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ABSTRACT OF THE DISSERTATION 
 

The Effects of a Paraphrasing Intervention on Word Problem Solving Accuracy of 
English Learners at Risk for Mathematic Disabilities 

 
by 
 

Jennifer Eun Re Kong 
 

Doctor of Philosophy, Graduate Program in Education 
University of California, Riverside, March 2017 

Dr. H. Lee Swanson, Chairperson 
 
 

Mathematical word problems require complex processes beyond basic math skills, 

such as the use of linguistic information, identifying relevant information, and 

constructing the appropriate problem statement (Fuchs et al., 2006; Swanson, 2006).  

English learners (ELs) in particular may experience more difficulty with math problem 

solving because of the need to preserve information while at the same time processing 

information in a second language (Swanson, Kehler, & Jerman, 2010).  In light of the 

significance of math problem solving to children’s mathematical achievement, research 

to identify effective instructional strategies for problem solving is critical.  Few studies 

have investigated the effectiveness of a word problem solving intervention for students 

who are both ELs and at risk for mathematic disabilities (MD).  Paraphrasing intervention 

has been found to be an effective intervention towards improving problem solving 

accuracy with monolingual children (e.g., Moran, Swanson, Gerber, & Fung, 2014), but 

its application to children learning a second language has not been tested.  This study 

aims to fill this gap in research by utilizing a multiple baseline design to assess the 

effectiveness of a paraphrasing intervention on the problem solving performance for 9 
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third grade students who are ELs and at risk for MD.  This study also investigated the 

extent to which the paraphrasing intervention facilitated transfer to calculation and 

reading comprehension measures.  Tau-U effect sizes were calculated to determine 

improvement between baseline and intervention phases, as well as positive trends during 

the intervention phase.  In general, positive gains occurred as a function of the treatment 

condition, supporting the hypothesis that paraphrasing word problem solving intervention 

improved students’ one- and two-step word-problem solving skills.  However, the 

magnitude of the effect sizes was in the low to moderate range on the targeted measures.  

The magnitude of the effect sizes were small for the transfer measures, suggesting that 

the paraphrasing intervention had minimal influence on transfer to calculation and 

reading comprehension measures.  The results suggest that although positive effects in 

problem solving accuracy can occur with EL children, further research is necessary to 

identify more robust intervention procedures. 
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Chapter 1 

Introduction 

 Mathematic skills are necessary for academic success, everyday problem solving, 

future career options, and earning potential (McIntosh & Vignoles, 2000; Rivera-Batiz, 

1990; Shapka, Domene, & Keating, 2006).  Mathematic skills are required in elementary 

years to demonstrate proficiency on standardized high stakes testing.  As many math 

concepts are cumulative, basic skills in numeracy, calculation, and problem solving are 

necessary for future academic success.  Further, early mathematic proficiency has been 

found to lead to career aspirations of higher prestige and overall higher likelihood of full 

time employment (Rivera-Batiz, 1990; Shapka, Domene, & Keating, 2006).  

Unfortunately, when compared to their monolingual English speaking peers, English 

Learners (ELs) often perform poorly in mathematics.  ELs encounter unique academic 

challenges, including cultural and linguistic acclimation in addition to the pressures of 

achieving academically, often resulting in disproportionately low achievement (Garcia & 

Cuéllar, 2006).   

As ELs are the most rapidly growing demographic in U.S. public schools, 

providing appropriate instruction for these students should be a critical concern.  In the 

2012–2013 school year, approximately 9.2 percent (4.4 million) ELs were enrolled 

(National Center for Education Statistics, 2015).  Additionally, 22.8 percent of students in 

California public schools (1.4 million) are ELs.  According to the National Center for 

Education Statistics (NCES, 2013), an astounding 86 percent of EL students do not 

demonstrate proficiency in mathematics.  Approximately 41 percent of EL fourth graders 
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scored below basic level in mathematics, whereas only 15 percent of non-EL students 

performed below basic level.  By eighth grade, 69 percent of English Learners scored 

below basic level in mathematics compared to 24 percent non-ELs.  This poor math 

achievement places many ELs at risk for persisting math difficulties.   

Mathematical Disabilities 

The term mathematical learning disability (MD), also referred to as acalculia, 

dyscalculia, arithmetic disorder, specific learning disabilities in mathematics, and 

mathematic difficulty, implies that the disorder stems from a biological base with 

underlying cognitive deficits (Mazzocco, 2007).  Mathematic ability is supported by a 

wide selection of cognitive abilities such as central executive functions, attentional and 

inhibition control, manipulation in the language system, information representation, and 

visuo-spatial skills.  Deficits in a combination of these areas may result in MD (Geary & 

Hoard, 2005).  In addition, MD is characterized by weak working memory and language 

skills, higher incidence of reading disabilities (as a group), and other neuropsychological 

correlates (e.g., Mazzocco, 2007).  

Compared to research on reading disability, research on MD is still emerging, 

despite the relatively parallel prevalence rates for these disorders.  One large-scale study 

indicated that 6.4 percent of children were identified as having a math disability, 

compared to 4.9 percent with a reading disability (Badian, 1983).  More recent research 

(e.g. Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005; Geary, Hoard, Byrd-

Craven, & DeSoto. 2004; Mazzocco & Myers, 2003) has estimated prevalence rates of 
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MD were between 5 percent and 8 percent.  Some of the challenges that researchers face 

in the field of MD are identifying a common definition of math learning disability.   

Variability exists in how students are identified with MD in previous research and 

practice.  Historically, children have been identified as LD given a significant 

discrepancy between IQ and achievement (Discrepancy model; Hallahan, Pullen, & 

Ward, 2013).  The growing consensus among researchers has indicated that a cutoff score 

on achievement is more appropriate to determine MD than a discrepancy between 

achievement and IQ (e.g., Fletcher et al., 1989; Swanson, Moran, Lussier, & Fung, 2013; 

Mazzocco, 2007).  Researchers have utilized the term “at risk for MD” to identify 

children who may be at risk for academic failure and benefit from intervention, but have 

not yet been identified as MD.  For example, the 25th percentile cut-off score on 

standardized measures has been commonly used to identify children at risk (e.g. Fletcher 

et al., 1989; Siegel & Ryan, 1989; Swanson, Lussier, & Orosco, 2013).  For this study, 

students were identified as at risk for MD when scores of mathematic problem solving 

were below the 25th percentile. 

Word problem solving 

Mathematical word problems are linguistically presented arithmetic problems that 

require students to generate a solution (Fuchs et al., 2006; Fuchs & Fuchs, 2007).  Word 

problems require students to use linguistic information to identify relevant information 

for solution accuracy, construct the appropriate number sentence, and calculate the 

problem accurately.  As students progress through school, instruction in math programs 

increasingly emphasizes word problem solving.  



 
 

4 
 

Procedural execution and selection for math problem solving are supported by 

conceptual understanding of the problem.  Competency in a given area of math will be 

determined by the interrelated association between conceptual understanding of the 

problem and procedural knowledge (Geary, 1994).  As children develop arithmetic 

proficiency, they also begin to discover more efficient procedures, or strategies, to use 

during problem solving (Geary, 2004; Geary, Hoard, Nugent, & Byrd-Craven, 2007).  

Additionally, reading comprehension has been found to be highly predictive of problem 

solving accuracy (Swanson, Cooney, & Brock, 1993).  

Students with MD experience significant difficulty with word problems because 

complex processes beyond basic math skills are involved (Swanson, 2006).  Additionally, 

students with MD perform significantly lower in math than age-equivalent peers, with the 

gap widening as each academic year passes (Cawley, Parmar, Foley, Salmon, & Roy, 

2001).  Children with MD tend to utilize more immature strategies (e.g., counting based) 

when compared to typically achieving peers (Geary, Hoard, Byrd-Craven, & DeSoto, 

2004; Geary et al., 2007).  Additionally, children with MD commit more errors while 

counting and solving math word problems.  MD children also differ from typically 

achieving children in the frequency and accuracy of retrieving answers from long-term 

memory (Barrouillet, Fayol, & Lathuliere, 1997; Geary, 1993).  

Math word problems also present unique problems for children who are English 

learners.  Linguistic complexity of word problems is one important factor that presents 

more difficulty for ELs when compared to their English proficient peers (Martiniello, 

2008).  Martiniello (2008) identified items on a standardized achievement assessment that 
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posed more reading comprehension challenges for ELs utilizing differential item 

functioning (DIF) procedures.  Results indicated that syntactic features and vocabulary 

were examples of items that were more challenging for ELs than for non-ELs with 

comparable math ability.  This implies that word problems’ language should be modified 

for ELs while keeping the content the same.   

Identifying the main idea from a text is central to reading comprehension.  

Students with learning disabilities may experience difficulty with reading comprehension 

stemming from the inability to locate main ideas.  Paraphrasing information has been 

identified an effective strategy to improve reading comprehension for students with 

learning disabilities (Bakken, Mastropieri, & Scruggs, 1997; Gajria & Salvia, 1992; 

Jitendra & Gajria, 2011).  Teaching students how to paraphrase or summarize 

information facilitates reading comprehension because students are taught to identify key 

information while inhibiting information that is irrelevant.  Paraphrase training has also 

been identified as an effective strategy in group design studies for teaching students with 

MD to comprehend and solve math word problems (Moran, Swanson, Gerber, & Fung, 

2014; Swanson, Moran, Lussier, & Fung, 2013).  Although group design studies have 

identified paraphrase training as effective for children with MD, its effectiveness for 

children who are English Learners is unknown.  Single-case research design may be 

valuable for close analysis of students who may not respond well to intervention in the 

development of effective instruction. 
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Single-Case Design 

Single-case research design can be a useful tool for researchers.  In single-case 

designs, researchers can examine the repeated measures on individuals to track growth 

over training sessions.  Additionally, compared to group design studies in which 

outcomes are averaged (thus obscuring individual differences) researchers can study 

differences between individuals.  Further, research has indicated that single-case research 

is valuable in identifying evidence-based practices for students with disabilities (Horner 

et al., 2005).  Compared to group design, single-case design does not require a control 

group (a group that does not receive treatment) as individuals act as their own controls.  

Individual performance before intervention is compared to performance during and after.  

Thus, all individuals who participate and are in need of valuable treatment will have 

access to it.   

One characteristic of single-case research is experimental control, which is 

achieved through systematic manipulation of the independent variable (Kratochwill et al., 

2010).  This control allows for inference of causal relations between the independent 

variable (e.g., intervention) and the dependent variable (e.g., word problem solving 

achievement).  In single-case research, individuals serve as the unit of intervention and 

data analysis, with the outcome measured before, during, and after intervention 

(Kratochwill & Levin, 2014).  A baseline measure is documented to control for 

confounding variables.  When stability is achieved prior to administering intervention, 

changes in performance after intervention can be attributed to treatment effects.   
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Internal and external validity. According to the What Works Clearinghouse 

single-case design criteria (Kratochwill et al., 2010), some possible threats to internal 

validity in single-case research include: ambiguous temporal precedence, selection, 

history, maturation effects, statistical regression, attrition, testing, instrumentation, and 

additive and interactive effects of threats to validity.  Threats to internal validity can be 

addressed through replication and/or randomization (Kratochwill & Levin, 2010; 2014).  

According to Kratochwill and Levin (2010), randomization can improve internal validity 

at a higher level than replication.  Incorporating randomization into single-case designs 

strengthens the ability to draw causal inferences.  Two single-case randomization 

schemes are randomized phase-order designs and randomized phase start-point designs.  

Randomized phase-order designs are within-series sequences of baseline (A) and 

treatment (B) phases.  Randomized phase start-point designs refer to the specific time 

points at which baseline and treatment phases begin.  Additionally, individuals can be 

randomly assigned to intervention conditions in addition to randomization schemes.  In 

this study, students from each class were randomly assigned to staggered intervention 

start points.  Additionally, specific start time points at which intervention began for each 

group were randomly determined prior to the intervention. 

Threats to external validity include generalizability to the population of interest 

and the baseline phase possibly having an effect on the treatment condition.  Threats to 

external validity are addressed through careful design of the study, which can be 

replicated by other researchers.  This design would include careful description of the 
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treatment, procedures used to measure behavior, characteristics of the subject, and other 

possible confounding factors.   

If the study design is found to meet evidence standards or meet evidence 

standards with reservations, a visual analysis is conducted for each outcome variable to 

determine evidence for causal relations (Kratochwill et al., 2010).  This is determined by 

the following features used to examine within and between phase patterns: (1) 

demonstration of consistency of level, (2) trend, (3) variability within each phase, (4) 

immediacy of the treatment effect, (5) proportion of overlapping data, and (6) consistency 

of the data across phases.  A causal relation can be determined if differences in the data in 

in the intervention phase are more than what would be expected when compared to the 

data pattern in the baseline phase.  In this study, visual analysis was conducted to 

evaluate the consistency of level, trend, and variability in each phase.  

Effect size calculation. Traditionally, the interpretation of outcomes on single-

subject design studies has relied on visual analysis.  More recently, the reporting of 

outcomes has relied on the computing of effect sizes (Parker, Hagan-Burke, & Vannest, 

2007; Parker & Vannest, 2009; Parker, Vannest, Davis, & Sauber, 2011).  There are a 

number of ways to calculate effect sizes for single-case research: mean difference effect 

sizes, regression-based effect sizes, the percent of nonoverlapping data, the percent of all 

nonoverlapping data, and Tau-U.  When calculating mean difference or regression-based 

effect sizes for single-case design, the assumption of observation independence is not 

tenable as data are collected on the same individual over time (in the same setting, 

conditions, response definitions, and recording procedures) (Wolery, Busick, Reichow, & 
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Barton, 2010).  That is, the data are likely to be serially dependent.  Additionally, the 

parametric assumptions of normality and homogeneity of variance are not satisfied by 

single-case research data (Parker, Hagan-Burke, & Vannest, 2007).   

One alternative method of calculating effect is the percent of nonoverlapping data 

(PND).  PND is the percentage of data that is more extreme in the treatment phase than 

the single most extreme data point in the baseline phase.  If a treatment is very effective, 

PND will near 100%.  The percent of all nonoverlapping data (PAND) is similar to PND 

but uses all data from both phases.  However, even with the use of PAND, several 

limitations still exist (Parker, Hagan-Burke, & Vannest, 2007).  PAND lacks sensitivity at 

the upper end of the scale.  Similar to PND, 100% will be awarded to nonoverlapping 

data regardless of the distance between two data phases.  Also, PND and PAND do not 

control for possible trends in the baseline phase.  If positive trends in baseline exist, it is 

difficult to attribute change to the intervention.  

To address these limitations of calculating effect for single-case designs, a 

nonparametric index has been recommended (Parker et al., 2011).  Tau-U is an analytic 

method for calculating effect size which combines nonoverlap between phases (baseline 

and intervention) with calculating trend within the intervention phase.  Additionally, Tau-

U allows for control of trends within the baseline phase.  This index is derived from 

Kendall’s rank correlation and the Mann-Whitney U test.   

