled concepts being taught by drawing triangles or circles to represent 

variables and numbers in boxes to represent the numerals previously presented on dice.  

Again, the instructor went through all three, ―I do, you do, we do‖ stages of practice, this 

time in the representational application of the concept being taught.   Finally, the 

instructor again went through all three, ―I do, you do, we do‖ stages of practice for the 

abstract application of the concept being taught, writing the letters to represent variables 

that most of us are used to seeing in a traditional algebra class.  The same tools and 

phases of instruction were used in all three lessons.   

 Maintenance of skills learned in the intervention phase was emphasized in this 

study.  After the instructional phase and postintervention probes, the instructor waited a 

period of at least two weeks before administering the probe for maintenance purposes.  

Each probe titled a ―learning check,‖ consisted of five problems taken directly from 

section 3.4 of the Algebra I textbook (Larson, Boswell, Kanold, & Stiff, 2007) adopted 

by the school district in which this study took place.   

Maintenance 

 Prior to beginning maintenance learning checks, students were told that they were 

to complete the learning check independently, but that if they need help after they had 
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made a strong attempt, they would receive assistance to complete the remainder.  The 

need for assistance or not was noted by the instructor on each learning check.  Checks 

were scored by two individual scorers using the formula number of problems agreed on 

as correct divided by five, then multiplied by 100.  Only those problems completed 

independently were scored for data analysis purposes.  Two learning checks were used 

for each student in an effort to assess maintenance. 

 During the two week period between postintervention and assessment for 

maintenance in the current study, students were asked to solve problems and apply their 

knowledge of different types of problems in their current Algebra and Geometry classes, 

including problems involving cross multiplication and two variables.  Students were 

given access to manipulatives and encouraged to use them as needed to solve problems.  

Students were observed as they completed problems and use of manipulatives (or the lack 

thereof) was noted for each participant in the study.  Student comments and observations 

from teachers were noted during this period. 

SOCIAL VALIDITY 

 Social validity was measured with an  eight question survey (see Appendix C) 

that was designed to determine how the experience was perceived by students and how 

likely students felt they were to use CRA strategies in the future.  This questionnaire was 

administered by a teacher familiar to the student but unfamiliar with the students’ 

participation or results in the study, away from the instructor to enhance student comfort 

in answering honestly. 
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TREATMENT INTEGRITY 

 Treatment integrity for the intervention phase of the study was evaluated (see 

Appendix B) on 33% of instructional sessions by a trained observer, including at least 

one instructional session for each of the three participants.  Trained observers consisted 

of one graduate student and one university faculty member.  The intervention was found 

to have been implemented as designed, with the instructor complying with 100% of 

treatment components including having manipulatives available for student use, problems 

being solved following the learning chart and appropriate section of the Algebra I 

textbook, the instructor introduced the concept to be learned today and  reviewed 

previous materials learned, the instructor followed an ―I do, we do, you do‖ format, the 

instructor modeled ―think aloud‖ during the ―I do‖ portion, and the instructor encouraged 

student during ―you do‖ portion and did re-teach if needed.  Additionally, the instructor 

completed the fidelity checklist to rate their own work for 100% of treatment sessions.  

Self ratings indicate the instructor complied with 100% of treatment components.   

 During the maintenance phase, a trained observer, consisting of a trained 

instructional assistant, observed 50% of the probes or ―learning checks‖ to be sure that 

maintenance procedures including: assistance only after students have completed as many 

of the problems as they could complete independently, scoring of only problems 

completed independently, and accurate documentation of the extent and nature of any 

assistance provided by the instructor including the extent and nature of this assistance.  

All observed learning checks were rated as 100% in compliance.  Additionally, all 

maintenance learning checks were self-rated by the instructor at 100% in compliance. 
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INTERSCORER AGREEMENT 

 All probes or ―learning checks‖ in baseline, post-intervention, and maintenance 

were scored for accuracy.   A second scorer independently scored each student’s baseline, 

post-intervention, and maintenance learning checks for accuracy.  Interscorer agreement 

is calculated using the formula for interobserver agreement which is equal to Agreements 

divided by Agreements + Disagreements multiplied by 100 [Agreements ÷ (Agreements 

+ Disagreements) x 100].  Interscorer agreement was calculated to be 100% across 

baseline, post-intervention, and maintenance conditions.   

 Scores for treatment integrity on the fidelity checklists for implementation of 

instruction and maintenance probes were calculated using the same formula as above, 

[Agreements ÷ (Agreements + Disagreements) x 100].  Interscorer agreement was 

calculated to be 100% across implementation of instruction and all maintenance probes. 

DATA ANALYSIS 

 Data analysis consisted of visual inspection (Horner, Carr, Halle, McGee, Odom, 

& Wolery, 2005) on multiple baseline graphs showing student baseline pre-intervention, 

post-intervention, and maintenance scores on the probes or ―learning checks‖. Data was 

graphed and visually inspected to determine the degree to which students maintained the 

skills.  Maintenance was considered successful when the student’s maintenance probes or 

―learning checks‖ in the current study resulted in a trend line at the same level as their 

postintervention performance.  Participants’ responses to the questions about how they 
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completed the problems were used to further verify or deny that the student maintained 

the CRA strategy. 
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Chapter 4: Results 

 

This study provided academic instruction through use of a modified CRA 

sequence with a goal to help students learn and maintain algebra concepts and skills.  

