
UC Riverside
UC Riverside Electronic Theses and Dissertations

Title
Effects of PALS Math on Classroom Behaviors and Math Performance in Fifth Grade

Permalink
https://escholarship.org/uc/item/4zg5g4sv

Author
Zheng, Ruiwen

Publication Date
2021
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4zg5g4sv
https://escholarship.org
http://www.cdlib.org/


 

 
 

UNIVERSITY OF CALIFORNIA 
RIVERSIDE 

 
 
 
 

Effects of PALS Math on Classroom Behaviors and Math Performance in Fifth Grade 
 
 
 

A Dissertation submitted in partial satisfaction 
of the requirements for the degree of 

 
 

Doctor of Philosophy 
 

in 
 

Education 
 

by 
 

Ruiwen Zheng 
 
 

September 2021 
 

 
 
 
 
 
 
 
 
 
 
 
Dissertation Committee: 

Dr. Austin Johnson, Chairperson 
Dr. Wesley Sims 
Dr. Rollanda O’Connor 



 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright by 
Ruiwen Zheng 

2021 



 

 
The Dissertation of Ruiwen Zheng is approved: 
 
 
            
 
 
            
         

 
            
           Committee Chairperson 
 
 
 
 

University of California, Riverside 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 iv 

 
 
 
 

ABSTRACT OF THE DISSERTATION 
 
 

Effects of PALS Math on Classroom Behaviors and Math Performance in Fifth Grade 
 
 

by 
 
 

Ruiwen Zheng 
 

Doctor of Philosophy, Graduate Program in Education 
University of California, Riverside, September 2021 

Dr. Austin Johnson, Chairperson 
 
 
 
 

Frameworks like Response to Intervention (RTI) and School-Wide Positive 

Behavior Interventions and Supports (SWPBIS) focus on the prevention and remediation 

of academic and behavioral problems. These frameworks require the implementation of 

evidence-based curricula and interventions, such that all students have access to effective 

approaches. Among teacher-led instructional and behavioral strategies, class-wide peer-

mediated interventions and supports for children with academic or behavioral difficulties 

are promising (e.g., DuPaul, Ervin, Hook, & McGoey, 1998). The purpose of the 

proposed study was to examine the effectiveness of a peer-mediated intervention, Peer-

Assisted Learning Strategies (PALS) Math (Fuchs, Fuchs, Karns, & Phillips, 2009), on 

classroom behaviors and math performance of fifth-grade students with academic and 

behavioral difficulties. Three fifth graders with math and classroom behavioral 

difficulties in a Southern California school district were enrolled in the study. An ABAB 



 v 

design was proposed, but an AB design was completed due to the COVID-19 pandemic’s 

interference in data collection. The results indicated a potential positive effect of PALS 

Math in classroom behaviors, but the ultimate impact of the intervention on math 

performance is unclear. Limitations with AB designs, other threats to internal and 

external validity, and future directions of research were discussed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

vi 
 

Table of Contents 
Introduction .................................................................................................................................... 1 

Empirically-Validated Tier-1 Approaches and Principles ........................................................... 3 

Classroom Behaviors and Academics .......................................................................................... 6 

Peer-Mediated Strategies ........................................................................................................... 10 

Classwide Peer Tutoring. ....................................................................................................... 13 

Peer-Assisted Learning Strategies (PALS) ................................................................................ 14 

Peer-reviewed research on PALS Math. ................................................................................ 14 

Dissertations on PALS Math. ................................................................................................ 19 

Conclusions on evidence for PALS Math. ............................................................................. 22 

Purpose of the Current Study ..................................................................................................... 22 

Method .......................................................................................................................................... 24 

Participants and Settings ............................................................................................................ 24 

Classroom and teacher participant. ........................................................................................ 24 

Student participants. ............................................................................................................... 25 

Dependent Variables and Measures ........................................................................................... 26 

Systematic direct observation (SDO). .................................................................................... 26 

Math performance. ................................................................................................................. 29 

Data Collection Training and Interrater Agreement .................................................................. 31 

Systematic direct observation training. .................................................................................. 31 

Interrater agreement. .............................................................................................................. 32 

Social validity. ....................................................................................................................... 32 

Independent Variable ................................................................................................................. 34 

PALS. ..................................................................................................................................... 34 

PALS Math. ........................................................................................................................... 34 

Treatment integrity. ................................................................................................................ 37 

Procedures .................................................................................................................................. 38 

Benchmark testing of math achievement. .............................................................................. 38 

Baseline. ................................................................................................................................. 38 

PALS Treatment. ................................................................................................................... 39 

Research Design ........................................................................................................................ 41 

Proposed design. .................................................................................................................... 41 



   

 

 

vii 

Coronavirus disease 2019 (COVID-19). ................................................................................ 41 

Current design. ....................................................................................................................... 43 

Implications for study conclusions. ....................................................................................... 43 

Data Analyses ............................................................................................................................ 45 

Results ........................................................................................................................................... 46 

Classroom Behavior Effects ...................................................................................................... 46 

Student 1 ................................................................................................................................ 47 

Student 2 ................................................................................................................................ 50 

Student 3 ................................................................................................................................ 52 

Summary. ............................................................................................................................... 55 

Math Performance Effects ......................................................................................................... 55 

Student 1. ............................................................................................................................... 56 

Student 2. ............................................................................................................................... 56 

Student 3. ............................................................................................................................... 56 

Social Validity ........................................................................................................................... 56 

Teacher. .................................................................................................................................. 56 

Discussion ..................................................................................................................................... 57 

PALS Math and Classroom Behaviors ...................................................................................... 58 

PALS Math and Math Performance ........................................................................................... 61 

Social Validity ........................................................................................................................... 61 

What I Expect to See in an ABAB Design ................................................................................ 62 

Classroom behaviors. ............................................................................................................. 62 

Math performance. ................................................................................................................. 64 

Other Limitations and Future Directions ................................................................................... 64 

References ..................................................................................................................................... 68 

Appendix A ................................................................................................................................... 79 

Appendix B ................................................................................................................................... 88 

Appendix C ................................................................................................................................... 92 

Appendix D ................................................................................................................................... 94 

 



   

 

 

viii 

List of Tables 

Table 1: Mean Rate (Range, Standard Deviation) of Classroom Behavior for Three 

Student Participants .......................................................................................................... 79 

Table 2: Effect Sizes on Classroom Behavior .................................................................. 80 

Table 3: Mean Rate (Range, Standard Deviation) of M-COMP for Three Student 

Participants ........................................................................................................................ 81 

 



   

 

 

ix 

List of Figures 

Figure 1: On-Task Behavior Rate of Student 1 ------------------------------------------------- 82 

Figure 2: Off-Task Behavior Rate of Student 1 ------------------------------------------------- 82 

Figure 3: Disruptive Behavior Rate of Student 1 ----------------------------------------------- 83 

Figure 4: On-Task Behavior Rate of Student 2 ------------------------------------------------- 83 

Figure 5: Off-Task Behavior Rate of Student 2 ------------------------------------------------- 84 

Figure 6: Disruptive Behavior Rate of Student 2 ----------------------------------------------- 84 

Figure 7: On-Task Behavior Rate of Student 3 ------------------------------------------------- 85 

Figure 8: Off-Task Behavior Rate of Student 3 ------------------------------------------------- 85 

Figure 9: Disruptive Behavior Rate of Student 3 ----------------------------------------------- 86 

Figure 10: M-COMP Performance of Student 1 ------------------------------------------------ 86 

Figure 11: M-COMP Performance of Student 2 ------------------------------------------------ 87 

Figure 12: M-COMP Performance of Student 3 ------------------------------------------------ 87 



 

1 
 

The Individuals with Disabilities Education Improvement Act (IDEA; 1997, 

2004) is a law that not only mandates that children with disabilities receive a free 

appropriate public education (FAPE), but also aims to ensure that adequate tools be 

implemented to improve the educational outcomes of children with disabilities. 

Traditional special education procedures have been challenged for their “wait-to-fail” 

characteristics; proactive strategies in special education are needed, and the methods and 

procedures used to screen and improve the outcomes of students with disabilities have 

become amongst the most heated topics in education. The No Child Left Behind Act of 

2001 calls for the use of “scientifically-based research” in the selection of effective 

instructional programs and classroom strategies. It also strengthens Title 1 accountability 

for states, school districts, and schools to cover all students. The most recent national 

education law, the Every Student Succeeds Act (ESSA; 2015), requires all students in the 

U.S. to have access to a high quality education so they will be ready to succeed in college 

and future careers. 

In response to the need for evidence-based educational practices to improve the 

academic outcomes of students with disabilities, as well as all students, Response to 

Intervention (RTI) uses a multi-level prevention system to assess and intervene with 

students in school settings (National Center on Response to Intervention, 2010). RTI is 

characterized as a multi-tiered approach to closely screen student outcomes, monitor 

student progress, and make data-based decisions for service delivery. Emphasizing the 

use of scientifically-based practices, RTI takes a proactive, preventative approach to 

monitor student progress and make individualized decisions. There are four essential 
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components of RTI: a school-wide, multi-level instructional system; universal screening; 

progress monitoring; and data-based decision making for instruction and disability 

identification. Within the multi-level prevention system, there are three levels to 

designate interventions as a continuum of support: primary, secondary, and tertiary. 

Primary-level prevention requires that high-quality core instruction and academic 

strategies be in place to meet the needs of the majority of the students. The secondary 

level provides evidence-based interventions to address the academic needs of some 

students who experience difficulties after being exposed to primary prevention. The 

tertiary level provides intensive support to those who don’t respond to the primary and 

secondary levels of services. As a prevention-oriented framework intended to benefit all 

students, RTI aims at maximizing academic outcomes and minimizing the risk for 

developing poor learning outcomes of every student through tiered support. Primary 

prevention is the foundation of the framework. It includes core curricula as well as 

general academic practices and strategies. Both components are designed for and 

implemented with all students.   

Besides academic challenges, schools also face various behavioral issues (e.g., 

disruptive behavior, violence, bullying) among students. Reactive strategies have been 

widely used in the past but have been found to result in only short-term reductions in 

problem behaviors and an unsafe school climate (e.g., Sugai & Horner, 2002). The 

inadequacy of punitive, reactive behavioral management approaches can be seen in the 

removal of students with problem behaviors from general education settings and schools 

(Colvin, Kameenui, & Sugai, 1993). Therefore, the adoption of proactive and positive 
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approaches to meet various behavioral challenges in school settings is crucial. School-

Wide Positive Behavior Interventions and Supports (SWPBIS) is one such framework 

that utilizes evidence-based approaches and promotes a positive and safe behavioral 

environment in schools.  

Similar to the RTI model, SWPBIS is a multi-tiered approach that provides social, 

emotional, and behavior support to all students (Sugai & Horner, 2002; Sugai & Horner, 

2009). It is dependent on a continuum of behavior support across multiple systems within 

schools (i.e., school-wide discipline systems, classroom setting systems, non-classroom 

setting systems, and individual student support systems). The continuum of behavior 

support of SWPBIS aligns with the core principles of RTI: the primary tier of SWPBIS is 

for all students; the second tier is for students who are not responsive to the primary tier 

of instruction and approaches; and the third tier is for individuals who are not responsive 

to the first two tiers and need intensive and individualized behavior support. The 

instruction and strategies used within each tier should be empirically validated and the 

data derived from each tier should be used to inform individualized decision making. 