The Mann-Whitney U (MW-U) test is an index of nonoverlap between phases 

(Bowman-Perrott et al., 2013; Parker et al., 2011).  MW-U measures the proportion of 

pairwise comparisons that improve from baseline to intervention (percentage of 
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nonoverlapping data).  The algorithm for MW-U combines the scores from two phases 

for a cross-group ranking, which are then separated and statistically compared for mean 

differences in ranks. MW-U produces two U values (UL and US), which is the number of 

times data points in one phase precede data points in the other in ranking (Parker & 

Vannest, 2009).  The formula for U is as follows: 

𝑈𝑈 = 𝑅𝑅1 −
𝑛𝑛1(𝑛𝑛1 + 1)

2
 

where 𝑛𝑛1 and 𝑛𝑛2 the sample sizes of the two groups (phases) and 𝑅𝑅1 is the sum of ranks 

for phase 1 (Cliff, 1993).  Kendall’s S is the larger U value subtracted by the smaller U 

value (S = UL – US).  So, MW-U = (UL – US) / (UL + US).  The denominator (UL + US) is 

the total number of comparisons possible (between baseline and intervention phases), 

which is calculated by multiplying the two group N number of data points (n1 x n2). 

Kendall’s rank correlation (KRC) is an index of trend within a phase (Bowman-

Perrott et al., 2013; Parker et al., 2011).  KRC is an analysis of time and score, which is 

calculated by an algorithm that compares scores that are time ordered and all possible 

pairs of data.  The total number of pairs is N(N – 1) / 2, where N is the number of original 

scores.  Each pairwise contrast is then coded one of the following: (a) positive or 

increasing over time; (b) negative or decreasing over time; or (c) tied.  Kendall’s Tau is S 

(positive codes – negative codes) divided by the total number of pairs (Tau = S / #pairs), 

or the percentage of data that improves over time.  In single-case research, KRC then 

calculates the trend of the data in the intervention phase.   
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By formula, MW-U and Tau are the same (Parker et al., 2011):   

MW-U = (UL – US) / (UL + US) Tau = (#pos – #neg)/ #pairs 

MW-U = S / #pairs   Tau = S / #pairs 

Also, both MW-U and KRC utilize the sampling distribution of S as the test statistic for 

inference testing.  For studies with N number of data pairs larger than 10, the S 

distribution approaches normal.  Therefore, z = S / SEs can be used (Graney, 1979; Parker 

et al., 2011).  This study will have 153 pairs [18(18-1) / 2].   

Tau-U produces the following indices: (a) baseline versus intervention phase 

nonoverlap, (b) nonoverlap and intervention phase trend together, (c) nonoverlap with 

baseline trend controlled, and (d) nonoverlap and intervention trend with baseline trend 

controlled (Parker et al., 2011).  This study utilized the Tau-U indices to calculate effect 

size.  In short, the formula was: 

Tau = Nc – Nd / (n[n-1]/2), 

where c = concordant pairs, d = discordant pairs, and n = possible pairs (Parker et al., 

2011).   

Problem Statement and Purpose of the Study 

Many EL students who are at risk for MD experience significant and persisting 

difficulties with mathematical word problem solving.  Although some research studies 

have examined the effectiveness of problem solving interventions for students who are 

MD, very few studies have addressed interventions for students who are both EL and 

MD.  The development of effective and validated interventions that focus on problem 
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solving for these students is necessary to provide proper instruction as early as possible to 

alleviate academic achievement gaps. 

The purpose of this study was to investigate the effectiveness of a word problem 

solving intervention for third grade EL students who are at risk for MD.  This study 

addressed three questions: 

 1. To what extent does a paraphrasing word problem solving intervention 

improve students’ one- and two-step word-problem solving skills? 

2. To what extent does a paraphrasing word problem solving intervention 

influence transfer to calculation skills? 

3. To what extent does a paraphrasing word problem solving intervention 

influence transfer to reading comprehension? 
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Chapter 2 

Literature Review 

The National Mathematics Advisory Panel (2008) has recommended identifying 

and validating instructional math practices on students with or at risk for MD.  

Legislation such as No Child Left Behind (NCLB) mandates the use of evidence-based 

practices to improve educational outcomes for students with disabilities (Simpson, 

Lacava, & Graner, 2004).  In addition, English learners at risk for MD face unique 

challenges in math, such as acquiring the formal mathematical linguistic register and lack 

of exposure to discussions which develop higher order thinking skills (Janzen, 2008).  

Appropriate intervention for EL students at risk for MD may provide valuable support to 

prevent potential academic failure (Gersten, Jordan, & Flojo, 2005; Griffin, 2007).   

The current study is a mathematics word problem solving intervention for English 

learners at risk for MD utilizing a single-case design.  Thus, literature on effective 

problem solving interventions for these students will be reviewed.  First, the chapter will 

provide an overview of validated instructional types and components for students with or 

at risk for MD.  Second, the literature on group design problem solving interventions with 

at least 40% of the sample including ELs will be reviewed.  Third, the literature on 

single-case design problem solving intervention studies for students with or at risk for 

MD will be addressed.  Finally, single-case design intervention studies for EL students 

with or at risk for MD will be presented. 

Studies that addressed mathematics word problem solving interventions for 

students identified as EL or at risk for MD were identified for this literature review in 
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published peer review journals.  The reference lists of previous studies which reviewed 

problem solving interventions (e.g., Gersten et al., 2009; Xin & Jitendra, 1999; Zhang & 

Xin, 2012; Zheng et al., 2013) were systematically scanned.   

Gersten et al. (2009) reviewed general mathematic (not specifically problem 

solving) interventions for school aged (grades K-12) students with learning disabilities.  

A total of 42 group-design intervention studies that included students with identified LD 

according to state regulations were included in the review.  Gersten and colleagues 

identified four major categories of instructional components that contributed to positive 

effects in math performance for students with learning disabilities: (a) approaches to 

instruction and/or curriculum design, (b) formative assessment data and feedback to 

teachers on students’ mathematic performance, (c) formative data and feedback to 

students with LD on their performance, and (d) peer-assisted mathematics instruction.  

Approaches to instruction and/or curriculum design included explicit instruction, the use 

of heuristic strategies, student verbalizations or thinking aloud of mathematical 

reasoning, visual representations to solve problems, a sequence of examples, and other 

instructional components.  Formative assessment data and feedback to teachers included 

feedback on student progress in addition to recommendations for addressing student 

instructional needs.  Feedback to students included providing students with information 

regarding their effort or performance from teachers, peers, or software programs.  Finally, 

peer-assisted mathematics instruction included one-on-one peer tutoring, cross grades and 

within a class.  All instructional components yielded significant positive effects with the 

exception of: (a) student setting a goal and measuring achievement of that goal, and (b) 
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peer-assisted learning within a class.  Gersten and his colleagues recommended the use of 

the following instructional components to improve math instruction: (a) explicit 

instruction, (b) visual representations, (c) sequence and/or range of examples, (d) student 

verbalizations, and (e) providing ongoing feedback to both teachers and students.  This 

meta-analysis included students from a wide range of age (grades K-12) in addition to 

both problem solving and calculation interventions.  This meta-analysis did not include 

single-case studies as part of the review of the literature. 

In a meta-analysis with more stringent criteria, Xin and Jitendra (1999) 

investigated specifically problem solving interventions for students in grades 1 to 12 with 

learning problems at risk for math failure.  Participants were considered at risk for math 

failure if they were receiving remedial math intervention or diagnosed with a learning 

problem.  Learning problems were defined as mild disabilities such as learning 

disabilities, mild mental retardation, and emotional disabilities.  A total of 25 intervention 

studies (14 group-design, 12 single-subject) were included in the study.  One study 

included both group and single-subject design.  The researchers classified students as LD, 

mixed disabilities, or at risk.  Computer-assisted instruction in group-design studies was 

found to be most effective.  In single-case studies, computer aided instruction, 

representation techniques (e.g., diagramming manipulatives, schema based instruction, 

linguistic training), and strategy training (e.g., heuristic, cognitive strategies) was found 

to be effective in facilitating problem solving skills.  Additionally, long-term 

interventions (those lasting for more than 1 month) were found to be more effective than 

short-term interventions.  
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 As a follow-up to the meta-analysis conducted by Xin and Jitendra (1999), Zhang 

and Xin (2012) included studies that were published from 1996 to 2009 in their meta-

analysis of word problem solving interventions for students with math difficulties.  

Studies that included students with learning problems in math from kindergarten to 

twelfth grade were included in the meta-analysis.  Twenty-nine group-design studies and 

ten single-subject studies (39 total studies) were included in the follow-up meta-analysis.  

An interesting feature of this meta-analysis is that the researchers investigated differences 

in effect sizes between students who were identified as LD by the discrepancy model and 

students who were identified as “at risk” (e.g., low achievement scores).  Results 

indicated that interventions provided in inclusive settings were more effective than in 

special education settings for students with learning problems.  Further analysis indicated 

that typically achieving students and students with learning problems performed similarly 

in inclusive settings.  Results also indicated that while all intervention strategies (problem 

structure representation, cognitive strategy training, and strategies involving assistive 

technology) produced positive effects, problem structure representation techniques 

yielded highest effect sizes for students with math difficulties.  Problem structure 

representation techniques refer to explicit instruction including schema-based 

diagramming.  Cognitive strategies include sequential cognitive or metacognitive strategy 

instruction.  There were no significant differences between effect sizes from students 

diagnosed with discrepant LD and at-risk students, suggesting that these students 

responded similarly to interventions. 
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 Finally, Zheng, Flynn, and Swanson (2013) also conducted a selective meta-

analysis of word problem solving intervention studies for school aged students with MD.  

A total of 15 studies (7 group-design, 8 single-subject) were included in the study.  Word 

problem solving interventions were determined to be effective for students with MD, 

yielding an effect size of 0.78 for group-design studies (compared to students with MD 

who did not receive problem solving instruction) and 0.90 for single-subject studies.  

Studies that significantly improved students’ WPS skills included instructional 

components that incorporated advanced organizers, skill modeling, explicit practice, task 

difficulty control, elaboration, task reduction, questioning, and providing strategy cues.  

Also, small-group instruction was found to be an effective approach for students with 

MD.  Finally, based on the magnitude of the effect size, students with math difficulties 

benefitted more from intervention than students with math and reading difficulties.  

Additionally, the PsycINFO, Science Direct, and ERIC online databases were 

systematically scanned for studies from 1990 to 2015.  Search terms describing word 

problem solving (word problem solving instruction or word problem solving intervention 

or problem solving instruction or story problem or math intervention), the population 

(special education or learning disabled or learning disabilit* or at risk for math 

difficulty), word-problem-solving outcomes were combined with these keywords: 

efficacy, strategy instruction, schema-based instruction, scaffolded instruction, and peer 

interaction.  To be eligible for this review, each study had to meet the following criteria: 

(a) included students with or at risk for learning disabilities or were identified as English 

Learners; (b) tested an intervention to improve word-problem-solving; (c) assessed 
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students’ word-problem-solving accuracy (quality measures using standardized 

assessments); (d) involved a single-case design or group design true-experiment with 

randomization, quasi-experiment with pre- and post-test data, or a within-subjects design 

(i.e., all students participated in both the treatment and comparison conditions); (e) 

provided quantitative data on problem solving performance; and (f) was published in 

English.  Studies investigating the effectiveness of instruction improving only math 

calculation or other related math skills were not included.  However, studies that included 

instruction in math calculation or related skills in addition to word problem solving 

intervention were considered, provided that results were shown specifically for word 

problem solving.  This initial search generated approximately 233 items.  Abstracts for all 

items were read prior to selecting studies to eliminate articles that clearly did not meet the 

inclusion criteria.  This procedure narrowed the search to 13 documents.  

Group-Design Word Problem Solving Interventions for English Learners 

The mathematics word problem solving intervention literature on single-case 

research studies for students who are both English learners and at risk for MD is 

extremely limited.  To broaden the search, intervention studies (including group design 

intervention studies) for ELs and children at risk for MD were included.  Word problem 

solving intervention studies with exclusively EL participants were not found.  However, 

studies that included at least 40% of the sample ELs were considered. 

Jitendra and her colleagues (2013) investigated the efficacy of a problem solving 

intervention utilizing schema-based instruction (SBI) in small groups for third grade 

students at risk for math difficulties.  Of the 136 participants, 47% (63 students) were 
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English learners.  Children were identified as at risk for MD if their scores on a 

standardized district assessment (Measures of Academic Progress) were below the 40th 

percentile.  Of the 71 students receiving SBI, 51% (36 students) were English learners.  

Additionally, approximately 14% of the students receiving SBI were identified as special 

education students.  Students received intensive supplemental intervention for 12 weeks 

(5 days a week, 30 minutes).  Students in the SBI condition were taught three problem 

types (Change, Group, Compare), schematic diagramming, and story checklists to solve 

one- and two-step word problems.  During the first phase of the SBI intervention, 

students were taught to identify problem schema.  Problems indicating the Change 

schema included three pieces of information: (1) initial quantity, (2) explicit action 

indicating change (e.g., gave away), and (3) ending quantity.  Group type problems 

included two subgroups and a larger group, activating the part-whole schema.  Finally, 

compare problems involved comparing two separate groups.  The second phase of the 

intervention (problem solution phase) instructed students to use a metacognitive strategy 

utilizing a checklist, schematic diagramming, and select the correct operation for accurate 

problem solution.  Students were also directed to check and justify their answers.  Results 

indicated that students in the SBI group who had higher scores at pretest outperformed 

students with higher pretest scores in the standards-based curriculum (SBC) group.  

Conversely, students with lower scores at pretest in the SBC group performed better than 

students with lower scores in the SBI group.  This indicates that SBI may be more 

effective for students at risk for MD who have already mastered basic computational 

skills compared to students who require additional instruction in basic skills.   
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In another group design intervention study, Moran, Swanson, Gerber, and Fung 

(2014) examined the effect of a paraphrasing intervention for third grade students at risk 

for MD.  Students were identified as at risk for MD if their scores on measures of fluid 

intelligence (Raven Colored Progressive Matrices Test; Raven, 1976) were above the 

25th percentile and scores on either the Test of Mathematical Abilities (TOMA; Brown, 

Cronin, & McIntire, 1994) or Key Math Revised Problem Solving (Connolly, 1998) was 

below the 25th percentile.  Additionally, of the 72 participating students, 56% (40 

students) were English learners.  Students were then randomly assigned to one of four 

conditions: Restate, Relevant, Complete, or control.  The Restate proposition condition 

involved students paraphrasing and rewriting the question in their own words.  The 

Relevant proposition condition taught students to paraphrase all relevant information, 

including the question and numbers necessary to solve.  The Complete proposition 

condition directed students to paraphrase the question and separate relevant and irrelevant 

information.  Results indicated that students in the Relevant and Complete conditions 

improved on measures of word problem solving when compared to the students in the 

Restate and Control conditions.  Paraphrasing relevant and irrelevant information in a 

word problem may be effective for EL students at risk for MD.   