Previous findings revealed that even though the participants were taught these concepts in 

a general education setting during the first six weeks of their freshman year in high 

school, none of the participants maintained the concepts and skills after typical 

instruction.  Using the modified CRA method, the participants were successful, however 

their maintenance of these skills remained to be determined. 

DYLAN 

Dylan was given four probes in the baseline phase.  He was then given three 

lessons followed by three more probes in the post-intervention phase.  Prior to beginning 

the maintenance phase, Dylan was placed in the district alternative education placement 

(DAEP) for disciplinary action.  Due to extenuating circumstances including excessive 

absences from the DAEP, his maintenance probes were not given three weeks after the 

post-intervention probes, like the other participants.  For Dylan, a much longer period 

ensued.   

 Dylan’s average performance in the baseline phase was 0% correct on the 

baseline probes.  After instruction, Dylan completed the post-intervention probes which 

were similar to the probes administered in baseline.  Dylan’s post-intervention average 

was 66.67% with a range of 60%-80%. Dylan’s average performance in the maintenance
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Figure 1:  Multiple baseline across participants results. 
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phase was 40% with a range of 20%-60%.  (See Figure 1: Multiple baseline across 

participant results).  Percents of non-overlapping data between baseline and 

postintervention and between baseline and maintenance were 100%.           

Dylan’s results show an improvement of 67% from baseline to postintervention, 

and an improvement of 40% from baseline to maintenance (see Figure 2:  Average 

Correct Responses).  Of further interest is the steps that Dylan completed and the types of 

errors he made.  In the sample of Dylan’s work in baseline (see Illustration 1:  Dylan in 

Baseline), he only attempted 3 of the 5 problems.   Of those problems, he demonstrated 

no understanding of combining like terms or of transformations on either side of the 

equal sign.   In contrast, Dylan’s work in the post-intervention phase (see Illustration 2:  

Dylan in post-intervention) demonstrated an understanding of combining like terms and 

transformations on both sides of the equal sign, as well as use of the distributive property. 

 

 

Illustration 1:  Dylan in Baseline 
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 In this post-intervention sample (see Illustration 2: Dylan in Postintervention), 

Dylan scored a 3 out of 5 problems correct.  In looking at Dylan’s incorrect answers in 

problems 2 and 3 in the post-intervention phase, his error in number 2 is in incorrectly 

dividing -165 by 5 to get    -11 instead of the correct answer, -33.  His error in number 3 

is due to the wrong sign, i.e. Dylan divided -40 by -8 and got -5 instead of the correct 

answer of +5.    These are very different types of mistakes in contrast to his baseline 

work.   

 

Illustration 2:  Dylan in Post-intervention 

In his maintenance sample (see Illustration 3:  Dylan in Maintenance), Dylan 

again demonstrated understanding of combining like terms and transformations on both 

sides of the equal sign as well as the distributive property.  He correctly combines like 
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terms in problem number 1, however he gets an incorrect answer due incorrectly adding 

+4 and -18 to get +22 instead of the correct answer of -14.  He correctly uses the 

distributive property in problem number 3 and 5.  However, instead of getting the correct 

answer of ―no solution,‖ Dylan took ―5 = 6‖ and likely thought that since number 2 was 

already ―no solution‖ (Dylan wrote ―not possible‖ which was accepted as correct), 

number 3 could not be also, and to come up with an answer, took the difference between 

5 and 6. 

Thus, although Dylan’s percentages of correct answers changed, he still continues 

to demonstrate an understanding of concepts learned through the CRA sequence of 

instruction.  In answer to the first research question, for Dylan he did not maintain the 

same percentage of problems correct.  However, he did continue to demonstrate a 

maintained understanding of the concepts taught in the CRA sequence of instruction. 

 

Illustration 3:  Dylan in Maintenance 
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In answer to the second research question, Dylan did not use manipulatives or 

draw out answers during any of the probes in baseline, postintervention, or maintenance.  

When asked if he would use the CRA strategy in his classroom, he answered, 

―sometimes.‖  This will be addressed further in the social validity section. 

CHRIS   

 Chris was given eight probes in the baseline phase.  He was then given 

three lessons followed by three probes in the postintervention phase.  Beginning three 

weeks after he received the last of the three lessons, Chris was given two maintenance 

probes.  Chris’ average performance in the baseline phase was 0% correct on the baseline 

probes.  After instruction, Chris completed postintervention probes with an average of 

80% and a range of 60%-80%.  Chris’ average performance in the maintenance phase 

was 60% with scores of 60% on both maintenance probes (See Figure 1: Multiple 

baseline across participant results).  Percents of non-overlapping data between baseline 

and postintervention and baseline and maintenance were 100%. 

