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Abstract 

 
This study sought to examine the effectiveness of math problem solving interventions 

with self-regulated learning (SRL) components on the math problem-solving performance of 

middle school students with disabilities. A meta-analysis was conducted of all single-case design 

studies meeting inclusion/exclusion criteria between 2000-2021, resulting in a sample size of 22 

studies. Inclusion criteria involved the following: a mathematic problem-solving intervention, 

math problem-solving performance on real-world word problems as a dependent measure, 

students in grades 6th-8th or aged 11-14, disability qualification information for participating 

students, and an observable component of SRL. Independent raters provided secondary coding 

for all aspects of the initial systematic search and for other components of data analysis. 

 Disabilities represented included intellectual disabilities, learning disabilities, Autism, 

ADHD/Other Health Impairment, and an auditory processing disorder. Studies took place in a 

variety of settings both geographically and within school buildings. Interventions involved six 

general categories of approaches including schema-based instruction, modified schema-based 

instruction, concrete-representation-abstract method variations, diagram variations, general 

cognitive strategy instructions, and technology-based approaches. All studies included use of a 

cognitive or metacognitive strategy that related to self-regulated learning. 

 The results of this study reported an overall large effect size (Tau-U = 0.93) for math 

problem-solving interventions with self-regulated learning components on math problem-solving 

performance for middle school students with disabilities. These results were supported through a 

variety of sensitivity checks. The moderator analysis did not reveal any significant differences 



 ii 

across disability category, interventionist, group setting, intervention type, or problem type. The 

risk of bias assessment determined that few overall domains of bias and few studies had high 

risks of bias. 

 Future studies conducted in this area should incorporate a more targeted approach to 

measuring the mediating effects of SRL components on math problem-solving intervention 

effectiveness. Additional intervention approaches should be attempted with this population that 

have not been tried previously. The use of a different effect size measure is also recommended 

when conducting single-case design meta-analysis research.  

 

Keywords: meta-analysis, self-regulated learning, math problem solving, middle school, 

disabilities 
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CHAPTER 1 

Introduction 

 The Individuals with Disabilities Education Act (IDEA) of 1975 sought to provide an 

appropriate education for all children and students with a disability served within a public school 

that received federal funding. The history of intervention research started well before the 

implementation of IDEA, but researchers continue to study and discover effective teaching 

practices for this diverse population of students based on varying cognitive, physical, behavioral, 

or academic needs across academic contexts (Scammacca et al., 2016). Today there is a growing 

movement to increase research and the use of evidence-based practices in classrooms for 

mathematics specifically (VanDerHeyden, 2021; The Science of Math, n. d.). Mathematics is a 

multi-faceted subject, most often split into pure mathematics – calculations – and applied 

mathematics – real-world word problems involving a myriad of deep conceptual understandings 

and skills beyond calculations alone. As Trena Wilkerson (2022), the president of the National 

Council of Teachers of Mathematics, recently stated in her President’s Message, “building and 

developing mathematical processes and practices through a coherent, cohesive approach to 

mathematical concepts and procedures that values students’ positive mathematical identity is 

essential to developing this deep understanding” (para. 3). To that end, more research has been 

published on mathematic problem-solving interventions and their effectiveness with students 

with disabilities in recent years. Of particular interest is the long-standing connection between 

mathematic reasoning and self-regulated learning (Meverach et al., 2018). 



 

 2 

Self-Regulated Learning 

The field of research around self-regulation and self-regulated learning (SRL) is dynamic 

and complex with a history of multi-faceted approaches to understanding how SRL impacts 

individual performance (Schunk & Greene, 2018). Schunk and Greene broadly define self-

regulation as “the ways that learners systematically activate and sustain their cognitions, 

motivations, behaviors, and affects toward the attainment of their goals” (p.1). Within this 

definition, there are multiple broad theoretical approaches to SRL that adjust this definition 

based on the different approach. The social cognitive approach, as presented by Bandura and 

Zimmerman, posits that the systematic activation and sustaining of cognition is encompassed and 

influenced by outward behaviors, environmental factors, and personal beliefs intertwined (Usher 

& Schunk, 2018). Through a social cognitive approach, individuals implement self-regulation 

strategies through imitation from models observed in their environment (Hoyle & Dent, 2018). 

Cognitive theoretical approaches, on the other hand, focus more on the innate “coming to know” 

progression of cognition related to how individuals regulate or control both taking in and 

producing information than on external social influences of the process (Winne, 2018, p. 36). 

This includes another area of theoretical approaches specifically analyzing how individuals 

engage in metacognition (an awareness and analysis of one’s own thought process) and how 

these processes interplay with the cognitive process itself (Winne, 2018). Another approach to 

SRL, the information-processing perspective, postulates that SRL develops most through 

repeated practice and allowance for tweaking of metacognitive strategies used to increase 

efficiency during subsequent attempts (Hoyle & Dent, 2018; Winne, 2018). This brings on a 

dynamic model of development as SRL abilities may be learned and practiced both in a global 

context as an individual experiences the world and then within more specific academic learning 
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contexts for targeted skill development including temperament, executive attention, executive 

functions, delay of gratification, verbalization, associative memory, and metamemory (Hoyle & 

Dent, 2018). Yet another approach and definition of SRL focuses on the roles of motivation and 

affect within the cognitive process. Research with this focus describes SRL “as a series of events 

that ensure goal-directed, deliberate regulation of processing in learning tasks” (Efklides et al., 

2018). Specifically, Efklides et al. postulated that not only do motivation, affect, and 

metacognition each have separate impacts on regulation, but the interactions between each of 

these components play a role in how well an individual may complete SRL. This theory includes 

the mediator of emotion and frustration within a learning process over one’s ability to control 

and choose future cognitive steps (Efklides et al., 2018). 

Students who struggle with SRL have been shown to have poor academic achievement 

and behavior problems, as well as issues with physical health such as diet, medicines, and 

chronic disease (Zimmerman, 2000). Self-regulation additionally plays a critical role in an 

individual’s ability to engage with higher-order metacognitive skills in academic settings such as 

planning, monitoring, control, and reflection (Mevarech et al., 2018). These metacognitive skills 

tie into Zimmerman’s foundational cyclical feedback phases:  forethought, performance, and 

self-reflection. Each phase has categories and multiple subprocesses respectively that detail the 

self-regulatory cycle (see Figure 1). The feedback an individual receives in any of these phases 

impacts adjustments for future efforts at the same task or in the same phase (Zimmerman, 2000).  

It is important for students to learn cognitive self-regulation because it can improve 

positive behaviors, academic achievement, and self-view all to in turn create life-long 

independent learners (Hoyle & Dent, 2018). The theoretical information processing approach to 

SRL reinforces the importance of practice to learning SRL, particularly during the secondary 



 

 4 

years (Hoyle & Dent, 2018). While the information processing theory has roots in Zimmerman’s 

(2000) social cognitive theory, it expands more on subprocesses within the cyclical phases and 

shifts focus to the exact cognitive and metacognitive actions occurring during learning and self- 

regulation. With a desire to focus on students’ self-regulation in classroom learning 

 
 

Figure 1 

Zimmerman's (2000) Cyclical Phases, Subprocesses, and Forms of Self-Regulation 

 

 

Note. Adapted from “Attaining self-regulation: A social cognitive perspective,” by B. 

Zimmerman, (2000), in M. Boekaerts, P. Pintrich, and M. Zeidner’s (Eds.) Handbook of Self-

Regulation, p. 16. Copyright 2000 by Academic Press. Reprinted with permission of Elsevier 

Science & Technology Books; permission conveyed through Copyright Clearance Center, Inc. 

FORETHOUGHT
- Task analysis:  goal setting and 

strategic planning

- Self-motivational beliefs: self-efficacy, 
outcome expectations, intrinsic interest, 

and goal orientation

PERFORMANCE
- Self-control:  self-instruction, imagery, 

attention focusing, and task strategies

- Self-observation: self-recording and 
self-experimentation

SELF-REFLECTION
- Self-judgement:  self-evaluation and 

causal attribution

- Self-reaction: self-satisfaction and 
adaptive-defensive
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environments, it is critical to recognize the influence of social and environmental aspects on 

students’ ability to engage in self-regulatory learning (Butler & Cartier, 2018). Of specific 

importance, the intentional design – or lack thereof – of learning activities, appropriate social 

influences, and the provision of modifiable self-regulation support within classroom instruction 

and intervention are key environmental influences, especially for students with disabilities 

(Butler & Cartier, 2018; Mason & Reid, 2018). 

Interventions and classroom practices that have sought to target self-regulation skills 

have been studied previously through a variety of approaches within the classroom setting (Axe 

et al., 2019; Fuentes, 2019; Kornick & deFur, 2016; Ness & Middleton, 2012). Ness and 

Middleton (2012) detail different methods within the classroom based on the planning, 

performance, or self-evaluation phase of SRL desired to be targeted: organizational/motivational 

checklists for the planning phase, mnemonics detailing steps of a given cognitive strategy for the 

performance phase, and dedicated time to structured graphs and discussion related to 

performance for the self-evaluation phase. General guidelines for ways teachers can embed self-

regulation practice into their general education classrooms include classroom organization, clear 

establishment of expectations/rules/routines, using checklists, giving students choice and a voice 

within the classroom, modeling SRL language and skills, setting goals, using strategic questions, 

and providing positive feedback (Korinek & deFur, 2016). Oftentimes implementing SRL 

interventions related to academic achievement also includes looking at students’ self-efficacy 

levels in that area (Fuentes, 2019; Marshall et al., 2019; Cuenca-Carlino et al., 2016; Choi & 

Walters, 2018). 

Furthermore, there has been a recent increase in interest to closer analyze the ways in 

which components of self-regulation are measured in real-time application (Schunk & Greene, 
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2018). These methodologies include self-report questionnaires (Wolters & Won, 2018), think-

aloud protocols (Greene et al., 2018), microanalytic methods (Cleary & Callan, 2018), in-depth 

case studies (Butler & Cartier, 2018), trace data (Bernacki, 2018), and data mining (Biswas et al., 

2018). New approaches are attempting to measure the more dynamic nature of SRL compared to 

previous reliance on self-reports from individuals that were not as reliable (Schunk & Greene, 

2018). Research in interventions targeting SRL within academic contexts has been successful but 

could improve by capturing how a student adjusts their cognitive methods during the task itself 

(Schunk & Greene, 2018).  

Mathematic Problem Solving 

A recent push in the realm of mathematics research, called the Science of Math, focuses 

on increasing the use of evidence-based practices in classrooms and calling attention to harmful 

misconceptions that are prevalent within many mathematics classrooms across the United States 

today (VanDerHeyden et al., 2021). The Science of Math movement advocates for the use of 

successfully research-based math strategies for learners with disabilities to be implemented in 

class-wide instruction as a gold standard for general math instruction regarding computation and 

problem-solving (VanDerHeyden et al., 2021). Specifically, the use of explicit instruction is a 

valued approach for teaching mathematics effectively to students in K-12 school settings (The 

Science of Math, n.d.). VanDerHeyden et al. (2021) outline additional specific evidence-based 

practices that are effective within mathematics classrooms. The research base supports these 

practices as they tie directly to specific components of how effective mathematic problem-

solving occurs for students. 

Academic skills in mathematics build upon one another, starting with straight-forward 

computations, such as addition, and building up to more complex tasks such as calculus. 
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Teachers are directed through best practices to utilize problem solving as a core process through 

which to teach key mathematic concepts (National Council of Teachers of Mathematics 

[NCTM], 2000; Van de Walle, 2007). Mathematic problem solving is a task in which one 

engages without knowing an effective solution at the outset (NCTM, 2000). More specifically, 

NCTM (2000) defines problem solving as ensuring students have skills to do the following: (1) 

learn new knowledge through problem solving skills; (2) generalize these skills into other 

contexts; (3) adapt strategies based on the given situation; and (4) reflect on the ongoing process 

as it unfolds. As such there are many necessary skills within the problem-solving process that are 

important to understand. 

The core processes of problem solving are two-fold: problem execution and problem 

representation (Montague, 2006). Students must be adept at both components in order to 

successfully complete mathematical problem solving; the problem must be represented 

accurately in order to create an opportunity for accurate computational execution (Babakhani, 

2011). Furthermore, the problem-solving process is fluid, where it may be necessary for the 

individual to move back and forth between these two core processes multiple times before 

discovering an appropriate solution (Kikas et al., 2020). 

As might be easily deduced, problem execution relies on accurate computation fluency 

and arithmetic (Tolar et al., 2016). Instruction in computation and fluency is essential in order to 

be successful with higher-order math skills – and there is a growing call for research-based 

practices in the classroom regarding how students are taught these skills specifically 

(VanDerHeyden et al., 2021). Yet other studies have also shown that explicit instruction in word-

problem strategies – mathematic problem solving – increases skills related to prealgebra, 

embodying computational skills that would relate to problem execution as well as problem 



 

 8 

representation (Fuchs et al., 2014). This demonstrates the overwhelming benefit of learning 

mathematic content through the process of problem-solving representation at all stages and not 

always separating them into different silos. 

Problem representation incorporates a combination of a variety of processes, five of 

which have been found to have significant impacts specifically on word-problem outcomes: 

number understanding, reasoning, language comprehension, working memory, and attentive 

behavior (Fuchs et al., 2016). First, number understanding encompasses general understanding of 

number sense, meaning and effects of different operations, equivalent expressions, and fluency 

with basic counting strategies (Barrera-Mora & Reyes-Rodriguez, 2019). Controlled for 

achievement and cognitive measures, high levels of number sense correlate with strong problem-

solving skills (Tolar et al., 2016). Furthermore, research shows that a student’s computation 

ability directly impacts how they approach problem-solving strategies (Wang et al., 2016). 

Young students with poor skills in number sense and numerical computations utilize strategies 

based on lived experiences compared to older students who choose strategies rooted in arithmetic 

algorithms, which are viewed as more efficient (Wang et al., 2016). 

The second process that impacts problem-solving outcomes is reasoning. Weinstein et al. 

(2011) teach that a strategic learner is in control of their skill, will, and self-regulation when it 

comes to academic learning, and they utilize rehearsal, elaboration, and organization learning 

strategies to improve in those areas. Effective mathematic problem solving involves mastery of 

and the fluid transition among learning strategies. Strategies that involve deeper or more 

complex cognition, such as those within elaboration, have been proven to be more effective than 

those that solely rely on rehearsal strategies for mathematical problem solving (Kikas et al., 

2020). Math reasoning also embodies much that has been previously outlined related to self-
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regulation. For example, well-developed math reasoning skills include tasks such as attempting 

multiple strategies which is a component of the performance phase of persevering when a tried 

concept produces a known wrong answer and determining a new strategy to address the math 

problem at hand. 

The third process that impacts problem-solving outcomes is language comprehension. As 

students engage in the fluid process of creating and testing solutions to a mathematic problem, it 

is imperative that the student has a strong language base from which to be able to understand, 

question, and hypothesize issues related to the presented situation. This mental load regarding 

language use in problem solving relies on more complex cognitive processes than other areas of 

math achievement; Fuchs et al. (2016) found that language comprehension skills had a 

significant effect on fourth-graders’ math problem-solving but not on prealgebra computations. 

The fourth process that impacts problem-solving outcomes is working memory. Research 

has shown that strong working memory aids in problem solving even when controlled for 

processing speed and reading ability (Swanson et al., 2008). Students lean on working memory 

much more heavily in elementary years as more of their time is consumed with computation 

steps not yet fully automatic (Swanson et al., 2008). As students become more fluent with math 

facts and computations, working memory is freed to tackle more complicated aspects of 

mathematic problem solving (Villeneuve et al., 2019). Students who demonstrate weaker 

working memory skills in early elementary years and are identified as at risk for math problem 

solving difficulties tend to remain at risk for the same difficulties years later (Swanson et al., 

2008). 

The fifth and final process that impacts problem-solving outcomes is attentive behavior. 

Attention focusing is another component of the social cognitive model of SRL previously 
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reviewed (Zimmerman, 2000). This model of SRL involves both an individual’s behavioral skill 

to manage environmental stimulation and their personal motivation to engage those skills in the 

task at hand (Efklides et al., 2018). Therefore, both external communication skills and 

metacognition related to the problem-solving process are impacted by an individual’s level of 

attentive behavior. 