 Similarly, Swanson, Moran, Lussier, and Fung (2013) investigated the 

effectiveness of generative strategies for third grade students at risk for MD.  Students 

were identified as at risk for MD if their scores of fluid intelligence (Raven Colored 

Progressive Matrices Test) were above the 16th percentile and scores on a standardized 

math assessment (Test of Mathematical Abilities; Brown, Cronin, & McIntire, 1994) were 
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below the 25th percentile.  In this sample of 82 students, 66% (54 students) were English 

learners but were considered English proficient based on their scores on the California 

English Language Development Test (CELDT).  Again, students were assigned to one of 

four conditions: Restate, Relevant, Complete, or control.  In this study, students’ working 

memory capacity (WMC) was also measured to investigate if generative strategies were 

moderated by WMC.  Results indicated that students with high WMC in the Complete 

condition performed higher on measures of word problem solving at posttest.  This 

significant advantage in scores at posttest was not found in the regression modeling when 

pretest WMC was set to a low value.  This suggests that generative strategies that involve 

paraphrasing all propositions are more likely to be effective for students at risk for MD 

with larger WMC than those with a smaller WMC.   

Single-Case Design Word Problem Solving Intervention Studies 

 This study proposes the importance of a word problem solving intervention for 

ELs who are at risk for MD utilizing a single-case design.  Again, the mathematics 

problem solving intervention literature on single-case research studies for students who 

are English learners and at risk for MD is limited.  The following studies are all single-

case design intervention studies that included students who were at risk for or identified 

as having MD.  However, the students were not English learners.   

Word problem solving intervention studies utilizing single-case design were 

reviewed and grouped by the central instructional element.  The following instructional 

components were reviewed: visual diagrams, Self-Regulated Strategy Development 
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(SRSD), schema-based instruction, cognitive strategy training, and Dynamic Strategic 

Math (DSM). 

Visual diagrams. Visual representations are models that are created to link verbal 

information with symbolic comprehension (van Garderen & Montague, 2003).  Examples 

of visual representations include generating pictorial representation, manipulatives, and 

visual diagrams. 

 The effectiveness of diagram generation to solve one- and two-step word 

problems was assessed with three eighth grade students with learning disabilities (van 

Garderen, 2007).  All students were English dominant and were identified as LD based 

on district eligibility criteria of significant differences between IQ and achievement.  A 

multiple baseline across participants was utilized the evaluate effects of the intervention.  

The intervention was divided into three phases: (1) instruction for generating diagrams, 

(2) strategy instruction for one-step word problems, and (3) instruction for two-step word 

problems.  Students progressed along the instructional phases when the previous phase 

was mastered.  Students were taught how to draw visual representations to show parts of 

the word problem via a line and part/whole diagram.  Students were also taught the 

“Visualize” strategy, based on cognitive-metacognitive strategy for solving word 

problems (Montague, 1997).  Results indicated that all students increased in diagram 

generation and word problem solving performance following intervention.  A limitation 

of this study included the possibility that student’ problem solving improved due to 

another part of the strategy or corrective feedback.  
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Self-regulated strategy development.  In a single-case intervention study, four 

students with learning disabilities were taught a word problem solving strategy by way of 

the self-regulated strategy development procedures (Case, Harris, & Graham, 1992).  The 

participants were in the fifth or sixth grade and struggled with executing the proper 

operation to solve word problems, performing at least two years below grade level and 

IQ.  Students were taught a problem solving strategy with the following steps: (a) read 

the problem out loud, (b) find and circle important words, (c) draw a picture to show 

what is happening, (d) write down math sentence, and (e) write the answer.  Instructors 

explicitly demonstrated self-regulated strategy use by utilizing “think-alouds” to (a) 

define the problem, (b) plan, (c) use the strategy, (d) self-evaluate, and (e) self-reinforce.  

Results indicated that problem solving performance in both addition and subtraction 

problems improved after strategy instruction.  Specifically, the number of errors resulting 

from incorrect operation use reduced.  Maintenance of these skills varied, with two 

students maintaining the improvements eight to 12 weeks after instruction.  Limitations 

of this study include the simultaneous use of word problem solving strategy intervention 

and self-regulated strategy development.    

 Cassel and Reid (1996) also investigated the effectiveness of self-regulated 

strategy instruction on four students.  Of the four students, two were identified as having 

learning disabilities (based on significant discrepancies between IQ and achievement) and 

two students with “mild mental retardation (MMR).”  Students were taught a problem 

solving strategy with the following steps: (a) read the problem out loud, (b) find and 

highlight the question, (c) ask what are the parts of the problem and circle numbers, (d) 
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set up the problem by writing and labeling numbers, (e) reread problem and decide 

operation, (f) discover the sign (recheck operation), (g) read number problem, (h) answer 

problem, and (i) write the answer and check.  The mnemonic “FAST DRAW” was 

utilized to assist students in remembering the strategy steps.  Students were also taught to 

self-regulate by utilizing checklists to (a) define the problem, (b) plan, (c) use the 

strategy, (d) self-monitor, (e) self-evaluate, and (f) self-reinforce.  Results indicated that 

all students mastered the problem solving strategy, displaying an immediate increase in 

performance for both addition and subtraction problem.  A limitation of this study is that 

the problem solving strategy contains many (nine) steps, which may be difficult to 

remember and possibly unmanageable for some students. 

Schema-based instruction. Jitendra and Hoff (1996) investigated the effect of 

schema-based strategy instruction on the word problem solving performance of three 

students with learning disabilities.  Students were identified as LD by significant 

discrepancies between aptitude and achievement.  Third- and fourth-grade students from 

a private school for students with LD participated in the study.  All students experienced 

difficulty with word-problem solving, but had adequate computational skills.  Students 

were taught how to identify word problems’ schema (Change, Group, Compare problem 

types) using schematic diagramming.  Then, students were instructed how to design a 

solution strategy, or action schema, and choose the appropriate operation.  Results 

indicated that all students improved on word problem solving performance following SBI 

instruction.  Students were also able to generalize the strategy to novel problems.  A 

limitation of this study is that only three students were included. 
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 As a follow-up to the previous study, Jitendra, Hoff, and Beck (1999) examined 

the effect of schema-based instruction on problem solving skills of four sixth- and 

seventh-grade students with learning disabilities.  Students were identified as LD based 

on significant discrepancies between ability and achievement.  All students were able to 

compute addition and subtraction problems with at least 90% accuracy, but experienced 

difficulties with one-step word problems.  Students were taught how to identify problem 

types and design an action schema for one- and two-step word problems.  Following 

instruction, average scores for both one- and two-step addition and subtraction word 

problems increased from the baseline to treatment condition.  In addition, after instruction 

in one-step word problem solving, students were able to generalize the strategy to two-

step problems spontaneously.  Improvements over baseline were maintained on follow-up 

assessments for both one- and two-step word problems two and four weeks after 

instruction.  However, improvements over instruction phases were inconsistent. 

 Lastly, Jitendra, DiPipi, and Perron-Jones (2002) conducted another single-case 

study investigating the effects of schema-based instruction on word problem solving 

skills of four eight-grade students with LD.  Participants were identified as LD based on a 

significant discrepancy between achievement and intellectual ability.  All students were 

able to adequately compute all four operations, but experienced significant difficulty with 

one-step multiplication and division problems.  Students were taught how to identify 

problem schema and design a plan for problem solution.  This study differed from the 

previous SBI studies in that the researchers introduced two new word problem types to 

solve multiplication and division problems.  The Vary schema included four pieces of 
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information: (1) a constant per unit, (2) four quantities, two of which were subject units, 

and two object-units, (3) the association that paired each subject-object unit, and (4) an if-

then relationship.  The Multiplicative Comparison schema focused on compared and 

referent sets and their relative quantities, in addition to highlighting part-whole 

relationships.  Following intervention, all students were able to identify and discuss key 

characteristics of each problem schema which contributed to gains in problem solution.  

Since SBI was taught in conjunction with visual diagramming, it is difficult to distinguish 

if gains were the result of schema instruction, visual diagramming, or both. 

Cognitive strategy training. Montague and Bos (1986) investigated the effect of 

cognitive strategy training on the word problem solving of six high school students with 

LD.  Students were identified as LD based on a significant discrepancy between grade 

placement and grade equivalent scores on math achievement tests.  Students were taught 

a problem solving strategy with the following steps: (1) read the problem aloud; (2) 

paraphrase the problem aloud; (3) visualize; (4) state the problem; (5) hypothesize; (6) 

estimate; (7) calculate; and (8) self-check.  Following intervention, five out of six 

participants made considerable improvements from baseline to the treatment condition in 

correct two-step word problem solving responses.  Four of six participants were able to 

general this strategy to three-step problems.  All students maintained improved math 

problem solving ability two weeks following discontinuation of the intervention.  All four 

students who were tested again three months following the intervention displayed 

maintenance of these skills.   
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Montague assessed the effectiveness of cognitive and metacognitive strategy 

instruction on the word problem solving of six middle school students with learning 

disabilities (1992).  Students were identified as LD by the school district criteria based on 

a discrepancy between ability and achievement.  All participants were able to solve 

calculation problems adequately, but experienced difficulty with word problem solving.  

In the first phase of instruction, three students were taught a cognitive strategy with the 

following steps: (1) read; (2) paraphrase; (3) visualize; (4) hypothesize; (5) estimate; (6) 

calculate; and (7) self-check while the remaining three students were taught 

metacognitive activities associated with each step of the strategy: SAY, ASK, and 

CHECK.  In the second phase of instruction, all students received cognitive strategy 

instruction (CSI) in conjunction with metacognitive strategy instruction (MSI).  Results 

indicated that three sessions of CSI alone did not significantly improve students’ problem 

solving performance.  However, three following sessions of added metacognitive strategy 

instruction improved the problem solving skills of all students who received this 

instruction.  In contrast, three sessions of MSI alone resulted in slight improvements in 

students’ problem solving performance.  Following the second level of instruction, five of 

six students displayed considerable increases in number of correct responses.  Two of 

five students were able to maintain their skills two weeks to two months after 

intervention.  No students maintained these skills the following school year.  Results 

suggest that cognitive and metacognitive strategy instruction may be more effective when 

taught together for middle school students with LD than either strategy instruction alone.  

A limitation of this study is that the instructional package of both cognitive strategy 
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instruction and metacognitive strategy instruction always followed either CSI or MSI 

alone.  Students may have improved based on maturation effects and not as a direct result 

of the instructional package.  Another limitation of both studies (Montague & Bos, 1986; 

Montague, 1992) is that the cognitive strategy involves employing eight strategy steps to 

attain a correct answer, which may be unwieldy for many EL students with learning 

disabilities.   

Dynamic Strategic Math. The only studies that could be found that assessed the 

effectiveness of a word problem solving strategy specifically for ELs using single-case 

design utilized Dynamic Strategic Math (DSM; Orosco, 2014; Orosco, Swanson, 

O’Connor, & Lussier, 2013). 

 Orosco and colleagues (2013) tested the effectiveness of DSM with six second 

grade students who were Latino English Learners.  A changing criterion multiple baseline 

across subjects design was utilized.  DSM intervention involved the researcher providing 

strategy instruction based in the Dynamic Assessment framework.  Vocabulary was 

systematically modified based on the students’ level of understanding utilizing a four-

level linguistic modification procedure.  The intervention was taught is three steps: (1) 

preteaching concepts and terminology, (2) comprehension strategies instruction, and (3) 

dynamic testing.  During strategy instruction, the instructor modeled the process and 

demonstrated the use of the strategy.  Students were directed to find the question, 

important words (pretaught in Step 1), numbers, set up/solve the problem, and check their 

answers via scaffolding and explicit cueing.  Results indicated that all students’ ability to 

solve word problems with increasingly difficult vocabulary increased as a result of the 
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intervention.  A limitation to this study includes the possible confounding factor of using 

linguistically modified word problems.  Also, the intervention could have been described 

more thoroughly so as to be replicated by other researchers or practitioners. 

 The effectiveness of DSM was also investigated with six third grade Latino ELs 

at risk for MD (Orosco, 2014).  Risk status was determined by teacher recommendation 

and if students performed below the 25th percentile on district math tests and on the 

Applied Problems test from the Woodcock-Johnson NU Tests of Achievement (WJ NU 

III-ACH; Woodcock, McGrew, & Mather, 2007).  Again, a changing criterion multiple 

baseline across subjects was used to evaluate effects of the DSM intervention.  This 

intervention incorporated three phases: (1) preteaching concepts and vocabulary, (2) 

teaching five common word problem solving strategies (What Do I Know, What Can I 

Find, What Is the Set-Up, Solve It, and Check for Understanding), and (3) cooperative 

learning via student pairing.  An appendix was provided detailing intervention procedure.  

Results indicated that all students’ word problem solving ability increased as a result of 

DSM intervention.  One limitation of this study is that although the importance of visual 

representation techniques were outlined as a proposed practice to support the problem 

solving of children at risk for MD, the DSM intervention incorporated only verbal 

techniques.   

Research Questions and Hypotheses 

To date, few studies have addressed the efficacy of word problem solving 

interventions for students who are ELs and at risk for MD.  It is important to identify 

appropriate and effective interventions for this population to begin to address existing 



 
 

30 
 

achievement differences.  The purpose of this study was to investigate the effect of a 

paraphrasing strategy intervention for EL students at risk for MD.  The following 

research questions and hypotheses were considered: 

1. To what extent does a paraphrasing word problem solving intervention improve 

students’ one- and two-step word-problem solving skills? 

It is hypothesized that the paraphrasing intervention will improve the word 

problem solving skills of third grade EL students at risk for MD.  Paraphrasing activities 

are assumed to assist students in cognitive and metacognitive processing, and thus foster 

greater comprehension of the information by mentally connecting the new material with 

existing schema (Wittrock, 1991).  Paraphrasing propositions have been shown to 

improve reading comprehension in children with learning disabilities because 

summarization of central information is required and focuses the student’s attention to 

specific information essential for understanding (Bakken, Mastropieri, & Scruggs, 1997).  

Therefore, paraphrasing and writing out the components of a word problem is 

hypothesized to improve problem comprehension and facilitate accurate problem solving.   

2. To what extent does a paraphrasing word problem solving intervention influence 

transfer to calculation skills? 

Some researchers have postulated a “bottleneck” hypothesis, in which difficulty 

with basic fact fluency represents a bottleneck for attaining other math skills, such as 

more complex computation (Fleishner et al., 1982; Geary et al., 1987).  The research 

supporting calculation transfer from basic fact remediation is inconsistent (Fuchs et al., 

2009; Fuchs, Powell, et al., 2008; Powell et al., 2009).  Further, these studies did not find 
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support for this “bottleneck” hypothesis on word problem solving outcomes.  

Additionally, problem solving and computation have been found to represent distinct 

areas of mathematical cognition although significantly correlated (Fuchs, Fuchs, et al., 

2008; Swanson & Beebe-Frankenberger, 2004).  Problem solving requires a variety of 

skills for problem solution, including using linguistic information and computational 

accuracy.  Since instruction in computation has not supported transfer to problem solving 

outcomes, the investigation of problem solving influencing transfer to calculation is 

warranted. 

Transfer is defined as having generalized effects of performance outcomes across 

various stimuli (e.g., tasks, settings) (Kendall, 1981; Kennedy, 2005).  In this study, 

transfer is operationally defined as the paraphrasing intervention influencing performance 

outcomes across tasks (calculation, reading comprehension). 

3. To what extent does a paraphrasing word problem solving intervention influence 

transfer to reading comprehension? 