Chris’ results show an improvement of 80% from baseline to postintervention 

(see Figure 2: Average Correct Responses) and an improvement of 60% from baseline  to 

maintenance.  In his baseline probes, Chris often did not attempt the problems at all, 

instead writing answers such as ―too hard,‖ or ―don’t know‖ under each problem.  In the 

sample below (see Illustration 4: Chris in Baseline), Chris attempted two of the five 

problems.  In these attempts, he demonstrated neither understanding of combining like 

terms nor transformations on both sides of the equal sign. 
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Illustration 4:  Chris in Baseline 

 In contrast, in his post-intervention probes, Chris used the manipulatives available 

or drew out representations to solve the problems.  As seen in this post-intervention probe 

(see Illustration 5: Chris in Postintervention), Chris drew out the problems using tally 

marks for the variables and numbers for each number.  He then combined tally marks and 

numbers to combine like terms.  For the distributive property, he wrote out tally marks 

and numbers.  For example, on problem number three, Chris represented 10(-4 +y) by 

writing out ten -4’s and ten tally marks each representing one ―y.‖  He then added the 

numbers to get -40 and the tally marks to get 10y.  This demonstrated a representative 

understanding of what the problems were asking him to do and Chris was able to use this 

method to get the correct answer in each problem.  In other probes, Chris worked through 

some problems using manipulatives, some with drawing, and others he seemed to give up 

on, writing ―too hard.‖   
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Illustration 5:  Chris in Postintervention 

 In his maintenance probes, Chris did attempt to draw out some of the problems on 

one probe.  In the other probe, Chris solved the problems in the abstract form using 

numbers.  It took Chris nearly 40 minutes to complete the probe below (see Illustration 6:  

Chris in Maintenance), and he often needed to be redirected back to focusing on his 

work.  He answered the first three problems correctly, demonstrating a continued 

understanding of combining like terms and correct use of the distributive property.  On 

number 4, Chris did not use the same methods to attempt to solve the problem, and on 

number 5, Chris wrote, ―I don’t know really hard‖ as he had on baseline probes in the 

past. 
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Illustration 6:  Chris in Maintenance 

Chris’ percentage of correct answers dropped from 80% to 60% from 

postintervention to maintenance.  However, like Dylan, Chris continued to demonstrate 

an understanding of concepts learned through the CRA sequence of instruction.   In 

answer to the first research question, for Chris he did not maintain the same percentage of 

problems correct.  However, he did continue to demonstrate a maintained understanding 

of the concepts taught in the CRA sequence of instruction.  In answer to the second 

research question, Chris attempted to draw out an answer to 1 out of 10 problems given 

over the two maintenance probes.  When asked if he used the sequence of instruction and 

would continue to use it, he answered, ―sometimes.‖  This will be addressed further in the 

social validity section. 
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JOSH 

Josh was given ten probes in the baseline phase.  He was then given three lessons 

followed by three probes in the postintervention phase.  Beginning three weeks after he 

received the last of the three lessons, Josh was given two maintenance probes. 

Josh’s average performance in the baseline phase was 2% correct (range 0%-

20%) on the baseline probes.  After instruction, Josh completed postintervention probes 

with an average of 80% and scores of 80% on all three postintervention probes.  During 

the maintenance phase, Josh’s average results were 60% with scores of 60% on both 

maintenance probes (See Figure 1: Multiple Baseline Across Participant Results).  

Percents of non-overlapping data between baseline and postintervention and baseline and 

maintenance were 100%. 

Josh’s results show an average improvement of 78% from baseline to 

postintervention (see Figure 2: Average Correct Responses) and an average improvement 

of 58% from baseline to maintenance.  In his baseline probes (see Illustration 7: Josh in 

Baseline) Josh attempted problems more consistently than the other two participants.  He 

drew a line down from the equal sign to separate both sides of the problem, but could not 

explain the meaning, stating only that he knew it was a ―step‖ in solving the problem.  In 

baseline, Josh did not demonstrate an understanding of combining like terms, 

transformations on both sides of the equal sign.  However, Josh did use inverse 

operations, such as adding -5v to both sides of the equal sign to cancel out +5v from one 

side. Also, he did use the distributive property appropriately, such as ―6(2y+1) = 12y +6.‖ 
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Illustration 7:  Josh in Baseline 

 In his postintervention probes, Josh demonstrated understanding of combining 

like terms on both sides of the equal sign.  In the probe below (see Illustration 8:  Josh in 

Postintervention), Josh answered problem number 2 incorrectly because of incorrectly 

adding +15 to -6 to get -9 instead of +9.  All other problems were answered correctly.  