Empirically-Validated Tier-1 Approaches and Principles 

Within the RTI and SWPBIS frameworks, the primary prevention of academic 

and behavioral problems is essential. Accomplishing such prevention requires the 

implementation of evidence-based curricula and interventions, and all students should 

have access to these effective approaches (OSEP Technical Assistance Center, 2001). 

Studies have found that the implementation of evidence-based instructional and 

behavioral strategies at tier-1 level is strongly related to positive academic and behavioral 
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outcomes for students. For instance, Oliver and colleagues (2011) conducted a meta-

analysis on universal, whole-class classroom management practices in K-12 and 

examined the overall effectiveness of these practices on student behaviors. Their search 

yielded 12 studies, and all demonstrated the effectiveness of whole-class classroom 

management practices in reducing problem behaviors (i.e., disruptive, in appropriate, and 

aggressive behaviors) in comparison to the results from “business as usual” control 

conditions. The meta-analytic mean effect size was 0.71 at the whole-class level and 0.22 

at student level. Another meta-analysis synthesizing literature published between 2003 

and 2013 investigated the effectiveness of classroom management strategies on children’s 

academic, behavioral, social-emotional, and motivational outcomes in primary education 

(Korpershoek, Harms, de Boer, van Kuijk, & Doolaard, 2016). This meta-analysis 

selected 47 studies for analysis and found that classroom management strategies elicited 

significant academic, behavioral, and social-emotional improvements in primary 

education; the effect sizes ranged from 0.17 to 0.24 with the highest effect on behavior 

and lowest effect on academics. These results support the implementation of evidence-

based classroom management practices to facilitate student learning, behavioral, and 

social-emotional outcomes. 

Numerous studies have addressed different areas of classroom practices, such as 

classroom arrangement practices, teaching strategies, and behavioral strategies. For 

instance, Gable, Hester, Rock, and Hughes (2009) reviewed the literature on tier-1 

classroom management strategies and recommended the use of a limited number of 

classroom rules, explicit classroom expectations, praise being paired with physical 
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proximity, and planned ignoring with differential reinforcement. Leflot, van Lier, 

Onghena, and Colpin (2010) used a randomized block design to test whether the Good 

Behavior Game intervention could affect second and third graders’ classroom behavior. 

The results suggested that the classroom behavior practice increased students’ on-task 

behavior and decreased their talking-out behavior. Furthermore, support for the use of 

teacher-directed opportunities to respond (TD-OTRs) to promote positive behavioral 

change in K-12 has been derived within a synthesis across relevant single-case research 

(Leahy, Miller, & Schardt, 2019).  

Simonsen, Fairbanks, Briesch, Myers, and Sugai (2008) conducted a systematic 

review of peer-reviewed articles to identify scientifically-validated classroom 

management practices in K-12 settings. The search produced 20 general practices 

meeting criteria as empirically-validated strategies with five key overarching features: (a) 

maximizing structure of the classroom; (b) explicit teaching and reinforcing positively 

stated classroom expectations; (c) actively engaging students, including providing 

opportunities to respond, direct instruction, and computer assisted instruction; (d) 

acknowledging appropriate behaviors by using a continuum of approaches such as group 

contingencies or token economies; and (e) responding to inappropriate behaviors by 

using a continuum of approaches including differential reinforcement, response cost, and 

performance feedback. Based on these findings, the Office of Special Education 

Programs (2015) provided specific and interactive guidance and tools to teachers in 

utilizing the core features of these classroom strategies and further capitalizing 

instructional time and reduce disruptions. The five strategies were regrouped into three 
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broad categories: foundations, prevention, and response. Behavioral data collection 

methods and procedures were added to the document to help teachers make data-based 

decisions. This update highlights the use of empirically-validated classroom strategies 

within a multi-tiered, schoolwide framework such as SWPBIS to maximize the 

effectiveness. 

Studies on instruction following a framework that views instruction as a process 

facilitating systematic student behavior change and academic growth provide insight into 

the principles underlying the aforementioned evidence-based strategies (Greenwood, 

Terry, Marquis, & Walker, 1994). Early models of school learning emphasized the 

importance of student aptitude, ability to understand, and quality of instruction (Carroll, 

1963). Following these models, the movement of learning and instruction highlighted the 

importance of active learning time (i.e., opportunity to learn), student knowledge and 

skills specific to area of learning, and effective teaching strategies (Bloom, 1980). The 

development of applied behavior analysis also promoted a change in how educators 

understand and change classroom instructional procedures and classroom environment 

(e.g., direct instruction, personalized systems of instruction) with further integration into 

an eco-behavioral perspective (Greenwood, Carta, & Atwater, 1991). 

Classroom Behaviors and Academics 

From this eco-behavioral lens, student performance and classroom behaviors are 

the partial results of their learning environment (i.e., instructional materials and 

practices). A great number of studies have examined the relations between classroom 

behaviors and academic performance (e.g., Attwell, Orpet, & Meyers, 1967; Finn, 
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Pannozzo, & Voelkl, 1995; Kremer, Flower, Huang, & Vaughn, 2016). In the early 

1960s, Attwell, Orpet, and Meyers conducted a longitudinal study and found that 

kindergarten students’ behavior ratings (e.g., attention, work effort, cooperation) could be 

significant indicators of their fifth-grade academic achievement (e.g., reading 

comprehension, reading vocabulary). Similarly, Lahaderne (1968) found relations 

between student class attention and performance on standardized tests. However, Cobb 

(1972) questioned the specificity and observability of the behaviors being measured in 

these two studies. In response, Cobb looked into the relations between specific task-

related behaviors (e.g., compliance, initiation to teachers, talk to peer, out of chair) and 

achievement. The regression analysis results from this study displayed the high 

predictivity of a combination of specific behaviors to arithmetic achievement on a 

standardized achievement test.  

Subsequently, Hoge and Luce (1979) conducted a review of literature published 

after 1965 and examined the behavior-achievement relation in the classroom. Within the 

nine studies reviewed that focused on pupil behaviors (e.g., attention, compliance, 

looking around), most studies conducted correlational or regression analyses to test the 

significance of the relations between multiple classroom behaviors and standardized 

achievement tests. All nine studies yielded significant results. In this paper, Hoge and 

Luce also reviewed eight studies on teacher-pupil interactions (e.g., pupil-initiated 

interactions, response opportunities) and academic performance. They found that the 

number of academic activities correlated positively with academic performance, and that 
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negative teacher contacts (e.g. behavioral warnings) correlated negatively with 

performance.  

Since then, research teams including Finn, Pannozzo, and Voelkl (1995) and 

Kremer, Flower, Huang, and Vaughn (2016) have investigated whether problem 

behaviors in classrooms, such as non-participation and defiance, demonstrate a negative 

correlation with academic achievement. Finn et al. (1995) compared the academic 

achievement of 4th-grade students with varying behavioral characteristics in the 

classroom. The results of their study demonstrated that inattentive-withdrawal behaviors 

and disruptive behaviors in fourth graders were predictive of negative performance on 

achievement tests across areas of study (e.g., reading, mathematics, science). Additional 

research teams (e.g., Guo, Sun, Breit-Smith, Morrison, & Connor, 2015; Ponitz, Rimm-

Kaufman, Grimm, & Curby, 2009; Reyes, Brackett, Rivers, White, & Salovey, 2012) 

have studied the relations between positive classroom behaviors (e.g., engagement) and 

achievement and found positive relations between the two.  

Hinshaw (1992) suggested four hypothetical causal models and underlying 

mechanisms to explain the relations between externalizing behaviors and 

underachievement. First, underachievement results in externalizing behaviors due to the 

influence of other variables like frustration or low levels of school attachment. Second, 

externalizing behaviors cause underachievement because of a lack of school readiness or 

appropriate classroom behaviors. Third, externalizing behaviors and underachievement 

influence one another. Fourth, underlying or antecedent variables such as temperament or 
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discordant homes may result in both behavioral and academic problems. For example, 

cognitive or language difficulties can precede behavioral and academic issues. 

Classroom engagement behaviors have been found to be sensitive to factors in the 

learning environment (e.g., Greenwood, Delquadri, & Hall, 1989). Behavioral 

engagement is defined as students’ participation in academic-related activities during 

classroom instruction such as writing, reading aloud, and answering teachers’ questions, 

including both on-task and off-task behaviors. In order to better understand the relations 

among instruction, classroom engagement, and academic performance, Greenwood, 

Terry, Marquis, and Walker (1994) estimated a structural equation model to compare the 

model fits among the performance-based model (i.e., engagement mediated the effect of 

instruction on student academic outcomes), direct effects model (i.e., exposure to 

learning materials, task quality, and engagement have separate influences on outcomes), 

and non-mediated model (i.e., instruction and engagement have separate impacts on 

outcomes). The performance-based model demonstrated the best fit, such that only 

student engagement (i.e., academic responding) was found to hold a direct impact on 

academic outcomes and mediate the relations between instruction and student academic 

achievement. Later on, Ponitz, Rimm-Kaufman, Grimm, and Curby (2009) and Reyes, 

Brackett, Rivers, White, and Salovey (2012) also found a mediating role of engagement 

in the relations between classroom experiences and academic performance. 

Further studies support the close relations between engagement and academic 

performance. Fredricks, Blumenfeld, and Paris (2004) reviewed literature related to the 

relations between school engagement and different areas of outcomes. They found that 
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prior research had demonstrated a positive correlation between behavioral engagement 

and concurrent academic achievement across age groups (e.g., elementary to high 

school), as well as a negative correlation between behavioral engagement and school 

dropout. Some studies also found a long-term effect of behavioral engagement on 

academic achievement. For example, a longitudinal study conducted by Ladd and Dinella 

(2009) found that engagement during grades 1-3 predicted children’s academic growth 

for grades 1-8. Both concurrent and prospective predictions were examined. The 

concurrent and long-term relations found between behavioral engagement and academic 

outcomes in the literature indicate that it is likely beneficial and worthwhile to improve 

student behavioral engagement. 

In conclusion, these findings from empirical studies on tier-1 classroom 

approaches indicate that effective classroom instructional and behavioral strategies can 

create more opportunities for students to respond and enhance student active engagement 

and further improve student academic performance. Given the close relations between 

classroom behaviors and academic outcomes, classroom strategies that can facilitate 

student classroom behaviors (i.e., engagement and disruptive behavior) and academic 

performance will be the focus of this study. 

Peer-Mediated Strategies 

Considering the high classroom demands and limited resources teachers have 

access to (e.g., McCarthy, Lambert, O'Donnell, & Melendres, 2009), researchers have 

found that teacher burnout affects the treatment fidelity of evidence-based classroom 

management strategies (e.g., Ross, Romer, & Horner, 2012; Wehby, Maggin, Moore 



   

 

 

11 

Partin, & Robertson, 2012; Wenz-Gross & Upshur, 2012). With IDEA’s (2004) 

requirement of using the least restrictive environment (LRE) for children with disabilities 

to receive their education, children with special needs are spending more time in general 

education classrooms. The 40th Annual Report to Congress on the Implementation of the 

Individuals with Disabilities Education Act (2018) shows that 63.1% of the students 

between 6 to 21 years old served under IDEA received education in regular classrooms 

for at least 80% of the day in 2016, an increase from 48.2% in 2002 (26th Annual Report, 

2004). Concordantly, general education teachers’ responsibilities are increasing. 