This proposed problem solving intervention teaches students how to identify key 

information and inhibit extraneous information, which is central to reading 

comprehension.  Reading comprehension has been found to be a strong predictor of 

problem solving accuracy (Swanson et al., 1993).  Utilizing a strategy targeting reading 

comprehension and paraphrasing skills may increase word problem solving as well as 

reading comprehension.  Thus, students’ reading comprehension skills are also 

hypothesized to improve as a function of the paraphrasing intervention.   
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Finally, while students may be able to maintain these skills for a short while, 

prolonged times without access to continued intervention will result in the decrease of 

strategy usage and problem solving accuracy.  Children who experience severe 

difficulties may require intense intervention over an extended period of time to remediate 

such difficulties (Vaughn, Denton, & Fletcher, 2010).  
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Chapter 3 

Methods 

Setting and Participants 

Nine third-grade EL students at risk for MD participated in this study.  The 

children were selected from four classrooms from an elementary (K-8) school in southern 

California.  The school’s population consisted of 700 students (73% Hispanic, 11% 

Black/African American, 9% White [non-Hispanic], 2% Asian, and 5% Other [two or 

more races]).  Thirty-four percent of these students were English learners.  Additionally, 

65% of the school’s population qualified for free or reduced lunch prices. 

For the purposes of this study, children were identified as at risk for MD based on 

the following considerations: (a) teacher recommendation for intervention based on 

students receiving general math instruction for at least 2 years; (b) student who continued 

to experience difficulties solving word problems in the general education classroom; and 

(c) student performed at or below the 25th percentile on a norm-referenced math 

assessment, the story problem subtest from the Test of Math Ability – 2 (TOMA-2; 

Brown, Cronin, & McIntire, 1994).  Students already receiving special education services 

were not included in the study. 

The story problem subtest from the TOMA-2 (Brown et al., 1994) is a 25-item 

word problem solving assessment.  Students are required to read and solve the word 

problems individually while recording answers in their test booklets.  The items increase 

in difficulty and involve all four mathematics calculation areas.  Testing is discontinued 

after 10 minutes.  Reliability coefficient for this subtest exceeded .80. 
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EL status was determined by the presence of the California English Language 

Development Test (CELDT) score.  The CELDT is an assessment used to determine and 

monitor the progress of children who are limited English proficient on listening, 

speaking, and writing in English.  Table 1 provides descriptive and school-related 

information for the participating students.   

General Procedures 

A graduate student (licensed special education teacher) administered the 

intervention utilizing an instructional protocol (See Figure 1).  This study was conducted 

in small groups (3 students) in the general classroom setting for 21 sessions over an 8 

week period.  Each intervention session averaged 30 minutes and was a supplementary 

intervention to the general education math curriculum students received (50 

minutes/day).  Two follow-up sessions were conducted following the conclusion of the 

study. 

Research has indicated that students in small groups of three students made more 

gains than larger groups of ten students (Vaughn et al., 2010).  To control for possible 

classroom teacher effects, students from each of the four classrooms were randomly 

assigned to small groups.  That is, no small group consisted of students from one 

classroom teacher.   

 The paraphrase intervention served as the independent variable.  Measures of 

word problem solving accuracy were the primary dependent variable of interest to answer 

the research questions.  Secondary (transfer) dependent variables were measures of math 

calculation and reading comprehension accuracy.   
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In this study, word problems were modified from the classroom text (EngageNY; 

Expeditionary Learning, 2013).  Word problems in the intervention included one- and 

two-step addition and subtraction word problems with the following elements: (a) a 

question, (b) relevant information and numbers required to solve the problem, and (c) 

irrelevant information or numbers. The following example illustrates the components of a 

one-step word problem. 

David has 52 baseball cards.  (relevant information) 

David gave 19 baseball cards to Nick. (relevant information) 

David also collects football cards. (irrelevant information) 

How many baseball cards does David have left? (question) 

Experimental design  

A multiple baseline across subjects design was utilized to evaluate the effects of a 

paraphrasing intervention on the word problem solving performance of nine EL students 

at risk for MD (Kennedy, 2005).  A functional relationship between the intervention and 

problem solving performance can be demonstrated by an increase in students’ problem 

solving performance when compared to children left in baseline status.  Causality is 

demonstrated by a systematic change in a dependent variable (i.e., positive changes in 

children’s problem solving behavior) relative to the baseline phase with the introduction 

of the intervention (Kratochwill et al., 2010). 

During the baseline phase, preinstructional performance of word-problem solving 

that each student could accurately solve without assistance was established.  Each 

baseline measure consisted of 10 one- and two-step addition and subtraction word 
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problems.  The problems were selected and modified from classroom text (EngageNY; 

Expeditionary Learning, 2013).  Seventy problems were selected and then randomly 

assigned to sessions.  Students were placed in three groups of three students.  The first 

group received three baseline measures.  Five baseline measures were administered to the 

second group.  Finally, seven baseline measures will be administered to the third group. 

After data was collected in the baseline phase, the independent variable was 

staggered across subjects, clustered by groups.  Problem solving instruction directed 

students to apply a paraphrasing strategy to word problems.  Each intervention session 

presented seven word problems in total - one word problem to deliver explicit instruction, 

one word problem to solve with teacher assistance, and five word problems to be solved 

independently.  An example of instructional materials (i.e., student notebook) is 

presented in Figure 2. 

Word problem difficulty (i.e., number of sentences, number of steps require to 

solve the problem) increased across intervention sessions.  Lessons 1 – 4 taught one step 

word problems.  Lessons 5 – 15 included multiple step word problems.  Additionally, the 

number of sentences and complexity of sentences increased across lessons.  Lessons 1 – 9 

included word problem instruction with three to five sentences.  Lessons 10 – 15 taught 

word problems with five to seven sentences. 

Each session, measures of problem solving, calculation, and/or reading 

comprehension were administered to each student to evaluate progress.  In addition, 

curriculum based measures were administered each week (alternating sessions) to 

evaluate generalization of these skills to novel problems.  Two weeks after completion of 
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the intervention phase, maintenance probes were collected to verify maintenance of 

treatment skills.  Two months after completion of the intervention phase, maintenance 

tests were administered again to verify continuation of skills after extended time periods 

without treatment. 

Instructional Procedures 

A paraphrasing strategy intervention was designed to improve problem solving 

accuracy.  The intervention directed students to paraphrase and write out components of a 

word problem in their own words.  The elements of word problem included a question, 

relevant information and numbers required to solve the problem, and irrelevant 

information or numbers.  The strategy was taught during each intervention session during 

the course of the study.  The instructional stages during each session are described in the 

subsequent sections. 

Phase 1: Warm-up activity. During this phase, students participated in brief 

warm-up activities alternating between reading comprehension and math calculation 

exercises.  Warm-up activities did not exceed five minutes per session.   

For the reading comprehension warm-up activity, students read short paragraphs 

adapted from student texts (Engage NY; Great Minds, 2015) and answered multiple 

choice questions regarding the content of the paragraph.  These exercises included literal 

reading comprehension questions, which will require students to recall characters, main 

events, or main ideas from the paragraphs.  Students were also asked to generate a 

sentence identifying the main idea of the text.   
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 For the calculation warm-up activity, students were provided (one, two, or three 

digit) addition and subtraction problems.  The problems were selected from an 

experimental calculation measure, developed for the use of this intervention.  Students 

were encouraged to complete as many problems accurately in the given time. 

Phase 2: Explicit instruction. During this phase of the intervention, students 

were taught the paraphrasing strategy through direct instruction.  The intervention 

incorporated the following four steps: 

1. Know – “What do I know about the question” occurred after the teacher read the 

word problem aloud.  The teacher identified the question for the group.  Then, the 

teacher modeled how to paraphrase the question by writing a sentence. 

2. Find – “Find the relevant information” occurred during reading the word problem 

aloud for a second time.  Again, using think-alouds, the teacher modeled how to 

find and paraphrase important information to answer the question.   

3. Cross-out – “Cross-out irrelevant information” occurred after finding relevant 

information.  Students were guided in eliminating information that was not 

relevant to solve the problem.  This information was not paraphrased.   

4. Solve and check – After gathering necessary relevant information by summarizing 

important propositions, the teacher modeled how to set up and solve the problem.  

Finally, the teacher checked if the answer stated in a complete sentence addresses 

the initial question by stating the question again. 
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During this phase, the instructor demonstrated each step of the strategy through 

visual, explicit instruction.  Visuals to aid instruction included a checklist to serve as 

reminders for each step as well as the teacher’s written sentences. 

Phase 3: Guided practice. During this phase of intervention, students answered 

word problems using the paraphrasing strategy.  The teacher prompted students to apply 

each step of the strategy utilizing an instructional protocol.  Instructors checked students’ 

answers for each step of the strategy.  If difficulty persisted in a step of the strategy, the 

instructor provided corrective feedback.  If after two attempts of guided instruction the 

student was not able to apply a step in the strategy, the teacher modeled the answer.   

Phase 4: Independent practice. Finally, students solved word problems 

independently.  If a student asked for help during this phase of intervention, the teacher 

encouraged him/her to solve the problems independently before offering assistance.  

Maintenance phase. All instructional phases (Phases 1 – 4) concluded after the 

predesignated intervention session number for each group (15 sessions, 13 sessions, 11 

sessions).  Following the completion of the intervention phase (i.e., Session 18), all 

students were administered three maintenance measures of one- and two-step word 

problems. 

Follow-up phase. Two months after the completion of the maintenance phase, 

students were administered two follow-up measures of one- and two-step word problems. 

Dependent measures   

Word problem solving accuracy. The primary or targeted dependent measure 

included word problems solving accuracy.  Each session included the administration of 5 
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one- and two-step addition and subtraction word problems.  Each word problem included: 

(a) a question, (b) relevant information and numbers required to solve the problem, and 

(c) irrelevant information or numbers.  These word problems were utilized for minority 

students at risk for MD in previous study (Kong & Orosco, 2015).  The coefficient alpha 

for these problems was acceptable (.77).  Accuracy was measured as the percentage 

correct (number correct divided by number attempted).  Solution accuracy was recorded 

whether the student used the intervention strategy or not.  

In addition, to assess generalization of the treatment condition to other problem 

solving measures, the AIMSweb Math Concepts and Applications (M-CAP) was 

administered.  During the treatment phase, the M-CAP AIMSweb measure was 

administered every third intervention session.  The M-CAP is a general outcome measure 

of typical math curriculum including problem solving, reasoning, and analytical skills.  

The M-CAP is group administered and does not exceed 8 minutes to administer.  

Students read and solve the word problems while recording answers on their test sheet.  

The alternate-form reliability coefficient for the third grade form is .81 (AIMSweb 

technical manual, 2012).  The reliability of the rate of improvement (ROI) for third grade 

students whose progress had been monitored at least 10 times over the course of the 

school year was acceptable (.78; AIMSweb technical manual, 2012).  The criterion 

validity of M-CAP scores with the North Carolina End of Grade Test was consistently 

above .60 for fall, winter, and spring scores. 

Calculation. To assess generalization of skills to calculation, an experimental 

measure of calculation was administered.  Each researcher created test consisted of 20 
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addition and subtraction problems.  Calculation problems were scored by an independent 

researcher and accuracy percentages were recorded for each session.   

Additionally, to assess generalization of computation skills as a function of 

treatment condition, the AIMSweb Mathematics Computation (M-COMP) test was 

administered every third intervention session.  The M-COMP test was administered on 

alternate weeks of the M-CAP.  The M-COMP is a timed calculation assessment that can 

be group administered.  Students are allowed 8 minutes to solve as many problems as 

possible on their worksheet.  The third grade test involves all four calculation procedures.  

The alternate-form reliability coefficient for the third grade form is .91 (AIMSweb 

technical manual, 2012).  The reliability of the rate of improvement (ROI) for third grade 

students whose progress had been monitored at least 10 times over the course of the 

school year was .75.  The criterion validity of M-COMP scores with the Group 

Mathematics Assessment and Diagnostic Evaluation (G-MADE) was .73. 

Reading comprehension. To assess transfer of skills to reading comprehension, 

experimental measures of reading comprehension were administered.  Each researcher 

created test consisted of a short passage with five multiple choice comprehension 

questions.  Problems were scored by an independent researcher and accuracy percentages 

were recorded.   

Finally, to assess generalization treatment effects to reading comprehension, the 

AIMSweb reading MAZE was administered.  The MAZE requires students to read 

leveled passages for 3 minutes and select an appropriate word (out of three choices) for 

every seventh word.  The MAZE was scored with the accompanying key.  Number of 
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words correct and errors were recorded for each student.  The reported test- retest 

reliability for third grade passages was acceptable (.70; AIMSweb technical manual, 

2012).  Further, the median correlation between third grade MAZE scores and end of the 

year reading tests for 11 different states was .59. 

 Interscorer reliability and treatment fidelity. At the end of the study, 25 

percent of the data was rescored by an independent observer.  Interrater reliability was 

calculated by dividing the total number of agreements by the total number of agreements 

and disagreements.   

To ensure consistency of delivery of instruction, all intervention and assessment 

sessions were scripted.  However, to encourage natural teaching, interaction, and 

questions from students, the scripts served as an outline for instruction.  A treatment 

fidelity checklist (Figure 3) based on the paraphrasing strategy for each phase of 

intervention was applied by a classroom observer for 26.67 percent of all intervention 

sessions.  The observer coded for fidelity via a checklist and score “Yes” or “No” for 

each behavior observed.  A percentage of presence of intervention behaviors for all 

sessions was calculated at the conclusion of the study. 

Data analysis  

Visual analysis was conducted to evaluate evidence of a causal relationship 

between the intervention and each outcome variable (Kratochwill et al., 2010).  

According to the What Works Clearinghouse criteria for interpreting single subject 

designs (Kratochwill et al., 2010), four steps should be followed in conducting visual 

analysis to determine a causal relation between the intervention and each outcome 
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variable.  First, a predictable pattern of data should be documented in the baseline phase.  

Second, the data within each phase should be assessed for predictable patterns.  Third, the 

data from each phase should be compared to assess whether implementation of the 

intervention was associated with an effect.  In the case of multiple baseline design, 

changes in word problem solving (WPS) accuracy following the implementation of the 

intervention in staggered phases were examined.  Finally, information from all phases of 

the study was integrated to determine if there were at least three demonstrations of an 

effect.  Intervention effect is operationalized by consistency of level, trend, and 

variability in baseline, intervention, and maintenance phases, in addition to the 

immediacy of the intervention effect.  

Finally, Tau-U effect size was calculated to determine overall improvement 

between baseline and intervention phases and during the intervention.  Tau-U also adjusts 

for positive trends in the baseline phase, which is first determined by comparing the 

baseline phase with itself (Vannest & Ninci, 2015).  Then, the ratio of pairwise 

comparisons for the baseline phase is calculated for positive trend.  Baseline trends above 

0.20 were corrected by subtracting the trend in the baseline phase from the Tau score in 

the baseline to intervention phase comparison (Vannest & Ninci, 2015).  