 In the maintenance phase, Josh went from 80% in postintervention to 60% in 

maintenance.  (See Figure 1: Multiple baseline across participant results).   He continued 

to demonstrate an understanding of the distributive property, as in problem number three 

of the sample maintenance probe for Josh shown below  (See Illustration 9: Josh in 

Maintenance).  Josh’s mistakes in the maintenance phase reflect errors with remembering 

to write details such as negative signs.  For example, in problem number two (See 

Illustration 9: Josh in Maintenance), he copied down ―95‖ instead of ―-95‖ resulting in 

his then taking ―95 – 70‖ to get ―25‖ instead of ―-95 – 70‖ to get ―-165.‖  In problem 

number 5, Josh should have had the answer ―infinite solutions,‖ or ―can not solve.‖    
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Illustration 8:  Josh in Postintervention 

Josh’s percentage of correct answers dropped from 80% to 60% from 

postintervention to maintenance.  However, like the other two participants, Josh 

continued to demonstrate an understanding of concepts learned through the CRA 

sequence of instruction.   In answer to the first research question for Josh, he did not 

maintain the same percentage of problems correct.  However, he did continue to 

demonstrate a maintained understanding of the concepts taught in the CRA sequence of 

instruction.  In answer to the second research question, Josh did not make any observable 

use of the CRA strategy when completing the problems.  When asked if he used the 

sequence of instruction and would continue to use it, he answered, ―no.‖  This will be 

addressed further in the social validity section. 
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Illustration 9:  Josh in Maintenance 

SOCIAL VALIDITY 

 Student responses on the social validity survey (See Table 2: Social Validity 

Survey Results) questions 1 through 6 were coded as follows:  0 points for each ―No;‖ 1 

point for each ―Sort of,‖ ―Sometimes,‖ or ―Maybe;‖ and 2 points for each ―Yes.‖  Each 

question individually has the potential for 6 possible points, including 2 points for each of 

the three participants.  Question 1 has been rated 3 out of 6, or 50%.  Questions 2, and 3 

have each been rated 4 of 6, or 66.66%.  Question 4 has been rated 5 out of 6, or 83.33%.  

Question 5 has been rated 2 of 6, or 33.33%.  Question 6 has been rated 4 of 6 or 66.66 

%. 
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Table 2:       Social Validity Survey Results. 
 

        

      Question 

Dylan’s 

Responses 

Chris’ 

Responses 

Josh’s 

Responses 

 

1. I like using the dice strategy to 

complete algebra problems? 

Yes/Sort of/No 

 

 

Sort of 

 

Yes 

 

No 

2. Do you like using the dice strategy 

better than just paper and pencil? 

Yes/Sort of/No 

 

Yes Yes No 

3. Did the strategy help you to 

complete algebra work? 

Yes/Sort of/No 

 

Yes Yes No 

4. Would this help other students 

with algebra? 

Yes/Sort of/No 

 

Yes Yes Sort of 

5. Do you use this strategy in class 

when you are not working with the  

instructor? 

Yes/Sometimes/No 

Sometimes Sometimes No 

 

6. Could you use this strategy in class 

or when you are not working the 

instructor? 

Yes/Maybe/No 

 

 

Yes 

 

Yes 

 

No 

7. Do you have any recommendations 

that would make the strategy 

better? 

―No.‖ ―No 

because 

honestly I 

hate math.‖ 

―No.‖ 

    Note.  In the actual survey given to students, the teachers name was used instead of ―instructor.‖ 

Each participant’s results individually have the potential for 12 possible points.  

Individual results for Dylan are 10 out of 12 or 83.33%.  Individual results for Chris are 
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11 out of 12 or 91.66%.  Individual results for Josh are 1 out of 12, or 0.08%.  Overall, 

the total potential points for the social validity survey are 36.   Results show 22 out of 36 

possible points or an overall average of 61%. 

SUMMARY OF RESULTS 

 Overall, student scores improved an average of 75% from baseline to 

postintervention, with a range of 67%-80% improvement (See Figure 2: Average Correct 

Responses).  Individually, Dylan improved 67%, Chris improved 80%, and Josh 

improved 78%.  Overall scores from baseline to maintenance showed an average 

improvement of 53% with a range of 40%-58%. Individually, from baseline to 

maintenance, Dylan improved 40%, Chris improved 60%, and Josh improved 58%.

 

Figure 2 Average Correct Responses 
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Chapter 5: Discussion 

 

 The purpose of this study was to determine the maintenance effects of CRA 

strategy instruction.  The postintervention results showed that students were able to 

improve an average of 75% after instruction in the CRA strategy.  In this study, I 

hypothesized that after such explicit instruction in the CRA strategy, students would be 

successful in maintaining their understanding of how to solve multi-step algebraic 

equations.  To that end, I asked the following research questions: a) Do students with 

challenging behavior who have previously shown mastery of multi-step algebraic 

equations with the same variable on both sides after receiving instruction using a 

modified CRA sequence demonstrate maintenance of their performance over time? b) To 

what extent do students with challenging behavior who have been given instruction in the 

concrete and graphic representations of multi-step algebraic equations with variables on 

both sides maintain use of this modified CRA strategy? 

 Results indicate that while participants maintained a gain in correct problems 

solved, the level of accuracy in the maintenance phase was not as high as in the 

postintervention phase.  Additionally, the results varied from participant to participant.  