Compared with teacher-led instructional and behavioral strategies, peer-mediated 

interventions and supports for children with academic or behavioral difficulties are 

promising. Peer-mediated interventions can shift general education teachers’ 

responsibilities to providing student training, monitoring academic activities, and 

reinforcing positive behavior. Furthermore, peers are able to model and scaffold 

appropriate classroom behaviors and academic skills, as well as provide reinforcement 

for these behaviors and skills. Peer tutoring, as one subcategory of peer-mediate 

strategies, can be used to supplement teacher-led instruction. It is considered to be an 

efficient tool for students to assist each other and stay on task during academic activities 

in class.  

In the notion of the importance of “opportunity to respond” and active 

engagement in student learning, peer tutoring programs regard peers as change agents to 

help students with academic or behavioral difficulties in the classroom (Delquadri, 

Greenwood, Stretton, & Hall, 1983; Delquadri, Greenwood, Whorton, Carta, & Hall, 
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1986; Maheady & Harper, 1987). Maheady, Mallette, and Harper (2006) reviewed four 

classwide peer tutoring programs in the literature (i.e., Classwide Peer Tutoring, Peer 

Assisted Learning Strategies, START tutoring, and Classwide Student Tutoring Teams) 

and examined the empirical evidence to support the use of each program. Designed to 

actively engage students with diverse needs in the classroom simultaneously, all four 

programs require highly-structured instructional elements, training for the peers, and 

teacher monitoring. Maheady and colleagues found rich empirical support for the use of 

Classwide Peer Tutoring and Peer-Assisted Learning Strategies within the area of reading 

across various research designs (i.e., group experimental, single-case, and longitudinal 

designs). 

Previous research has suggested the effectiveness of peer tutoring in improving 

the academic performance of students with or without disabilities. The results of a meta-

analysis by Cohen, Kulik, and Kulik (1982) showed that tutees outperformed those who 

were not in a peer tutoring program, and the effect size was large, especially for those 

with higher structures, shorter duration of the intervention, as well as lower-level skills as 

teaching content. In addition, tutors performed better than those who didn’t serve as 

tutors in the comparison group. Both tutors and tutees reported positive attitudes about 

the learning content. Robinson, Schofield, and Steers-Wentzell (2005) reviewed the 

literature focusing on cross-age tutoring and found the effectiveness of cross-age tutoring 

in improving academic performance (i.e., math) as well as the positive attitudes towards 

school among tutees and tutors with various ethnic backgrounds. A review of four peer-

tutoring models (i.e., Classwide Peer Tutoring, reciprocal relations, cross-age matching, 
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and reverse-role tutoring) conducted by Okilwa and Shelby (2010) found that, overall, 

peer tutoring produced potentially positive effects on the academic performance across 

content areas (e.g., language art, math, science, and social studies) among students with 

disabilities in grades 6 through 12. 

Classwide Peer Tutoring. As one of the earliest and most-studied peer tutoring 

models, Classwide Peer Tutoring (CWPT; Delquadri, Greenwood, Whorton, Carta, & 

Hall, 1986) was designed to supplement an existing curriculum. It requires students to 

work in pairs and provide feedback to each other on tasks in reciprocal roles. The 

ultimate goal of the program is to enhance academic achievement by increasing 

opportunities for students to respond and getting students more actively engaged during 

class. CWPT has a team-competition component and pairs are randomly matched within 

teams. However, it lacks a reinforcement system built into the curriculum. CWPT has 

been found effective in increasing academic engagement (DuPaul, Ervin, Hook, & 

McGoey, 1998; DuPaul & Henningson, 1993; Mortweet et al., 1999; Greenwood, 1991; 

Plumer & Stoner, 2005); reducing fidgeting and off-task behaviors (DuPaul, Ervin, Hook, 

& McGoey, 1998; DuPaul & Henningson, 1993); as well as improving academic 

performance in reading (Simmons, Fuchs, Fuchs, & Hodge, 1994; Veerkamp, Kamps, & 

Cooper, 2007), spelling (Chun & Winter, 1999; Mallette, Harper, Maheady, & Dempsey, 

1991), and math (Hawkins, Musti-Rao, Hughes, Berry, & McGuire, 2009) with general 

education population.  
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Peer-Assisted Learning Strategies (PALS) 

The Fuchs research group at Vanderbilt University designed one of the most 

popular peer tutoring programs, Peer-Assisted Learning Strategies (PALS). It is intended 

to be implemented in school settings and to be integrated with existing curricula with the 

goal of improving the academic outcomes of children with or without disabilities (Fuchs, 

Fuchs, Mathes, & Simmons, 1997). In its reading program (PALS Reading), students 

tutor each other by reading aloud, listening, and providing feedback in multiple academic 

tasks. By alternating roles of coach and reader, paired students (i.e., one more-advanced 

reader paired with one less-advanced reader) can benefit from teaching others and being 

provided with feedback. The What Works Clearinghouse reviewed eleven studies 

focusing on the effectiveness of PALS on reading skills of students in kindergarten 

through third grade (What Works Clearinghouse Report, 2012). The results suggested 

that the program generated potentially positive outcomes in alphabetics (i.e., 

phonological awareness and phonics), no discernible effects on fluency, and mixed 

effects on comprehension for beginning readers.  

Peer-reviewed research on PALS Math. Even though PALS has been well 

documented in terms of its effects towards improving some components of reading skills 

for children, only five peer-reviewed articles have examined the effect of the math 

version of this program (PALS Math) on academic performance. None of these studies 

measured classroom engagement outcomes of the participants. Moreover, even though all 

these studies included students with disabilities, the outcomes of students with behavioral 

difficulties were not specified.  
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In the first published empirical study on PALS Math’s effectiveness, Fuchs, 

Fuchs, Phillips, Hamlett, and Karns (1995) examined the effects of PALS Math 

incorporating weekly curriculum-based measurement (CBM) and biweekly feedback on 

students with different types of learning histories (i.e., average-achieving students, low-

achieving students, and low-achieving students with learning disability) in grades 2-4. In 

particular, the researchers aimed to investigate the transfer effects of a math computation 

intervention to math concepts and application areas after 23 weeks of treatment. CBM 

probes were used by teachers for pairing, identifying appropriate instructional content, 

and progress monitoring. Students were also instructed to monitor their own progress 

biweekly by checking their performance feedback on the graphs and skill profiles 

generated from CBM results. The participants were 20 classroom teachers and their 

students in grades 2 to 4 of a Southeastern school district. The teachers were randomly 

assigned into two conditions: PALS and contrast. For the PALS group, paired students 

worked on math operation skills by applying the current comprehensive math curriculum 

and PALS materials and activities. The decision-making process of how to pair students 

was not discussed in the article. PALS was implemented twice per week, 25 to 30 

minutes for each session. Teachers in the contrast condition used their regular 

instructional procedures. The researchers used two types of mathematics achievement 

measures to assess acquisition and transfer learning outcomes. The results suggested that 

students who received PALS Math had significantly better outcomes than those who did 

not within the same group (i.e., average-achieving, low-achieving, low-achieving with 

learning disabilities) on both acquisition and transfer measures. The effects sizes 
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(difference between the growth divided by the quantity: pooled standard deviation of the 

growth/the square root of 2[1-rxy]) on the acquisition and transfer measures were 0.62 

and 0.40 respectively across student groups. The researchers suggested that school 

psychologists could consider recommending PALS to teachers to accommodate diverse 

needs in a general education classroom.  

To extend the research into a younger population, the Vanderbilt research team 

conducted a study on kindergarteners’ math development (Fuchs, Fuchs, & Karns, 2001). 

Two hundred and twenty-two students from twenty kindergarten classrooms in a 

Southeastern school district participated in the study. The 20 teachers/classrooms were 

randomly assigned into either a PALS Math condition or a control condition. Students in 

the PALS condition were provided with PALS twice per week for 20 minutes per session 

to replace regular math activities. Their counterparts followed the same curriculum from 

the school district and received teacher-directed instruction instead of PALS. The overall 

amount of math instruction time for both groups was the same each week. The authors 

found that PALS Math exerted positive and strong effects on students with medium-level 

achievement, low-level achievement, and disabilities on a standardized achievement test 

(i.e., SESAT-math), but not for students with high levels of achievement, after 15 weeks. 

The results were not significant across conditions on another standardized achievement 

test (i.e., the Primary 1 level of the Stanford Achievement Test). 

Fuchs, Fuchs, Yazdian, and Powell (2002) investigated the efficacy of PALS 

Math on first graders with different levels of academic performance: high achievement, 

average achievement, and low achievement. Twenty first-grade teachers in a 
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Southeastern school district and three hundred and twenty-seven students participated in 

the study. These teachers/classrooms were randomly assigned into the PALS condition or 

the control condition. The researchers used a median-split method to help teachers pair 

students; teachers first ranked students based on their judgement of each student’s math 

skills, and then did a median split of the ranking list; the top students from each half were 

paired, and students with the next highest rankings from each half were paired, and so on. 

Using the district’s core curriculum and allocating the same amount of time on math 

instruction, teachers in the PALS condition implemented the intervention three times per 

week for 30 minutes per session while teachers in the control condition did not use PALS 

to guide their instruction. The outcome measure for student learning was the mathematics 

portion of the Primary 1 level and the Primary 2 level of the Stanford Achievement Test. 

The authors hypothesized that PALS would be demonstrated as effective if students in 

the PALS condition performed better than those in the control condition on the portions 

of the test that reflected the content of the PALS curriculum, while performing at similar 

levels on the portions that were not aligned with the PALS curriculum. After the 16-week 

intervention, they found that with high implementation accuracy (95%), students in the 

PALS condition outperformed those in the control condition within the same 

performance group on the PALS-aligned items of the Stanford Achievement Test, while 

the two groups had comparable performance on unaligned items. These results supported 

the researchers’ hypotheses and the subsequent efficacy of PALS Math. In addition, for 

students with disabilities (i.e., Speech and Language Disorder, ADD, and LD), the 

intervention group made higher gains on PALS-aligned items than the control group, 
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while the control group made more gains on PALS-unaligned items than the PALS 

group.  

In the most recently published peer-reviewed article examining PALS Math, 

Codding, Chan-Iannetta, George, Ferreira, and Volpe (2011) compared the early 

numeracy outcomes of 96 kindergarteners in the Northeast in three experimental 

conditions: PALS Math (KPALS) alone, KPALS combined with goal setting and 

reinforcement, and control. Standardized measures on fluency and general math 

performance were used to assess math outcomes. Five kindergarten classrooms were 

randomly assigned into different conditions. For the two treatment groups, the 

researchers implemented KPALS Math twice per week for 20 minutes each session over 

12 weeks. Students in the combined-treatment group were presented with worksheets 

containing vertical bars to monitor progress; after demonstrating a 15% increase over the 

prior score, the student would be rewarded with a prize and gain a new goal. The same 

instructional schedules and probes were used for all students across groups. The Test of 

Early Mathematics Ability, 3rd edition (TEMA-3) and Tests of Early Numeracy (TEN) 

benchmark assessments were used to measure outcomes. The results demonstrated better 

post-test general math performance of the combined-treatment group over the control 

group after controlling for pre-test scores, as well as higher post-test number 

identification scores of both treatment groups over the control group. However, it was 

unclear how teachers paired students in the study. 