When looking at results of studies implementing mathematics problem solving 

instruction and interventions, average achieving students showed stronger problem-solving 

processing skills than students with learning disabilities or low-achieving students; skills in 

paraphrasing and visual representation processes were shown to be significant predictors of 

overall math problem solving performance (Krawec, 2014). Students who were good at problem 

solving used more strategies and means of representation than those who were not as accurate, 

meaning that students with learning disabilities often have fewer problem-solving strategies in 

their toolbox (Montague & Applegate, 2000). Because of this, there is a need to explicitly teach 

students with learning disabilities how to utilize diagrams of all types prior to introducing 

cognitive strategy instruction models (van Garderen & Scheuermann, 2015). On top of ensuring 

understanding of how to use proper diagrams and tables, teaching and modeling strong 

mathematical vocabulary and dialogue is imperative for stronger outcomes (Hord & Marita, 

2014; Powell & Fuchs, 2014; Xin, 2008). The most organic approach to teaching and modeling 

vocabulary and dialogue involves learning within a context of real-world problems. If students 

have been prepared appropriately, real-world problem-solving projects are just as effective at 

reinforcing math problem solving skills with students with disabilities than with those that do not 

have disabilities (Meyer & Diopoulous, 2002). Unfortunately, special education teachers could 
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benefit from better training in how to effectively teach problem solving to their students with 

disabilities (van Garderen, 2008).  

Self-Regulated Learning and Mathematic Problem Solving 

 Thankfully, specific methods of implementing SRL within a mathematics-focused 

learning environment are known to support and increase mathematical reasoning: introducing 

new materials, self-directed metacognitive questioning, practicing, reviewing additional material, 

reaching mastery on cognitive processes or strategies involved, verifying accuracy of 

performance based on corrective feedback, and enrichment or continued practice and use of skill 

(Mevarech et al., 2018). As can be seen in some of the language utilized to describe components 

of problem representation, the skills involved in mathematic problem solving naturally lend 

themselves to aspects of self-regulation. Self-regulation is a component of executive functioning 

that is correlated with students’ mathematic problem-solving struggles (Babakhani, 2011). 

Specifically, students struggle with determining when to stop trying an unsuccessful strategy, 

with modifying or generalizing strategies, or with choosing a different strategy (Montague, 

2006).  

These cognitive processes fall under the SRL concept of metacognition. Simply stated, 

metacognition defines what a learner knows about and how they manipulate their own thinking 

and cognitive strategies (Winne, 2018). Research shows that having a growth mindset (versus 

fixed) and higher levels of self-efficacy and self-confidence relate to increased levels of learning 

math (Choi & Walters, 2018). Oftentimes a result of having a growth mindset or strong self-

efficacy and confidence is increased persistence towards task completion. Due to the more 

complex nature of math problem-solving tasks, students may need to put forth more effort in 

order to complete the task, and therefore benefit from higher levels of persistence (Kikas et al., 
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2020). Even when controlling for intelligence, metacognitive skills predict mathematic problem-

solving performance (Berger, 2009). The more awareness and control students have of their 

cognitive process, the greater the likelihood of their having success in mathematic problem 

solving (Berger, 2009; Cozza & Oreshkina, 2013; Kazemi et al., 2012). 

 A hurdle to ideal problem-solving performance that intersects with SRL is emotional 

regulation as well. Higher levels of worry and math anxiety have been associated with poorer 

problem-solving performance (Ramirez et al., 2016; Schmitz et al., 2019; Trezise & Reeve, 

2018). Ramirez et al. (2016) specifically found that higher math anxiety directly impacts the use 

of or adequate choosing of advanced problem-solving strategies with elementary-aged students, 

and Schmitz et al. (2019) found the same correlation with adolescents. Additional correlations 

have been found among elementary students, poor strategy selection, and high math anxiety 

specifically in students with higher levels of working memory (Ramirez et al., 2016). Working 

memory can potentially serve as a partial mediator between problem solving outputs and math 

anxiety (Ramirez et al., 2016). This could be important to look at with adolescent populations as 

well. Overall, students’ abilities to regulate emotions tied to cognitive processes impacts multiple 

aspects of the learning process and are another component to consider when observing 

characteristics of students with potential mathematics disabilities (Tornare et al., 2015). 

 Although risk factors for students struggling with self-regulated learning and math 

performance have been identified, even students with cognitive disabilities have been shown to 

demonstrate metacognitive behavior through math problem solving (Erez & Peled, 2001). The 

presence of metacognitive activity does not necessarily indicate productive or accurate strategies 

but does support that students with disabilities can learn through instruction geared toward 

shaping these specific skills (Rosenzweig et al., 2011). Many studies currently call for increased 
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SRL measures within math problem solving research, including use of overt or online methods 

such as traces or think-aloud protocols (Axe et al., 2019; Jitendra & Star, 2011). 

The Institute of Education Science has compiled a practice guide report specifically 

addressing strategies that are evidence-based and focused on improving mathematical problem 

solving for students in grades 4 through 8 (Woodward et al., 2012). The following 

recommendations align with research previously reviewed in the realm of mathematics and SRL:  

assist students in self-monitoring and self-evaluation through the problem-solving process, 

explicitly teach correct use of visual representations, expose students to a variety of problem-

solving strategies, and assist students with understanding and expressing mathematical concepts 

and notation (Woodward et al., 2012).  

Target Population 

 There has been a range of research pursuing best instructional methods and interventions 

targeting math problem solving for students in primary and secondary school. It is obvious that 

the formation of these interventions has been appropriately rooted in the knowledge of critical 

components of the mathematic problem-solving process and specific characteristics of students 

who struggle with mathematic problem solving. Although it is encouraging that such a variety of 

approaches ranging from token economies to computer-based tutoring have been tried, it is not 

well understood how effective these interventions are for middle school students with disabilities 

specifically. Similarly, in the SRL research, middle school students are at a critical juncture in 

early adolescence regarding increasing complexities of academic concepts and increasing needs 

to cognitively self-regulate throughout their environments (Dent & Koenka, 2016). The presence 

of a learning disability introduces an additional hurdle for mathematic achievement during 

middle school as characteristics such as lower reading comprehension (Krawec, 2014), general 
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academic skill deficits across content areas (Mazzocco & Myers, 2003), and weaker executive 

functioning – particularly working memory (Mazzocco & Myers, 2003; Swanson et al., 2008), 

inhibit the mathematic problem-solving process.  

Purpose of the Study 

 Students with disabilities are at a disadvantage regarding achieving mastery of 

mathematic problem solving due to the complexity of their learning profiles (Mazzocco & 

Myers, 2003). There are many research-based interventions over the past two decades that target 

mathematic problem solving for students with disabilities (Alter, 2012; Jitendra et al., 2002; 

Krawec et al., 2013; Ma et al., 2014), many of which do include components of self-regulated 

learning explicitly (Krawec & Huang, 2017; Montague et al., 2014; Morin et al., 2017; 

Rosenzweig et al., 2011). This study aims to determine the effect of including an SRL 

component in mathematic problem-solving interventions for middle school students with 

disabilities as measured by the results from high-quality methodologically sound single-case 

design research studies. SRL components will be operationally defined to include terms related 

to SRL subprocesses involving cognition and metacognition as follows: metacognitive strategies, 

cognitive strategies, cognitive strategy instruction, schema-based instruction, self-monitoring, 

self-evaluation, and goal setting (Dent & Koenka, 2016). Data related to effect sizes of 

interventions for single-case design studies will be analyzed alongside sample size, types of 

disabilities represented within the sample, delivery location, provider of intervention, specific 

math content involved, and presence of an SRL component and how it was measured if 

applicable. 
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Meta-Analysis 

The intention of a meta-analyses is to minimize the limitations present in individual 

studies by quantifying the effect size of a single independent variable across multiple 

independent studies (Fraenkel et al., 2014). The ability to apply statistical analysis within the 

structure of a literature review minimizes potential subjectivity compared to traditional literature 

reviews (Fraenkel et al., 2014). Synthesizing effectiveness of independent variables through 

meta-analyses allow practitioners to make more informed decisions (Mikolajewicz & Komarova, 

2019). In an application to the field of education, this meta-analysis will provide educators 

synthesized data to make informed choices for how to best impact student learning in the 

classroom or create systems-wide decisions related to student services. 

The topic for this meta-analysis combines two concepts that are each most prevalent in 

the separate fields of psychology and education. As it is understood that there may not be a 

plethora of studies fitting the inclusion criteria, searching more databases across both fields is 

necessary to ensure all relevant studies are included. After an initial list of articles is confirmed, 

an ancestral search will be completed to ensure the inclusion of as many articles as possible. 

Study quality will be addressed using the Council of Exceptional Children’s (CEC; 2014) 

Standards for Evidence-Based Practices in Special Education. 

Research Questions 

 The literature includes reviews looking at effectiveness of interventions involving self-

regulated learning theories on overall academic achievement (Dent & Koenka, 2016; Wang & 

Sperling, 2020) and those looking at effectiveness of interventions involving mathematic 

problem solving without an emphasis on SRL components (Cook et al., 2020; Peltier et al., 2018; 

Zheng et al., 2012), but there has not been a meta-analysis of interventions that target 
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mathematic problem-solving skills specifically with self-regulation components for students with 

disabilities. This study will add to the literature by providing further insight as to the 

effectiveness of interventions for middle school students with disabilities struggling with 

mathematic problem solving from the past two decades. The following questions will be 

investigated by the proposed study: 

1. What are the characteristics of effective mathematic problem-solving interventions with 

self-regulated learning components for middle school students with disabilities? 

2. How many CEC quality indicators do each of the included studies meet? 

3. What is the effect of mathematic problem-solving interventions with self-regulated 

learning components on mathematic problem-solving performance for middle school 

students with disabilities? 

4. Do effect sizes vary among problem solving interventions with self-regulated learning 

components for students with different types of disabilities? 
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CHAPTER 2 

Method 
 

This chapter details the method used to complete a systematic review and meta-analysis 

of the literature between 2000 and 2021. In this study, twenty-two single case designed studies 

were reviewed and analyzed for effect sizes related to effectiveness of math problem-solving 

interventions with middle school students with disabilities. The chapter includes a description of 

the researcher, independent reviewers, procedures used to conduct the literature review, 

eligibility inclusion and exclusion criteria, and inter-rater agreement measures. The chapter also 

includes processes and analysis methods for computing the overall effect of math problem 

solving interventions that include self-regulation components on students with disabilities’ 

problem-solving performance within middle school grades. 

Researcher 

 The researcher was a doctoral candidate in the field of school psychology with four 

years’ experience teaching as an intervention specialist to middle school students with 

disabilities. Her teaching license was in mild-moderate educational needs and she met highly 

qualified teaching status for English language arts and mathematics by the state department of 

education’s licensure standards. She also held a license endorsement for teaching reading and 

was completing a full-time year-long internship providing school psychological services in an 

urban school district. 

Independent Raters 

 Three different independent raters were involved in conducting inter-rater agreement 

(IRA) observations throughout the completion of the study. All three were graduate students in a 
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school psychology program, two of whom were in their third year of study and one of whom was 

in his second year of study. One had prior experience with coding procedures for research. All 

three students completed training prior to completing each step of coding to ensure the highest 

degree of fidelity possible. The first step of the systematic search was split among all three 

coders. All IRA steps after the initial database search and abstract screening were completed by 

two independent coders. Additional information about training sessions is included at the end of 

this chapter. 

Inclusion Criteria   

Studies that were included in this review and analysis had to be published in English and 

have been published in a peer-reviewed journal or within a dissertation database between 2000 

and 2021. The publication of Zimmerman’s (2000) social cognitive approach was used as 

general metric for limiting studies published prior to this date. The independent variable in the 

studies had to consist of a mathematic problem-solving intervention. Mathematics problem 

solving is defined as tasks with math-related word problems where there could be more than one 

correct pathway to find the correct answer. The studies had to include a dependent measure of 

mathematic problem-solving performance. Studies needed to include students in middle school 

within the sample. This was defined as students in 6th-8th grade or 11-14 years old with grade 

being a priority over age (e.g., a 15-year-old 8th grade student could be included). The study must 

have reported the presence of a disability with qualification measures noted for at least one 

student in the sample for the study to be included. Qualification measures could be as simple as 

stating the student met state criteria to receive special education services and/or detailed 

information from within the student’s Individualized Education Plan (IEP) and evaluation results 
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on intelligence and academic assessments. Only intervention data involving students with a 

disability were included in the overall effect size analysis.  

Finally, interventions within the studies needed to include a component of self-regulated 

learning (SRL). Components of SRL were defined to also include terms related to subprocesses 

of SRL and metacognition as follows: metacognitive strategies, cognitive strategies, cognitive 

strategy instruction, schema-based instruction, self-monitoring, self-evaluation, and goal setting. 

Cognitive strategies were operationally defined as any part of the intervention package utilizing 

modeling, corrective feedback, verbal rehearsal, self-questioning, and/or cuing with direct 

instruction in math problem-solving techniques (e.g., paraphrasing, visualizing, detecting 

relevant information, locating the question, hypothesizing, estimating, labeling, and/or checking; 

Krawec & Huang, 2017). Meta-cognitive strategies were operationally defined as tasks that 

involve thinking about one’s own thinking or performance. Schema-based instruction (SBI) is an 

accepted intervention design that involves cognitive strategies. SBI was operationally defined as 

instruction in determining problem type and in creating accurate graphic representations to 

support accuracy during problem solving. Self-monitoring was operationally defined as students 

checking progress through specific questions or working through steps using a visual checklist. 

Self-evaluation was operationally defined as a dedicated time at the end of intervention sessions 

to review and discuss performance on the most recent task compared to previous performance. 

Goal setting was operationally defined as a dedicated time to look at past performance and set a 

specific score or goal for future performance. Studies met inclusion criteria if at least one of 

these SRL components was present within the intervention. 

To be included, studies also had to implement a single-case research design (SCRD) and 

report an effect size (e.g., Tau-U) or the data needed to compute an effect size (i.e., legible graph 
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of results). Systematic reviews, meta-analyses, correlational studies, and qualitative studies were 

excluded. Studies found were evaluated for quality using the Council of Exceptional Children’s 

(CEC) quality indicators (CEC, 2014). The CEC quality indicators were used over other study 

quality ratings (e.g., What Works Clearinghouse standards) due to the specific design of the 

indicators to assess dynamic interventions versus more broad educational programs and 

curriculums (Cook & Cook, 2011). The CEC quality indicators (2014) looked at eight different 

categories and each category has a different number of components to evaluate:  context and 

setting (1 component), participants (2 components), intervention agent (2 components), 

description of practice (2 components), implementation fidelity (3 components), internal validity 

(9 components), outcome measures/dependent variables (6 components), and data analysis (3 

components). Some components within certain indicators only applied to group design studies 

while others only applied to single-case design studies. The context and setting indicator 

critiqued descriptions regarding the context and setting of intervention both within a school 

setting and within a bigger geographic context. The participants indicator critiqued descriptions 

provided of participant demographic information and participant disability, including how this 

had been determined. The intervention agent indicator critiqued descriptions provided of the 

interventionist and any necessary training or qualifications those individuals held or needed. The 

description of practice indicator critiqued descriptions provided of intervention procedures and 

materials. The implementation fidelity indicator critiqued study reports of adherence to 

intervention steps using observable measures, reports of duration and frequency of intervention, 

and reports of adherence or duration data consistently throughout all phases of the study and 

across all interventionists. The internal validity indicator critiqued descriptions of how the 

researcher manipulated the intervention, descriptions of baseline conditions, and lack of 
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exposure to intervention prior to implementation. This indicator also included three components 

specifically for group design studies:  clear description of assignment to groups, measure of 

overall attrition, and measure of between-group attrition. Another three components critiqued 

details specifically for single-case design studies:  included at least three points of experimental 

effect, all baseline conditions included at least three data points that established a pattern of 

steady state responding, and that the design controlled for common threats to internal validity. 

The outcome measures/dependent variable indicator critiqued importance of outcomes through a 

social lens, description of measurement for dependent variables, report of results for all 

mentioned dependent variables, suitability of frequency of outcome measures (at least three data 

points per phase), and level of interobserver reliability measures. One additional component for 

this indicator was for group designs only:  adequate evidence of validity for content or construct. 

The final indicator, data analysis, included two group-design specific components and one 

single-case design specific component. The group-design specific components critiqued 

statistical techniques reported for group comparisons and the report of an effect size or the 

information needed to compute one. The single-case design specific component critiqued the 

presence and general clarity or quality of outcome data in the format of a graph. 

All studies that met at least 80% of the components within the quality indicators for 

single-case design studies were included in the review and analysis. A quality indicator matrix 

formatted in a Microsoft Excel file designed and made available by Lane et al. (2014) was used 

to record whether studies meet the criteria for each category.  Only the data for participants who 

met inclusion criteria was considered during the coding process. 