The variability in results may be due to the variability in behavior of the students as well 

as their tolerance with continued administration of probes.  However, though the results 

varied, students did demonstrate maintenance of understanding concepts taught during 

the CRA sequence. 
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I begin this chapter with a closer look at student results, including sample probes 

from each student.  Limitations are reviewed and suggestions for future research are 

given. Finally, the implications of these results are then discussed in light of both the 

effectiveness of the intervention and the influence of student behavior. 

MAINTENANCE OF THE CRA STRATEGY 

 The first research question asks if ―students with challenging behavior who have 

previously shown mastery of multi-step algebraic equations with the same variable on 

both sides, after receiving instruction using a modified CRA sequence, demonstrate 

maintenance of their performance over time?‖  Results show that students do maintain 

understanding of these concepts.  Although accuracy declined between postintervention 

and maintenance phases, maintenance is still significantly above baseline.  

 The first participant, Dylan, went several weeks between receiving the 

intervention lessons and completing baseline probes.  In his timeline, Dylan received his 

initial instruction prior to summer break.  Following summer break, Dylan received a 

short review.  It was not until 8 weeks after the review (and a total of 30 weeks after 

instruction in the three CRA lessons) due to placement in the DAEP that Dylan 

completed his first maintenance probe, scoring a 20%.  Perhaps this was due to the first 

probe serving as a prompt for him to remember the strategy, leading to his performing 

much better on the second probe, at 60%.  This possibility may also exist because 

instruction and requirements in the DAEP do not necessarily mirror the instruction and 

requirements of the classroom in the high school setting even with behavior support 
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services and/or Guided Study. The score of 60% in maintenance was more comparable to 

his post-intervention scores of 60%, 80%, and 60%.   As Dylan was in the DAEP for the 

majority semester, it is not possible to compare his grades in math pre-intervention and 

post-intervention as the structure of the DAEP instruction and academic requirements 

differ so much from the general education classroom.  

 The second and third participants, Chris and Josh, both completed their 

postintervention probes at an average of 80% accuracy and their maintenance probes at 

an average of 60% accuracy.  This brings them much closer to a passing standard.  

Additionally, both receive accommodations such as ―provide correctly completed 

examples,‖ and ―allow opportunities for corrections to 70%‖ that were not provided on 

probes.  The addition of these accommodations will allow them to apply their new 

understanding of algebraic concepts to ensure passing classes. 

 The second research question asks ―to what extent do students with challenging 

behavior who have been given instruction in the concrete and graphic representations of 

multi-step algebraic equations with variables on both sides maintain use of this modified 

CRA strategy?‖  A review of student probes and social validity data suggests that one of 

the three participants did visibly employ use of the strategy while completing the 

maintenance probes.  Additionally, two of the three participants who completed the social 

validity survey indicated that they sometimes use the strategy in class when not with the 

instructor.   
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 Of the two participants, Dylan and Chris, who indicated they would be more 

inclined to use the strategy when not with the instructor (as compared to Josh who 

indicated that he would not be inclined to use the strategy), Chris was the most 

enthusiastic about its use.  Perhaps this is because he received part of his instruction on 

the three intervention lessons in a small group with other students who also received 

instruction in the CRA sequence.  Those other students were also enthusiastic about the 

process and this may have led to Chris’ increased acceptance of the intervention.  Josh, 

who had taken 10 probes prior to receiving instruction in a one-on-one setting with the 

instructor, was the least enthusiastic perhaps due to overexposure to probes prior to the 

intervention.  Additionally, Josh had the least exposure to peers who were also 

completing the lessons. 

ACADEMIC NEEDS OF STUDENTS WITH CHALLENGING BEHAVIOR 

 Previous studies show that students with challenging behavior such as those with 

EBD experience failure, dropout, and pejorative outcomes at much higher rates than other 

groups (U.S. Department of Education, 2007; Nelson, Benner, Lane, & Smith, 2004; 

Trout, Nordness, Pierce, & Epstein, 2003; Carter & Lunsford, 2005; Walker, Ramsey, & 

Gresham, 2004).  Evidence suggests that youth with significant challenging behavior 

require substantial academic remediation and instruction (Kauffman, 2010; Nelson, 

Benner, Lane, & Smith, 2004) .  Research indicates that math is a difficult and a non-

preferred area of academics (Shellard, 2004).  Literature is not replete with studies on 

academic instruction for this population (Mooney, Epstein, Reid, & Nelson, 2003; Reid, 

Gonzalez, Nordness, Trout, & Epstein, 2004).  Studies that do address academics are 
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largely concerned with reading (Lane, 2004).  Few studies address mathematics, 

secondary aged youth, or maintenance of academic skills (Mooney, Epstein, Reid, & 

Nelson, 2003; Baker, Gersten, & Lee, 2002; Gage, Lewis, & Adamson, 2010).  This 

current study is a significant addition to the literature with respect to these domains. 