At the secondary level, Calhoon and Fuchs (2003) looked into the math 

challenges faced by students with disabilities and examined the effectiveness of the 
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combined use of PALS and CBM in math performance among high-school students 

(grades 9-12) with a learning disability in math. Similar to Fuchs et al. (1995), Calhoon 

and Fuchs used CBM probes to help teachers pair students, monitor student progress, and 

identify appropriate math instruction content; as well as help students monitor their own 

performance. The pairing process was not clarified in the study. Ten self-contained 

resource classes from a Southeastern school district were randomly assigned into the 

treatment condition and control condition. The treatment group was provided with PALS 

Math intervention twice a week for 30 minutes per session while the control group 

received regular math instruction by using the Buckle Down on Tennessee Mathematics 

(1998) workbook. After a 15-week intervention, students in the treatment group 

outperformed those who received the regular math curriculum on a computation measure 

but not on concepts/application or the math portion of the Tennessee Comprehensive 

Achievement Test (TCAP). In each of these studies, teachers were reported to perceive 

PALS Math as efficient and feasible. 

Dissertations on PALS Math. In addition to the five peer-reviewed articles, 

three dissertations addressed the topic of the effectiveness of PALS Math on academic 

performance in K-12. Kiburis (2012) from the University of Southern Maine aimed to 

assess whether the implementation of PALS math as a supplement to an existing 

curriculum would improve the math performance of seventh graders in general education 

classrooms. In addition, the researcher attempted to assess the effect of PALS Math on 

fractions and integer computation skills of low-performing students. In this study, the 

experimental group received PALS Math twice a week for 30 minutes each session, while 
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the control group received the same amount of time on math instruction but no PALS 

intervention. The students in the experimental condition were paired in sets of one higher 

performing student and one lower performing student. After four weeks, the researcher 

compared students’ math performance on M-COMP CBM probes, researcher-created 

Fractions-CBM, and researcher-created Integers-CBM before and after the intervention. 

The results suggested that the experimental group demonstrated more gains on math 

computation and fractions than the control group, and lower-performing students had a 

greater weekly rate of improvement (ROI) than higher-performing students. However, it 

was unclear how the researcher assigned students into experimental and control groups; 

no effect size data were calculated; and the difference of fractions gains between the two 

groups was small. 

Hugger’s (2014) study at the University of Southern Maine investigated the 

effectiveness of a combined PALS-and-relaxation program on third graders’ math 

achievement and math anxiety. Four third-grade teachers and their students in the 

Northeast participated in the study. The four classrooms were randomly assigned into 

four conditions, including one control condition and three treatment conditions (i.e., 

PALS, relaxation, PALS + relaxation). In the control condition, the school district’s core 

math curriculum (i.e., Investigations) and supplemental activities were implemented 

during math instruction time. Teachers paired students in the two treatment conditions in 

the same way as Fuchs et al. (2002) by using M-COMP. Students in the PALS condition 

followed the intervention to work on math computation twice a week for 30 minutes per 

session in addition to the core curriculum, but discontinued their participation after 4 
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weeks in the study. In the relaxation condition, students engaged in a relaxation breathing 

technique for 3 to 5 minutes before the 25-minute math activities. Students in the 

combined condition applied the relaxation techniques once between PALS activities. 

After a 12-week intervention, no significant difference in the math improvement between 

the combined condition and three other conditions was found, although the improvement 

of the combined group was the highest among the four conditions. The combined 

condition did not result in significant differences in math anxiety in comparison to three 

other groups. Critically, students in the treatment conditions had more math instruction 

time than those in the control condition, and the results did not support a significant 

advantage of the combined condition over other conditions. 

In response to the differing or unspecified pairing strategies across PALS Math 

studies, Lloyd (2017) from the University of California, Riverside modified the pairing 

strategy in PALS Math and evaluated its effectiveness in math performance of second 

graders. Specifically, the student with the highest math performance ranking was paired 

with the student with the lowest performance, the student with the second highest ranking 

was paired with the student with the second lowest ranking, and so on. Five 

teachers/classrooms in New York were randomly assigned into either a treatment or 

control group. A CBM measure (AIMSweb Math Computation) was utilized to compare 

the math growth between the two groups. All participants in the study received the core 

second-grade math curriculum, Engage New York, while students in the treatment group 

used PALS Math to supplement the core curriculum with a reinforcement system in 

place. All students across groups received approximately 50 minutes of math instruction 
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daily. The length of the study was unclear. The study found that the teachers in the 

treatment groups implemented PALS math with 98% fidelity or higher. Despite the high 

treatment fidelity in the study, there were no significant differences found in post-test 

performance between the treatment and control groups after controlling for pre-test 

performance. Moreover, a small effect size was observed for the treatment, g = 0.139, 

and the social validity results of this study were mixed. 

Conclusions on evidence for PALS Math. In summary, findings from the five 

peer-reviewed studies indicated that PALS Math had positive effects on children’s 

academic achievement across performance levels, with or without disabilities; and this 

intervention received the acceptance of teachers. However, two out of the three 

dissertations reviewed (Hugger, 2014; Lloyd, 2017) failed to elicit significant results. 

Hugger explained the obtained results regarding a lack of randomization and the small 

sample size within each condition. Lloyd attributed the insignificant results to the small 

sample size and similarities between PALS Math and the school’s core curriculum. 

Critically, none of these studies addressed behavior-related outcomes (e.g., behavioral 

engagement and any types of problem behaviors in class). 

Purpose of the Current Study 

A review of literature on PALS Math revealed that there had not been as much 

research to support the use of PALS Math as the reading program, particularly with 

respect to the improvement of student classroom behaviors. Considering the close 

relation between classroom behaviors and academic outcomes, both classroom behaviors 

and academic performance were used as dependent variables in the current study. The 
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purpose of this study is to investigate the effectiveness of PALS Math on classroom 

engagement and math performance of students with behavioral and math difficulties in 

fifth grade. There are two research questions in this study:  

1. Does the implementation of PALS Math result in an improvement in the 

classroom behaviors (i.e., engagement and disruptive behavior) of fifth-grade 

students with academic and behavioral difficulties? 

2. Does the implementation of PALS Math result in an increase in the math 

performance of fifth-grade students with academic and behavioral difficulties?  

Considering the rich empirical evidence on CWPT’s use on classroom 

engagement, disruptive behavior, and academic performance for children with diverse 

needs, as well as the various studies supporting the use of PALS Reading on improving 

reading performance, it is hypothesized that PALS Math will be effective in reducing 

disruptive behavior, increasing classroom engagement, and enhancing math performance 

of students with academic and behavioral difficulties in fifth grade. CWPT and PALS 

share many of the same key features: the tutoring programs take the form of tutoring 

dyads; reciprocal assistance in pairs; and they require peer evaluation on academic 

performance and immediate feedback. They also share the same instructional and 

behavioral principles, including providing opportunities to respond and increasing active 

engagement among students.  
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Method 

Participants and Settings  

Classroom and teacher participant. Following study procedures approved by 

the University of California, Riverside’s Institutional Review Board, one school district 

in Southern California was contacted for this study, and all fifth-grade math teachers 

within the school district were invited to participate in the study via emails. Since PALS 

Math is a class-wide math intervention, the teacher participant would implement the 

intervention with all students in the classroom during regular math instruction time. 

Student participants for the current study were selected based on teacher referral and 

direct observation by the researcher.  

After email communication, one fifth-grade math teacher agreed to participate in 

the current study. The participating teacher was a 42-year-old, Caucasian male teacher 

with 18 years of teaching experience. The teacher holds two master’s degrees and has 

been teaching fifth-grade math for 5 years and working in the current school for 4 years. 

He also has previous experience teaching grades 6 and 7. The teacher version of the 

informed consent document was provided and described in person to the teacher and a 

dated signature was obtained after a review of the document. In the consent form, the 

teacher was asked to provide a math intervention during regular math instruction time, 

twice per week for 30 minutes per session while being observed; receive a 3-hour 

intervention training provided by the researcher; nominate three students with math and 

classroom behavioral difficulties; and fill out a questionnaire at the end of the study. A 



   

 

 

25 

letter containing coded results of the study would be delivered to the teacher with graphs 

and written explanations of findings following the completion of the study. 

Student participants. Three students were nominated by the classroom teacher 

based on beginning-of-the-year benchmark testing scores and typical classroom 

behavioral performance during math instruction. The teacher’s nominations were guided 

by criteria that the three students’ math performance on benchmark testing at the 

beginning of the school year should be within the “at-risk” range and the math difficulty 

had been observed for at least one grading period. Once the student participants were 

referred based on low math performance and presence of classroom behavioral 

difficulties, a 30-minute classroom observation using the Behavioral Observation of 

Students in Schools (see Systematic direct observation) was conducted by the researcher 

to confirm the nomination. The student participant would be eligible for the study if the 

students’ on-task behavior occurred in less than 70% of intervals and off-task behavior 

occurred in more than 20% of intervals. The three students will be referred to in this 

paper as Student 1, Student 2, and Student 3. Classroom observation results agreed with 

the nomination. Specifically, during observation, Student 1’s on-task behavior rate was 

56% and off-task behavior rate was 56%; Student 2’s on-task behavior rate was 62% and 

off-task behavior rate was 45%; Student 3’s on-task behavior rate was 43% and off-task 

behavior rate was 68%. Parent permission and student assent was obtained for all three 

participants. 

The three students were all in the same fifth-grade classroom. At 11:20 am on 

every school day, the whole class would go to the participating teacher’s class for math 
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instruction. Math instruction and classroom observation took place between 11:20 am and 

12:50 pm in the math teacher’s classroom. Student 1 is a 10-year-old, male, Hispanic 

student. Student 2 is a 10-year-old, male, Native American student. Student 3 is a 11-

year-old, male, African American student. All three students are placed in general 

education and not receiving special education services. 

Dependent Variables and Measures 

In order to address the effectiveness of PALS Math on academic engagement, 

disruptive behavior, and math performance on fifth-graders, data on four dependent 

variables were collected and analyzed in this study: on-task behavior, off-task behavior, 

disruptive behavior, and math performance. Among the four dependent variables, on-

task, off-task, and disruptive behaviors were measured by systematic direct observation. 

The other dependent variable, math performance, was measured via a curriculum-based 

measurement (CBM). 

Systematic direct observation (SDO). The researcher observed the three 

students’ academic engagement (i.e., on-task and off-task behavior) and disruptive 

behavior during math instruction and PALS intervention. The observer utilized the 

Behavioral Observation of Students in Schools (BOSS; Shapiro, 1996) to collect the on-

task and off-task data. Each observation lasted 15-20 minutes with a median of 20 

minutes and a mean of 18.5 minutes. The students’ disruptive behavior was represented 

by off-task motor and off-task verbal behavior. 