 

 22 

Exclusion Criteria 

 Studies were excluded if they were published in a different language other than English 

and if they were not published in a peer-reviewed journal or included in a dissertation database. 

Articles were excluded if they were published or completed prior to 2000. Studies were excluded 

if the independent variable did not involve a math problem-solving intervention. For example, 

studies were excluded if the intervention was math-related but focused only on computations 

instead of involving math problems within the context of a word problem. Studies were excluded 

if the dependent variable did not measure math problem-solving performance. Studies were also 

excluded if no middle school students, defined as 6th through 8th grade, were included in the 

sample. Similarly, if no participants were reported to have a disability, then studies were 

excluded. If studies implemented a group design, they were excluded. Finally, studies were 

excluded if interventions did not include components of self-regulated learning or if the study did 

not meet at least 80% of CEC quality indicators. 

Search Terms and Data-Based Sources  

The following databases were used to search for research studies that met the inclusion 

criteria: APAPsychINFO, Academic Search Complete, ERIC (EBSCOHost Version), Education 

Research Complete, and Psychology & Behavioral Sciences Collection. The inclusion of all of 

these databases allowed for a thorough search in a wide array of sources spanning the fields of 

education, psychology, and the social sciences at large. The search terms were as follows: math* 

AND ("problem solv*” OR “story problem*” OR “word problem*” OR strateg*) AND disab* 

AND (adolescen* OR "middle school"). Self-regulated learning components of articles were 

incorporated into the coding procedure, and therefore the search terms allowed for studies that 
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included interventions that may not have mentioned the term self-regulation for middle school 

samples of students. 

Databases were last searched on 03/16/2021. Automatic filters differed by database 

depending on options available. The APAPsychINFO database used the search terms outlined 

above and the following filters: limited to 2000-2021, academic journals OR dissertations, 

English, included school age (6-12 years old) OR adolescence (13-17 years old), quantitative 

study. The Academic Search Complete and ERIC (EBSCOHost version) databases used the 

search terms outlined above and the following filters: limited to 2000-2021, academic journals 

OR dissertations, English. The Education Research Complete database used the search terms 

outlined above and the following filters: limited to 2000-2021, academic journals OR conference 

papers, English. The Psychology and Behavioral Sciences Collection database used the search 

terms outlined above and the following filters: limited to 2000-2021, English. 

Search Procedures and Selection Process 

All databases were reviewed by the researcher and an independent rater. The researcher 

reviewed all the databases. The other databases were split across three independent raters. All 

independent raters were trained on the automation filters and search terms for each database prior 

to conducting the search for studies. Independent raters conducted the search on assigned 

databases and screened the references and abstracts of all results for inclusion/exclusion criteria. 

If details were shared that would exclude the study (i.e., systematic review, high school students, 

reading intervention, group design, etc.), then the study was excluded. If no exclusionary 

information was included, but the abstract was still vague, all independent raters were trained to 

mark the study for inclusion to read the studies in full to determine if they met the inclusion 

criteria. The researcher calculated the IRA for each database and created a master list, omitting 
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duplicate studies. IRA was then calculated for the master list, both before and after omitting 

duplicate studies. The next step of the systematic search was for each study to be read in full for 

the same inclusion/exclusion criteria independently by the researcher and an independent rater. 

The researcher read all the articles in full. The sample was then split evenly across three 

independent raters for coding. The lead researcher compiled the IRA calculations and created a 

final list of included articles. 

An ancestral search was completed on all articles that met inclusion criteria. The 

researcher reviewed the references within all the included articles and identified those that met 

the inclusion/exclusion criteria for this review (e.g., limited to 2000-2021, no reviews or meta-

analyses, title involving keys words of math problem solving, intervention, self-regulated 

learning). The compiled list of references was then cross checked to the original database list of 

titles reviewed. All duplicate references already identified were removed. Of the original 20 

articles, five were randomly chosen for an independent rater to review the reference citations by 

independently following the same steps as above. Next, the lead researcher identified and read 

the abstracts from the titles that appeared to meet the inclusion criteria from the ancestral search. 

Five of the abstracts that appeared to meet the inclusion criteria were randomly selected and 

given to an independent rater to review following the same steps as the lead researcher. Last, the 

lead researcher located the articles that met the inclusion criteria based on the abstract review.  

Both the lead researcher and an independent rater read each article in full and made an 

independent determination regarding final inclusion for this review. A final list of included 

articles was created by combining the results of the initial systematic search and the ancestral 

search. 
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Data Collection Process 

Article PDF files were downloaded and stored in a computer software program called 

Mendeley on the researcher’s laptop and on a Google Drive for the independent raters to access. 

Separate pre-formatted Excel files housed the systematic search data, CEC quality indicator data, 

and specific content data. Table 1 outlines the information coded from within each included 

article. Articles were coded according to the following: alignment with CEC quality indicators; 

number of participants that met inclusion criteria; grade of participants included; 

diagnosis/disability qualification; test used to determine diagnosis; race/ethnicity;  

 
 
Table 1 

Data Collected Within Studies During Coding Process  

Data gathered by focus area 
Quality of study 

Alignment with the Council for Exceptional Children’s (2014) eight quality indicators 
Participants 

Number of participants that met inclusion criteria 
Grade of participants included 
Diagnosis/disability qualification 
Test used to determine diagnosis 
Race or ethnicity reported 

Study details 
Brief description of the intervention program 
Problem types and/or operations included within context of problem-solving intervention 
Dependent variable(s) 
Implementation grouping (i.e., one-on-one, small group, or large group) 
Interventionist(s) 
Setting of intervention within building 

Self-regulated learning 
Components of self-regulated learning included in the independent variable 
Data related to SRL component was considered offline or online 

Effect size 
Graph of results for dependent variable 
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implementation grouping (i.e., one-on-one, small group, or large group); brief description of the 

intervention program; problem types and/or operations included within context of problem 

solving; dependent variable(s); interventionist; setting of intervention; components of self-

regulated learning included in the independent variable and if those components were measured 

in an offline or online manner; and effect size or data necessary to compute it. 

Coding Procedures for Specific Items 

For the CEC quality indicators, all articles in the final sample were coded independently  

by the researcher and an independent rater. The researcher coded all articles, and the sample of 

articles were split in half for secondary coding to be completed by two independent raters. Each 

reviewer was trained on the CEC’s quality indicators and used the pre-formatted Excel 

spreadsheet matrix for coding purposes (e.g., Lane et al., 2014). The matrix detailed each 

subcategory for the quality indicators and prompted reviewers to code either a 0 (unmet) or 1 

(met) for each item per study. The researcher and independent raters also cited page numbers and 

quotes from the article showing evidence where studies met individual indicators and stated a 

reason for marking that it was unmet if applicable. Once the coding was completed by the 

researcher and independent raters, the researcher compiled the data into one Excel matrix. The 

matrix then computed overall IRA by quality indicator, by article, and the number of quality 

indicators met by study both using an absolute method and an 80% weighted method (Royer et 

al., 2017). When using absolute coding, studies earned a “1” for each quality indicator in which 

they met all components within it. If there was a single component that was not met, the study 

earned a “0” for that indicator when implementing absolute coding. Weighted coding allowed for 

minor lapses in study design or reporting by providing weighted scores for each indicator (i.e., if 

3 of 5 components were met, that indicator would be noted with a weighted score of 60%). When 
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determining studies that could be considered as methodologically sound with absolute coding, 

studies had to meet all components of all 8 quality indicators. When determining studies that 

could be considered as methodologically sound with weighted coding, studies had to meet a 

threshold of at least 80% of components met (overall rating of 6.40 quality indicators met or 

higher). 

The participant and study details of each intervention were coded directly from the 

studies by the researcher. If only a portion of participants met the grade/age inclusion criteria, 

only that data was included in the coding and analysis. Grade was weighted higher than age for 

inclusion; for example, if a 15-year-old (outside the range of inclusion for age) participant was 

marked as being in the 8th grade (inside the range of inclusion for grade), then that student’s data 

was included in the analysis. The same rules applied for any younger students within the middle-

school grade band. For coding of the test used to determine diagnosis, some studies did not list 

specific assessments. In these instances, notes were made regarding the evidence cited that 

allowed for inclusion of the participant as an individual with a disability (e.g., receiving special 

education services, having an IEP, etc.). All remaining coding categories were either present 

within the article or not. If unaddressed, the coding was left blank and accounted for and reported 

within the analysis as missing data. Any compatible information for these categories was noted 

and coded as possible. 

The self-regulated learning components were defined as implementation or utilization of 

any of the following aspects of self-regulated learning: cognitive strategy, goal setting, planning, 

self-monitoring, self-control, and self-evaluation (Dent & Koenka, 2016). These aspects of self-

regulated learning have common threads across a myriad of SRL models and frameworks (Dent 

& Koenka, 2016). The researcher coded two categories related to SRL, first if any of these areas 
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as detailed by Dent and Koenka (2016) were present, and second, which data was present within 

the study, either an offline measure (i.e., self-report or structured interview) or an online measure 

(i.e., traces such as think-alouds or underlining important information that provides a visual 

snapshot of the internal SRL component; Dent & Koenka, 2016). At least 30% of articles were 

coded for these components by an independent rater to confirm results. 

In order to conduct the meta-analysis, the web-based program Web Plot Digitizer was 

utilized to extract all individual data points from visual graphs included within the original 

studies for participants that met inclusion criteria. For studies that included data points on 

multiple skills within a single graph, the data was pulled apart into two different data sets if there 

were enough data points within each phase. Multiple intervention phases were all treated as a 

single intervention subphase for the purpose of data analysis within a multiple-probe design. 

Additionally, generalization and maintenance probes were not included in the data sets analyzed 

as not all studies included them or were consistent in how and when these measures were 

implemented. Data was organized in an Excel sheet with a tab for each study. Each tab included 

a column for each AB comparison, usually corresponding with a column per participant, that 

detailed data points and condition assignment (e.g., baseline and intervention). The data sets 

were then imported into a virtual calculator at http://www.singlecaseresearch.org/ created by 

Vannest et al. (2016) to calculate the effect size using Tau-U. Tau-U allows for a quantitative 

analysis of effect size within single-case research data by combining measures of nonoverlapping 

data, intervention phase trends, and corrections for unstable baseline trends across multiple 

studies (Lee & Cherney, 2018). Each participant’s baseline was first checked for any significant 

trends. If these were present, the Tau-U calculator was utilized to correct baseline trends prior to 

contrasting that participant’s baseline and intervention phase data. In this study, any baseline 
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trend with a Tau-U measure greater than ± 0.2 was corrected as recommended by Vannest and 

Ninci (2015). Contrasts of baseline to intervention phases were calculated for each participant to 

obtain an effect size for each participant. The contrast data for all contrasts involved in the study 

were then combined into a single weighted overall Tau-U for the study. Data outputs from the 

online calculator were saved onto additional tabs within the effect size excel spreadsheet. 

An aggregate mean, or overall effect size, of the interventions on math problem-solving 

performance was calculated using the Jamovi statistical program’s meta-analysis features. Using 

continuous outcomes with pre-calculated effect size data and a random-effects model, the overall 

effect size output included a forest plot with overall effect size, confidence intervals, and 

heterogeneity assumption tests. A sensitivity analysis was completed that reran the overall effect 

size analysis but included only studies that met all eight of the CEC’s quality indicators when 

using absolute coding. With similar results, this analysis increased validity of the reported 

overall effect size when including studies that met methodological strength using the weighted 

coding versus the stricter absolute coding. 

Additional analyses were completed to determine any potential moderator effects using 

the IBM® SPSS® Statistics meta-analysis feature by computing subgroup analyses with the 

Hunter-Schmidt estimator method. The Hunter-Schmidt estimator method is recommended due 

to demonstrating less bias in analysis data available (Field & Gillet, 2010). Tests of 

heterogeneity were computed for each potential moderator analysis as well to strengthen support 

for conclusions drawn from the results. Moderator analyses were conducted for disability 

category, interventionist, group setting, intervention type, and problem type. The analyses were 

all conducted on a data set created with each participant’s effect size, variance, disability 

category reported, interventionist, group setting, intervention type, and problem type. 
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Risk of bias measures were conducted to increase transparency and reliability of the data 

reported and conclusions drawn from the results. Although digital tools such as the Risk of Bias 

2 (Sterne et al., 2019) that are based on the Cochrane Collaboration’s guidelines for risk of bias 

assessment are freely accessible, none of these tools are well-designed for single-case design 

studies as they focus on randomized-controlled trials. Reichow et al. (2018) proposed a 

framework based on the Cochrane risk of bias tool that allows for the incorporation of single-

case design studies in the risk of bias assessment. This analysis implemented Reichow et al.’s 

(2018) framework and description of their Single Case Design Risk of Bias (SCD RoB) tool to 

conduct a risk of bias assessment. A protocol or tool for the SCD RoB was not made available by 

the researchers, but adequate descriptions of each area of bias and domain were included in the 

original article (see Appendix A) along with example outputs. The SCD RoB focused on 

selection, performance, and detection biases. Selection bias included sequence generation and 

participant selection. Performance bias included blinding of participants and personnel and 

procedural fidelity. Detection bias included blinding of outcome assessment, selective outcome 

reporting, dependent variable reliability, and data sampling.  

Articles were coded for a low, unclear, or high risk of based in each of the eight domains 

outlined above based on guidance provided by Reichow et al.’s (2018) SCD RoB framework. 

The results of each study were then combined to create an overall measure of low, unclear, and 

high risk of bias per bias domain. These results were then analyzed for potential implications or 

limitations on the conclusions drawn from the overall results to support a final determination on 

the certainty of evidence presented in this meta-analysis. 
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Training for Inter-Rater Agreement and Treatment Integrity 

 The independent raters that assisted with coding articles for the initial systematic search, 

with coding articles on CEC’s quality indicator checklists, and with coding select content pieces 

within studies completed multiple training sessions throughout the process of conducting this 

analysis. At any point any discrepancies were discussed between the researcher and the 

independent rater until there was 100% agreement. Six different training meetings were held that 

addressed treatment integrity for the systematic search, coding articles for alignment to the 

CEC’s quality indicators, and coding content items. 

The first two training sessions focused on the systematic search. The independent raters and 

lead researcher reviewed the first 10 articles from the APAPsychInfo database together as a 

group. The researcher led the training on using search terms and setting appropriate settings and 

limitations (i.e., viewing the abstract, limiting included years, and including only journals and 

dissertations/theses). The researcher modeled the process of reading the abstracts for the 

following criteria: (1) single-case design empirical study, (2) involved middle school students 

(aged 10-14 or grades 6-8), (3) with disabilities (any disability category as long as the data for 

students with disabilities is separate from general population data), (4) some sort of intervention 

related to math problem-solving performance, and (5) a dependent measure related to 

mathematic problem-solving performance. The next articles were completed as a group with the 

independent raters leading discussion around whether the article would meet inclusion criteria or 

not. Finally, the last two articles were reviewed by each of the independent raters independently 

before coming back together to compare results. There was 100% agreement in this session, so 

no more articles were reviewed from this database for training purposes.  
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Prior to coding the sample for alignment with the CEC’s quality indicators, two independent 

raters met with the researcher three times to train and calibrate how to complete the coding 

accurately. The Excel overview and walk-through guide (Royer et al., 2017) and the paired 

Check for Understanding (CFU; Common et al., 2017) documents were provided to the 

independent raters prior to the meeting, along with the four primary studies that had been written 

as guidance for using the quality indicators and are referenced in the Excel document and 

training guide. After the initial meeting, each independent rater read the walk-through guide in 

depth and studied the Excel document independently before taking the CFU. Each independent 

rater reached a minimum of a 90% pass rate on the CFU (r = 95%-100%; n = 3). In the next 

meeting, the independent raters practiced independently coding three articles not included in the 

current study for treatment integrity training on the quality indicators. Across the three articles, 

the lead researcher had an overall rate of 84.86% agreement with the first independent rater and 

88.38% agreement with the second independent rater. After the results were compiled, another 

training meeting was held to talk through any discrepancies and how to make decisions related to 

those issues when coding articles for this study. 

A final training session was held to calibrate two independent raters on coding content in 

articles for the presence of a SRL component and if there were data collected in an online or 

offline manner related to the SRL component. The researcher modeled coding for one of the 

included articles. Another article was completed together as a group, talking through the decision 

process with the independent raters. A final article was coded independently and results 

compared during the session with 100% agreement among raters. 
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CHAPTER 3 

Results 

The results of the systematic study selection and meta-analysis are reviewed in this 

chapter organized by research question. Additional information is included regarding risk of bias 

and additional potential moderators in addition to type of disability. 