Researchers have created a stand-alone statistical application, which calculates 

Tau-U and p-values (Vannest, Parker, & Gonen, 2011).  As there are more than 10 data 

pairs, the proportion of improvement was tested for statistical significance using the z 

distribution.  Additionally, the Tau-U calculator allowed for the selection of the 

adjustment of baseline trends. 
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The proportion of improvement in the intervention phase was then tested for 

statistical significance using the z distribution.  Effect sizes were deemed small (0 to 

0.65), medium (.66 to .92), large (above .93) based on recommended ranges for non 

overlap of all pairs (Parker, Vannest, & Brown, 2009; Soares, Harrison, Vannest, & 

McClelland, 2016)  
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Chapter 4 

Results 

Visual analysis was conducted to determine evidence for causal relations between 

the paraphrasing intervention and each outcome variable.  The recommended steps for 

conducting visual analysis to document at least three demonstrations of intervention 

effect were followed (Kratochwill et al., 2010).  Tau-U effect sizes were also calculated 

to determine improvement during the intervention phase.  The results are presented into 

three sections (word problem solving, calculation, and reading comprehension), each 

addressing one of three research questions that directed this study.  

Word Problem Solving 

Question 1: To what extent does a paraphrasing word problem solving 

intervention improve students’ one- and two-step word-problem solving skills? 

This question was addressed through two separate measures: researcher created 

word problem solving test (experimental measure) and the M-CAP.   

Experimental Word Problem Solving Measures 

Figure 4 displays word problem solving accuracy percentage for each student as a 

function of baseline, intervention, maintenance, and follow-up sessions.  Visual analysis 

indicated that seven out of nine students displayed increases in problem solving accuracy 

after the staggered implementation of the paraphrasing intervention.  There was also a 

clear consistency of level, trend, and variability in all phases, suggesting a causal 

relationship (Kratochwill et al., 2010).   
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 The word problem solving accuracy mean scores for all students in the baseline, 

intervention, maintenance, and follow-up phases, respectively, are reported in Table 2.  

Mary was administered three baseline session, with a baseline mean score of 16.67 

percent accuracy.  Mary received 15 intervention sessions with an intervention mean 

score of 44 percent.  Mary’s maintenance mean score was 20 percent.  Finally, Mary’s 

two follow-up measures’ mean score was 15 percent. 

 James also received three baseline sessions with a mean score of 20 percent 

accuracy.  James was absent for two intervention sessions, resulting in a total of 13 

intervention sessions.  James’s mean intervention score was 40 percent.  James’s 

maintenance average score was 36.67 percent.  James did not return to this school the 

following year, and did not participate in follow-up measures. 

 Edgar received three baseline sessions resulting in a mean score of 20 percent 

accuracy.  Edgar received 15 intervention sessions, with an average intervention score of 

42.67 percent.  Edgar’s maintenance and follow-up mean scores were 66.67 and 25 

percent, respectively. 

 Alex received five baseline measures with mean score of 22 percent accuracy.  

Alex was absent for one intervention session, resulting in a total of 12 intervention 

sessions.  Alex’s mean intervention score was 38.33 percent.  Finally, Alex’s 

maintenance and follow-up measures’ mean scores were 73.33 and 30 percent, 

respectively. 

 Jane also received five baseline sessions resulting in a mean score of 4 percent 

accuracy.  Jane received 13 intervention sessions, increasing her mean score to 26.15 
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percent accurate.  Jane’s maintenance mean score was 60 percent.  Finally, after two 

months without access to intervention, Jane’s follow-up mean score was 5 percent 

accuracy.  

Brian received five baseline measures with a mean score of 38 percent accuracy.  

Brian received 13 intervention sessions, increasing his mean score to 67.69 percent.  

Immediately following intervention, Brian’s maintenance mean score across three 

sessions was 93.33 percent.  Finally, Brian’s follow-up mean score was 55 percent. 

Diana received seven baseline measures with a mean score of 21.43 percent 

accuracy.  Diana was absent for one intervention session, resulting in a total of 10 

intervention sessions.  Diana’s intervention mean score was 32 percent.  Diana’s 

maintenance average score was 46.67.  At follow-up, Diana’s mean score was 5 percent. 

Daria also received seven baseline measures resulting in a mean score of 20 

percent accuracy.  Daria received 11 intervention sessions with an average score of 41.82 

percent.  Daria’s maintenance and follow-up mean scores were 46.67 and 10 percent, 

respectively. 

Lastly, Mateo received seven baseline measures with an average score of 32.86 

percent accuracy.  Mateo was absent for one intervention session and received a total of 

10 intervention sessions.  Mateo’s average intervention score was 60 percent.  Mateo’s 

maintenance and follow-up mean scores were 66.67 and 30, respectively. 

 Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention for each student, and a combined effect for all students.  

Tau-U was calculated for baseline versus intervention contrasts (A versus B) for all nine 
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students, controlling for baseline trend for four students (Mary, Edgar, Daria, and Mateo).  

The Tau-U effect size for Mary with a corrected baseline was 0.71, p = 0.06 (SD = 16.88; 

90% CI [0.09, 1].  The Tau-U for James was 0.61, p = 0.11 (SD = 14.87; 90% CI [-0.01, 

1].  The Tau-U effect size for Edgar with a corrected baseline was 0.60, p = 0.11 (SD = 

16.88; 90% CI [-0.02, 1].  The Tau-U for Alex was 0.53, p = 0.09 (SD = 18.97; 90% CI 

[0.01, 1].  The Tau-U for Jane was 0.89, p = 0.00 (SD = 20.29; 90% CI [0.38, 1].  The 

Tau-U for Brian was 0.78, p = 0.01 (SD = 20.28; 90% CI [0.27, 1].  The Tau-U effect 

size for Diana was 0.34, p = 0.24 (SD = 20.49; 90% CI [-0.14, .82].  The Tau-U effect 

size for Daria with a corrected baseline was 0.52, p = 0.07 (SD = 20.49; 90% CI [0.15, 1].  

The Tau-U effect size for Mateo with a corrected baseline was 0.63, p = 0.03 (SD = 

20.49; 90% CI [0.15, 1].  Finally, the weighted average Tau-U of the paraphrasing 

intervention on word problem solving accuracy was 0.62, p = .00 (SE = 0.11; 95% CI 

[0.41, 0.84]).  This indicated a small, but significant, effect of the paraphrasing 

intervention on word problem solving accuracy. 

Summary. As predicted, students made gains in problem solving accuracy after 

the administration of the intervention and in maintenance sessions immediately following 

the conclusion of the intervention.  However, all students displayed considerable 

decreases in accuracy percentages after prolonged periods of time without access to the 

intervention (two months).  The Tau-U effect sizes varied from .34 to .89 with an overall 

mean of 0.62.  According to Parker et al. (2016), the overall mean reflects a small effect 

size. However, it is important to note three of the participants yielded effect sizes in the 

moderate range (Mary, Jane & Brian). 
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M-CAP 

Figure 5 displays M-CAP accuracy points for each student as a function of 

baseline, intervention, maintenance, and follow-up sessions.  Visual analysis indicated 

that all students demonstrated a predictable pattern of data in the baseline phase.  The 

variability within all phases was low.  All students, with the exception of Alex, displayed 

increases in problem solving accuracy after the staggered implementation of the 

paraphrasing intervention.   

AIMSweb has presented default cut scores for each of their measures predicting 

probabilities of success on state tests (Pearson, 2011).  These cut scores are associated 

with 50 and 80 percent probability of passing the state test in math.  The first cut score is 

the lowest scoring 15 percent of the nationally normed sample, indicating severe risk in 

math (needing intensive intervention).  The second cut score is the lowest 45 percent of 

students, indicating moderate risk (defined as “at-risk” or strategic).  The M-CAP cut off 

scores for third graders in the Spring semester are below 8 for severe risk (below the 15th 

percentile), and 8-14 for moderate risk (15th – 45th percentile).  

 The mean MCAP scores for each student in the baseline, intervention, 

maintenance, and follow-up phases, respectively, are reported in Table 3.  Mary was 

administered three baseline session, resulting in a baseline mean score of 7.00 points.  

Mary’s baseline mean score indicated the need for intensive intervention.  Mary received 

four M-CAP measures during the intervention phase with an intervention mean score of 

11.5 points.  Mary’s intervention mean score fell within the moderate risk range.  Mary 
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received one maintenance measure, with a score of 12.  Finally, Mary received two 

follow-up measures with a mean score of 12.5. 

 James received three baseline measures with a baseline mean score of 6.33.  

James’s baseline score fell below the cut off score severe risk.  James received four 

intervention measures, resulting in an intervention mean score of 12.  James’s 

intervention mean score fell within the moderate risk range.  James’s maintenance 

average score was 12.5 points.  James did not return to this school the following school 

year, and did not participate in follow-up measures. 

 Edgar also received three baseline measures, resulting in a mean baseline score of 

7 points.  Edgar’s mean baseline score indicated severe risk.  Edgar’s four intervention 

measures resulted in a mean intervention score of 13.75.  Edgar’s mean score fell within 

the moderate risk range.  Edgar’s maintenance average score was 15.  Finally, at follow-

up, Edgar’s mean score was 16.5 points.  Edgar’s maintenance and follow-up scores were 

above the moderate risk cut off score. 

 Alex received four baseline measures with a mean baseline score of 6.5 points.  

Alex’s mean score fell below the cut off score for severe risk.  Alex received three 

intervention measures, resulting in a mean intervention score of 8.  Alex’s maintenance 

mean score was 7 points.  At follow-up, Alex’s average score was 8.5 points. 

 Jane received four baseline measures with an average score of 4.5.  Jane’s 

baseline mean score indicated severe risk, needing intensive intervention.  Jane received 

three intervention sessions, with a mean score of 8.67.  Jane’s maintenance average score 
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was 10.  At follow-up, Jane’s mean score was 8.5.  Jane’s intervention, maintenance, and 

follow-up scores fell within the moderate risk range. 

 Brian received four baseline measures with an average score of 7.25.  Brian’s 

baseline mean score fell below the severe risk cut off score.  Brian received three 

intervention measures, with an average score of 7.33.  Brian’s maintenance and follow-up 

mean scores were 11 and 12.5, respectively.  Brian’s maintenance and follow-up scores 

fell within the moderate risk range.  

 Diana was absent for one baseline session, resulting in a total of four baseline 

measures.  Diana’s mean baseline score was 5 points, indicating severe risk.  Diana was 

also absent for one intervention session, resulting in one intervention measure with a 

score of 11.  Diana’s maintenance mean score was 9.  At follow-up, Diana’s average 

score was 9.   

 Daria received five baseline sessions, with a mean score of 6 points.  Daria 

received two intervention measures with an average score of 8, falling within the lower 

end of the moderate risk range.  Daria’s maintenance mean score was 11.5.  Daria’s 

follow-up mean score was 8.5. 

 Finally, Mateo received five baseline measures with a mean score of 11.4, 

indicating moderate risk.  Mateo received two intervention measures, resulting in an 

average of 16.5.  Mateo’s maintenance and follow-up scores were also above the cut off 

score for moderate risk at 18.5 and 21.5, respectively. 

Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention on M-CAP accuracy scores for each student, and a 
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combined effect for all students.  Tau-U was calculated for baseline versus intervention 

contrasts (A versus B) for all nine students, controlling for baseline trend for two students 

(Mary and Daria).  The Tau-U effect size for Mary with a corrected baseline was 0.91, p 

= 0.05 (SD = 5.66; 90% CI [0.14, 1].  The Tau-U for James was 1.00, p = 0.03 (SD = 

5.66; 90% CI [0.32, 1].  The Tau-U effect size for Edgar was 1.00, p = 0.03 (SD = 5.66; 

90% CI [0.32, 1].  The Tau-U for Alex was 0.41, p = 0.38 (SD = 5.66; 90% CI [-0.36, 1].  

The Tau-U for Jane was 1.00, p = 0.03 (SD = 5.66; 90% CI [0.32, 1].  The Tau-U for 

Brian was 0.17, p = 0.72 (SD = 5.66; 90% CI [-.61, .94].  The Tau-U effect size for Diana 

was 1.00, p = 0.16 (SD = 2.82; 90% CI [-0.16, 1].  The Tau-U effect size for Daria with a 

corrected baseline was -0.20, p = 0.70 (SD = 5.16; 90% CI [-1, 0.65].  The Tau-U effect 

size for Mateo was 0.70, p = 0.18 (SD = 5.16; 90% CI [-0.15, 1].  Finally, the weighted 

average Tau-U of the paraphrasing intervention on M-CAP accuracy was 0.66, p = .00 

(SE = 0.17; 95% CI [0.33, 1]).  This indicated a medium and significant effect of the 

paraphrasing intervention on M-CAP accuracy. 

Summary. Overall, with the exception of Mateo, all students’ baseline mean 

scores on the M-CAP fell below the cut off score indicating severe risk status.  This 

indicated that students were in need of intensive intervention.  With the exception of 

Brian and Mateo, all students’ intervention mean scores were in the moderate risk range.  

Mateo’s mean intervention score fell above the cut off score, while Brian remained in the 

severe risk category.  At maintenance and follow-up, all students, with the exception of 

Alex, scored at least within the moderate risk range.  Edgar and Mateo’s scores were 

above the cut off score for risk.  The Tau-U effect sizes varied from -.20 to 1.0 with an 
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overall mean of 0.66.  According to Parker et al. (2016), the overall mean reflects a 

moderate effect size. 

Word Problem Solving Summary  

The general pattern of the results was a positive increase in problem solving 

performance.  However, the magnitude of effect sizes on the experimental measure was 

in the low range (Tau-U = .62, p = .00).  All students displayed a drop in problem solving 

performance after prolonged periods of time without the intervention.  On general 

outcomes measures of typical grade level problem solving curriculum, the magnitude of 

effect sizes were in the moderate range (Tau-U = .66, p = .00).  In contrast to the 

experimental problem solving measure, students did not display significant decreases in 

performance after an extended period of time without the intervention. 

Calculation 

Question 2: To what extent does a paraphrasing word problem solving 

intervention influence transfer to calculation skills? 

This question was addressed through two measures: researcher created calculation 

tests and the M-COMP.   

Experimental Calculation Measures  

Figure 6 displays calculation accuracy percentage for each student as a function of 

baseline, intervention, maintenance and follow-up sessions.  Visual analysis indicated 

that all students displayed a predictable pattern of data in the baseline phase.  Most 

students reached high accuracy percentage in the baseline phase (revealing ceiling 

effects).  Additionally, many students displayed negative trends and low variability in the 
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baseline phase.  Taken together, increases in calculation after the staggered 

implementation of the paraphrasing intervention were not observed.   

The mean calculation accuracy percentage scores for each student in the baseline, 

intervention, maintenance, and follow-up phases, respectively, are reported in Table 4.  

Mary was administered three baseline measures with a resulting mean score of 85 percent 

accuracy.  Mary received seven intervention measures with an average score of 65.71 

percent.  All students were administered three maintenance and two follow-up measures.  

Mary’s maintenance and follow-up mean scores were 79.67 and 60 percent accuracy, 

respectively. 

James was administered three baseline measures with an average score of 56.67.  