In terms of the psychometric properties of BOSS, there is evidence supporting its 

interrater agreement and its discriminate validity in differentiating clinical groups (e.g., 
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students with ADHD and typical peers). Interrater agreement data on the BOSS were 

collected in Ota and DuPaul’s study (2002) aiming to examine the effects of using 

computer software to improve math performance of three students with ADHD. At least 

33% of the observations of each participant across all phases of the multiple baseline 

design were used to calculate interrater agreement. Each observation lasted 15 minutes. 

They found that IOA for the observation data ranged from 90% to 100% with a mean of 

94.7%. In a study by DuPaul, Volpe, Jitendra, Lutz, Lorah, and Gruber (2004), the IOA 

across behavioral categories and across math and reading subjects ranged from 91.5% to 

99.27% with a mean of 96.6%; Kappa ranged from .93 to .98 with a mean of .95. In 

DuPaul et al.’s study, the authors also found that passive engagement and off-task 

behavior scores (i.e., combined score across off-task motor, off-task verbal, and off-task 

passive) derived from the BOSS were able to significantly predict group status between 

the ADHD group and the typical control group (p < .01). The effect sizes (calculated 

using Cohen’s d) of the differences for passive engagement time were moderate: d = -

0.53 (reading), d = -0.62 (math). The effect sizes for off-task behavior were large, d = 

1.08 (reading), d = 1.25 (math). Volpe, DiPerna, Hintze, and Shapiro (2005) reviewed 

literature on the content, structure, and psychometrics of different direct observation 

coding methods. They concluded on BOSS’s moderate training requirements, high 

interobserver agreement and discriminate validity, as well as its sensitivity to 

instructional manipulations. Based on extant psychometric evidence for the BOSS, they 

recommended its use in describing student classroom behaviors and possibly in assessing 

externalizing behaviors. 



   

 

 

28 

On-task behavior. In the BOSS, active engagement time (AET) and passive 

engagement time (PET) are coded using momentary time sampling; thus, whether a 

student is on-task is determined at the beginning of each 15-second interval. AET is 

characterized as “those times when the student is actively attending to the assigned 

work.” Examples of AET can be the student participants writing answers on the 

worksheet or talking to a peer about class activity during discussion. Non-examples can 

be talking to a peer about a video game during math instruction or playing with a pencil. 

PET is defined as “those times when the student is passively attending to assigned work.” 

Examples of PET are the student’s eyes orienting towards the teacher during teacher’s 

scaffolding, or eyes orienting towards the assigned materials. Non-examples are eyes 

orienting toward a peer when the teacher is giving directions, or looking around the 

classroom during task. In the current study, on-task rate is represented by the sum of AET 

and PET. 

Off-task behavior. Off-task behavior was also measured on the student 

participants through direct observation during math instruction. Off-task motor (OFT-M), 

verbal (OFT-V), and passive (OFT-P) behaviors are separately coded via partial interval 

observation (i.e., behavior is marked if it occurs at any time during an interval). OFT-M 

is defined as “any instance of motor activity that is not directly associated with an 

assigned academic task.” Examples of OFT-M include playing with pencils during math 

instruction, or throwing paper at peers. Non-examples are writing answers on assigned 

worksheet, or walking to the teacher to receive his homework feedback. OFT-V refers to 

“any audible verbalizations that are not permitted and/or are not related to an assigned 
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academic task.” Examples of OFT-V can be talking to peers or teacher about after-school 

parties during instruction, or calling out answers without permission. Non-examples 

include student talking to peers about a math question during group discussion, or 

answering the teacher’s question. OFT-P is defined as “those times when a student is 

passively not attending to an assigned academic activity for a period of at least 3 

consecutive seconds.” Examples of OFT-P can be staring out the window, or eyes on a 

science book during math class. Non-examples are eyes on an assigned academic 

material, or eyes on the teacher when the teacher is demonstrating computation steps. 

Off-task behavior data were collected at the same time that on-task behavior data were 

collected, following the BOSS protocol. Each observation took place for 15-20 minutes 

during either math instruction or the PALS intervention. All three types of off-task 

behavior were used for progress monitoring: if any of the three off-task behaviors were 

present, off-task behavior would be marked as present by the author. 

Disruptive behavior. Disruptive behavior is operationally defined as any motor or 

verbal behavior that is not directly associated with any assigned academic task during 

instruction. OFT-M and OFT-V from BOSS observations were used separately to 

represent disruptive behavior rates of the student participants. OFT-P is not considered as 

disruptive behavior because it does not interfere with the learning of other students. 

Math performance. Math performance of the three student participants was 

measured through a curriculum-based measurement (CBM), which emphasizes the 

assessment of academic performance based on the specific curriculum used in the 

student’s classroom (Shapiro, 2010). That is to say, CBM is comparing what the student 
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is expected to know and what he or she already knows. In particular, fifth-grade 

AIMSweb Math Computation (M-COMP) was used to track students’ progress. M-

COMP is a paper-and-pencil test that measures math computation skills for each grade 

level (grades 1 through 8). It includes 3 probes for benchmark testing and 30 probes for 

progress monitoring in each grade (AIMSweb, 2010). The test administration of each 

probe is timed at 8 minutes and it can take forms of group administration or individual 

administration. The progress-monitoring probes have been standardized to be equivalent 

in test difficulty.  

Fifth-grade M-COMP measures domains of knowledge in basic facts, complex 

computation, fractions, decimals, reducing, percentages, and conversions. A national 

field test of M-COMPS demonstrated a split-half correlation of .93 and Cronbach’s alpha 

of .91 for fifth grade M-COMPS (AIMSweb, 2010). The averaged correlation coefficient 

using Fisher’s z transformation for each probe with other probes in the set was .89. These 

results indicated good internal consistency and alternate-form reliability of M-COMP. 

Moreover, Shapiro, Dennis, and Fu (2015) demonstrated that fifth grade M-COMP was a 

significant predictor of scores on the Pennsylvania state assessment of mathematics (i.e., 

Pennsylvania System of School Assessment). The Pearson correlation between fifth 

grade M-COMP and PSSA was .74 (p < .01). The blockwise OLS regression model 

results also indicated that M-COMP was a significant predictor of PSSA (β = .41, p < 

.001).  

In the current study, the teacher participant ranked the whole class based on their 

school-district math benchmark results and paired them based on the ranking for 



   

 

 

31 

implementing PALS intervention. For progress monitoring, M-COMP probes were 

administered to the three participants together by the author for 8 minutes at the end of 

each week throughout the study. The probes were used in sequential order and each probe 

covers different math computation skills (i.e., addition, subtraction, multiplication, 

division, fractions, and decimals). 

Data Collection Training and Interrater Agreement 

Systematic direct observation training. Two raters used the BOSS to collect 

academic engagement data. The two raters were both fourth-year students in the 

University of California, Riverside’s School Psychology PhD program. Before data 

collection started, both raters received training in systematic direct observation (SDO) 

and the use of the BOSS. Specifically, both raters reviewed data collection methods (i.e., 

partial interval, whole interval, and momentary time sampling) in the BOSS, definitions 

and examples of target behaviors, basic procedures for observations, and how to record 

observation results on data collection forms. The raters also practiced together after the 

review by watching six 5-minute-long training videos and applying the methods. Issues 

and questions observed during practice were discussed after each practice. Interrater 

agreement rates were calculated via Cohen’s kappa across intervals. Kappa provides 

interrater agreement data after correcting for chance. A Kappa value of .60 or higher is 

viewed as acceptable based on the What Works Clearinghouse standards (Kratochwill et 

al., 2010). If the two raters in this study reached .60 or higher agreement on the last two 

videos, it would be recognized as mastery and the raters would be viewed as ready for 

data collection; if the agreement levels during training were below .60, rules would be 
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restated and another three videos would be watched for practice. The Kappa result 

aggregated from both on-task and off-task behavior rates during the last two video 

practices was .64, which is within the acceptable range. Therefore, the raters were 

regarded as ready for data collection and did not engage in any extra practice. 

Interrater agreement. Of the two raters, one rater (the author) collected data 

throughout all observations, and the other rater collected data during 33% of the baseline 

phase and 25% of the intervention phase for interrater agreement estimation purposes. 

The Kappa result aggregated from both on-task and off-task behavior rates across 

occasions and participants was .68, which is acceptable according to the What Works 

Clearinghouse standards. 

Social validity. Teacher perceptions of PALS efficacy and feasibility were 

measured using the User Rating Profile-Intervention, Revised (URP-IR; Chafouleas, 

Briesch, Neugebauer, & Riley-Tillman, 2011; see Appendix C). This is a self-report 

questionnaire with 29 items that examines the treatment acceptability of an intervention. 

This questionnaire asks users to answer different questions pertaining to their perceptions 

of the intervention on a 6-point Likert-type scale. For example, from 1 (strongly 

disagree) to 6 (strongly agree), how much do you agree with the statement that “I would 

need additional resources to carry out this intervention”? Another example of the 

statement can be “The intervention is a good way to handle the child’s behavioral 

problem.” Six factors underlying the items in the URP-IR are: acceptability, 

understanding, family-school collaboration, feasibility, system climate, and system 

support. Previous research has demonstrated values for Cronbach’s alpha for the 
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acceptability subscale of .95, for the understanding subscale of .79, for family-school 

collaboration of .78, for feasibility of .88, for system climate of .91, and for system 

support of .67 (Briesch, Chafouleas, Neugebauer, & Riley-Tillman, 2013). The 

confirmatory factor analysis of the six-factor model indicated an acceptable fit in Briesch 

et al. (2013; χ2 (74)= 383.63, χ2 /df= 5.18; RMSEA= .09, CFI= .96, SRMR= .05) and in 

Neugebauer, Chafouleas, Coyne, McCoach, and Briesch (2016; χ2 (105) = 677.66, χ2 / df 

= 1.87, CFI = .94, RMSEA = .09). This measure was emailed to the teacher participant at 

the end of the research period. 

In addition, children’s acceptance of the PALS Math intervention was intended to 

be measured through Children’s Usage Rating Profile (CURP; Briesch & Chafouleas, 

2009; see Appendix D). This is a 21-item, self-report questionnaire using a 4-point 

Likert-type scale. Similar to URP-IR, CURP asks their agreement to certain statements. 

Sample statements can be “This is a good way to help students”, “Using this method gave 

me less free time” and “I could see myself using this method again”. Response anchor 

ranges from 1 (I totally disagree) to 4 (I totally agree). There are three factors in the 

CURP: personal desirability, feasibility, and understanding. Cronbach’s alpha values for 

each subscale has been previously demonstrated to be .92 for personal desirability, .82 for 

feasibility, and .75 for understanding (Briesch & Chafouleas, 2009). This measure was 

first intended to be given to the three students by the teacher after the last intervention 

session. Due to the school’s sudden closure during the COVID-19 pandemic, the students 

were not able to receive the questionnaires in person. Multiple attempts were made by the 

researcher to identify methods to send the questionnaires to the students, but these efforts 
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were unsuccessful. As a result, the children’s acceptance of the intervention was not 

measured.  