Study Selection  

Each independent reviewer was provided one or two of the following databases to search 

for articles that met the inclusion criteria for this systematic review: Psychology and Behavioral 

Sciences Collection, Education Research Complete, ERIC, Academic Search Complete, and 

APA Psych Info.  Based on an initial search, the databases were split and assigned to reviewers 

in such a way to create a generally even distribution of titles and abstracts to review. Databases 

were grouped and then randomly assigned to a reviewer. Each reviewer screened the articles for 

inclusion by reading the titles and abstracts. The reviewers recorded the search terms in each 

database separately, and all resulting articles’ abstracts were screened for potential inclusion by 

the researcher and an independent reviewer. The resulting inter-rater agreement (IRA) for 

screening abstracts was as follows:  Psychology and Behavioral Sciences Collection (initial IRA 

= 86.79%, n = 53); Education Research Complete (initial IRA = 89.38%, n = 113); ERIC 

database (initial IRA 86.34%, n = 205); Academic Search Complete (initial IRA = 91.13%, n = 

124); APA Psych Info (initial IRA =  93.48%, n = 46). The overall IRA was 87.99% (n = 541). 

The researcher reviewed all the databases and created a master list of the articles that met the 

inclusion criteria based on the how the abstracts were coded. After removing duplicate articles 

from subsequent databases, the overall IRA for all screened articles was 91.91% (n = 309). Any 
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discrepancies were resolved with conversations between the researcher and the independent 

reviewers. Following this procedure, 52 articles were determined to meet initial inclusion criteria 

and were then read in full.   

The 52 articles were divided evenly and read in full across the independent reviewers. 

The researcher read all the articles and compiled the reviewers’ coding decisions into the master 

list. The IRA agreement for this step was 90.00% and resulted in 20 articles that met inclusion 

criteria. The next step involved an ancestral screening search of article titles included in the 

reference sections of the 20 articles that met the inclusion criteria. There were 1,175 total 

ancestral titles included across the sample of 20 articles. Five articles were chosen at random for 

an independent reviewer to screen ancestral title citations. Within those five articles, a total of 

194 ancestral reference titles (16.4%) were screened by both the independent reviewer and the 

researcher. IRR for ancestral citation screening was 93.75%. Eighty-eight total article titles were 

identified as being studies that may meet the inclusion criteria. Of those titles, 13 were identified 

by only one reviewer, 37 had been previously screened in the original eSearch, and 18 articles 

were eliminated as duplicate findings to those in the final search. This left 20 new and unique 

articles to be screened by looking up and reading the abstracts. Abstracts for two out of the 20 

article titles could not be located. The lead researcher located the abstracts and PDFs of the 

remaining 18 article titles and screened each abstract to determine if they should be read in full 

for final inclusion. An independent reviewer screened five randomly selected studies of the 18 

articles in this step (27.8%). The IRA agreement on which articles should move on to be 

screened by reading in full was 100.0%. Three articles were identified to be read in full, and two 

met the final inclusion criteria. An independent reviewer read all three articles in full, and IRA 

was 100.0%. After the ancestral search was completed and the additional 2 articles were added, it 
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was determined that 22 single-case design studies met the inclusion criteria for this meta-analytic 

review. Table 2 provides a summary of IRA results and Figure 2 depicts a diagram of the search 

procedures. 

Several articles were excluded due to variety of situations. For instance, Zhang, et al.’s 

(2016) article, Strategic development for middle school students struggling with fractions, was 

excluded due to the independent variable consisting of solving numerical fraction computation 

problems only (e.g., 5/8 – 1/3) and not problems written within a story problem context even 

though real-world problem-solving was a dependent variable. Bundock et al.’s (2021) article, 

Teaching rate of change and problem solving to high school students with high incidence 

disabilities at tier 3, was also excluded due to all participants being in high school and outside of 

the 6th-8th grade range. Cox and Root’s (2020) article, Modified schema-based instruction to 

develop flexible mathematics problem-solving strategies for students with Autism Spectrum 

Disorder, was excluded because the intervention was implemented at a student’s home and at a 

local library, instead of within the context of a school setting. Finally, Brawand’s (2013) 

dissertation, Proportional reasoning word problem performance for middle school students with 

 

Table 2 
 
Interrater Agreement (IRA) Throughout Systematic Review 
 

Step Total rated articles IRA 
Initial Database Search, No Duplicates 309 91.91% 
Articles Read in Full 52 90.00% 
Ancestral Citation Screening 192 (16.4%) 93.75% 
Ancestral Abstracts 5 (27.8%) 100.00% 
Ancestral Read in Full 3 100.00% 
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high-incidence disabilities, was excluded because the same data set was used in a published 

article that also met inclusion criteria (Brawand et al., 2020). 

Question 1. Study Characteristics 

 Table 3 presents a summary of the following study characteristics: participants, setting, 

interventionist, intervention, and type of problem solving utilized. Across the 22 single-case 

design studies that met the inclusion criteria, there was a total of 94 students with disabilities in 

middle school settings. Of the 22 studies, the researcher was the interventionist in sixteen studies 

(72.7%), a special educator was the interventionist in four studies (18.2%), peer tutors were 

interventionist in one study (4.5%), and a computer program was used in one study (4.5%). 

Sixteen studies (72.7%) implemented the intervention package in a one-on-one setting, whereas 

the other six studies (27.3%) implemented the intervention in a small group setting. Of the 94 

participants, 45 participants (47.9%) were identified with learning disabilities, 33 participants 

(35.1%) were identified with intellectual disabilities, 13 participants (13.8%) were identified 

with autism spectrum disorder, 1 individual (1.1%) was identified with attention deficit 

hyperactivity disorder, 1 individual (1.1%) was identified under the educational disability 

category of Other Health Impairment, and 1 individual (1.1%) was identified with an auditory 

processing disorder. All participants received special education services according to their state 

education criteria. Participants ranged in age from 11 to 15 with a mean of 13.2 years of age. 

Sixty-five participants (69.1%) were male and 29 (30.9%) were female. With regard to race and 

ethnicity of the 94 participants, 55 (58.5%) were White, 20 (21.3%) were Black, 9 (9.6%) were 

Hispanic, 2 (2.1%) were mixed race, and 1 (1.1%) was Middle Eastern. Two studies involving 7 

participants (7.4%) did not list race/ethnicity demographic information. The analysis included 

112 different  
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AB phase (A: baseline; B: intervention) contrasts. All contrasts included a total of 1,556 data 

points extracted from the graphs provided within each published study. 

Interventions 

The independent variables implemented throughout the studies included in this analysis 

involved a variety of approaches. The researcher sorted the interventions into six categories 

based on similarities:  variations on general cognitive/metacognitive strategy routines, specific 

concrete-representation-abstract (CRA) instructional routine variations, schema-based 

instruction, modified schema-based instruction, instruction specifically involving schematic 

diagrams, and technology-based intervention approaches.  

General Cognitive/Metacognitive Strategy Variations. Three studies (13.6%) involved 

variations on general problem-solving routines. For instance, Browder et al.’s (2012) study 

focused on effects of reading problems out loud paired with a visual that contained picture 

symbols and graphic organizers that could be modified using Velcro numbers for students who 

were not able to write with dry erase markers. It also included a specific task checklist of 5-7 

steps that students were taught and used independently. This study included data from four 

different math units (e.g., geometry, algebra, data, and measurement). Only the data for the 

algebra unit was used in this meta-analysis. In Schaefer Whitby’s (2013) study, the curriculum 

Solve It was explicitly taught to students with autism. It incorporated seven cognitive strategies 

(read, paraphrase, visualize, hypothesize, estimate, compute, and check) and three meta-

cognitive strategies (self-management, self-questioning, and self-evaluation). In Freeman-Green 

et al.’s (2015) study, students were explicitly taught to use a mnemonic (SOLVE) as an effective 

strategy to complete math problem solving through modeling, verbal practice, controlled practice 

and feedback, and advance practice and feedback. 
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 Concrete-Representation-Abstract Sequence Variations. Four studies (18.2%) 

involved teaching math problem-solving using variations of concrete-representation-abstract 

(CRA) problem-solving interventions. For instance, in Maccini and Ruhl’s (2000) study, students 

were taught a mnemonic (STAR: Search the word problem, Translate the words into an equation 

in picture form, Answer the problem, Review the solution). Each phase in the mnemonic 

involved a three-step task analysis. Students completed the first two steps multiple times through 

representing the problem first with physical manipulatives and then drawing a picture of the 

representation. Finally, students completed all four steps of the mnemonic by writing and solving 

an algebraic equation. Instructional strategies such as modeling, advance organizers, guided 

practice, and independent practice were implemented throughout. In Scheuermann et al.’s (2009) 

study, a variation of a problem-solving routine called Explicit Inquiry Routine (EIR) was 

implemented with students. This intervention involved chunking the main mathematical concept 

– in this case, one-step word problems – into smaller instructional lessons prior to beginning 

instruction, and guiding students through solving the problem by asking sets of questions using a 

think-pair-share model. Throughout each step students were encouraged to represent the problem 

in multiple ways using manipulatives, pictures, and algorithms. In Buock et al.’s (2017) study, a 

concrete-representational-abstract approach was used to teach students to make change with 

coins by first using fake money, then drawing pictures to represent the problem. In the last step, 

students solved the problem using algorithms or mental math. Root, Cox, Gilley, and Wade’s 

(2020) study implemented a virtual-representation-abstract (VRA) sequence with students who 

have significant support needs. This sequence involved all aspects of making different types of 

models that the other studies did, but the concrete step used technology and other resources to 
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allow students to create a representation of the problem by virtually manipulating objects during 

the first phase. 

Schema-Based Instruction (SBI). Four studies (18.2%) implemented schema-based 

instruction. Jitendra et al.’s (2002) study used a visual representation strategy focusing on 

recognizing problem patterns. This involved using set diagrams to highlight important 

information on multiplicative and vary problem types (e.g. Renae earned $15 for each day she 

babysat. She worked for 5 days. How much money did she earn?). Similarly, Na (2009) also 

implemented schema-based instruction with one-step multiplication and division word problems. 

Ley Davis (2016), on the other hand, taught peers without disabilities to deliver schema-based 

instruction in a one-on-one setting to peers with moderate-to-severe intellectual disabilities. The 

type of problem involved change problems with addition and subtraction. Most recently, 

Brawand et al.’s (2020) study considered the effects of schema-based instruction on proportional 

reasoning word problems for students with learning disabilities, other health impairment, and 

Autism when implemented within small groups. 

 Modified Schema-Based Instruction (MSBI). Five studies (22.7%) implemented a 

modified schema-based instruction. MSBI incorporates all essential components of SBI while 

adding evidence-based components that support students with moderate intellectual disabilities 

and/or significant communication and reading needs.  For instance, Root et al.’s (2017) study 

provided students with a calculator in addition to the MSBI components of instruction, task 

analysis and read aloud to teach students to solve problems with money quantities larger than 10. 

In Browder et al.’s (2018) study, MSBI was implemented with some problems being presented 

through video-simulation to determine how well students solved math word problems when 

required to discriminate among problem types independently. Set graphic organizers for each 
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problem type were provided and students could choose which organizer was needed to solve 

each problem. Root et al.’s (2018) study used MSBI to teach students how to solve problems 

containing quantities larger than 10 with word problems involving addition and subtraction. In 

Root, Cox, Saunders and Gilley’s (2020) study, MSBI was implemented along with strategically 

chosen components of the universal design for learning (UDL) framework to minimize barriers 

throughout the problem-solving process for students with intellectual disabilities and autism. 

Root, Cox, Davis, and Hammond’s (2020) study implemented a version of MSBI by conducting 

a replication of Root et al.’s (2018) study. The replication tweaked the measurement strategy in 

order to be more sensitive to student’s understanding of payment (e.g., instead of saying if there 

was enough money, students had to provide a number for the next whole dollar amount needed 

to cover the full cost). 

 Diagram-Based Approaches. Three studies (13.6%) instructed students specifically on 

creating and using strategic diagrams during the problem-solving routine. For instance, in van 

Garderen’s (2007) study, students with learning disabilities were explicitly taught how to create 

diagrams that were effective in supporting an accurate solution to a given one- or two-step word 

problem. This involved explicit strategy instruction for each type of word problem once students 

learned appropriate techniques for generating useful diagrams. Buock and Long (2020) provided 

a specific diagram and taught students how to complete it using a task analysis checklist and a 

strategic four-step system of least-to-most prompts including gesture, indirect verbal, direct 

verbal, and modeling while solving percent change problems (cost of item after a discount). 

Building upon that research, Buock et al.’s (2021) provided a specific diagram, task analysis 

checklist and a strategic three-step system of least-to-most prompts including gesture, indirect 
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verbal, and modeling while solving percent change problems (e.g., finding total cost of meal with 

tip). 

Technology-Based Approaches. Finally, three studies (13.6%) utilized technology-

based interventions to increase problem-solving skills for students with disabilities. Saunders et 

al.’s (2009) study used video clips of simulated real-world situations and video prompting of 

math problem-solving steps to teach students with moderate intellectual disabilities to solve 

addition and subtraction change problems. In Sheriff and Boon’s (2014) study, special education 

teachers were trained to work with students in small groups on one-step addition, subtraction, or 

multiplication problems by providing graphic organizers virtually versus paper formats. In Shin 

and Bryant’s (2017) study, a computer program called Fun Fractions was implemented to 

integrate cognitive strategies, feedback, and virtual manipulatives to teach math problem solving 

to students without additional instruction from teachers or adults. 

Problem Types 

Real-world mathematic word problems involve an underlying structure that can be 

recreated in different contexts. Oftentimes problem-solving instruction revolves around specific 

structures of word problems to minimize confusion among students.  There were a variety of 

problem types that were taught in the included studies. These were grouped into percent change 

problems, group/change/compare problems involving addition and subtraction problems, vary 

and multiplicative comparison problems, unlisted curriculum-based problems, and combinations 

of group/change/compare and vary multiplicative comparison problems. Seven studies (31.8%) 

involved group, change, and compare addition and/or subtraction type problems. Four studies 

(18.2%) consisted of percent change problems involving ratios, fractions, and cost, and four 

more studies (18.2%) focused solely on vary or multiplicative comparison type problems. Five 
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studies (22.7%) contained a combination of problem types involving all four operations.  Three 

studies (13.6%) reported problems as being curriculum-based. 

Primary Dependent Variable 

 The primary dependent variable for all studies was problem solving accuracy as defined 

by completing steps of an intervention or strategy and arriving at a correct answer for  given 

word problems independently. The number of steps included in the outcome measure was not 

consistent across all studies, ranging from 1 step (solely the correct answer) to 12 steps in the 

form of a task analysis checklist. The most frequent measurement was 1 step (9 studies; 40.9%). 

Both 5-step and 12-step task analyses – including final correct answer – were the next most 

common levels of measurement represented in 3 studies each (13.6%).  

Secondary Dependent Variables, Social Validity, and Generalization Measures 

Secondary Dependent Variables. Table 4 provides a summary of the secondary 

dependent, social validity, generalization, and maintenance measures that were incorporated 

across the sample. Nine studies (40.9%) included secondary dependent variables involving 14 

additional measurements related to math problem solving. Three studies (13.6%) also looked at 

students’ ability to discriminate among different problem types independently (i.e., change 

addition or change subtraction). Two studies (9.1%) conducted pre-/post-measures of 

participants general problem-solving performance on a standardized math achievement 

assessment. Four studies (18.2%) measured students’ use of the targeted strategies or diagrams 

when solving the problem, and another three studies (13.6%) measured student’s accuracy in 

diagram formation, problem representation, or use of concrete manipulatives. Two studies 

(9.1%) implemented a measure related to knowledge of cognitive and metacognitive strategies 

taught during the intervention. 
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Social Validity. Twenty studies (90.9%) included at least one measure of social validity. 

Of those 20 studies, seven (35%) included structured or semi-structured open-ended interviews 

with participants. Six social validity measures consisted of conducting interviews with student 

participants, and four social validity measures consisted of conducting interviews with teachers. 

Of the 20 studies that included measures, 14 studies (70.0%) included a survey or questionnaire 

related to usability, satisfaction, and perceptions of the intervention. Eleven (55.0%) studies 

included social validity surveys or questionnaires receiving feedback from student participants, 

and 5 (25.0 %) studies included surveys or questionnaires receiving feedback from teachers 

involved with the study or its participants. 