SOCIAL VALIDITY 

Students with EBD need ―behavior and support plans that are high intensity, 

scientifically based, individualized, and proactive‖ (Sugai & Horner, 2008, p. 74).  All 

participants in this research study have Behavior Improvement Plans reflecting this need, 

and their Behavior Improvement Plans were implemented at all times, resulting in some 

variations in behavior supports.  For example, Chris received instruction during an 

extended stay in in school suspension in the behavior program in lieu of more serious 

consequences for a serious offense.  Josh received edible rewards as reinforcement in the 

form of cans of Dr. Pepper, a reinforcer that is in high demand for him and allowable on 

his Behavior Improvement Plan.  Dylan received instruction in pull out during the 

instructional phase, but did his maintenance probes while in the DAEP.   

Assuming continued implementation of behavior improvement plans, structured 

supports, and rewards as needed, two of the three students participating in the study 

indicated that they would be inclined to use the CRA strategy in the future (See Table 2: 

Social Validity Survey Results).  In answer to research question two, results of the social 

validity survey would imply that students found the strategy useful and will continue its 

use in the future. 
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LIMITATIONS 

This study was limited in that timelines had to be altered for one participant, 

Dylan, due to placement in the DAEP.  He went longer than the 3 weeks other 

participants spent between postintervention and maintenance phases.    

Attrition was also an issue.  Students who initially began the intervention did not 

remain enrolled in the school or program long enough to complete the study.  Transience, 

school attendance, and continued enrollment are frequent problems faced by students and 

teachers of this population.   

Overexposure to probes in the beginning may have led to lack of effort toward the 

end, and also to dislike of the intervention.  Josh, who completed ten baseline probes 

before receiving any instruction, appeared tired of the probes when taking them.  He also 

indicated that he did not like the CRA method and was the least likely to use it in the 

future.  Anecdotally, this modified CRA method has also been used with students in the  

resource math classes in this school setting. These students were not part of the pool of 

participants and were not required to take more than a pretest of skills.  This group of 

students has been much more enthusiastic about the intervention and lessons. 

Of interest is that while students who began the study asked for help with 

problems they did not understand during the baseline phase, after help had been 

repeatedly denied, no students wanted help when offered during the maintenance phase 

(assistance was only to be provided to increase students’ confidence but scores were still 

to be based on the problems completed independently).  Overexposure to probes and 
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feelings of frustration with not being able to complete the work initially in baseline may 

have contributed to lack of student effort on probes during post-intervention and 

maintenance phases. 

IMPLICATIONS 

While almost all teachers support inclusion, their primary concern teachers is a 

perceived lack of resources and support for inclusion to work as intended (Litvack, 

Ritchie, & Shore, 2011).    The adaptability of the CRA instructional sequence suggests 

that it may be a useful tool for teachers who provide inclusion support for students in 

different settings.  Indeed, in this study, I was able to employ the CRA sequence in pull 

out tutorials (for Dylan and Josh), in a resource math class with the entire class (of which 

Chris was a participant), as a part of credit recovery (for Josh), and in the DAEP (for 

Dylan).   The exact implementation of the intervention varied based on student need.  

While all three participants received the same instructional material, pacing of delivery 

and behavioral supports varied.  This is consistent with research, and Siperstein, Wiley, 

and Forness (2011) state that, ―the substantial heterogenity of this population may thus 

contribute to the variablity … in their academic and behavioral progress over time in 

special education‖ (p. 173).   

By variability, Siperstein et. al are refering to findings that reveal some groups of 

students with EBD have academic ability that ranges from severe academic deficits to 

well within average range.  Also, these same students with EBD exhibit a range of social 

and behavioral difficulties from clinically significant to relatively mild.  With such a 
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heterogeneous population, it logically follows that what works for one group of students 

may not work for another.  Additionally, instructional settings vary.   ―It is particularly 

unfortunate that students with EBD—who struggle behaviorally, socially,and 

academically—are confronted with multiple placement changes forcing them to meet the 

varied behavioral expectations in these different settings‖ (Lane, Barton-Arwood, Nelson, 

& Wehby, 2008 ).   

A particular finding of signifcance is that two out of three participants indicated 

that they would use the CRA strategy in their classrooms (see Table 2: Social validity 

survey results).  Youth with challening behavior are often reluctant to do any type of 

math and have a history of academic failure, two of three independently indicating that as 

very positive.  Additionally, Josh, who indicated that he would not use the strategy, did 

have an improved understanding of content after receiving the intervention lessons, as 

demonstrated on his performance on probes.  His math grades have also changed from 

failing before receiving the intervention lessons to passing afterwards.  When looking at 

samples of his current classwork, it is evident that his algebraic calculations used to solve 

problems such as comparing similar triangles are now correct.   

 A possible advantage to using the CRA sequence of instruction is its adaptability 

for use in both self-contained settings and in small or large group general education 

settings.  The short sequence of instruction and limited time needed for each lesson lends 

its self to instruction in a pull out or separate tutorial lab setting.  Additionally, the CRA 

instructional sequence can be used in district DAEP placement settings, and behavior 
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supports can be added based on student need.  The CRA strategy is a flexible, 

customizable method that is appealing to students and appropriate for a variety of 

settings, behavioral needs, and academic levels of functioning. 