Independent Variable  

PALS. PALS is a class-wide peer tutoring program that was developed by 

Douglas and Lynn Fuchs and their colleagues at Vanderbilt University for both reading 

and math. PALS has been found to be feasible and effective in increasing the academic 

performance of students with or without disabilities and at different academic levels in 

the general education classroom across academic disciplines. PALS sessions vary from 

20 to 45 minutes, two to four times per week. The duration and frequency of the 

intervention depends on the discipline and the grade level.  

In general, during peer-tutoring sessions, students within a whole class will be 

paired based on their academic-performance level by the classroom teacher. Within each 

pair, there will be a student performing at a relatively stronger academic level and a 

student at a lower level. During the sessions, students take turns playing the roles of 

coach (tutor) and tutee and provide feedback to the other person as they work through 

structured activities that are based on skills for specific grade levels. Classroom teachers 

have the responsibility of introducing the program, pairing students, and implementing 

PALS in the classroom. The program is designed to supplement the core curriculum in 

the school, provide teachers with guidelines on how to introduce activities and engage 

students, encourage positive peer interactions, and keep students on task.  

PALS Math. The fifth-grade PALS Math program (Fuchs, Fuchs, Karns, & 

Phillips, 2009) requires a whole class training process before the implementation of the 
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intervention. The original program has a 20-week implementation schedule. Each session 

takes 30 minutes and there are two sessions per week. Similar to PALS Reading, PALS 

Math values the coaching and guiding process between partners, but it also involves a 

practice process. For each session, the coaching process takes 15 to 20 minutes, and 

practice lasts approximately 10 minutes. During the coaching process, students teach 

each other math skills. During practice, students work on their worksheet (with questions 

related to the coaching process) independently first and then exchange their results and 

score each other’s worksheets. PALS Math consists of two main skill areas: 

Computation, and Concept and Application. Although PALS Reading has been studied 

by many research teams and demonstrated evidence for its effectiveness in improving 

students’ reading performance, PALS Math has received much less attention in the 

literature. Based on the results from research conducted by the Vanderbilt research team, 

it has been concluded that PALS Math has a potentially positive effect on children’s 

performance across performance levels and with or without disabilities. However, 

academic engagement and the performance of students with high rates of disruptive and 

off-task behaviors have not been examined in their research. Therefore, this study is 

intended to address these gaps and investigate the effectiveness of PALS Math in 

engagement and math performance on students with high rates of disruptive and off-task 

behaviors. 

Teacher training. The fifth-grade math teacher participated in a three-hour after-

school PALS training workshop led by the researcher where the rationale and procedures 

of the intervention were explained before the implementation. The researcher read and 



   

 

 

36 

became familiar with the Peer Assisted Learning Strategies Math Methods for Grades 2-

6: Teacher Manual (2009 Revised Edition) and the 5th Grade Student Manual (2009 

Revised Edition) in advance and prepared materials for the teacher training session. A 

training agenda, teacher manual, student manual, and student training protocols were 

provided to the teacher during training. The teacher was given information about the 

procedures and how to use PALS materials during the 3-hour workshop. Research 

findings, goals, and methods for PALS Math were also introduced, as well as practice 

opportunities for all PALS activities. The researcher modeled the intervention procedures 

and then role-played with the teacher. After the training, the teacher was asked about 

some basic PALS procedures questions including pairing and facilitating PALS activities 

to ensure his understanding of the intervention. At the end of training, the researcher and 

the teacher discussed the intervention implementation schedule as well as the data 

collection schedule of the study.  

Student training. During the last week of the first baseline phase, the teacher 

trained the whole class on the basic PALS procedures using the training scripts for 

Lessons 1-4 provided in the teacher manual. Even though five training sessions were 

designed in the manual, Lesson 5 was intended as the first real PALS session. In addition, 

a mandatory schoolwide teacher meeting occurred on the third day of training week, 

which took away math instruction and student training opportunity of the day. Thus, only 

four lessons (days) of student training took place. The class was trained on fifth-grade 

addition skills. Each training session lasted 30-50 minutes each day. Training Lesson 1 

was an orientation, during which the teacher explained the purpose of PALS, discussed 
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roles and responsibilities of coaches and players, and introduced Coaching procedures. 

Training Lesson 2 emphasized the Coaching procedures’ explanation and student practice 

on the first row of problems on the Coaching sheet. In Training Lesson 3, the teacher 

reviewed Coaching procedures and had students practice the second row of problems on 

the Coaching sheet (“self-talk”). On the last day of training (Training Lesson 4), the 

teacher explained Practice procedures and provided students with the opportunity to 

practice. The week after student training was the first week of intervention. 

Treatment integrity. Teacher and students were observed by the researcher 

during each intervention session and treatment integrity data were collected once per 

week (every Tuesday). Each treatment integrity data collection session took place 

throughout each 30-minute PALS session (Fuchs, Fuchs, Yazdian, & Powell, 2002; 

Fuchs, Fuchs, & Karns, 2001). The Grades 2-6 Math PALS Implementation Checklist 

provided in the manuals was used to record whether the intervention features were 

observed, not observed, or not applicable (see Appendix B). The checklist comprises five 

components: Getting ready for PALS, Coaching, Transition time, Practice, and Practice 

sheet scoring and PALS wrap-up. The Getting ready for PALS component rates teacher 

behaviors and classroom setup; each of the other four components are concerned with 

both teacher behaviors and student behaviors according to the specific expectations of 

each component. Scores on fidelity were added up separately for students and teachers 

across the five components at the end of the checklist. Totals for student points and 

teacher points were calculated, and overall suggestions/comments of the observer were 

collected as at the end the implementation worksheet. Treatment integrity data results 
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were discussed with the teacher and recommendations were given for future 

improvement after each session. 

On average, teacher percentage of completion of the five components across 

sessions was 94%, and student percentage of completion was 86%, resulting in a total 

percent completion of 90%. In general, teacher and students followed the intervention 

procedures well. Potential improvement areas for teacher behaviors during the study were 

identified as: limiting transition time between coaching and practice to no longer than 3 

minutes; and having the lead student pair collect folders and ask everyone return to their 

seats at the end of each intervention session. Areas of improvement for student behaviors 

were: coach using Question Sheet and drawing circles around correct digits during 

coaching; coach and player turning papers over immediately after information is recorded 

at the top of practice sheets during transition; and students returning to seats at the end of 

a session. 

Procedures 

Benchmark testing of math achievement. At the beginning of the semester, the 

whole class’s math performance was measured using the school district benchmark 

testing materials. The teacher participant was asked to generate the results to determine 

the performance levels of students within the same classroom for ranking and pairing 

students in PALS treatment. The researcher assisted the teacher with the pairing process.  

Baseline. Each baseline phase was intended to take place for three weeks. During 

baseline, the classroom teacher followed the school district’s core curriculum, typical 

practice, and the same schedule as the last semester/quarter for math classes. Systematic 
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direct observations were conducted twice per week during math instruction for the three 

student participants on the same days as intended intervention implementation days (i.e., 

Tuesdays and Thursdays). The BOSS protocols were utilized by the observers for SDO 

data collection for 15-20 minutes each time. Disruptive behavior rates of the three 

students were obtained as OFT-M and OFT-V from BOSS data. At the end of each week, 

M-COMP protocols were administered to the three participating students together by the 

author for math achievement progress monitoring in the school library. The library was 

empty and mostly quiet during each M-COMP administration; occasionally, a few 

teachers or students would walk past. Each M-COMP administration took eight minutes.  

PALS treatment. Each treatment phase was intended to last three weeks. Before 

the intervention started, the classroom teacher paired students based on their performance 

from school district benchmark testing results and the researcher facilitated the pairing 

process. Specifically, the whole class was ranked based on students’ benchmark testing 

scores on math. After a median split, the top students from each half were paired; the 

next-highest-performing students from each half were paired, and so on. High performers 

and low performers were paired to take turns as coach/tutor and player/tutee. Before the 

treatment implementation, the teacher provided orientation and training lessons to the 

whole class over four school days within a week. The purpose of PALS was introduced, 

roles and responsibilities of each member of a pair were explained, and coaching and 

practice processes were demonstrated. The teacher also checked students’ understanding 

by asking questions and let students practice after modeling the procedures. Once 

students demonstrated a good understanding of the purpose of the intervention and how it 
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works, the teacher started implementing PALS Math twice a week for 30 minutes each 

time, during regular math instruction time. The intervention was used to supplement the 

ongoing math curriculum. Academic engagement, disruptive behavior, and math progress 

monitoring data were collected on the same schedule as in the baseline phases. Treatment 

integrity data were collected once per week during the intervention condition. 

During each treatment phase, PALS was scheduled to occur on Tuesday and 

Thursday of each week during regular math instruction time. Each intervention session 

took approximately 30 minutes. Each PALS lesson can be broken down into four sub-

sections: 7-to-10-minute Coaching by the first coach, 7-to-10-minute Coaching by the 

second coach, 5-minute Practice Sheet, and 5-minute grading and awarding of points on 

the practice sheet. For the first coaching process, the high performer would play the role 

of coach (tutor) and the low performer would be the player (tutee) while working on an 

assigned math worksheet; after 7 to 10 minutes, the roles in the pairs would be switched. 

The coach was expected to provide guidance and feedback to the player regarding their 

responses on the worksheet. When the player wrote or spoke a correct answer, the coach 

would respond by circling the correct answer and giving verbal acknowledgement; when 

the answer was incorrect, the coach would provide help to the player on the math 

problem. For the next 5 minutes (i.e., Practice Sheet time), students were assigned a 

mixed-problem worksheet focusing on the applications of the same math concepts. 

Students were asked to work independently on their worksheet. When they finished, the 

student pairs would exchange their worksheets and correct each other’s answers for 

approximately 5 minutes. The 5th Grade Student Manual computation skills include 
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addition, subtraction, multiplication, division (2 sessions), fractions (4 sessions), and 

decimals. Each skill contains four lessons such that each skill should last two weeks. At 

the beginning of every two weeks of intervention, the teacher would determine which 

skill he would like the class to practice based on students’ ongoing needs. The first skill 

to practice in PALS was multiplication. This skill lasted two weeks across four sessions.  

Research Design 

Proposed design. The current study was designed to be an ABAB (single-case) 

design to examine the effectiveness of PALS Math on the academic engagement and 

math performance of fifth-grade students with low rates of on-task behavior, high rates of 

off-task and disruptive behaviors, and low math achievement. The proposed ABAB 

design would follow the order of Baseline 1, Treatment 1, Baseline 2, and Treatment 2. 

Each phase was designed to take place for three weeks, and it would take 12 weeks in 

total to conduct the entire study. During Baseline phases 1 and 2, the school district’s 

math curriculum and typical class activities would be utilized in the classrooms. For 

Treatment phases 1 and 2, PALS Math lessons would be implemented on each Tuesday 

and Thursday during regular math instruction time for 30 minutes each time. SDO and 

M-COMP would be utilized during each baseline and treatment phase, while treatment 

integrity data would only be collected during Treatment phases.  