Generalization and Maintenance Measures. Of the 22 studies, 17 (77.3%) included a 

measure of generalization. Ten (58.8%) studies measured students’ ability to generalize to 

different problem types or different problem presentations than those that were directly taught to 

them. Four studies (23.5%) measured students’ use of diagrams and accuracy in problem solving 

when they were not provided the same graphic organizers and supports as during the intervention 

sessions. Two of the 17 studies (11.8%) measured how students performed when provided a 

different type of electronic device or support as compared to the devices used in the primary 

intervention sessions. One study generalized participants’ performance to the performance to 

their peers in the general education class, and one study measured how participants performed 

with a peer tutor that was different than the one assigned to them. There were19 studies (86.4%) 

that included a maintenance measure. In those studies, 1-7 data probes were administered 

ranging from as early as an immediate session following the last intervention session to 11 weeks 

from when the last intervention session occurred. Most studies (n = 15; 78.9%) included probes 

between 1-4 weeks after the end of the intervention.  
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Self-Regulated Learning Components 

The field of self-regulated learning (SRL) research outlines three generally accepted 

cyclical phases in the process of self-regulation:  forethought, performance, and self-reflection. 

Within these phases, there are specific subprocesses that have been operationally defined over 

the years in a variety of ways that have allowed for studies to measure their impact on an 

individual’s performance on a given task. All studies in the sample were screened for self-

regulated learning intervention components including cognitive strategy, goal setting, planning, 

self-monitoring, self-control, and self-evaluation. The last five are considered specific 

metacognitive skills frequently involved in a robust self-regulated learning process (Dent & 

Koenka, 2016). Cognitive strategies were defined as explicit or implicit processes used during an 

academic task that are intertwined with aspects of self-regulation leading to accomplishing the 

task (Dent & Koenka, 2016). Goal setting was defined as explicitly setting a goal for a future 

performance or session, oftentimes based on previous performances. Planning was defined as 

explicit activation of previous metacognitive skills independently to outline next steps. Self-

monitoring was defined as tracking progress through the completion of the task and learning 

process. Self-control was defined as explicitly changing strategies to perform at a higher level in 

future attempts. Self-evaluation was defined as explicitly comparing that day’s performance to 

performance on previous sessions. Studies were screened using these terms and definitions to 

determine the presence of self-regulated learning strategies within the intervention package.  

The different approaches for how these aspects of self-regulated learning are measured in 

studies can be grouped into two distinct categories: offline and online measures. Offline 

measures are completed separate from the task itself through questionnaires or interviews related 

to strategy knowledge, strategy usage, or self-efficacy related to the academic skill at hand. 
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Online measures involve observable and measurable evidence of students using cognitive 

strategies as they complete tasks. This could include think-aloud protocols to hear students’ 

thought process in real time or the analysis of work on paper such as underlining or working 

through a task list. Studies were coded for evidence of offline or online measures that were 

present in the study, regardless of whether the evidence was coded or analyzed. 

For the content data collected in this meta-analysis, seven studies (31.8%) were cross-

checked by another researcher to gather interrater reliability (IRR) for content coding accuracy 

on sample size, grades of participants, diagnoses/eligibility category, race/ethnicity reported, 

group size, math skill targeted, curriculum-based material, interventionist, setting, components 

of SRL included, and offline/online SRL measures present. The mean IRR by component was 

93.51% and the mean IRR by article was 93.51%. Table 5 presents components of SRL used 

during the intervention phases across all included 22 studies. Fourteen studies (63.6%) included 

an explicit component of self-monitoring. Two studies (9.1%) included an explicit component 

for goal setting. Four studies (18.2%) included an explicit component for self-evaluation. None 

of the studies included explicit components for planning or self-control as defined above. Only 

three studies (13.6%) included an offline measure of skills related to SRL. Two of these were 

strategy knowledge pre- and post-assessments and one involved a strategy questionnaire. All the 

studies incorporated evidence of online SRL traces including marking up graphic organizers or 

diagrams or marking through a task analysis checklist, but only eight (36.4%) of them analyzed 

the data available to them as such. Four studies (18.2%) included think-aloud protocols as an 

online measure of students’ SRL throughout the problem-solving process. 

Question 2. Quality of Studies 

In 2014, the Council for Exceptional Children (CEC) published a set of standards to  
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Table 5 

Components of Self-Regulated Learning (SRL) Included in Interventions 

Study Component(s) 
of SRL 

Online and/or offline measure 

Bouck & Long (2020) CS Online: completed graphic organizer 

Bouck et al. (2021) CS Online: completed diagram 

Bouck et al. (2017) CS Online: traces of manipulatives and visual 
representations 

Brawand et al. (2020) CS, SM Online: schematic diagram markups and 
checklist of steps 

Browder et al. (2012) CS Online: completed graphic organizer 

Browder et al. (2018) CS, SM Online: completed graphic organizer and 
checklist of cognitive/metacognitive steps 

Freeman-Green et al. 
(2015) 

CS, SM Online: think aloud questions 
Offline: strategy use pre/post measure 

Jitendra et al. (2002) CS, SM Online: traces of strategy use and marking of 
word problem 

Offline: strategy questionnaire 

Ley Davis (2016) CS, SM Online: completed graphic organizer and 
checklist of steps 

Maccini & Ruhl (2000) CS, SM Online: think aloud comments analyzed and 
coded for use of sub-steps of strategies 

Na (2009) CS, SM Online: completed schema diagram and 
checklist of steps 

Root, Cox, Davis, & 
Hammons (2020) 

CS, SM, SE Online: completed mark ups of problems and 
graph of personal results 

Root, Cox, Gilley, & 
Wade (2020) 

CS Online: completed graphic organizer 

Root, Cox, Saunders, & 
Gilley (2020) 

CS, GS, SM, 
SE 

Online: written goals set for next session, 
checklist of steps/marking word problem, and 

graph of session progress 

Root et al. (2018) CS Online: completed graphic organizer 

Root et al. (2017) CS, SM Online: completed graphic organizer and 
checklist of steps 
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Study Component(s) 
of SRL 

Online and/or offline measure 

Saunders et al. (2018) CS, SM Online: task checklist of steps 

Schaefer Whitby (2013) CS, SM, SE Online: say/ask specific think-aloud prompts 
during task components and graph of session 

progress 
Offline: strategy knowledge pre-/post- 

questionnaire  

Scheuermann et al. (2009) CS Online: think aloud comments noted 

Sheriff & Boon (2014) CS Online: printed traces of completed graphic 
organizer from computer 

Shin & Bryant (2017) CS, GS, SM, 
SE 

Online: set goals for next session, checklist of 
task steps and marking of word problem, and 

graph of session progress 

van Garderen (2007) CS, SM Online: completed drawn diagram 

 
Note. CS = cognitive strategy; GS = goal setting; SM = self-monitoring; GS = goal 

setting; SE= self-evaluation. 

 
 
 
measure and compare the strength of study design when investigating evidence-based practices 

(CEC, 2014; Royer et al., 2017). The CEC’s standards include 8 quality indicators: context and 

setting, participants, intervention agent, description of practice, implementation fidelity, internal 

validity, outcome measures/dependent variables, and data analysis. Studies received both 

absolute and weighted ratings for quality indicators met. When using absolute coding, studies 

earned a “1” for each quality indicator in which they met all components included. If there was a 

single component that was not met, the study earned a “0” for that component when 

implementing absolute coding. Weighted coding allowed for minor lapses in study design or 

reporting by providing weighted scores for each indicator (i.e., if 3 of 5 components were met, 

that indicator would be noted with a weighted score of 60%). When determining studies that 

Table 5 (continued) 
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could be considered methodologically sound with absolute coding, studies had to meet all 

components of all 8 quality indicators. When determining studies that could be considered 

methodologically sound with weighted coding, studies had to meet a threshold of at least 80% of 

the components met (overall rating of 6.40 or higher quality indicators met). 

 All studies were coded by two researchers to obtain inter-rater reliability (IRR) measures 

for each component of each study and confirm measurements of methodology quality using both 

absolute and weighted measures. Table 6 displays the absolute rating, weighted rating, and mean  

 

Table 6 

CEC’s 2014 Quality Indicators Met by Study 

Study Quality indicators met by coding 
method 

IRR 

 Absolute Weighted  
Bouck & Long (2020) 8.0 8.0 100% 
Bouck et al. (2021) 7.0 7.67 95.45% 
Bouck et al. (2017) 8.0 8.0 95.45% 
Brawand et al. (2020) 8.0 8.0 95.45% 
Browder et al. (2012) 7.0 7.83 95.45% 
Browder et al. (2018) 7.0 7.80 95.45% 
Freeman-Green et al. (2015) 7.0 7.67 81.82% 
Jitendra et al. (2002) 6.0 7.63 77.27% 
Ley Davis (2016) 8.0 8.0 100% 
Maccini & Ruhl (2000) 6.0 7.47 88.36% 
Na (2009) 7.0 7.67 77.27% 
Root, Cox, Davis, & Hammons (2020) 8.0 8.0 100% 
Root, Cox, Gilley, & Wade (2020) 8.0 8.0 100% 
Root, Cox, Saunders, & Gilley (2020) 8.0 8.0 90.91% 
Root et al. (2018) 8.0 8.0 100% 
Root et al. (2017) 8.0 8.0 100% 
Saunders et al. (2018) 8.0 8.0 100% 
Schaefer Whitby (2013) 7.0 7.67 81.82% 
Scheuermann et al. (2009) 5.0 6.60 77.27% 
Sheriff & Boon (2014) 8.0 8.0 100% 
Shin & Bryant (2017) 8.0 8.0 100% 
van Garderen (2007) 5.0 6.47 100% 
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interrater reliability (IRR) measure for each study. The mean IRR by article was 93.18%. The 

mean IRR by quality indicator component was 93.14%. Twelve studies (54.5%) met all eight 

quality indicators using absolute coding (and therefore had scores of 8.0 on weighted coding as 

well). The other 10 studies (45.5%) that did not meet criteria under absolute coding did meet the 

threshold for methodology quality when using weighted coding of at least 6.40 quality indicators 

met. It should be noted that Eight studies (36.4%) were published before the publication of the 

CEC (2014) standards for measuring quality indicators of studies.  

Question 3. Aggregate Effect Size 

Individual Tau-U effect sizes for studies were calculated using the online calculator at 

https://www.singlecaseresearch.org (Vannest et al., 2016). The calculator incorporates 

calculations of the Mann-Whitney U statistic when calculating an effect size without need of 

baseline trend correction. When trend correction is necessary, the Kendall’s S statistic is 

calculated to adjust for any positive trend that may exist in the baseline data already (Brossart et 

al., 2018; Peltier et al., 2018). 

Six studies (27.3%) included measures of multiple problem types. All the data was 

included if each problem type was algebra-based (i.e., group change with addition/subtraction 

and multiplicative comparison). Five of the six studies met those criteria and included multiple 

AB comparisons per participant as additional repetitions toward the overall effectiveness of the 

given intervention package. One study, Browder et. al (2012), conducted a multiple baseline 

across condition (curriculum units) with each of their four participants. The algebra unit included 

word problems with one-step equations involving any of the four operations, so each 

participant’s results from this condition alone were included in the overall analysis. 
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Weighted average Tau-U effect sizes and 90% confidence intervals were then calculated 

through a combination of statistical analysis including number of participants, data points in 

baseline and intervention conditions, baseline trend corrections if needed, and AB comparisons 

within a given study (see Table 7). Nineteen studies (86.4%) returned a large effect size (Tau-U 

= 0.8 or larger) and the other three studies (13.6%) returned a moderate effect size (Tau-U = 0.5-

0.8). The 90% confidence intervals for studies with large effect sizes ranged as low as 0.518, and 

the moderate effect sizes ranged as low as 0.497. Even when considering confidence intervals,  

 

Table 7 

Tau-U Effect Sizes by Study 

Study n Data 
points 

Phase 
contrasts 

Tau-U 90% CI 

Bouck & Long (2020) 3 33 3 1.0 [0.638, 1.000] 
Bouck et al. (2021) 4 39 4 1.0 [0.674, 1.000] 
Bouck et al. (2017) 4 67 4 1.0 [0.752, 1.000] 
Brawand et al. (2020) 9 52 3 0.864 [0.585, 1.000] 
Browder et al. (2012) 4 70 4 0.766 [0.497, 0.923] 
Browder et al. (2018) 6 201 18 0.996 [0.830, 1.000] 
Freeman-Green et al. (2015) 6 66 6 0.888 [0.642, 1.000] 
Jitendra et al. (2002) 4 60 4 0.949 [0.668, 1.000] 
Ley Davis (2016) 4 144 8 1.0 [0.757, 1.000] 
Maccini & Ruhl (2000) 3 30 3 1.069 [0.692, 1.000] 
Na (2009) 4 24 4 0.972 [0.553, 1.000] 
Root, Cox, Davis, & Hammons (2020) 3 51 3 1.0 [0.714, 1.000] 
Root, Cox, Gilley, & Wade (2020) 3 69 3 0.910 [0.673, 1.000] 
Root, Cox, Saunders, & Gilley (2020) 3 150 6 1.0 [0.740, 1.000] 
Root et al. (2018) 2 52 4 1.0 [0.695, 1.000] 
Root et al. (2017) 3 88 6 1.027 [0.806, 1.000] 
Saunders et al. (2018) 3 105 3 0.982 [0.759, 1.000] 
Schaefer Whitby (2013) 3 42 3 0.953 [0.627, 1.000] 
Scheuermann et al. (2009) 14 106 14 0.768 [0.559, 0.978] 
Sheriff & Boon (2014) 3 26 3 0.973 [0.552, 1.000] 
Shin & Bryant (2017) 3 38 3 0.766 [0.400, 1.000] 
van Garderen (2007) 3 43 3 0.858 [0.518, 1.000] 
Aggregated mean 94 1556 112 0.930 [0.750, 1.000] 

 
Note. n = number of participants; AB = number of AB contrasts; CI = confidence interval. 
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all studies had at least a moderate positive effect on participants’ independent mathematic 

problem-solving performance. Two studies returned a Tau-U effect size greater than 1 (Maccini 

& Ruhl, 2000; Root et al., 2017). Vannest et al. (2016) do briefly address the possibility of this 

occurrence on the web-based application, but the implications of this anomaly will be discussed 

in depth within the discussion. 

The aggregate mean effect size was calculated using the Jamovi statistical program’s 

meta-analysis module. The overall Tau-U aggregate mean effect size was 0.93 (90% CI = [0.750, 

1.000]), demonstrating that increases observed in independent math problem solving 

performance across the full sample may very likely be due to the implementation of the 

interventions involved (see Figure 3). More specifically 93% of the intervention data points that 

improved above baseline are likely due to the interventions.  

To analyze the robustness of these results, tests were conducted for heterogeneity, 

publication bias, and sensitivity analysis. Design-related heterogeneity was addressed during the 

study design phase by ensuring that all studies involved included multiple baseline designs and 

involved individuals with disabilities in middle school. It is noted that some heterogeneity exists 

in this manner due to the wider design of all disability categories instead of a focus on a single 

disability category (i.e., students with learning disabilities, intellectual disability, or autism). 

Next a statistical measure was computed for between-study heterogeneity. Thompson’s I2 was 

used to confirm extremely low heterogeneity between studies in this sample (I2 = 0%), 

supporting the credibility of the aggregate effect size results. 

Publication bias was analyzed using the Rosenthal approach for a Fail-safe N calculation. 

This statistical measure determines how many additional studies with a negative effect would 

need to be added to bring the overall statistical power into a non-significant range. Therefore, 
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Figure 3 

Forest Plot for Study Effects 

 

 
 
 
 
high Fail-safe N values indicate a stronger probability that publication bias did not impact the 

studies available and included in the results of the current meta-analysis. This meta-analysis 

demonstrated that publication bias likely did not impact the overall aggregate mean effect size 

(fail-safe N = 845.00, p < 0.001). 
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 A sensitivity analysis was conducted by rerunning the aggregate mean effect size with 

only studies that met all 8 CEC quality indicators using absolute coding measurements (n = 12). 

When only including studies that met the higher standard of methodological quality analysis and 

clarity in reporting, the aggregate mean effect size was 0.96 (90% CI = [0.73, 1.00]). This 

analysis also included a statistically acceptable homogeneous data set (I2 = 0%) and adequate 

protection from potential publication bias impacting the overall results (fail-safe N = 271.00, p < 

0.001). Based on these assessments of heterogeneity, publication bias, and sensitivity analysis, 

the aggregate mean effect size results should be deemed robust and suitable for further 

interpretation as otherwise deemed appropriate. 