James was absent for one intervention session, resulting in a total of six intervention 

measures.  James’s intervention mean score was 45 percent accuracy.  Following the 

intervention, James’s maintenance mean score was 35.33.  James did not return to this 

school the following year, and did not participate in follow-up measures 

 Edgar was also administered three baseline measures with an average score of 

58.33.  Edgar was administered seven intervention sessions with a mean score of 57.85 

percent.  Edgars’ maintenance and follow-up mean accuracy percentage scores were 61 

and 45 percent, respectively. 

 Alex received four baseline measures with an average score of 87.5 percent.  Alex 

received six intervention measures with a mean score of 74.17 percent.  Alex’s 

maintenance and follow-up mean scores were 84.33 and 75 percent, respectively. 
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 Jane also received four baseline measures with a mean accuracy score of 55 

percent.  Jane received six intervention measures with a resulting average score of 52.50 

percent.  Jane’s maintenance mean score was 88 percent.  At follow-up, Jane’s mean 

score dropped to 47.5 percent accuracy. 

 Brian received four baseline measures with an average score of 82.5.  Brian’s six 

intervention measures resulted in an average of 79.17.  Brian’s maintenance and follow-

up mean accuracy scores were 96.67 and 92.50 percent, respectively. 

 Diana received five baseline measures with a mean score of 52 percent accuracy.  

Diana was absent for one intervention session, resulting in a total of four intervention 

measures.  Diana’s mean intervention score was 35 percent.  Diana’s maintenance 

average accuracy score was 56 percent.  At follow-up, Diana’s mean score was 47.5 

percent. 

 Daria also received five baseline measures with a mean score of 69 percent.  

Daria received five intervention measures with an average score of 75 percent.  Daria’s 

maintenance and follow-up scores were 86.33 and 70 percent accuracy, respectively. 

 Finally, Mateo received five baseline measures with a mean score of 73 percent.  

Mateo was absent for one intervention session, resulting in a total of four intervention 

measures collected.  Mateo’s intervention session average was 78.75 percent accuracy.  

Following the intervention, Mateo’s maintenance mean score was 83 percent.  Mateo’s 

follow-up average score was 75 percent accuracy.  The Tau-U effect sizes varied from -

0.85 to 0.16 with an overall mean of -0.31.   
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Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention on calculation measures for each student, and a combined 

effect for all students.  Tau-U was calculated for baseline versus intervention contrasts (A 

versus B) for all nine students, controlling for baseline trend for two students (Mary and 

Edgar).  The Tau-U effect size for Mary with a corrected baseline was -0.81, p = 0.05 

(SD = 8.78; 90% CI [-1, -.01].  The Tau-U for James was -0.22, p = 0.61 (SD = 7.75; 

90% CI [-0.93, 0.49].  The Tau-U effect size for Edgar with a corrected baseline was -

0.14, p = 0.73 (SD = 8.78; 90% CI [-0.83, 0.57].  The Tau-U for Alex was -0.67, p = 0.08 

(SD = 9.38; 90% CI [-1, -0.02].  The Tau-U for Jane was -0.17, p = 0.67 (SD = 9.38; 90% 

CI [-0.81, 0.48].  The Tau-U for Brian was 0.00, p = 1.00 (SD = 9.38; 90% CI [-0.64, 

0.64].  The Tau-U effect size for Diana was -0.85, p = 0.04 (SD = 8.17; 90% CI [-1, -

0.18].  The Tau-U effect size for Daria was 0.16, p = 0.68 (SD = 9.57; 90% CI [-0.47, 

0.79].  The Tau-U effect size for Mateo was -0.10, p = 0.81 (SD = 8.17; 90% CI [-0.77, 

0.57].  Finally, the weighted average Tau-U of the paraphrasing intervention on 

calculation accuracy was -0.31, p = .02 (SE = 0.13; 95% CI [-0.57, -0.04]).  This 

indicated a small negative effect of the paraphrasing intervention on calculation accuracy. 

Summary. Students did not make significant gains in calculation after the 

administration of the intervention.  Students maintained similar accuracy scores 

throughout baseline and intervention phases.  However, all but one student (Brian) 

displayed marked decreases in calculation accuracy at follow-up.  The Tau-U effect sizes 

varied from -.85 to .16 with an overall mean of -0.31, p = .02.  This indicated that the 

paraphrasing intervention did not facilitate positive gains in calculation accuracy.  
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M-COMP 

Figure 7 displays M-COMP number correct points for each student as a function 

of baseline, intervention, maintenance, and follow-up sessions.  Visual analysis indicated 

that Brian and Mary displayed positive trends in the baseline phase.  All other students 

displayed low variability and stable trends in the baseline phase.  Generally, increases in 

M-COMP scores were not noted after the implementation of the intervention. 

AIMSweb has presented default cut scores for each of their measures predicting 

probabilities of success on state tests.  The first cut score is the lowest scoring 15 percent 

of the nationally normed sample, indicating severe risk in math (needing intensive 

intervention).  The second cut score is the lowest 45 percent of students, indicating 

moderate risk (defined as “at-risk” or strategic).  The M-COMP cut off scores for third 

graders in the Spring semester are below 31 for severe risk status (below the 15th 

percentile), and 32-53 for moderate risk status (15th – 45th percentile). 

The mean M-COMP scores for each student in the baseline, intervention, 

maintenance, and follow-up phases are reported in Table 5.  Mary received three baseline 

measures with a mean baseline score of 44.  Mary’s baseline mean score indicated 

moderate risk.  Mary received four M-COMP measures during the intervention phase 

with an average score of 50.5 points.  Mary was absent for one maintenance session, 

resulting in one maintenance measure of 56 points.  Finally, Mary received two follow-up 

measures with an average score of 38.5 points. 

 James also received three baseline measures with a mean score of 30.  James’s 

baseline mean score indicated severe risk.  James was absent for two intervention 
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measures resulting in a total of two intervention measures.  James’s intervention mean 

score was 38.5.  James received two maintenance measures with a mean score of 43.  

James did not return to this school the following school year, and did not participate in 

follow-up measures. 

 Edgar received three baseline measures with an average score of 40.  Edgar 

received four intervention measures.  Edgar’s intervention mean score was 42.5 points.  

Edgar’s maintenance and follow-up mean scores were 44 and 36 points, respectively. 

 Alex received four baseline measures with a mean score of 43.5, indicating 

moderate risk.  Alex received three intervention measures for an average score of 45 

points.  Alex’s maintenance mean score was 53 points.  At follow-up, Alex’s mean score 

was 49 points. 

 Jane received four baseline measures with an average score of 37.75 points.  Jane 

received three intervention measures.  Jane’s intervention mean score was 46 points.  

Jane’s maintenance and follow-up mean scores were 50.5 and 41.5 points respectively.  

Jane’s mean scores in all phases fell within the moderate risk range. 

 Brian also received four baseline measures with a mean score of 53 points.  

Brian’s baseline mean score fell within the upper end of the moderate risk range.  Brian 

received three intervention measures with a mean score of 59 points.  Brian’s 

maintenance and follow-up scores were 64.5 and 64 points, respectively.  Brian’s mean 

scores in the intervention, maintenance, and follow-up phases were above the cut of score 

indicating moderate risk. 
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 Diana received five baseline sessions with a mean score of 34.4 points.  Diana’s 

baseline mean score fell within the range of moderate risk.  Diana was absent for one day 

of intervention data collection.  Diana received one intervention measure with a score of 

37.  Diana received two maintenance sessions, resulting in a mean score of 40.  Finally, 

Diana’s follow-up mean score was 27 points.  Diana’s scores in the intervention and 

maintenance phases fell within the range of moderate risk; however, Diana’s mean score 

at follow-up indicated severe risk. 

 Daria received five baseline sessions with an average score of 44.6 points.  Daria 

was absent on both days data was collected for intervention sessions.  Daria received two 

maintenance measures with a mean score of 58 points.  Finally, at follow-up, Daria’s 

mean score was 54.5 points.  Daria’s maintenance and follow-up mean scores fell above 

the cut off score for risk. 

 Mateo received five baseline measures with a mean score of 52.6, indicating 

moderate risk.  Mateo received two intervention measures, resulting in a mean score of 

65.5 points.  Mateo’s maintenance and follow-up mean scores were 64.5 and 57 points, 

respectively.  Mateo’s intervention, maintenance, and follow-up mean scores were above 

the cut off score indicating risk. 

 Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention on M-COMP accuracy scores for each student, and a 

combined effect for all students.  Tau-U was calculated for baseline versus intervention 

contrasts (A versus B) for eight students, controlling for baseline trend for five students 

(Mary, Edgar, Alex, Jane, and Brian).  The Tau-U effect size for Mary with a corrected 
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baseline was 0.08, p = 0.86 (SD = 5.66; 90% CI [-0.69, 0.86].  The Tau-U for James was 

1.00, p = 0.08 (SD = 3.46; 90% CI [0.05, 1].  The Tau-U effect size for Edgar with a 

corrected baseline was 0.50, p = 0.28 (SD = 5.66; 90% CI [-0.28, 1].  The Tau-U for Alex 

with a corrected baseline was -0.08, p = 0.86 (SD = 5.66; 90% CI [-0.28, 1].  The Tau-U 

for Jane with a corrected baseline was 0.75, p = 0.11 (SD = 5.66; 90% CI [-1, 0.44].  The 

Tau-U for Brian with a corrected baseline was -0.33, p = 0.48 (SD = 5.66; 90% CI [-1, 

0.44].  The Tau-U effect size for Diana was 0.60, p = 0.38 (SD = 3.42; 90% CI [-0.52, 1].  

The Tau-U effect size for Daria was not calculated because there was no data collected in 

the intervention phase.  The Tau-U effect size for Mateo was 1.00, p = 0.05 (SD = 5.16; 

90% CI [0.15, 1].  Finally, the weighted average Tau-U of the paraphrasing intervention 

on M-COMP accuracy was 0.41, p = .03 (SE = 0.18; 95% CI [0.05, 0.77]).  This 

indicated a small and significant effect of the paraphrasing intervention on M-CAP 

accuracy. 

Summary. With the exception of James, all students’ baseline mean scores fell 

below the cut off score indicating moderate risk status.  James’s baseline mean score 

indicated performance in the severe risk status range.  With the exception of Brian and 

Mateo, all students’ intervention mean scores were in the moderate risk range.  During 

the intervention phase, Brian and Mateo’s scores were above the cut off score indicating 

risk.  All other students remained in the same risk category.  At maintenance, 

approximately half of the students (Mary, Brian, Daria, and Matthew) scored above the 

cut off score indicating risk.  Decreases in scores were noted for all students at follow-up, 

with more severe drops in scores for students who scored lower at maintenance.  The 



 
 

61 
 

Tau-U effect sizes varied from -0.33 to 1.00 with an overall mean of 0.41, p = .03.  

According to Parker et al. (2016), the overall mean reflects a small effect size.  However, 

it is important to note three of the participants yielded effect sizes in the moderate to large 

ranges (James, Jane & Mateo). 

Calculation Summary  

The results indicated low magnitude of effect size on transfer measures of 

calculation.  On the experimental calculation measure, this study did not support the 

intervention facilitating significant increases in addition and subtraction problems.  

Students displayed significant increases in calculation on the computation curriculum 

based measure, but the magnitude of effect sizes was in the low range.  Overall, this 

study does not support the hypothesis that this paraphrasing intervention influences 

transfer to calculation skills. 

Reading Comprehension 

Question 3: To what extent does a paraphrasing word problem solving 

intervention influence transfer to reading comprehension? 

This question was addressed through two measures: researcher created reading 

comprehension tests and the MAZE.   

Experimental Reading Comprehension Measures  

Figure 8 displays reading comprehension accuracy percentage for each student as 

a function of baseline, intervention, maintenance, and follow-up sessions.  Visual 

analysis indicated moderate variability in the baseline phase and high variability during 

the intervention phase.  Three of nine students displayed positive trends in the baseline 
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phase.  Generally, students did not display immediate increases in reading comprehension 

following the implementation of the intervention.   

The mean reading comprehension accuracy scores for each student in the 

baseline, intervention, maintenance, and follow-up phases are reported in Table 6.  Mary 

was administered three baseline measures with a mean score of 20 percent accuracy.  

Mary received eight intervention measures with a mean score of 50 percent accuracy.  All 

students received three maintenance and two follow-up measures.  Mary’s maintenance 

and follow-up mean scores were 26.67 and 40 percent, respectively.   

James received three baseline measures with an average score of 40 percent 

accuracy.  James was absent for one intervention measure, for a total of seven 

intervention sessions.  James’s intervention mean accuracy score was 42.86 percent.  

James’s maintenance mean score was 20 percent accuracy.  James did not return to this 

school the following year, and did not participate in follow-up measures. 

Edgar also received three baseline measures with a mean score of 33.33 percent.  

Edgar received eight intervention measures with a mean score of 52.5 percent accuracy.  

At maintenance, Edgar’s mean score was 60 percent.  Edgar’s follow-up average score 

was 40 percent accuracy. 

Alex received three baseline measures resulting in a mean score of 33.33 percent 

accuracy.  Alex was absent for one intervention session and received six intervention 

measures.  Alex’s intervention mean score was 43.33 percent.  Alex’s maintenance and 

follow-up average scores were 13.33 and 10 percent accuracy, respectively. 
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Jane also received three baseline measures with a mean score of 20 percent 

accuracy.  Jane received seven intervention sessions with an average score of 45.71 

percent.  At maintenance and follow-up, Jane’s mean scores were 40 and 30 percent 

accuracy, respectively. 

Brian received three baseline sessions with a mean score of 60 percent accuracy.  

Brian received seven intervention sessions with an average score of 34.29 percent.  

Brian’s maintenance average score was 53.33 percent.  Brian’s follow-up mean score was 

20 percent accuracy. 

Diana received four baseline sessions with a mean score of 45 percent.  Diana 

received six intervention sessions, resulting in a mean score of 33.33 percent accuracy.  

Diana’s maintenance and follow-up scores were 26.67 and 30 percent accuracy, 

respectively. 

Daria received four baseline measures with a resulting mean score of 50 percent 

accuracy.  During the intervention phase, Daria received six intervention sessions with a 

mean score of 66.67 percent.  Daria’s maintenance average score was 60 percent.  

Finally, at follow-up Daria’s mean score was 50 percent accuracy. 

Mateo received four baseline sessions with a mean score of 60 percent.  Mateo 

received six intervention sessions.  Mateo’s intervention mean score was 63.33 percent.  

Mateo’s maintenance and follow-up scores were 66.67 and 50 percent accuracy, 

respectively. 

Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention on reading comprehension measures for each student, and a 
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combined effect for all students.  Tau-U was calculated for baseline versus intervention 

contrasts (A versus B) for all nine students, controlling for baseline trend for four 

students (Mary, Edgar, Daria, and Mateo).  The Tau-U effect size for Mary with a 

corrected baseline was 0.54, p = 0.18 (SD = 9.80; 90% CI [-.13, 1].  The Tau-U for James 

was 0.28, p = 0.49 (SD = 8.78; 90% CI [-0.40, 0.97].  The Tau-U effect size for Edgar 

with a corrected baseline was 0.58, p = 0.15 (SD = 9.80; 90% CI [-0.09, 1].  The Tau-U 

for Alex was 0.07, p = 0.88 (SD = 6.71; 90% CI [-0.67, 0.80].  The Tau-U for Jane was 

0.67, p = 0.12 (SD = 7.75; 90% CI [-0.04, 1].  The Tau-U for Brian was -0.61, p = 0.14 

(SD = 8.78; 90% CI [-1, 0.07].  The Tau-U effect size for Diana was -0.25, p = 0.52 (SD 

= 9.38; 90% CI [-0.89, 0.39].  The Tau-U effect size for Daria with a corrected baseline 

was 0.38, p = 0.34 (SD = 9.38; 90% CI [-0.27, 1].  The Tau-U effect size for Mateo with 

a corrected baseline was 0.00, p = 1.00 (SD = 9.38; 90% CI [-0.64, 0.64].  Finally, the 

weighted average Tau-U of the paraphrasing intervention on reading comprehension 

accuracy was 0.18, p = .19 (SE = 0.14; 95% CI [-0.09, 0.45]).  This indicated no 

significant effect of the paraphrasing intervention on reading comprehension accuracy. 

Summary. Compared to the baseline phase, students made minor gains in reading 

comprehension after the administration of the paraphrasing intervention and in 

maintenance sessions.  The Tau-U effect sizes varied from -0.61 to 0.67 with an overall 

weighted average Tau-U of 0.18.  According to Parker et al. (2016), the overall mean 

reflects a small effect size.   
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MAZE  

Figure 9 displays MAZE accuracy points for each student as a function of 

baseline, intervention, maintenance, and follow-up sessions.  Visual analysis indicated 

that all students demonstrated a predictable pattern of data in the baseline phase.  There 

was a clear consistency of level, trend, and variability in all phases.  Six out of nine 

students demonstrated increases in MAZE accuracy scores after the implementation of 

the intervention.   

AIMSweb has presented default cut scores for each of their measures predicting 

probabilities of success on state tests (Pearson, 2011).  The first cut score is the lowest 

scoring 15 percent of the nationally normed sample, indicating severe risk in math 

(needing intensive intervention).  The second cut score is the lowest 45 percent of 

students, indicating moderate risk status (defined as “at-risk” or strategic).  The MAZE 

cut off scores for third graders in the Spring semester are below 9 for severe risk (below 

the 15th percentile), and 10-15 for moderate risk status (15th – 45th percentile).  

  The mean MAZE scores for each student in the baseline, intervention, 

maintenance, and follow-up phases are reported in Table 7.  Mary received three baseline 

sessions with a mean score of 9 points.  This indicated severe risk.  Mary received four 

intervention measures with an average score of 9.75.  Mary was absent for one 

maintenance measure, resulting in one maintenance session with a score of 7.  At follow-

up, Mary received two measures with a mean score of 9.50 points.   

James received three baseline sessions with a mean score of 10 points.  James 

received four intervention measures with a mean score of 9.75.  James received three 
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maintenance sessions resulting in an average score of 13.  James did not return to this 

school the following year, and did not participate in follow-up measures. 

Edgar also received three baseline measures with an average score of 10 points.  

Edgar received four intervention measures with a mean score of 16 points.  This was 

above the cut off score for risk.  Edgar’s mean score during the maintenance phase was 

22.50, well above the cut off for risk.  Finally, at follow-up, Edgar’s mean score was 

11.5, which fell within the range of moderate risk. 

Alex was absent for one baseline session and received a total of three baseline 

measures.  Alex’s baseline mean score was 4.33, well below the cut off score for severe 

risk.  Alex received three intervention measures, for a mean score of 11.33 points.  This 

placed him within the moderate risk category.  Alex’s maintenance and follow-up scores 

were 11 and 10.50 points, respectively. 

Jane received four baseline measures with a mean score of 9.5 points.  This fell at 

the lower end of the moderate risk range.  Jane received three intervention measures with 

an average score of 16.33.  Jane’s intervention mean score was above the cut off score 

indication moderate risk.  Jane’s maintenance and follow-up scores were 23.50 and 20 

points, respectively.   

 Brian also received four baseline measures with an average score of 7.  Brian’s 

baseline mean score fell below the cut off score for severe risk.  Brian received three 

intervention measures with a mean score of 14.67 points, falling within the upper end of 

the moderate risk range.  Brian’s maintenance mean score was 26.50, well above the cut 

off score for risk.  Finally, Brian’s follow-up mean score was 12.50. 
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 Diana received five baseline measures with an average score of 9.80 points.  

Diana received two intervention measures for a mean score of 12 points.  Following 

intervention, Diana’s maintenance mean score was 18 points.  At follow-up, Diana’s 

mean score dropped significantly to 9 points. 

 Daria also received five baseline measures with a mean score of 8.4 points.  This 

is below the cut off score indicating severe risk.  Daria received two intervention 

measures for a mean score of 5.5.  Following intervention, Daria’s maintenance and 

follow-up scores were 26 and 13.5 points, respectively. 

 Finally, Mateo was absent for one baseline measure for a total of four baseline 

sessions.  Mateo’s baseline phase mean score was 12.25 points.  Mateo received two 

intervention measures with a mean score of 15 points.  Mateo’s maintenance mean score 

was 19 points, above the cut off score for moderate risk.  At follow-up, Mateo’s average 

score was 11 points. 

Tau-U effect size. Tau-U effect size was calculated to determine overall effect of 

the paraphrasing intervention on MAZE accuracy for each student, and a combined effect 

for all students.  Tau-U was calculated for baseline versus intervention contrasts (A 

versus B) for all nine students, controlling for baseline trend for seven students (Mary, 

Edgar, Alex, Jane, Brian, Daria, and Mateo).  The Tau-U effect size for Mary with a 

corrected baseline was 0.08, p = 0.86 (SD = 5.66; 90% CI [-0.69, 0.86].  The Tau-U for 

James was 0.08, p = 0.86 (SD = 5.66; 90% CI [-0.69, 0.86].  The Tau-U effect size for 

Edgar with a corrected baseline was 0.92, p = 0.05 (SD = 5.66; 90% CI [0.14, 1].  The 

Tau-U for Alex with a corrected baseline was 0.67, p = 0.19 (SD = 4.58; 90% CI [-0.17, 
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1].  The Tau-U for Jane with a corrected baseline was 0.50, p = 0.29 (SD = 5.66; 90% CI 

[-0.28, 1].  The Tau-U for Brian with a corrected baseline was 0.42, p = 0.38 (SD = 5.66; 

90% CI [-0.36, 1].  The Tau-U effect size for Diana was 0.20, p = 0.70 (SD = 5.16; 90% 

CI [-0.65, 1].  The Tau-U effect size for Daria with a corrected baseline was -0.90, p = 

0.08 (SD = 5.16; 90% CI [-1, -0.05].  The Tau-U effect size for Mateo with a corrected 

baseline was 0.13, p = 0.82 (SD = 4.32; 90% CI [-0.76, 1].  Finally, the weighted average 

Tau-U of the paraphrasing intervention on MAZE accuracy was 0.24, p = .14 (SE = 0.16; 

95% CI [-0.08, 0.56]).  This indicated minimal effect of the paraphrasing intervention on 

MAZE accuracy.  Table 8 displays weighted average Tau-U effect sizes for each 

measure.  

 Summary. All students were at risk for at least moderate risk status at baseline.  

Four of nine students fell below the cut off score indicating severe risk during the 

baseline phase.  During the intervention phase, two students scored above the cut off 

score.  Daria’s score remained at severe risk, and five of nine students were at moderate 

risk.  Following intervention, six of nine students scored above the cut off score for risk.  

With the exception of Mary, decreases in scores were noted for all students at follow-up.  

The Tau-U effect sizes varied from -0.90 to 0.92 with an overall mean of 0.24.  

According to Parker et al. (2016), the overall mean reflects a small effect size.   

Reading Comprehension Summary 

Finally, the paraphrasing intervention phase had minimal influence on reading 

comprehension measures.  The magnitude of effect sizes for both the experimental and 

curriculum based measures were in the low range.  It is important to note, however, that 
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six out of nine students no longer fell within any risk category on the curriculum based 

reading measure following the intervention. 

Treatment Fidelity 

A treatment fidelity checklist (Figure 3) based on the paraphrasing strategy for 

each phase of intervention was applied by a classroom observer for 26.67% of all 

intervention sessions.  The observer coded for fidelity via a checklist and score “Yes” or 

“No” for each behavior observed.  The percentage of presence of intervention behaviors 

for all sessions was 94.92%.  The total agreement calculation method for each session 

indicated stable presence of intervention behaviors across intervention sessions.  When 

intervention behaviors were not presented in a particular observation, results were shared 

immediately following the intervention session.  Additionally, the instructor was 

retrained on the intervention procedures and protocol. 

Interscorer reliability 

At the end of the study, 25% of the data was rescored for interscorer reliability.  

Six word problem solving measures, five calculation measures, five reading 

comprehension measures, three M-COMP, three M-CAP, and three MAZE measures 

were rescored.  Reliability was calculated by dividing the total number of agreements by 

the total number of agreements and disagreements.  Interscorer agreement was 100% 

across all measures. 
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Chapter 5 

Discussion 

The purpose of this study is to investigate the effectiveness of a word problem 

solving intervention on word problem solving accuracy for third grade EL students who 

are at risk for mathematic disabilities.  Additionally, the study explored whether a 

paraphrasing intervention influenced transfer to calculation and reading comprehension 

measures.   

Overall, the current study provides positive support for the effectiveness of the 

paraphrasing intervention on the word problem solving accuracy of these English learners 

at risk for mathematic disabilities.  However, the magnitude of the effect sizes for the 

majority of participants was small.  In addition, the results related to transfer were mixed.  

The magnitude of the effect sizes suggested that students did not make substantial gains 

on the experimental calculation measure.  However, some students did yield effect sizes 

in the moderate range in accuracy scores on curriculum based measures of computation.  

Additionally, the results showed minimal effects related to the paraphrasing intervention 

on measures of reading comprehension.  The results of this study are summarized by 

addressing the three major research questions. 

Question 1: To what extent does a paraphrasing word problem solving intervention 

improve students’ one- and two-step word-problem solving skills? 

Students displayed gains in one- and two-step word problem solving following 

the administration of the paraphrasing intervention and in maintenance sessions after the 

conclusion of the intervention.  Tau-U effect sizes ranged from the small to moderate 
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ranges (Parker, Vannest, & Brown, 2009; Soares, Harrison, Vannest, & McClelland, 

2016).  The weighted average Tau-U effect size of the paraphrasing intervention on 

problem solving accuracy was 0.62.  That is, 62% of the intervention phase data showed 

improvement when compared to the baseline phase.  This improvement trend was a 

positive increase compared to baseline performance (p = .00).  However, all students 

displayed decreases in problem solving accuracy percentages after an extended period of 

time without access to the intensive intervention. 

In addition, students displayed positive increases on a general outcome measure 

used to test performance on typical grade level curriculum (M-CAP).  Tau-U effect sizes 

ranged from small to large effects.  The weighted Tau-U effect size of the paraphrasing 

intervention on M-CAP accuracy was moderate (Tau-U = 0.66, p = .00).  In contrast to 

the experimental measure, students did not display decreases in performance in the 

follow-up phase from the treatment phase, two months following the conclusion of the 

intervention. 

 It is important to note that this intervention only included students who were 

English learners at risk for MD.  English learners face the significant and unique 

challenge of concurrently developing proficiency in a new language and acquiring 

academic vocabulary/content (Lesaux & Harris, 2013).  Additionally, the level of 

parental involvement and assistance in tasks that require English academic vocabulary is 

unknown.  This may indicate that ELs at risk for MD are a unique group with several risk 

factors, such as lack of exposure to academic language, math difficulties, and cultural and 
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linguistic acclimation.  For these reasons, it may be more difficult to attain major changes 

for this specific group.   

Even with a sample of only ELs, the results of this study were generally 

consistent with the literature regarding the positive effects of paraphrasing interventions 

on the word problem solving skills of students with MD (Moran, Swanson, Gerber, & 

Fung, 2014; Swanson, Moran, Lussier, & Fung, 2013).  Swanson and colleagues (2013) 

found that students at risk for MD with relatively higher working memory capacity 

benefitted from interventions that emphasized paraphrasing all propositions in a word 

problem.  However, paraphrasing only parts of the problem was not found to significantly 

improve problem solving performance.  This previous study included both English 

proficient students and English learners whose CELDT scores indicated English 

proficiency.  ELs in particular may experience more difficulty with math problem solving 

because of the need to preserve information while at the same time processing 

information in a second language. 

Additionally, although it is difficult to compare results directly due to different 

samples and methodology, Moran and colleagues (2014) found that paraphrasing relevant 

propositions produced an effect size of 0.93.  However, this study included both English 

learners and English proficient students.  Additionally, students received intervention two 

times a week for 25-30 minutes over the course of 10 weeks (20 intervention sessions).  

The current study delivered a maximum of 15 intervention sessions over the course of 

five weeks (approximately three times a week, 30 minutes each session).   
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Finally, the literature in terms of single subject designs for word problem solving 

interventions for ELs at risk for MD is extremely limited.  The only single subject design 

studies for problem solving interventions exclusively for ELs at risk for MD that could be 

identified were conducted by Orosco and his colleagues (2013; 2014).  Again, it is 

difficult to compare the current study directly since the previous studies included the use 

of word problem solving level, as opposed to accuracy percentage per session, to measure 

growth.  However, both of these studies have emphasized the importance of focusing on 

academic language and comprehension strategies to address the word problem solving 

skills of ELs at risk for MD.  This current study extends the literature base by focusing on 

the use of a paraphrasing comprehension strategy intervention to improve the math 

problem solving skills of ELs at risk for MD.    

Question 2: To what extent does a paraphrasing word problem solving intervention 

influence transfer to calculation skills? 

 This study provided mixed support for the positive influence of paraphrasing 

intervention on calculation measures.  The magnitude of the Tau-U effect sizes were 

within the low range.  The weighted Tau-U effect size of the paraphrasing intervention on 

the experimental calculation measure was not positive (Tau-U = -0.31, p = .02).  Visual 

inspection indicated that many students had high scores in the baseline phase, suggesting 

that a ceiling effect may have been an artifact in the treatment outcomes.  

 In contrast to the experimental measures, students displayed some gains in 

calculation as measured by the M-COMP, which involved all four calculation procedures 

(addition, subtraction, multiplication, and division).  The magnitude of the Tau-U effect 
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sizes ranged from the small to moderate.  The weighted average Tau-U effect size of the 

paraphrasing intervention on M-COMP accuracy scores was small, but significant (Tau-

U = 0.41, p = 0.03).  Finally, students displayed decreases in M-COMP scores after two 

months without intervention.  Students with lower scores demonstrated most severe 

declines, suggesting that a certain level of proficiency in calculation may help in loss of 

skill without intervention over time.   

 Swanson (2006) found that computation and problem solving required different 

cognitive resources.  The best predictor of problem solving was identified as working 

memory’s executive system, whereas the best predictors of computation were reading, 

inhibition, vocabulary, and visual-spatial working memory.  Additionally, Fuchs and 

colleagues (2008) identified computation and math problem solving as distinct cognitive 

dimensions.  While this study did not explicitly instruct students in the area of 

computation, the effectiveness of an intervention that emphasized a reading 

comprehension strategy while explicitly teaching students to inhibit irrelevant 

information was investigated.  The extent to which an intervention designed to target 

problem solving skills in conjunction with calculation practice would facilitate transfer to 

calculation abilities warrants further study.  