Coronavirus disease 2019 (COVID-19). The 2019 novel coronavirus disease 

outbreak was first identified in Wuhan, China in December 2019 (CDC, 2020a; WHO, 

2020a). It was given its official name of COVID-19 by the World Health Organization 

(WHO) on February 11, 2020. This disease is caused by a new coronavirus called SARS-



   

 

 

42 

CoV-2 that has not been previously found in humans. It is an infectious respiratory 

disease, and its symptoms involve fever, tiredness, dry cough, shortness of breath, aches 

and pains, and sore throat (WHO, 2020b). The COVID-19 virus spreads primarily 

through droplets of saliva or discharges from the nose when an infected person coughs or 

sneezes. High risk populations for this disease are older people and those with underlying 

medical problems such as cardiovascular disease, diabetes, chronic respiratory disease, 

and cancer. COVID-19 soon became a global health issue and led to a total of 9,976 cases 

in at least 21 countries by January 30, 2020 (JHU CSSE, n.d.). WHO declared the 

outbreak to be a Public Health Emergency of International Concern on January 30, 2020 

(WHO, 2020c) and recognized it as a pandemic on March 11, 2020 (WHO, 2020d). 

The first known case of COVID-19 in the United States was confirmed in 

Washington state on January 20, 2020 (Holshue et al., 2020). Since confirmation of the 

first case in Washington state, the coronavirus has been rapidly spreading across the 

nation. As of April 19, all 50 states have reported cases of COVID-19 to the Center for 

Disease Control and Prevention (CDC, 2020b), and as of April 23, the United States has 

become the country with the highest number of cases in the world with approximately 

869,000 confirmed cases and 50,000 deaths (Johns Hopkins Coronavirus Research 

Center, 2020). Before March 13, 2020, Kentucky, Maryland, Ohio, Michigan and New 

Mexico became the first US states to close all K-12 schools in response to coronavirus 

spread (CNN, 2020). Many cities also ordered their school districts to close. By March 

13, 2020, sixteen states in the United States had ordered their K-12 schools to shut down 

(Ujifusa, 2020). On March 13, Riverside County Public Health officials ordered all 



   

 

 

43 

public and private schools, colleges, and universities to close until April 3 (Riverside 

University Health System Public Health, 2020a). On April 1, 2020, Riverside County 

Public Health officials officially extended the school closure order for its county, 

extending the closure from March 16 through June 19, 2020 (Riverside University Health 

System Public Health, 2020b).  

Current design. Due to the timing of the pandemic and school closure, only 

enough data were collected for an AB design. The baseline phase took place as planned; 

classroom behaviors and math performance data were collected across three weeks and 

three student participants. The intervention phase lasted two weeks with four sessions of 

PALS intervention implemented before the participating school district along with other 

Southern California school districts announced their closure and the IRB of the 

University of California, Riverside initiated an immediate stop to almost all in-person 

research on March 13, 2020. Therefore, the resulting design contains one baseline phase 

and one intervention phase. The whole study took place for five weeks.  

Implications for study conclusions. The primary goal of single case design 

research is to determine the presence of a causal relation (i.e., functional relation) 

between the systematic manipulation of the independent variable and changes in the 

dependent variable; the systematic control in single case design involves replication of 

the treatment in the experiment (Kratochwill et al., 2010). The original What Works 

Clearinghouse: Single-case Design Technical Documentation states that “the (single-

case) study must include at least three attempts to demonstrate an intervention effect at 

three different points in time or with three different phase repetitions” (Kratochwill et al., 
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2010, p. 15). Examples of designs that can meet this standard are ABAB designs and 

multiple baseline designs with at least three baseline conditions. In AB designs, 

comparisons are made in performance between two conditions/phases: baseline (A) and 

treatment (B). Drawing plausible causal inferences from AB designs is difficult owing to 

the lack of replication of the treatment effect. In AB designs, there is only one attempt to 

demonstrate an intervention effect, which is to compare the treatment performance with 

the performance level that the “business-as-usual” condition predicts. Since the power of 

a single-case design lies in specific and complex predictions about when an intervention 

effect will take place, often through the observation of at least three demonstrations of 

effect, an AB design is significantly weaker. A causal claim that relies on change at a 

single point in time is easily challenged: how does the researcher know that it was the 

intervention that caused the change at that time point and not some other variable? A 

causal claim that relies on change at three points in time is much more difficult to 

challenge: is it plausible that, at each of these specific time points where the researcher 

predicted change would occur in response to manipulation of an independent variable, a 

separate variable simultaneously took place that was only present at these times and no 

others? 

Without replication, AB designs are exposed to another serious threat to internal 

validity compared with other types of single-case designs: maturation. Because data were 

gathered over time from “business-as-usual” condition to treatment condition, it is 

possible that participants’ performance changing in the expected, positive direction was 

resulted from learning or participants getting older. In the Standards, to overcome this 
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threat, designs are required to have three demonstrations of the effect and these 

demonstrations occur at a minimum of three different time points. Without replications of 

the treatment effect, naturally occurring changes could be confused with an intervention 

effect. In the current AB design, classroom behaviors and math performance were 

measured repeatedly over time during baseline and treatment. The author cannot rule out 

the possibility that maturation or the presence of another external variable caused positive 

academic and behavioral changes due to a lack of three demonstrations of effect. 

Data Analyses 

To answer the two research questions, two data analysis procedures were 

implemented. First, baseline and treatment results were graphed to demonstrate the 

participants’ progress (i.e., on-task behavior, off-task behavior, disruptive behavior, and 

math performance) over time. Within each case (i.e., student), level, trend, variability, 

immediacy of effect, overlaps would be interpreted for the data points and lines in the 

graph. A consideration of all these components would facilitate the interpretation of the 

patterns of the outcome data. An observation of positive change on each outcome 

variable would indicate the potential advantage of PALS Math over “business-as-usual” 

math instruction.  

After the visual analysis of the data, Percentage of Non-overlapping Data (PND; 

Scruggs, Mastropieri, and Casto, 1987) and Improvement Rate Difference (IRD; Parker, 

Vannest, & Brown, 2009) were used for within-case effect size calculation. PND is 

defined as the percentage of observations in treatment that have better results than the 

best data point from baseline (see Formula a). According to Scruggs and Mastropieri 
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(1998), PND scores of higher than 70% suggest effective intervention, 50% to 70% are 

categorized as questionable effectiveness, and lower than 50% are viewed as no observed 

effects. IRD is characterized as the difference of rates between treatment improvement 

and baseline improvement (see Formula b). The improvement rate (IR) is calculated as 

the total number of improved data points divided by the total number of data points in 

phase (see Formula c). IRD adjusts for trend and overlap of the results. For tentative 

benchmarks, IRD scores of .70 or .75 and higher can be regarded as large or very large 

effects; IRD between .50 to .70 should be categorized as moderate effect; and those 

smaller than .50 indicate very small or questionable effects (Parker et al., 2009). 

(a) PND = 
         

         
        

 × 100% 

(b) IRD = IRTx - IRBa  

(c) IR =      
      

 

Results 

Classroom Behavior Effects  

The effects of PALS Math on classroom behaviors in this section will be 

discussed based on each student participant and their on-task, off-task, and disruptive 

behaviors. Each student’s on-task, off-task, and disruptive behavior mean rates, range, 

and standard deviation across phases are demonstrated in Table 1. Figures 1-9 present 

session-by-session on-task, off-task, and disruptive (off-task motor and off-task verbal) 

behavior rates for the three fifth-grade students across conditions. Visual analysis results 

of level, trend, variability, overlaps, and immediacy of effect will be provided on each 
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student’s each behavior. Disruptive behavior is represented by both off-task motor (OFT-

M) and off-task verbal (OFT-V) behaviors. PND and IRD were calculated within each 

case (Table 2). 

Student 1 

On-task behavior. The baseline mean prevalence for Student 1’s on-task behavior 

rates was .70 across 3 observation sessions, with a range of .57-.80 and a standard 

deviation of .12. With the implementation of fifth-grade PALS Math, the on-task 

behavior mean rate slightly increased to .73 across 3 sessions (range = .64-.78, SD = .08). 

Figure 1 displays session-by-session on-task rates for Student 1 in baseline and PALS 

phases. It can be concluded from Table 1 and Figure 1 that the level of on-task behavior 

rates did not change much from baseline to PALS. In addition, the low variability of 

Student 1’s data points in baseline suggests that the participant’s performance was stable 

over time before the implementation of PALS. Figure 1 shows a downward (decreasing) 

trend during baseline while an upward (increasing) trend during PALS for Student 1’s 

on-task behavior. However, one hundred percent of the data from PALS condition 

overlapped with the range of data from baseline phase. From the last data point of 

baseline phase to the first data point of PALS phase, we can see a small, immediate 

increase. This result suggests that there was an immediate effect of the intervention. The 

visual analysis based on data level, trend, variability, overlaps, and immediacy of effect 

suggests that PALS Math was unclear about its effect on Student 1’s on-task behavior. 

Two methods of within-case, nonparametric effect sizes were calculated, resulting in 
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PND of 0% and IRD of .33. The quantitative analysis results suggest that there was no to 

a small effect on Student 1’s on-task behavior.  

Off-task behavior. The baseline mean for Student 1’s off-task behavior rates was 

.53 across 3 observation sessions, with a range of .45-.57 and a standard deviation of .07. 

With the implementation of fifth-grade PALS Math, off-task behavior mean rate reduced 

to .37 across 3 sessions (range = .28-.48, SD = .10). The mean level of off-task behavior 

reduced by 30% in PALS phase than in baseline phase. The variability of baseline data 

was small. Figure 2 displays session-by-session off-task rates for Student 1 in baseline 

and PALS conditions. The first data point in treatment was much lower than the last data 

point in baseline, which suggests an immediacy of treatment effect. Thirty-three percent 

(1 out of 3) of the data from PALS overlaps with the range of data from baseline phase. 

In addition, there was an upward (increasing) trend in both baseline and PALS treatment. 

Overall, these data provide tentative evidence that PALS Math may have been effective 

in decreasing Student 1’s off-task behavior. Within-case, nonparametric effect size for 

PND was 67% and for IRD was .67. Quantitative analysis results suggest that there was a 

moderate or questionable effect for Student 1’s off-task behavior. 

Disruptive behavior. Figure 3 demonstrates the session-by-session disruptive 

behavior (off-task motor and off-task verbal) rates for Student 1 in baseline and PALS 

phases. As depicted in Table 1, the rates of off-task motor behavior decreased comparing 

baseline and treatment: baseline rate levels ranged from .33 to .41, with a mean of .37 and 

a standard deviation of .04; treatment rate levels ranged from .04 to .24, with a mean of 

.13 and a standard deviation of .10. The variability of baseline data was small. Figure 3 
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shows an upward trend in baseline and a downward trend in PALS in term of off-task 

motor behavior. None of the data from PALS overlapped with the range of data from 

baseline phase. The last data point of this behavior in baseline was greater than the first 

data point of treatment, which suggests an immediacy of treatment effect. Reconciling the 

visual analysis results, PALS may have been effective in reducing off-task motor 

behavior in Student 1. Within-case, nonparametric effect size for PND was 100% and for 

IRD was 1. Quantitative analysis results indicate that there was a large or very large 

effect for Student 1’s off-task motor behavior. 