Question 4. Impact of Disability on Effect Size and Other Potential Moderators 

 After reviewing results of the overall aggregate effect size for studies included in the 

meta-analysis, the next process was to determine if effect sizes had any significant variations 

among groups of participants based on disability category or status. Analysis was run on a 

dataset including all 94 participants, their demographic data, and the study information in which 

they participated (see Table 8). Secondary moderator analyses were also completed to analyze 

the potential impact of interventionist, group setting, intervention type, and problem type on 

overall effect sizes. The SPSS meta-analysis statistical program was used for moderator analysis 

computations. The participant dataset was used for all moderator analyses versus the group study 

dataset to provide a more conservative aggregate effect size and a tighter confidence interval due 

to a more accurate increased sample size. For all moderator statistics computed, each analysis 

passed tests for heterogeneity (all had I2 = 0%). These analyses demonstrated high effect sizes 

across all categories with results consistent with the results of individual studies and of the 

overall aggregate mean. 
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Table 8 

Moderator Analysis 

Group n Data 
points 

Phase 
contrasts 

Tau-U 90% CI 

Disability Category      
Learning Disability 45 517 45 0.899 [0.808, 1.000] 
Intellectual Disability 33 860 54 0.962 [0.857, 1.000] 
Autism 13 318 16 0.923 [0.772, 1.000] 
ADHD + Other Health Impairment 
+ Auditory Processing Disorder 

3 38 3 0.814 [0.489, 1.000] 

Interventionist      
Researcher 70 1175 78 0.927 [0.858, 1.000] 
Special Education Teacher 17 377 29 0.907 [0.754, 1.000] 
Peers a 4 143 8 1.000 [0.830, 1.000] 
Technology/Computer Program a 3 38 3 0.766 [0.400, 1.000] 

Group Setting      
Individual 52 1088 64 0.963 [0.883, 1.000] 
Small group 42 645 54 0.861 [0.765, 1.000] 

Intervention Type      
General problem-solving variations 27 302 27 0.830 [0.704, 1.000] 
CRA variations 10 166 10 0.974 [0.820, 1.000] 
SBI 21 383 25 0.914 [0.790, 1.000] 
MSBI 17 598 37 1.000 [0.832, 1.000] 
Diagram-based approaches (not 
SBI/MSBI) 

10 115 10 0.950 [0.756, 1.000] 

Technology-based approaches 9 169 9 0.935 [0.764, 1.000] 

Problem type      
Percent of change 
(ratios/fractions/cost) 

16 311 19 0.956 [0.800, 1.000] 

Multiplication/Division (including 
change problem type) 

11 153 11 0.933 [0.768, 1.000] 

Addition/Subtraction (including 
change problem type) 

19 539 28 1.000 [0.876, 1.000] 

One-variable word problem 26 378 38 0.863 [0.717, 1.000] 
Proportional reasoning a 9 156 9 0.864 [0.585, 1.000] 
Unclear 13 196 13 0.921 [0.860, 1.000] 

 
Note. a Moderator category only includes data from a single study. 
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Risk of Bias Assessments 

 Looking at potential risk for bias in studies included within a meta-analysis allows for 

better conclusions to be drawn about the measured aggregate mean effect size and the 

conclusions drawn from that information. To address risk of bias, each study was coded using a 

checklist based on Reichow et al.’s (2018) Single Case Design Risk of Bias (SCD RoB) tool. 

Reichow et al. designed the SCD RoB tool using the Cochrane Risk of Bias tool and framework 

that is widely used in meta-analyses involving randomized controlled trials. The SCD RoB 

incorporates standards and language clarification of single-case design that is more unclear in 

Cochrane’s original tool designed for randomized controlled trials. The SCD RoB tool includes 

eight domains across selection, performance, and detection biases: sequence generation, 

participant selection, blinding of participants and personnel, procedural fidelity, blinding of 

outcome assessment, selective outcome reporting, dependent variable reliability, and data 

sampling. 

Articles were reviewed and coded with a low, unclear, or high risk of bias based on the 

criteria outlined by Reichow et al.’s (2018) framework (see Figure 4). Study ratings were then 

combined to create overall potential for bias across each domain for all studies included in the 

meta-analysis (see Figure 5). For sequence generation (selection bias), 11 studies (50.0%) were 

rated as low risk of bias and the other 11 studies (50.0%) were rated as unclear risk of bias. This 

measure looked at methods studies reported to decide on an order for introducing participants to 

interventions or different conditions. Many studies either reported randomization techniques 

utilized for introducing participants in a certain order or discussed the decision-making process 

that occurred to determine the order that was implemented. Others had clearer decisions based on 

differences in baseline trends among participants. Many studies that received unclear ratings  
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Figure 4 

Summary of Risk of Bias by Study 

Study 
Selection 

Bias 
Performance 

Bias 
Detection Bias 

 SG PS BPP PF BOA SOR DVR DS 

Bouck & Long (2020) ? + - + - ? + + 

Bouck et al. (2021) ? ? ? ? - + + + 

Bouck et al. (2017) ? + + ? - + + + 

Brawand et al. (2020) + ? ? + ? + + + 

Browder et al. (2012) + ? ? ? + ? ? + 

Browder et al. (2018) ? + ? ? + + ? + 

Freeman-Green et al. (2015) + + ? ? ? + + + 

Jitendra et al. (2002) ? + + ? + + + + 

Ley Davis (2016) ? + ? + + + + + 

Maccini & Ruhl (2000) ? + - + ? + ? + 

Na (2009) + + + ? ? ? ? + 

Root, Cox, Davis, & Hammons (2020) ? + ? + ? + + + 

Root, Cox, Gilley, & Wade (2020) + ? ? + + + + + 

Root, Cox, Saunders, & Gilley (2020) + + ? + ? + + + 

Root et al. (2018) ? + ? + ? + + + 

Root et al. (2017) + + ? + ? + + + 

Saunders et al. (2018) + + ? + - + ? + 

Schaefer Whitby (2013) + + ? ? + + ? + 

Scheuermann et al. (2009) + + + - ? - + + 

Sheriff & Boon (2014) ? - ? + + ? + + 

Shin & Bryant (2017) + + ? ? + + + + 

van Garderen (2007) ? + + - ? + + ? 
 

Note. SG = Sequence generation; PS = Participant selection; BPP = Blinding of participants and 

personnel; PF = Procedural fidelity; BOA = Blinding of outcome assessment; SOR = Selective 

outcome reporting; DVR = Dependent variable reliability; DS = Data sampling;  +  = Low risk 

of bias;  ?  = Unclear risk of bias;  -  = High risk of bias. Adapted from “Development and  
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Figure 4 (continued) 

applications of the single-case design risk of bias tool for evaluating single-case design research 

study reports,” by B. Reichow, E. E. Barton, & D. M. Maggin, 2018, 79, 53–64 

(https://doi.org/10.1016/j.ridd.2018.05.008). Copyright 2018 by Elsevier Ltd. Reprinted with 

permission; permission conveyed through Copyright Clearance Center, Inc. 

 

 
included at least two participants with identical baseline data and did not report a decision 

process related to initial sequence generation.  

For participant selection (selection bias), 17 studies (77.3%) were rated as a low risk of 

bias, four studies (18.2%) were rated as an unclear risk of bias, and one study (4.5%) was rated 

as a high risk of bias. This measure analyzed the criteria and process involved in determining 

adequate participants to recruit for study participation. Many studies specifically screened 

potential participants for performance on the proposed dependent variable to confirm lacking 

skills in this area on top of reporting additional inclusion criteria. Studies that were rated as 

unclear did not report if the source of information for participants’ performance on the specific 

target skill and/or if it was observed prior to final inclusion in the study or not. One study did not 

report detailed inclusion methods, how individuals performed on the target skill prior to  

inclusion, or any information about how it was determined that those individuals were 

appropriate for the intent of the study. 

For blinding of participants and personnel (performance bias), five studies (22.7%) were 

rated as a low risk of bias, 15 studies (68.2%) were rated as an unclear risk of bias, and two 

studies (9.1%) was rated as a high risk of bias. This area of bias analyzed methods utilized to  
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Figure 5 

Summary of Risk of Bias by Domain 

 
 
Note. Adapted from “Development and applications of the single-case design risk of bias tool 

for evaluating single-case design research study reports,” by B. Reichow, E. E. Barton, & D. 

M. Maggin, 2018, 79, 53–64 (https://doi.org/10.1016/j.ridd.2018.05.008). Copyright 2018 by 

Elsevier Ltd. Reprinted with permission; permission conveyed through Copyright Clearance 

Center, Inc. 

 
 
 
increase unawareness of intervention implementation and conditions for members of the research 

team that were making decisions regarding condition changes. Most studies generally reported 

specific parameters for when to change conditions (mastery criteria standards), but it was unclear 

based on wording if these were set prior to initial implementation.  

 For procedural fidelity (performance bias), 11 studies (50.0%) were rated as a low risk of 

bias, nine studies (40.9%) were rated as an unclear risk of bias, and two studies (9.1%) was rated 

as a high risk of bias. This measure evaluated the details reported for training external 

interventionists and for tracking interventionists implementing the steps of each condition as 
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designed. Studies rated with a low risk of bias reported procedural fidelity ratings for each 

condition and training session if applicable, including at least 20% of probes in each and 

maintained 80% or greater accuracy in implementation. Studies rated with an unclear risk of bias 

only included procedural fidelity measures for the intervention phase and did not report 

information about baseline or other additional conditions. Studies rated with a high risk of bias 

did not include procedural fidelity ratings of any sort. 

For blinding of outcome assessment (detection bias), eight studies (36.4%) were rated as 

a low risk of bias, 10 studies (45.5%) were rated as an unclear risk of bias, and four studies 

(18.2%) was rated as a high risk of bias. This measure critiqued the reported methods in place to 

minimize or eliminate awareness of research team members for when the intervention was 

implemented to specific participants (i.e., which probes were for intervention or baseline). As is 

common in many acceptable single-case design studies currently, the primary interventionist also 

served as the primary data collector in many studies which would not provide protection against 

this type of bias. Studies rated with a low risk of bias reported that both data collectors for 

interrater coding were different than the interventionist or that the secondary rater coded 100% of 

probes. Studies rated with a high risk of bias reported that both individuals who were involved to 

measuring student performance and decisions made about interventions were trained 

interventionists involved in the study. 

For selective outcome reporting (detection bias), 17 studies (77.3%) were rated as a low 

risk of bias, four studies (18.2%) were rated as an unclear risk of bias, and one study (4.5%) was 

rated as a high risk of bias. This measure analyzes the outcome data reported and if any data was 

missing or unreported. Studies that were rated as an unclear risk of bias involved other students 

when the intervention was taking place but did not report on their characteristics or their 
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performance on the intervention. Other studies excluded students due to heightened performance 

near the beginning of the study, but it was unclear if this occurred before or during baseline 

condition. Another reported that a participant had to withdraw due to excessive absences. Studies 

that were rated as a high risk of bias reported multiple participants were excluded after the 

baseline phase due to increased variability in their data, which was not reported elsewhere in the 

results. 

For dependent variable reliability (detection bias), 16 studies (72.7%) were rated as a low 

risk of bias, six studies (27.3%) were rated as an unclear risk of bias, and no studies (0.0%) was 

rated as a high risk of bias. This measure looked at how inter-observer and/or inter-rater 

agreement was completed and to what level agreement was reported. Studies that were rated as 

an unclear risk of bias often did not report a breakdown of sessions double-coded per condition 

versus an overall percentage. Studies that were rated as a high risk of bias included statistics for 

inter-observer agreement per condition and had levels of agreement at least 80% or higher. 

For data sampling (detection bias), 21 studies (95.5%) were rated as a low risk of bias, 

one study (4.5%) were rated as an unclear risk of bias, and no studies (0.0%) was rated as a high 

risk of bias. This measure analyzed if the data available and the trends produced met adequate 

standards for functional relationships to be established. Most studies were rated as a low risk of 

bias and included appropriate amounts of data points in each condition per participant and 

demonstrated adequate trends at condition changes to support prediction, verification, and 

replication. Studies that were rated as an unclear risk of bias included enough data points, but 

there were questionable trends in baseline regarding condition change decisions and there was 

only one baseline datapoint that overlapped for all three participants. 

Certainty of Evidence 
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Based on these results, sequence generation, participant selection, selective outcome 

reporting, dependent variable reliability, and data sampling are reliable for low risks of bias 

within this meta-analysis.  Blinding of participants and personnel, blinding of outcome 

assessment, and procedural fidelity are less reliable with overall unclear risks of bias. Common 

aspects of acceptable single-case research today do not often require complete blinding of 

participants and personnel or blinding of outcome assessment as directly as stated in the risk of 

bias tool framework utilized in this coding. These areas are often kept in check to some extent 

through additional research team members involvement in different aspects of the study to 

ensure reliability regarding performance and detection of change. Altogether it is unlikely that 

any bias present in the design and implementation of the studies strongly impacted the overall 

results of this analysis.
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CHAPTER 4 

Discussion 

This chapter consists of the interpretation and analysis of the meta-analytic results 

according to each research question. This chapter also includes a discussion on the limitations of 

this study and directions for future research. Finally, implications for future research and practice 

based on the results and analysis will be presented.  

Relationship of Review Findings to Existing Literature 

 The aggregate effect size of math problem-solving interventions with components of self-

regulated learning for middle school students with disabilities presented in this study is 

consistent with similar studies that exist in the literature. Mathematic word problem solving had 

been found effective across a synthesis of both single-case design studies (ES = 0.90) and group 

design studies (ES = 0.95) when targeting students with math-related disabilities (Zheng et al., 

2012).  Additionally, Peltier et al. (2018) established an aggregate Tau-U effect size of 0.88 

when analyzing 16 single-case studies that implemented schema-based instruction across all 

grades, which is commensurate with the effect for SBI that this analysis found for SBI 

specifically with middle school students. One study included by Peltier et al. was included in this 

analysis as well (e.g., Jitendra et al., 2002). 

 In relation to math problem solving instructional components, this analysis supports the 

conclusions that making accurate graphs or diagrams to represent a problem are effective 

strategies for students with disabilities. Krawec (2014) had determined that these strategies were 

more effective with students with disabilities than with their average achieving counterparts. The 



 

 74 

instruction of visual representation was present in all studies within this analysis to some extent, 

demonstrating that they are indeed effective with middle school students with disabilities.  

 Regarding the self-regulated learning (SRL) literature, this meta-analysis supports 

multiple previously noted concerns about SRL interventions. First, interventions that had both 

cognitive and metacognitive components were effective with students with disabilities. 

Babakhani (2011) found consistent results when assessing verbal math problem-solving skills 

with elementary students. Understandably though, these strong effect sizes that have been found 

across multiple studies and meta-analyses at a direct intervention level may not generalize all the 

way to standardized achievement tests and other far-generalized measures (Dent & Koenka, 

2016). A noted concern in the SRL literature involved not addressing all cyclical components of 

SRL within an intervention package (Reddy et al., 2018). Reddy et al. found through a 

systematic review that most interventions focused solely on aspects of SRL within the 

performance phase and neglected to close the loop with forethought and reflection phase 

components (e.g., goal setting and self-reflection). Similarly, the SRL components included in 

the studies of this meta-analysis primarily addressed the performance phase with specific 

cognitive strategies or self-monitoring strategies. Only two studies included both a version of 

goal setting and self-evaluation (e.g., Root, Cox, Saunders, & Gilley, 2020; Shin & Bryant, 

2017).  

Dignath and Büttner (2008) found that teaching motivation strategies alongside 

metacognitive components was more effective with secondary students than a sole focus on a 

given cognitive strategy. Over half of included studies in this analysis (n = 14; 63.6%) 

incorporated multiple SRL components beyond a single cognitive strategy, but none incorporated 

motivation as a key aspect of the intervention, related to either academic skills or SRL. The 
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results of this meta-analysis compliment and strengthen the existing literature and support the 

use of math problem-solving interventions with SRL components specifically for middle school 

students with disabilities. 

Limitations of Review Process 

 There are several limitations of this review and analysis. First and foremost, as the case 

with many systematic reviews and meta-analysis studies, this review was limited to only articles 

that were available in English, which could have likely excluded some studies that would have 

otherwise met the inclusion criteria. Another general limitation is that most studies published in 

peer-reviewed journals have positive results and do not include studies that contain unfaorable 

outcomes. This may lead to inflated interpreations about the effectiveness of an intervention. 