SUGGESTIONS FOR FUTURE RESEARCH 

There is still a lack of research on academic interventions for students with 

behavioral concerns, such as students with EBD (Mooney, Epstein, Reid, & Nelson, 

2003; Reid, Gonzalez, Nordness, Trout, & Epstein, 2004).  Particularly, there is a lack of 

research in the area of math (Lane, 2004; Reid, Gonzalez, Nordness, Trout, & Epstein, 

2004).  Further research in both academic interventions in general and academic 

interventions specifically targeting math skills for students with EBD are needed.  

Additionally, participants in this study were all male and all caucasian.  It would be of 

interest to repiclate this study with other groups of students with different race, gender, 

and socio-economic status.   

An experimental study where the treatment group receives CRA instruction while 

the control group receives instruction in a ―business as usual‖ manner would be useful, as 

well as a test of maintenance performance under each of these conditions.  Perhaps use of 

a multiple-probe design to remove overexposure to probe effects would also be useful. 

In regards to expanding on research regarding a concrete, representational, 

abstract (CRA) sequence of instruction for math skills for students with behavior 

concerns  research on the generalization of the strategy to different skills is needed.  For 

example, students in this study applied the CRA sequence to equations with variables on 
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both sides, the distributive property, and combining like terms.  Given more time, a study 

of generalization of these skills to problems such as ratios and proportions would be of 

interest.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



64 
 

Appendix A 

Lesson 1 

Unit 3.1 in Textbook2 

Single Variable Equations with Positive and Negative Numbers 

- Introduce Manipulatives 

- Show how positive and negative cancel each other out 

- Define rules for adding/subtracting to both sides of the equal sign and 

multiplying/dividing both sides of the equal sign by something   

- Review order of operations for combining like terms if needed 

Concrete 

Equation Type “I do” “We do” “You do” 

One-Step Equations x + 3 = 9 
2x = 10 
q – 11 = -5 

x + 2 = 7 
3x = 12 
6 = t – 2 

x + 8 = 8 
3x = 18 
y + 7 = 10 

Combining Like Terms 8y + 3y = 44 
18 = 4 + x – 11  

2p + 7p = 54 
2 + b + 8 = 20 

6 = -7f + 4f 
-6 + -3 + y = -18 

 

Representational 

Equation Type “I do” “We do” “You do” 

One-Step Equations x + 3 = 7 
6w = -54 

10 = 7 - m 

4x = 16 
x + 7 = 12 
15 = x + 5 

x + 2 = 12 
12 = 4x 
20 = 5x 

Combining Like Terms 36 = 9x – 3x 
 

  

 

Abstract 

Equation Type “I do” “We do” “You do” 

One-Step Equations 24 = -8n  
– 3 = 5 + a 
21 = 7x 

-65 = -5y 
13 = x + 10 
-11 = b - 9  

6 = 2x 
6 = w – 7 
x – 5 = 3 

Combining Like Terms – 32 = -5k + 13k 
 

  

                                                           
2
Unit 3.1 refers to chapter three section one of McDougal Little Algebra I Texas Edition (Larson, Boswell, 

Kanold, & Stiff, 2007) 
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Lesson 2 

Unit 3.2 and 3.3 in Textbook3 

Transformations on One Side of the Equal Sign 

- Review concepts from previous lesson 

- Go over order of operations for combining like terms 

- Go over steps to solve two-step equations:  add or subtract first, then multiply or divide 

- Review distributive property 

Concrete 

Equation Type “I do” “We do” “You do” 

Two-Step Equations 5x + 9 = 24 
5h + 4 = 19 
a/3 + 4 = 6 

4y – 4 = 16 
7d – 1 = 13 
9x-7= -7 

3x + 7 = 19 
2g – 13 = 3  
-15 = -4m + 5 

Distributive Property 7(9 + k) = 84 
 

3(x-2) = 21 2(2x + 3) = 30 

 

Representational 

Equation Type “I do” “We do” “You do” 

Two-Step Equations 17 = w/5 + 13 
10 = 6v = -104 
3x + 7 = 34 

b/2 – 9 = 11 
-9x – 13 = -103 
3x + 4 = 15 

8n + 7 = 31 
-10 =-10 +7m 
-2a + 5 = 18 

Distributive Property  
 
 

  

 

Abstract 

Equation Type “I do” “We do” “You do” 

Two-Step Equations 6 = a/4 + 2 
-4 = r/20 – 5 
5n – 9 = 20 

9x + 1 = -80 
x/4 -19 = 22 
4x – 1 = 15 

x/5 + 7 = 13 
30 = 2b – 10  
-3x + 8 = 20 

Distributive Property  
 
 

  

 

                                                           
3
 Units 3.2 and 3.3 refers to chapter three sections two and three of McDougal Little Algebra I Texas 

Edition (Larson, Boswell, Kanold, & Stiff, 2007).   
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Lesson 3 