Question 3: To what extent does a paraphrasing word problem solving intervention 

influence transfer to reading comprehension? 

 Overall, this study did not provide support for the assumption that paraphrasing 

intervention influences reading comprehension performance.  Students’ scores were 

highly variable on the experimental measure of reading comprehension.  The majority of 
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Tau-U effect sizes were in the low range.  The weighted average Tau-U of the 

paraphrasing intervention on the experimental reading comprehension measure was low 

(Tau-U = 0.18, p = .19), suggesting no significant effect. 

 Additionally, in general, students did not display significant increases in MAZE 

accuracy scores from baseline to intervention.  However, Tau-U effect sizes ranged from 

the low to high range.  The weighted average Tau-U effect size of the paraphrasing 

intervention on MAZE accuracy scores was low (Tau-U = 0.24, p = .14).  It is important 

to note, however, that following the intervention, six of nine students no longer fell 

within the risk category. 

 The results of this study qualify the notion that generative problem solving 

interventions facilitating transfer to novel or real-world tasks is challenging (Fuchs et al., 

2002).  However, since research has indicated that one of the strongest predictors of 

problem solving in young children is reading comprehension (Swanson et al., 1993), 

further research is needed to investigate whether these are concurrent skills or if one skill 

can be targeted by teaching the other.   

Limitations  

Despite some encouraging outcomes of this study, results should be interpreted 

with caution.  There were several limitations of the current study.  First, this was a small 

scale study (N = 9) in which data for individuals were collected for a duration of 23 

sessions.  Thus, the extent to which this paraphrasing intervention could have mediated 

word problem solving skills in other EL students at risk for MD for this duration of time 
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is unknown.  Thus, generalization of intervention effectiveness to other populations of 

students who are ELs at risk for MD is limited.   

In addition, this paraphrasing intervention was delivered in a highly intensive 

manner.  Students were taught the intervention in small groups with an average of three 

times a week over the course of six weeks.  The extent to which frequency and duration 

of the intervention would impact the efficacy of the intervention should be investigated. 

Finally, when students were absent for any session, data were not able to be 

collected for that particular session.  Since single subject design studies examine repeated 

measures on an individual over sessions, the extent to which missing data affected the 

results is unclear. 

Implications for practice and research 

 The results of this study offer implications for practice and future research.  

Intervention that focused on a reading comprehension strategy involving paraphrasing 

helped English learners who were at risk for math disabilities improve problem solving 

performance.  Teachers may consider incorporating strategies that focus on 

comprehension and language to address the math problem solving difficulties of students 

who are English learners.  It is imperative to provide targeted interventions for ELs at risk 

for MD to prevent academic achievement gaps. 

 However, the results also suggested that students did not maintain skills after an 

extended time without access to the intervention.  Students may need continual support 

until a certain level of mastery or proficiency is reached.  Additionally, this finding 
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emphasizes the need to include techniques into the instructional protocol that may 

promote and explicitly teach generalization.   

 Finally, students’ scores were variable depending on the skill and throughout the 

intervention sessions.  Few studies have investigated the role of student motivation on 

daily outcomes.  A study examining student motivation across tasks and throughout the 

duration of the intervention could provide more information about the learning 

experiences and outcomes of EL students at risk for MD. 

Conclusion  

 In summary, this study found that ELs at risk for MD may have difficulty with 

word problems because word problems require the use of linguistic information in 

addition to basic math skills.  Paraphrasing interventions that focus on language and 

vocabulary development may be a critical component in addressing the problem solving 

difficulties of some students.  Clearly, given the small to moderate outcomes related to 

the intervention, further research should be conducted to identify and develop effective 

word problem solving interventions for ELs at risk for MD. 
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Table 1 

Demographic and School-Related Data 

Student Gender Ethnicity Age CELDT 
level 

CELDT 
description 

TOMA  
Standard 

Score 

TOMA 
percentile 

DRA 
Spring 

Mary  F Hispanic 8 1 Beg 6 9 34 
James M Hispanic 9 2 EI 8 25 38 
Edgar M Hispanic 9 2 EI 7 16 38 
Alex M Hispanic 9 1 Beg 7 16 20 
Jane F Hispanic 9 2 EI 6 9 38 
Brian M Indonesian 9 3 Int 8 25 50 
Diana F Hispanic 9 3 Int 7 16 38 
Daria F Hispanic 9 2 EI 7 16 38 
Mateo M Hispanic 9 2 EI 7 16 38 
 
Note. CELDT = California English Language Development; Beg = Beginning; EI = Early 
Intermediate; Int = Intermediate; TOMA = Test of Math Ability (Problem Solving 
Subtest); DRA = Developmental Reading Assessment 
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Table 2 

Word Problem Solving Mean Percent Accuracy Scores Across Phases  

  

Student Baseline Intervention Maintenance Follow-up 
Mary 16.67 44.00 20.00 15.00 
James 20.00 40.00 36.67  
Edgar 20.00 42.67 66.67 25.00 
Alex 22.00 38.33 73.33 30.00 
Jane 4.00 26.15 60.00 5.00 
Brian 38.00 67.69 93.33 55.00 
Diana 21.43 32.00 46.67 5.00 
Daria 20.00 41.82 46.67 10.00 
Mateo 32.86 60.00 66.67 30.00 
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Table 3 

M-CAP Mean Scores Across Phases  

 
  

Student Baseline Intervention Maintenance Follow-up 
Mary 7.00 11.50 12.00 12.50 
James 6.33 12.00 12.50  
Edgar 7.00 13.75 15.00 16.50 
Alex 6.50 8.00 7.00 8.50 
Jane 4.50 8.67 10.00 8.50 
Brian 7.25 7.33 11.00 12.50 
Diana 5.00 11.00 9.00 9.00 
Daria 6.00 8.00 11.50 8.50 
Mateo 11.40 16.50 18.50 21.50 
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Table 4 

Calculation Mean Percent Accuracy Scores Across Phases  

 
  

Student Baseline Intervention Maintenance Follow-up 
Mary 85.00 65.71 79.67 60.00 
James 56.67 45.00 35.33  
Edgar 58.33 57.85 61.00 45.00 
Alex 87.50 74.17 84.33 75.00 
Jane 55.00 52.50 88.00 47.50 
Brian 82.50 79.17 96.67 92.50 
Diana 52.00 35.00 56.00 47.50 
Daria 69.00 75.00 86.33 70.00 
Mateo 73.00 78.75 83.00 75.00 
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Table 5 

M-COMP Mean Scores Across Phases  

 

  

Student Baseline Intervention Maintenance Follow-up 
Mary 44.00 50.50 56.00 38.50 
James 30.00 38.50 43.00  
Edgar 40.00 42.50 44.00 36.00 
Alex 43.50 45.00 53.00 49.00 
Jane 37.75 46.00 50.50 41.50 
Brian 53.00 59.00 64.50 64.00 
Diana 34.40 37.00 40.00 27.00 
Daria 44.60  58.00 54.50 
Mateo 51.60 65.50 64.50 57.00 
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Table 6 

Reading Comprehension Mean Percent Accuracy Scores Across Phases  

 
 
  

Student Baseline Intervention Maintenance Follow-up 
Mary 20.00 50.00 26.67 40.00 
James 40.00 42.86 20.00  
Edgar 33.33 52.50 60.00 40.00 
Alex 33.33 43.33 13.33 10.00 
Jane 20.00 45.71 40.00 30.00 
Brian 60.00 34.29 53.33 20.00 
Diana 45.00 33.33 26.67 30.00 
Daria 50.00 66.67 60.00 50.00 
Mateo 60.00 63.33 66.67 50.00 



 
 

93 
 

Table 7 

MAZE Mean Accuracy Scores Across Phases  

 
  

Student Baseline Intervention Maintenance Follow-up 
Mary 9.00 9.75 7.00 9.50 
James 10.00 9.75 13.00  
Edgar 10.00 16.00 22.50 11.50 
Alex 4.33 11.33 11.00 10.50 
Jane 9.50 16.33 23.50 20.00 
Brian 7.00 14.67 26.50 12.50 
Diana 9.80 12.00 18.00 9.00 
Daria 8.40 5.50 26.00 13.50 
Mateo 12.25 15.00 19.00 11.00 
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Table 8 

Weighted Average Tau-U Effect Sizes for Each Measure 

 
  

Measure Tau-U p value SE 95% CI 
WPS 0.62 0.00 0.11 0.41, 0.84 

M-CAP 0.66 0.00 0.17 0.33, 0.99 
Calculation -0.31 0.02 0.13 -0.57, -0.04 
M-COMP 0.41 0.03 0.18 0.05, 0.77 

Reading Comprehension 0.18 0.19 0.14 -0.09, 0.45 
MAZE 0.24 0.14 0.16 -0.08, 0.56 
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Instructional Protocol 
Warm-up activity (5 minutes) 
 
Warm up activities will alternate between brief writing, calculation, and reading 
comprehension exercises.  
 
Explicit Instruction (5-7 minutes) 
Let’s look at the word problem together.  Please put your finger on the word problem.  
Follow along as I read the problem aloud. 
 
Question 
A word problem asks a question. We know it is a question because it ends with a question 
mark.  [Point to the question mark] Here is the question mark.  
 
What is the question? In this word problem, the question is:___________________. 
 
Underline the question in your notebooks.  Now we know the question in this word 
problem is: ______________.  This is your question. 
 
We can say this question or problem in our own words.  For example, I might say “The 
question is ____________.” 
 
Please write the question in your own words as I did in the space below where it says 
“The question is:”.   
 
Relevant information 
Before we can solve this word problem, we need to think about what we already know.  In 
each word problem we need to find important information.  This information may include 
numbers or math words.  This is called “relevant” information.  The word “relevant” 
means important information to solve the problem. 
 
What is the information I need? In this word problem, the relevant information is: 
___________________.  
Please draw a box around the relevant information in the word problem at the top of the 
page. Remember, relevant means important information to answer the question.  We can 
say this information in our own words.  For example, I might say “The important 
information is ____________.” 
Please write the relevant in your own words as I did in the space below where it says 
“Information I need:”.   
Irrelevant information 
Sometimes word problems have information that we do NOT need.  This is called 
“irrelevant information.”  
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In this word problem, the irrelevant information is ____________.  We can cross out the 
irrelevant sentence. 
This word problem’s question is not asking about _______________.  We cross out the 
irrelevant sentence.   
 
Solve and check 
Now we are ready to solve our problem.  
The question asks us _______________________. 
The information I need to solve the problem is ______________. 
What do we need to do to solve this problem?[add or subtract] 
 
We set up our equation to solve for the answer.   
[Teacher models equation] 
 
Our answer is ____. Remember my solution should answer the question.  Now I will say 
my answer in a full sentence to see if it answers my question. 
 
Does it answer my question? [yes or no] 
If yes, we are done. 
If no, let’s go back to the question. 
 
Guided Practice (8-12 minutes) 
Question 
A word problem asks a question. Please find the question.  Write the question in your 
own words in the space below where it says “The question is:”.   
 
Instructor checks student answers.  If necessary, provide corrective feedback.  After two 
attempts of guided instruction, if student does not paraphrase question in own words, 
instructor should model the answer. 
 
Relevant information 
In each word problem we need to find important information.  This information may 
include numbers or math words.  Please find the relevant information.  Write the 
important information in your own words in the space below where it says “Information I 
need:”.   
 
Instructor checks student answers.  If necessary, provide corrective feedback.  After two 
attempts of guided instruction, if student does not paraphrase relevant information in own 
words, instructor should model the answer. 
 
Irrelevant information 
Sometimes word problems have information that we do NOT need.  Please cross out the 
irrelevant information. 
Instructor checks student answers.  If necessary, provide corrective feedback.  After two 
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attempts of guided instruction, if student does not cross out irrelevant information, 
instructor should model the answer. 
 
Solve and check 
 
Please set up the equation to solve for the answer.   
Instructor checks student answers.  If necessary, provide corrective feedback.  After two 
attempts of guided instruction, if student does not set up correct equation, instructor 
should model the answer. 
 
Please write the answer in a full sentence. Does it answer the question? 
Instructor checks student answers.  If necessary, provide corrective feedback.  After two 
attempts of guided instruction, if student does not write full sentence, instructor should 
model the sentence. 
 
 
Independent Practice (10 minutes) 
Students solve problems independently. 
If students ask for help: 
1st prompt: Try your best to solve the problems on your own first, and then I will help 
you. 
2nd prompt: Draw a line up to where students were able to solve independently.  Provide 
guidance below the line.   
 
 
 
 
Figure 1. Instructional protocol used every intervention session. 
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Robert likes to collect marbles.  He has 24 red and 15 purple 
marbles.  Scott likes to collect stamps.  How many marbles does 
Robert have in all?   
 

 
 
Figure 2. Instructional materials used every intervention session.  

 
  

The question is:  
__________________________________________________________
__________________________________________________________ 

Information I need: 
__________________________________________________________
__________________________________________________________ 

 

Cross out information you do not need. 
Equation: 
 
 
 
 
 

Answer: 
__________________________________________________________ 
__________________________________________________________ 
Does it answer your question?     Yes        No 
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Examiner Behavior Yes No 
 

Explicit Instruction   
1. Teacher or student reads problem aloud   
2. Teacher asks “What is the question?”   
3. Teacher states “The question 

is__________.” 
  

4. Teacher asks “What is the information I 
need?” 

  

5. Teacher states “The important 
information is ______.” 

  

6. Teacher states “Cross out the irrelevant 
information.” 

  

7. Teacher asks “What do we need to do to 
solve this problem?” 

  

8. Teacher states the answer in a full 
sentence. 

  

Guided practice   
1. Teacher or student reads problem aloud 

twice 
  

2. Teacher states “Write the question in 
your own words.” 

  

3. Teacher states “Write the important 
information in your own words.” 

  

4. Teacher states “Cross out the irrelevant 
information.” 

  

5. Teacher instructs students to solve on 
their own. 

  

6. Teacher instructs students to write the 
answer in a full sentence. 

  

Independent Practice   
1. Teacher directs students to solve the 

problems independently. 
  

___________% Yes 
 
 
Figure 3. Fidelity of implementation checklist. 
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Figure 4. Word problem solving percentage accuracy as a function of baseline, treatment, 
maintenance, and follow-up. 
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Figure 5. AIMSweb Math Concepts and Applications points accuracy as a function of 
baseline, treatment, maintenance, and follow-up. 
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Figure 6. Calculation percentage accuracy as a function of baseline, treatment, 
maintenance, and follow-up. 
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Figure 7. AIMSweb Math Computation points accuracy as a function of baseline, 
treatment, maintenance, and follow-up. 
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Figure 8. Reading comprehension percentage accuracy as a function of baseline, 
treatment, maintenance, and follow-up. 
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Figure 9. AIMSweb MAZE accuracy points as a function of baseline, treatment, 
maintenance, and follow-up. 