There is a possibility that the researcher may have missed articles that did not appear through the 

data-based and ancestral searches. This is more likely if the titles and abstracts did not contain 

content needed to meet the inclusion criteria and therefore were passed by for inclusion in the 

next round of review. In these cases, the researcher and independent raters would not have fully 

read the articles to determine if they did in fact meet inclusion criteria. Additionally, this study 

was limited by only including single-case design studies and by excluding any studies published 

prior to 2000. In both instances, there were likely important studies that could have met inclusion 

criteria that would have added to the strength and scope of the current study. For example, the 

Solve It technique, only utilized by one single-case design study included in this review, is a 

well-researched intervention. Single-case design studies involving this intervention were found 

to have been completed prior to 2000 by Montague and colleagues. Additionally, more recent 

research involving this technique implemented the intervention through group designs within 
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large-scale randomized controlled trials. Because of the current review parameters, these studies 

were not included in the present analysis and therefore an important limitation to note. 

 Tau-U is one of a handful of options available to measure, compare, and combine effect 

sizes statistically within single-case design studies. It has been used often as an effect size 

measure for single-case design (SCD) studies (Lo et al., 2015; Root et al., 2018; Ross & Sabey, 

2015; Shin & Bryant, 2015; Shin & Bryant, 2017), and furthermore in meta-analyses involving 

SCD studies (Long et al., 2019; Peltier et al., 2018). Tau-U is considered particularly useful due 

to its ability to correct for non-conforming baseline trends (Lee & Cherney, 2018) and still may 

be the most relevant measure for within-case comparisons (Kingbeil, et al., 2019). As with any 

statistical analyses though, there are limitations to Tau-U’s calculation and interpretation. A 

leading limitation of Tau-U is that it specifically measures within-participant variation of data, 

and therefore cannot be broadly compared to effect sizes gathered from group design studies 

(Maggin et al., 2017). Perhaps of greater concern, the underlying calculations of Tau-U using the 

online calculator at https://singlecaseresearch.org at times inflates results and computes Tau-U 

measures that are outside the bounds of -1 and +1. This is most significant because even 

measures that fall within the normal limits of -1 and +1 could be inflated, leading to inaccurate 

interpretations of overall results (Brossart et al., 2018; Kingbeil et al., 2019). Two of the studies 

in this analysis (e.g., Maccini & Ruhl, 2000; Root et al., 2017) produced Tau-U effect sizes 

greater than 1. Moreover, there may also be the possibility of inflated effect sizes for some of the 

other studies in this review due to large variability within the data set even in cases where there 

is no overlapping between baseline and intervention phases.  

 Another concern observed after conducting the analysis using Tau-U involved reported 

measures of Tau-U in studies. Most studies analyzed data using visual analysis and a simple 
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percentage of non-overlapping data per participant. One study did provide Tau-U calculations of 

the overall effect size, calculated using the online calculator at www.singlecaseresearch.org (e.g., 

Root et al., 2018). Root et al. (2018) reported an overall Tau-U effect size of 0.87 compared to 

the calculated effect size of 1.0 from the procedures used in this study. This difference could be 

because the researchers were able to use exact data points from original data versus data 

extracted from graphs. It could also be from an inclusion of different data points within the 

online calculator. The Root et al. (2018) study involved multiple subphases and the researchers 

did not clearly state exactly which data points were included in the calculation of the Tau-U 

effect size, so it is possible that the reported effect size did not include all the phase data or 

computed information across different problem types. 

 As is the case with any single-case design research, sample sizes are small when 

conducting additional analyses with potential moderators. Many conclusions drawn from the 

moderator statistics are limited due to the small sample sizes or representation of a single study 

from within the review. There is not a significant difference in intervention effects as measured 

by effect sizes among disability groups. 

 Finally, conclusions made regarding risk of bias present among studies in the sample are 

limited due to the use of a description of a framework for single-case design studies without 

additional materials, content validity measures, or replication support. Primary documents or 

protocols were not available even after reaching out directly to the Reichow et al. (2018) 

corresponding author. Additionally, no interrater reliability (IRR) coding was completed on the 

risk of bias analysis. The use of IRR coding in this instance could have increased the value of the 

current study in relation to greater use of Reichow et al.’s (2018) SCD RoB tool. 
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Interpretation and Limitations of Individual Studies 

Study Characteristics 

 Studies included in the analysis incorporated a variety of different characteristics. Most 

studies included three participants, which is a common standard for single-case research design 

(SCRD) studies using a multiple-probe or multiple-baseline designs. A minimum requirement in 

single case design studies is three phase replications, although more are recommended if possible 

(Lobo et al., 2017). Ten studies did include more participants and replications, but all fell within 

an average range for SCDs with no more than 15. The inclusion of additional participants 

strengthens the results of the overall study by further minimizing potential threats to internal and 

external validity.  There were more male students involved in the studies than female students, 

which is consistent with overall patterns of students who receive special education services 

within the United States (Irwin et al., 2021). The Race/ethnicity of samples of participants across 

studies in this review was representative of overall population data (United States Census 

Bureau, 2021) than it was representative of the recent special education population data (Irwin et 

al., 2021). 

Disability Representation. Although different disabilities were represented in the 

sample, about 50 percent of the participants were identified as having a learning disability. This 

finding was not surprising given that the most recent annual Report on the Condition of 

Education indicated that specific learning disability (SLD) was the category under which the 

greatest percentage of students qualify for special education services (Irwin et al., 2021). 

Students identified with and receiving special education services for an intellectual disability 

were the next highest category represented in this study with 33 participants (35%). Although 

students with intellectual disabilities make up only 6% of all students identified with disabilities 
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(Irwin et al., 2021), the MSBI intervention approach aims to modify successful schema-based 

instruction models so that it is appropriate and effective for students with moderate intellectual 

disabilities. Although not analyzed more specifically in the results, it should also be noted that 

six of the students included in the sample with intellectual disabilities had a more specific 

medical diagnoses of Down syndrome. Across the studies, the sample of students identified with 

Autism (13; 13.8%) mirrored the overall percentage of this population (11%) in the United States 

currently receiving special education services (Irwin et al., 2021). 

Interestingly, there were no studies in this review that included middle school participants 

with emotional disturbance (ED). However, there have been studies and systematic reviews that 

have included elementary grade students with ED in studies examining math performance or 

self-regulation (Alter, 2012; Alter et al., 2011; Hawkins & Heflin, 2011; Popham et al., 2018; 

Tan, 2016). Moreover, few studies have focused on middle school students with ED’s problem-

solving skills specifically. Jitendra et al. (2010)’s case study found promising results from 

implementing SBI with two middle school students with ED, and Mulcahy and Krezmien (2009) 

demonstrated generally positive results when measuring middle school students with ED’s math 

performance accuracy on geometry problems. Because of the nature of ED disabilities hindering 

one’s self-regulation skills in a variety of ways, it would be beneficial to see more research in 

this area for students with ED specifically. 

 Setting and Interventionist. With regard to the setting and geographic locations of the 

studies in this review, urban, rural, and suburban geographic locations and public, private, and 

charter school settings were represented across multiple studies, as were. All studies that 

reported on the geographic region within the United States indicated that the studies took place 

in either the Midwest or eastern (north and south) regions of the country.  
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 Furthermore, most interventions were conducted in private separate spaces away from the 

participants’ normal classroom environment. This is also common for single-case design studies 

in special education research when researchers are the interventionists. In contrast, all four 

interventions that were conducted in the special education classroom setting were conducted by 

the intervention specialist/special education teacher who had been trained by the researchers. It is 

more work to ensure adequate levels of fidelity across implementation of interventions when 

using a direct training or train-the-trainer model in research, but it has the potential for greater 

impact for both students and teachers as it involves the natural environment in which teaching 

and learning is already taking place. Even if the interventions included here were to be 

considered evidence-based practices with strong approval from teachers, it cannot be assumed 

that these practices are continuing consistently in the classroom after researchers leave (Cook & 

Cook, 2011). Teachers often are presented with new, innovative programs that involve additional 

trainings and practice. For these practices to be effective, teachers are recommended to receive 

continual professional development throughout a school year on a target area (Daniel & Lemons, 

2018). The research-to-practice gap continues to be a hurdle in the field of education, and it has 

led to more recent research specifically on ways to both quicken this transition and continue 

addressing issues with sustainability (Grünke et al., 2021; Sexton & Rush, 2021). In order to 

advocate for more sustained professional development around a particular approach to 

interventions, there must first be enough research that supports the allocation of school district 

resources for such training. Specific math problem solving intervention packages, such as the 

Solve It! curriculum, have been studied through randomized controlled trials that support this 

(Montague et al., 2011; Montague et al., 2014). Cook and Cook (2011) advocate that not all 

successful intervention strategies must be performed on such large scales though, particularly 
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when focusing on interventions that are targeting students with disabilities in one-on-one or 

small group settings. Grünke et al. (2021) advocate for the inclusion of case study reports in 

education research – like those already commonplace in medical research – that would read more 

like lesson plan implementations of research-based practices. Although there is a time and place 

for researchers to serve as interventionists, it is imperative that more single-case design 

researchers implement a direct training model presented in a way that translates more easily to 

the existing classroom setting. This additional research using a direct training model will 

increase the support behind academic interventions for students with disabilities, including those 

in this study. 

 Intervention Types. The studies included a fair representation of each of the six 

intervention types, ranging from 3 to 5 studies implementing strategies from each category. In 

looking at general cognitive problem-solving strategy variations, Schaefer Whitby’s (2013) study 

implemented a larger problem-solving curriculum called Solve It!. It was the only study included 

in this meta-analysis to use this cognitive strategy approach. Although it was only represented 

once in this analysis, the Solve It! intervention is a well-researched approach through a large-

scale multi-year randomized controlled trial and other group-design studies (Krawec et al., 2013; 

Montague & Applegate, 1993; Montague et al., 2011; Montague et al., 2014). Full curriculum 

materials are available for purchase through Exceptional Innovations publishing. Preliminary 

single-case design studies implementing the intervention with students with disabilities occurred 

outside the parameters of this study (Montague, 1992). The schema-based intervention (SBI) 

approach, which was implemented in four of the included single-case design studies, has also 

been studied through large-scale randomized controlled trials (Jitendra et al., 2016; Jitendra et 

al., 2017). 
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 Most of the intervention approaches were studied by different research teams and over a 

span of at least ten years. The main exception, the MSBI approach, included five studies (i.e., 

Root, Cox, Davis, & Hammons, 2020; Root Cox, Gilley, & Wade, 2020; Root, Cox, Saunders, & 

Gilley, 2020; Root et al., 2018; Root et al., 2017) that have all been published within the last five 

years. MSBI is designed for individuals with intellectual disabilities, a population that may not 

respond as well to less intensive intervention approaches that have been previously researched.  

 Across the studies in this review, technology was used in a variety of ways ranging from 

including digital supplemental material (i.e., a specific graphic organizer; Sheriff & Boon, 2014) 

and a computer-based program (Shin & Bryant, 2017). The use of video clips, video prompting, 

and video modeling as components of an intervention have been extensively researched in 

teaching individuals with significant disabilities academic, adaptive, and communication skills 

(Almalki, 2020; Dueker & Cannella-Malone, 2019; Knight et al., 2018; Cannella-Malone et al., 

2017; Wu et al., 2016). As previous barriers to technology continue to be minimized (e.g., 

access, self-efficacy; Çoklar & Tatli, 2021), its use is likely to increase in future studies. 

 Additional limitations exist regarding the variations in problem types included and the 

researcher-made probes. Because each study determined a different method in creating a pool of 

sample real-world math questions to use on dependent measure probes, the conclusions drawn 

here would be stronger if a consistent global measure was used across all studies. This sort of 

global measure does not currently exist in math content areas, although researchers are actively 

proposing and studying potential tools to fill this void (VanDerHeyden et al., 2022). 

Problem Types. The problem types in the reviewed studies consisted of general 

algebraic computations embedded within a word problem. Studies that involved other 

applications of problem solving, such as geometry, were not included. According to the Common 
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Core State Standards sixth graders should be taught real-world word problem practice involve 

using rates and ratios with whole-number measurements and writing and solving two-step 

variable equations and inequalities based on real-world contexts involving all four operations 

(National Governors Association Center for Best Practices & Council of Chief State School 

Officers, 2010). Seventh grade standards consist of teaching students real-world problem solving 

with rational numbers (e.g., adding fractions and decimals), and eighth grade standards consists 

of teaching abstract linear equations and real-world applications of volume of various 3D objects 

(National Governors Association Center for Best Practices & Council of Chief State School 

Officers, 2010). It should be noted that the Common Core State Standards (CCSS) initiative is 

currently losing steam across the country, as many states are in the process of removing the 

standards and replacing them entirely with their own standards (Cramer et al., 2021). 

Half of the studies in this review were targeting middle school level standards that were 

more closely aligned with sixth grade than eighth grade Common Core State Standards. Eleven 

studies (50.0%) focused solely on either addition/subtraction problem types or 

multiplicative/vary problem types. Even if these problem types would not be considered working 

on grade-level material, studies determined students’ need for instruction in whichever problem 

type that was targeted in the study. Studies that included intellectual disabilities focused on 

teaching foundational math skills of addition and subtraction before focusing on multiple 

problem types or multiple operation choices. 

Dependent Measures. The dependent variable detailed mathematic problem-solving 

accuracy across all studies, but each study used different researcher-created items and resources. 

It is a noted limitation within meta-analyses of intervention strategies that exact materials used as 

a dependent measure are not the same (Peltier et al., 2018). Unlike widely accepted general 
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outcome measures for reading, there has not been a widely used general outcome measure for 

mathematics (VanDerHeyden et al., 2022). 

Finally, the effectiveness of the results would be most applicable if generalization and 

maintenance data supported the success that each intervention demonstrated during intervention 

phases. The evidence provided within studies related to these measures is severely limited. 

Studies that did include a generalization measure designed them widely differently from one 

another. Similar variability existed among timing and amount of maintenance data gathered, 

making potential conclusions drawn on this evidence impossible without greater consistency 

across a larger sample size. 

Self-Regulated Learning Components. Self-regulated learning (SRL) outcomes were 

not included in most of the studies that were reviewed, and therefore limited the analysis of the 

overall effects of SRL components on math problem-solving performance. The components of 

SRL that were measurable to some extent based on study designs were the use of cognitive 

strategies (e.g., paraphrasing, visualizing out loud, hypothesizing, computing, and checking of 

work) and meta-cognitive strategies (e.g., self-monitoring, goal setting, and self-evaluation). 

Unfortunately, less than half the studies did measured how well the participants were engaging in 

self-regulation. This is a limitation in the literature as there is much information that could be 

gleaned from the intersection of how well students with disabilities perform on self-regulation 

measures and their overall performance on academic measures (Mason & Reid, 2018). 

Quality Indicators 

 All studies met inclusion criteria using the weighted method of calculating quality 

agreement from Royer et al. (2017). One third of studies met inclusion criteria using absolute 

coding. Even though including studies with the weighted method may introduce greater risk of 
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variation, more quality studies that demonstrate significant results were able to be included using 

the weighted method. The lack of including an adequate explanation or description of how a 

component of the study was conducted does not automatically mean that it did not happen when 

implemented. Clear reporting is necessary for important replication work of intervention studies, 

but to exclude a study for potentially not reporting a single indicator component or two could 

restrict the analysis’ overall conclusions. The ideas of successful intervention practices presented 

is much more robust when not implementing too rigorous of quality standards on this sample 

 In looking at the IRR data for the quality indicators, both overall IRR by component and 

overall IRR by article measures were in acceptable ranges above 90%. Five of the six studies that 

had less than 90% interrater agreement per article were published before the standards were in 

2014 and the sixth article was published in 2015. When removing all studies that were published 

prior to 2014, the mean IRR per article increased to 96.5%. Although being published after the 

standards was not a requirement for inclusion, the standards have had an impact on the clarity of 

reporting results in single-case design research. 

 Finally, in looking at the mean IRR by component, the lowest agreement occurred with 

components that analyzed if a study’s inclusion of implementation fidelity data related to dosage 

or exposure was adequate, if adequate fidelity data was included for each condition, if the design 

adequately controlled for threats to internal validity, and if frequency of measures were 

appropriate (as measured by a minimum of three data points per phase). All the studies included 

checklists or adequate measures of implementation fidelity related to adherence to intervention 

steps. As outlined in the standards though, if checklists are included for adherence, studies do not 

need to include additional data on dosage beyond outlining dosage amounts (Lane et al., 2014). 