Unit 3.4 in Textbook4 

Transformations on Both Sides of the Equal Sign 

- Review concepts from previous lesson 

- Go over steps to solve equations with variables on both sides of the equal sign after 

combining like terms:  add or subtract first, then multiply or divide 

- It doesn’t matter which side of the equal sign the variable ends up on 

Concrete 

Equation Type “I do” “We do” “You do” 

Variable on Both Sides 24 – 3m = 5m 
8t + 5 = 6t + 1 
20 + c = 4c – 7 

k + 1 = 3k – 1     
7 – 8x = 4x – 17 
8b + 11 – 3b = 2b + 2 

5x + 11 = 4x + 18 
6 – 11x = 7x – 12 
9n – 7 = 5n + 5 

Like terms/Distributive 3 – 4a = 5(a-3) 
2q – 4 + 8q = 7q – 8 + 
3q 

40 + 14j = 2(-4j – 13) 
4y + 9 = 6(y – 2) + 5 

2(w – 6) = w + 3  
-15c + 7c + 1 = 3 – 8c 

 

Representational 

Equation Type “I do” “We do” “You do” 

Variable on Both Sides 9 – 3k = 17 – 2k 
18x + 34 = 7x – 65 
w + 3 = w + 6 

-7a + 9 = 3a + 49 
18x + 34 = 7x – 65 
16d = 22 + 5d 

7 – 4c = 10c  
-8x + 7 = 4x – 5    
4x + 27 = 3x 

Like terms/Distributive 12(x + 3) = 24 + 12x 
3x – 4 = 2x + 8 – 5x 

4x – 1 = 2(2x +3) 
8b + 11 – 3b = 2b + 2 

5h – 7 = 2(h +1) 
6y + 6 – 3y = -14 + 3y   

 

Abstract 

Equation Type “I do” “We do” “You do” 

Variable on Both Sides x + 2 = 3x – 1 
4x + 27 = 3x 
4n = -28n – 3 

3x – 4 = 2x + 8 – 5x 
19 – 13p = -17p – 5  
7w +1 = 8w + 1     

16d = 22 + 5d 
12 + 5v = 2v – 9 
-2m = 16m – 9 

Like terms/Distributive 3(6 – n) = -3(n – 8) 
8a – 4(-5a – 2) = 12a 

4y + 9 = 6(y – 2) + 5 
8w – 8 – 6w = 4w – 7 

9z + 12 = 9(z + 3) 
40 + 14j = 2(-4j – 13) 

 

                                                           
4
 Unit 3.4 refers to chapter three section four of McDougal Little Algebra I Texas Edition (Larson, Boswell, 

Kanold, & Stiff, 2007) 
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Appendix B 

Fidelity Checklist for Intervention 

 

Instructor: _______________________   Date: ___________________________ 

Student: _________________________   Observer: ________________________ 

 

Fidelity Checklist: 

 

__ Manipulatives Available for Student Use 

 

__ Problems solved followed the learning chart and appropriate section of the Algebra I 

textbook 

 

__ Instructor Introduced the Concept to be Learned Today 

 

__ Instructor followed an “I do,” “We do,” “You do” format 

 

__ Instructor modeled with “think aloud” during “I do” portion 

 

__ Instructor prompted student to state what would be done next during “We do” portion 

 

__ Instructor encouraged student during “You do” portion and did re-teach if needed 

 

Notes: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Fidelity Checklist for Maintenance 

 

Instructor: _______________________   Date: ___________________________ 

Student: _________________________   Observer: ________________________ 

 

Fidelity Checklist: 

 

__ Student was instructed to solve as many problems as possible 

 

__ Calculator was available for student use 

 

__ Instructor encouraged student to complete as many problems as possible independently 

 

__ Instructor assistance on problems was offered by student request only after the student had 

been    encouraged to complete as many problems as possible independently 

 

__ Problems completed independently and problems completed with assistance were 

accurately noted 

 

__ The nature and extent of any assistance was documented 

 

__ Only those problems completed by students independently were scored for study purposes 

 

Notes: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Appendix C 

Social Validity Survey 

Student Survey for _________________________________ 

 

1) I like using the dice strategy to complete algebra problems?   

Yes     Sort of     No  

 

2) Do you like using the dice strategy better than just paper and pencil?    

Yes   Sort of    No 

 

3) Did the strategy help you to complete algebra work?      

 Yes      Sort of    No 

 

4) Would this help other students with algebra?    

Yes     Sort of    No 

 

5) Do you use this strategy in class or when you are not working with instructor
5
?    

Yes         Sometimes       No 

 

6) Could you use this strategy in class or when you are not working with instructor
6
?    

Yes         Maybe             No 

 

7) Do you have any recommendations that would make the strategy better?  

 

                                                           
5
 In the actual survey given to students, the teachers name was used instead of “instructor” 

6
 In the actual survey given to students, the teachers name was used instead of “instructor” 
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