Studies were not consistent in what type of dosage information was shared. Some included how 
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long each session was but did not include how many sessions were conducted overall. Others 

detailed how many times per week sessions were held, but not how long each session lasted. 

Some only included over how many months the study took to complete. This was a point of 

confusion during coding when thorough information was provided about adherence, but 

inconsistent information was provided about dosage. Additionally, not all studies clarified if the 

adherence data that was included was split across all phase conditions or not. Some studies 

included data for different parts of the intervention package but did not include any data for 

baseline sessions. Both issues with implementation fidelity are necessary for appropriate levels 

of replication in future studies.  

 The next quality indicator component where there was less than 90% agreement was 

related to if the design of studies adequately controlled for threats to internal validity. Although 

multiple-baseline design is a commonly accepted single-case design study that automatically and 

adequately controls for threats to internal validity, all the studies included were multiple-probe 

baseline designs. There are tangible positives to choosing a multiple-probe design over a 

straight-forward multiple-baseline design in certain situations (Gast et al., 2018). In the cases of 

disagreement related to this in the analysis, there were questions as to whether researchers had 

adequately probed participants directly prior to introducing them to the intervention or if all 

participants had overlapping baseline data prior to anyone starting the intervention phase.  

The final component with less than 90% agreement also related to graph analysis. The 

quality indicator outlined if frequency of measures were appropriate (as measured by a minimum 

of three data points per phase). Some graphs included sub-phase lines to indicate sub-

components within the overarching intervention phase that did not include three data points per 

subphase. There were adequate data points overall within the whole intervention phase and no 
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analyses were drawn from the sub-phase data, only the overall intervention package. Although 

these discrepancies quickly resolved themselves through conversation among the lead researcher 

and the independent coder, there are disputes among researchers regarding situations where more 

data points may be appropriate and necessary to draw the accurate conclusions (Ledford et al., 

2018). Although all studies included adequate number of data points, there were multiple graphs 

that had questionable trends when the decision to intervene were made. Increasing the number of 

baseline data points for all participants would have been helpful in those instances.  

Meta-Analysis Effect Size 

 The overall Tau-U results demonstrated a large effect of 0.93. This effect size specifically 

speaks to the effectiveness of cognitive strategy instruction within interventions targeting math 

problem-solving accuracy. More research would need to be conducted to draw clearer 

conclusions about the specific role other metacognitive strategies present in intervention designs 

have within these general effect sizes.  

Three studies had moderate effect sizes less than 0.80. One involved a variation of the 

CRA intervention type and systematically worked to blend the models students used within each 

of the three instructional steps to represent problems (Scheuermann et al., 2009). This study was 

conducted with a high number of participants, meaning this may be a more reliable effect of the 

intervention within a small group. The next study involved a general approach that measured the 

effect of reading the word problems out loud, providing a graphic organizer, and direct 

instruction working through a task analysis of steps to solve the problems (Browder et al., 2012). 

Studies since Browder et al.’s that involve diagrams and graphic organizers have included more 

specific instructional components on proper use of a graphic organizer and diagram. Those 

studies have led to stronger results in math problem-solving with students with disabilities (i.e., 
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Buock & Long, 2020; Buock et al. 2021). The final study with a moderate effect size utilized 

computer assisted instruction through the Fun Fractions computer program (Shin & Bryant, 

2017). The researchers did not intervene or provide supplemental instruction in this study, so the 

effect size measured the sole effectiveness of students learning math problem-solving skills by 

completing modules through the computer program independently. These results are meaingful 

when considering students with disabilities often benefit more with supplemental instruction or 

support in addition to the computer modules on their own. 

Moderator Analysis 

 The moderator analysis was completed for disability category, interventionist, group 

setting, intervention type, and problem type. Regarding disability category, all category 

groupings continued to have a large effect size. Students with intellectual disabilities had the 

highest effect size (Tau-U = 0.962) and students with ADHD/Other Health Impairment or an 

auditory processing disorder had the lowest effect size (Tau-U = 0.814). Since most of the 

studies that involved students with intellectual disabilities involved altering other effective 

practices specifically for the barriers of this group, it is encouraging that the effect size is so 

strong. 

 There was not a large difference between effect sizes for interventions implemented by a 

researcher or a special education teacher. The other two categories were based on the results of a 

single study and do not clearly add to the overall interpretation in this category. The effect size 

for students that participated in interventions conducted in a one-on-one format was higher than 

the effect size for students that participated in intervention conducted in a small group setting. 

This is not particularly surprising as feedback provided in an individual setting is more likely to 
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be immediate and direct for the individual working versus a slightly more generalized approach 

within a small group. Regardless, both effect sizes continued to be measured as large effects.  

Similarly, both intervention types and problem types did not reveal any significant differences 

among subgroups and all effect sizes were greater than 0.80. Because of the variability 

introduced within the meta-analysis by including intervention approaches that were not identical 

along with a focus on different math skills within real-world math word problems, these 

moderator effects support the overall effect size by demonstrating that even when separated into 

matching interventions or matching skill focus, the effect sizes of participants were still large 

across the board. 

Risk of Bias 

 The risk of bias assessment included in this meta-analysis is based on a framework 

presented by Reichow et al. (2018). Unfortunately, many of the other tools available to assess 

risk of bias consistently and accurately within studies of a meta-analysis sample are not designed 

for single-case design studies. For example, the Cochrane Risk of Bias tool,  RoB2, is 

specifically for randomized trials, the Risk of Bias in Non-Randomized Studies of Interventions 

(ROBINS-I) is designed to compare effects of two or more interventions that target medical and 

health outcomes, and the Risk of Bias due to Missing Evidence (ROB-ME) tool adds 

components to the previous two in order to adequately address missing data in large data sets 

(The Cochrane Collection, 2022). Reichow et al.’s (2018) proposed framework and protocol tool 

of the SCD RoB therefore fills a necessary gap, but this protocol is not freely available. 

Therefore, the results of this bias assessment are limited within the framework of using Reichow 

et al.’s (2018) descriptions of categories within the tool on a researcher created template instead. 

It would have been ideal to have used a tool that had more established validity, but the SCD RoB 
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provided a means to assess risk in a way that aligned most closely with the Cochrane tools most 

often used in group design studies and that targeted risks of bias that are applicable to single-case 

design studies in general. 

 It should also be noted that the SCD RoB does include an extra category as a catch-all for 

any potential types of additional bias that were not incorporated into the eight domains reported. 

Other potential sources of bias in education research could be due to timing of school holidays 

and breaks causing longer pauses than intended between sessions or loss of certain data due to 

technology malfunctions (Reichow et al., 2018). These types of potential bias introduction were 

not tracked during this analysis as most did not share information related to these types of 

situations. This highlights a limitation when single-case design graphs have an x-axis that is 

simply labeled “sessions” without additional information or measurement of time between 

sessions. 

 Final limitations included in the study relate directly to design or reporting flaws that 

lowered ratings on quality indicator and risk of bias measures. For example, studies were not 

always clear about sequence generation (selection bias) and how participants were chosen to be 

introduced to intervention even if their baseline data was identical. This raises the question about 

if and how randomization within single-case design should be more wide-spread. Some studies 

also took different approaches when reporting how this decision was made as well. Some studies 

documented the participant with the least variability in baseline data entered the intervention 

phase first due to first reaching steady state responding, while others chose the student with the 

most variability to give them more time to benefit from the intervention. Additionally in 

selection bias, participant selection methods needed increased clarity. Most studies included a 

report of how participants were appropriate for the study by cross-checking their performance on 
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the dependent measure as a part of the inclusion/exclusion criteria. Other studies measured this 

differently or inferred general performance based on more global measures without cross-

checking until formal baseline probes were conducted. 

 Two areas of performance bias and one of detection bias also introduced limitations to 

the evidence within studies. The blinding of participants and personnel (performance bias) and 

blinding of outcome assessors (detection bias) both were unclear in many studies. With single-

case design studies, oftentimes the researcher is implementing the intervention, conducting probe 

measures, and analyzing data for future study decisions. It was not common in the studies 

included within this analysis to have independent coders complete fidelity and intercoder 

agreement measures on 100% of sessions and probes. This meant that blinding of personnel and 

outcome assessors was not fully assured. This does not appear to be common practice among 

single-case design studies but could be countered through explicit decision standards pre-set 

prior to any data collection being measured. This could in fact be what researchers were doing, 

but the report of procedure is unclear about when the cutoffs were determined. The final 

limitation related to performance bias introduced involved studies that did not report a fidelity 

measure or data for baseline phases. For many studies, the baseline phase only consisted of 

giving a student a worksheet, any allowed materials, and not providing any additional support. A 

fidelity checklist for this would be short and may seem unnecessary, but it is a crucial component 

to the reliability of the data to show that that no support is provided during this phase and that 

students received all materials required. 

Implications of Results for Future Practice and Research 

Future research related to math problem-solving interventions with middle-school 

students with disabilities should incorporate specific measures of SRL components within the 
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interventions and in addition to academic outcomes. Few studies have been conducted looking 

specifically at the impact of SRL components on academic accuracy (Mason & Reid, 2018). 

These SRL measures should be defined and prepared in ways that align with the most current 

recommendations. For example, effective think-aloud protocols should include direct instruction 

and practice in the procedure prior to completing the task with the academic content in mind for 

the study, as well as adequate interobserver agreement (Greene et al., 2018). Trace data sources 

need to be adequately designed prior to the study with consideration for the time, level of detail 

within the sample, and context in which each piece of data will be gathered (Bernacki, 2018).  

Other approaches for inclusion of SRL components could utilize case studies to provide more 

tangible examples of implementation of problem-solving interventions as well as study the effect 

of included SRL practices on aspects of academic performance in a more targeted manner 

(Butler & Cartier, 2018; Grünke et al., 2021). Future researchers may consider including an 

analysis of the self-monitoring data (task checklists), goal setting and self-evaluation (graphs of 

progress). It would be interesting to conduct longitudinal studies with these aspects across 

elementary, middle, and high school student samples to see if the application of self-regulation 

skills impacts math problem solving performance differently at different stages of children’s 

development.  

Researchers are exploring ways of developing mathematical assessments that measures 

the mastery of math computation and problem-solving skills that are sequentially organized in a 

way in which one skill builds on another (VanDerHeyden et al., 2022). There are additional math 

problem solving interventions that have been researched or suggested that were not present in the 

current analysis. Future studies should aim to apply new strategies to the population targeted 

here as middle school students with disabilities. Similarly, the results of this study demonstrate a 
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greater sample of students with intellectual disabilities and learning disabilities having exposure 

to the interventions. Additional studies could focus on students with emotional disturbances or 

attention-related disabilities more specifically to confirm if these intervention practices are as 

beneficial for students with those learning profiles. Further replication research of single-case 

design studies will strengthen overall conclusions that can be drawn from this research. Within 

disability groups, it may be useful to determine which type of math problem solving intervention 

is most effective. In an era where students in Generation Z have greater levels of digital nativity 

than any generation before them as well (Çoklar & Tatli, 2021), incorporating useful aspects of 

technology into education interventions is a realm of research that will likely continue to expand 

dramatically in upcoming decades. 

Finally, other measures of effect size for single-case design could be also utilized in 

future studies, such as a between-case standardized mean difference (BC-SMD) measure that 

would allow for greater comparability to effect sizes gathered from group-design studies 

(Maggin et al., 2017). This would be particularly useful when conducting a meta-analysis that 

included both group-designs and single-case designs. 

Conclusion 

 The purpose of this study was to examine the effectiveness of math problem-solving 

interventions with self-regulated learning components on the math problem-solving performance 

of middle school students with disabilities. A meta-analysis was conducted of all studies meeting 

inclusion/exclusion criteria between 2000-2021. Twenty-two studies were found through a 

systematic search of five prevalent databases that were accessible in English and met the 

following criteria: included a mathematic problem-solving intervention as the independent 

variable, included math problem-solving performance on real-world word problems as a 
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dependent measure, included students aged 11-14 and/or were reported as being 6th-8th grade 

students, included disability qualification information for participating students, included a 

component of SRL, implemented a single-case research design, and passed a weighted measure 

of study quality. Independent raters conducted interrater agreement (IRR) coding on all steps of 

the systematic search, rating of quality indicator components for each study, and content analysis 

including SRL components. All mean IRR measures were higher than 85% prior to discussions 

between coders for final agreement. 

 Study characteristics revealed that most interventions have been conducted in a private 

space, one-on-one, and with a researcher as the interventionist. Students with a variety of 

disabilities were included in the study. Disabilities represented included intellectual disabilities, 

learning disabilities, Autism, ADHD/Other Health Impairment, and an auditory processing 

disorder. Studies took place in a variety of settings including public and private, urban and rural, 

Midwestern USA and southeast USA. Interventions involved six general categories of 

approaches including schema-based instruction, modified schema-based instruction, concrete-

representation-abstract method variations, diagram variations, general cognitive strategy 

instructions, and technology-based approaches. Interventions similarly focused on different skills 

within the math problem-solving intervention ranging from solely addition and subtraction word 

problem types to curriculum-based one-variable equations embedded within the word problem. 

All studies included use of a cognitive or metacognitive strategy that related to self-regulated 

learning. Many others included components of self-management, goal setting, and self-

evaluation. Some studies included additional dependent variables measuring diagram use, 

strategy use, and discrimination of problem type. All but two studies included social validity 

measures, either using open-ended interviews or questionnaires for students and/or teachers. 
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Generalization and maintenance measures were used inconsistently and with great variation 

across the studies in the sample. 

 The results of this study reported an overall large effect size for math problem-solving 

interventions with self-regulated learning components on math problem-solving performance for 

middle school students with disabilities. These results were supported through a variety of 

sensitivity checks. The moderator analysis did not reveal any significant differences across 

disability category, interventionist, group setting, intervention type, or problem type. The risk of 

bias assessment determined that few domains of bias and few studies had high risks of bias. Five 

of the domains had any high risk of bias present. None of the domains were fully rated as a low 

risk of bias. 

 Despite noted limitations, the results of this study reveal important implications for 

researchers and educators. Future studies conducted in this area should incorporate a more 

targeted approach to measuring the mediating effects of SRL components on math problem-

solving intervention effectiveness by using well-designed think-aloud protocols, trace data 

sources, or case studies. Additional intervention approaches should be attempted with this 

population that have not been tried previously and should also be implemented targeting students 

with specific disabilities, such as emotional disturbance. Ultimately, the use of a different effect 

size measure that is more easily interpreted and not as impacted by potential inflation, 

particularly when comparing to widely accepted effect sizes within group design studies is also 

needed when conducting single-case design meta-analysis research.  
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Appendix A 

Single Case Design Risk of Bias Tool Framework 
 

Table 9 

Single Case Design Risk of Bias Tool Framework by Reichow et al. (2018) 

Area of bias and domain Description 

Selection bias The systematic differences between baseline characteristics of the 
participants compared. 

Sequence generation The procedures used to allocate participants to intervention 
conditions or the order of the conditions to which participants are 
exposed. 

Participant selection The criteria and process used to include and select participants 
appropriate for the research. 

Performance bias The systematic differences between participants in the care provided 
or in the exposure to factors other than the intervention under 
investigation. 

Blinding of participants and 
personnel 

The methods used to ensure members of the research team remain 
unaware of when the intervention is implemented to whom. 

Procedural fidelity The quality of the description for each experimental condition and 
the reporting of evidence indicating sufficient adherence to the 
intervention under investigation. This includes the procedures used 
to train implementers. 

Detection bias The systematic differences between participants in how outcomes 
are determined. 

Blinding of outcome 
assessors 

The procedures used to ensure the individuals collecting outcome 
data are unaware of the study conditions and research purpose. 

Selective outcome reporting The completeness of the data reported for all participants who began 
the study including those who withdrew and for each of the 
dependent variables. 

Dependent variable 
reliability 

The procedures and reporting of agreement or reliability indices for 
the outcome variables. 

Data sampling The extent to which the amount data collected for the research was 
sufficient to determine the level and trend of the data patterns in 
each condition to support the determination of a functional relation. 
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Note. From Development and applications of the single-case design risk of bias tool for 

evaluating single-case design research study reports by B. Reichow, E. E. Barton and D. M. 

Maggin, 2018, Research in Developmental Disabilities, 79, p. 53–64 (http://www.doi.org/ 

10.1016/j.ridd.2018.05.008). Copyright Elsevier Ltd. Reprinted with permission; permission 

conveyed through Copyright Clearance Center, Inc. 

 