For off-task verbal behavior, the rates decreased comparing baseline and 

treatment; baseline rates ranged from .11 to .23, with a mean of .18 and a standard 

deviation of .06, and treatment rates ranged from 0 to .11, with a mean of .05 and a 

standard deviation of .06. The variability of baseline data was small. The last data point 

of off-task verbal behavior in baseline was greater than the first data point of treatment, 

which suggests an immediacy of treatment effect. Thirty-three percent (1 out of 3) of the 

data from PALS overlapped with the range of data from baseline phase. Student 1’s off-

task verbal behavior rate was relatively stable in baseline. Even though his behavior rates 

were in an increasing trend in PALS, there was a potential floor effect due to the low 

levels of behavior rates in treatment. The visual analysis results suggested a tentatively 

positive effect of the intervention on off-task verbal behavior, overall. Within-case, 

nonparametric effect size for PND was 100% and for IRD was .67. These quantitative 

analysis results suggest that there was a moderate effect of the intervention on Student 1’s 

off-task verbal behavior. 
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Student 2 

On-task behavior. The baseline mean for Student 2’s on-task behavior rates was 

.69 across 6 observation sessions, with a range of .55-.97 and a standard deviation of .15. 

With the implementation of fifth-grade PALS Math, the on-task behavior mean rate 

increased to .82 across 4 sessions (range = .74-.92, SD = .07). Figure 4 displays session-

by-session on-task rates for Student 2 in baseline and PALS phases. Figure 4 

demonstrates a moderate variability, and an increasing trend in baseline based on the 

split-middle method. That is to say, Student 2’s on-task performance in baseline was not 

very stable. His on-task behavior rates had a larger mean in treatment than in baseline but 

his performance with the implementation of PALS was in a decreasing trend. The last 

data point in baseline was slightly higher than the first data point of treatment phase, 

meaning no immediacy of treatment effect was observed. One hundred percent of the 

data from PALS overlapped with the range of data from baseline phase. Combining all 

the visual analysis results, PALS Math does not appear to have an obviously positive 

effect on Student 2’s on-task behavior. Within-case, nonparametric effect size for PND 

was 0% and for IRD was .79. The PND result indicates no observed effect and the IRD 

score indicates a large or very large effect of PALS Math for Student 2’s on-task 

behavior. 

Off-task behavior. Figure 5 demonstrates the session-by-session off-task behavior 

rates for Student 2 in baseline and PALS. As depicted in Table 1, the rates of off-task 

behavior of this student decreased from baseline to treatment: baseline rates ranged from 

.10 to .68, with a mean of .46 and a standard deviation of .21; treatment rates ranged from 
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.15 to .41, with a mean of .26 and a standard deviation of .11. The variability of baseline 

data was a bit excessive. With such fluctuation in baseline, it is difficult to predict 

Student 2’s future performance from the “business-as-usual” condition. Also, one 

hundred percent of the data from PALS overlapped with the range of data from baseline 

phase. The last data point in baseline was lower than the first data point of treatment 

phase. There was no immediate treatment effect found. The split-middle method of trend 

analysis suggested a downward trend in baseline and an upward trend in PALS. In 

summary, PALS Math was not found to decrease Student 2’s off-task behavior. Within-

case, nonparametric effect size for PND was 0% and for IRD was .58. The former result 

indicates no observed effect, and the latter indicates a moderate effect of PALS Math for 

Student 2’s off-task behavior. 

Disruptive behavior. Figure 6 displays the session-by-session disruptive behavior 

(off-task motor and off-task verbal) rates for Student 2 in baseline and PALS. As 

depicted in Table 1, the rates of off-task motor behavior decreased comparing baseline 

and treatment: baseline rates ranged from .03 to .40, with a mean of .19 and a standard 

deviation of .15; and treatment rates ranged from .03 to .19, with a mean of .08 and a 

standard deviation of .07. Figure 6 suggests that the variability of baseline data was 

neither excessive nor small; and the trend in baseline was decreasing and the one in 

PALS was increasing. Seventy-five percent (3 out of 4) of the data points in PALS 

overlapped with the range of data in baseline. The last data point in baseline was very 

close to the first data point in PALS. PALS does not appear to have an obvious effect on 

Student 2’s off-task motor behavior. Within-case, nonparametric effect size for PND was 
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25% and for IRD was .38. These results indicate no to a small effect of PALS Math on 

Student 2’s off-task motor behavior. 

For off-task verbal behavior, baseline rates ranged from 0 to .38, with a mean of 

.16 and a standard deviation of .17; and treatment rates ranged from 0 to .04, with a mean 

of .02 and a standard deviation of .02. Student 2’s off-task verbal behavior rates were 

very low and stable during PALS Math implementation, which suggests the potential for 

a treatment effect. The variability of baseline data was neither small not excessive. The 

last data point of off-task verbal behavior in baseline was slightly lower than the first data 

point of treatment (the last off-task verbal behavior rate in baseline was 0 and the first 

off-task verbal rate was .04). One hundred percent of the data from PALS overlapped 

with the range of data from baseline phase. Comparing Student 2’s relatively large 

variability and high levels of behavior rate, despite a slight decreasing trend, in baseline, 

and his very low and stable behavior rates in treatment, there is some tentative evidence 

that the implementation of PALS reduced off-task verbal behavior in Student 2. Within-

case, nonparametric effect size for PND was 0%, for IRD was .58. PND score suggests 

no observed effect and IRD result indicates a moderate effect. 

Student 3 

On-task behavior. The baseline mean for Student 3’s on-task behavior rates was 

.59 across 5 observation sessions, with a range of .46-.76 and a standard deviation of .11. 

With the implementation of fifth-grade PALS Math, on-task behavior mean rate 

increased to .85 across 3 sessions (range = .75-1, SD = .13). Figure 7 displays session-by-

session on-task rates for Student 3 in baseline and PALS phases. The variability of 
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baseline data was relatively small. Both baseline and treatment data demonstrated an 

upward trend. Thirty-three percent (1 out of 3) of PALS data overlapped with baseline 

data. For the immediacy of effect criterion, the first treatment data point was at a higher 

level than the late data point of baseline. In general, there is some tentative evidence to 

suggest that PALS Math was effective in increasing on-task behavior for Student 3. 

Within-case, nonparametric effect size for PND was 67%, and for IRD was .73. PND 

score suggests a questionable effect and IRD result indicates a large or very large effect. 

Off-task behavior. The baseline mean for Student 3’s off-task behavior rates was 

.56 across 5 observation sessions, with a range of .52-.65 and a standard deviation of .06. 

With the implementation of fifth-grade PALS Math, off-task behavior mean rate 

decreased to .35 across 3 sessions (range = .21-.46, SD = .13). Thus, the mean level of 

off-task behavior rates in treatment was lower than the level in baseline phase and the 

variability of baseline data was small. Figure 8 shows session-by-session off-task rate for 

Student 3 in baseline and PALS phases. The first data point in treatment was much lower 

than the last data point in baseline, which represents an immediate treatment effect. None 

of the data from PALS overlapped with the range of data from baseline phase. The data 

trend in baseline was almost none and the trend in treatment was accelerating. Overall, 

the visual analysis results tentatively suggest that PALS Math may have been effective in 

decreasing Student 3’s off-task behavior. Within-case, nonparametric effect size for PND 

was 100% and for IRD was 1. Both effect size scores represent a large or very large 

effect of PALS Math. 
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Disruptive behavior. Session-by-session disruptive behavior (off-task motor and 

off-task verbal) rates for Student 3 in baseline and PALS are shown in Figure 9. As 

depicted in Table 1, the rate of off-task motor behavior decreased comparing baseline and 

treatment: baseline rate levels ranged from .23 to .37, with a mean of .31 and a standard 

deviation of .07; treatment rate levels ranged from .04 to .42, with a mean of .25 and a 

standard deviation of .19. Figure 9 suggests that the variability of baseline data was 

small. The trend of baseline data was close to none and the trend in PALS was increasing. 

Thirty-three percent (1 out of 3) of the data points in PALS overlapped with the range of 

data in baseline. The last data point in baseline was at a much higher level than the first 

data point in PALS, which indicated an immediate treatment effect. However, the last 

observation in treatment had a higher rate than any observations in baseline. Any 

treatment effect, in general, was not clear on Student 3’s off-task motor behavior. Within-

case, nonparametric effect size for PND was 33%, and for IRD was .47. The two effect 

size results suggest that PALS had no or a small effect on Student 3’s off-task motor 

behavior. 

For off-task verbal behavior, baseline rate levels ranged from .03 to .37, with a 

mean of .21 and a standard deviation of .16; and treatment rate levels ranged from .04 to 

.10, with a mean of .07 and a standard deviation of .03. Student 3’s off-task verbal 

behavior rates were very low during PALS Math implementation. The variability of 

baseline data was neither small nor excessive. The last data point of off-task verbal 

behavior in baseline was at a close level as the first data point of treatment (the last off-

task verbal behavior rate in baseline was .07 and the first off-task verbal rate was .08). 



   

 

 

55 

One hundred percent of the data from PALS overlapped with the range of data from 

baseline phase. Student 3’s off-task verbal behavior rates in both baseline and PALS were 

at a decreasing trend. Thus, some tentative evidence exists to suggest that PALS Math 

may have been effective considering the data level and variability in baseline and 

treatment. Within-case, nonparametric effect size: PND = 0%, IRD = .47. Both effect size 

results suggest that PALS had no or a small effect on Student 3’s off-task verbal 

behavior. 

Summary. For on-task behavior, a tentative effect was observed for Student 3, 

but unclear for Student 1 and Student 2 due to the conflicting results among visual 

analysis and two quantitative analysis methods. For off-task behavior, some tentative 

evidence was observed for Student 1 and Student 3, but results were unclear for Student 

2. Regarding off-task motor behavior (disruptive behavior), a tentative effect was found 

for Student 1, but not for Student 2 or Student 3. There was also a tentative effect for 

Student 1 and Student 3 on off-task verbal behavior (disruptive behavior), but the effect 

on this behavior was unclear for Student 2. 

Math Performance Effects 

Table 3 displays the mean scores, range, and standard deviation of M-COMP of 

the three student participants across conditions. There were three data collection sessions 

in baseline and two sessions in treatment for each student. Figures 10-12 demonstrate 

session-by-session M-COMP scores of each student across phases. What Works 

Clearinghouse standards require a minimum of three data points in each phase for single 
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case designs (Kratochwill et al., 2010). Since the number of data points in treatment 

phase is less than three, the graphs will not be interpreted in this paper.  

Student 1. As shown in Table 3, baseline scores ranged from 2 to 5, with a mean 

of 3 and a standard deviation of 1.73; treatment scores ranged from 4 to 10, with a mean 

of 7 and a standard deviation of 4.24. Session-by-session M-COMP performance for 

Student 1 in baseline and PALS is shown in Figure 10. 

Student 2. For Student 2, baseline scores ranged from 0 to 1, with a mean of .67 

and a standard deviation of .58; treatment scores ranged from 1 to 2, with a mean of 1.5 

and a standard deviation of .71. Session-by-session M-COMP performance for Student 2 

in baseline and PALS is demonstrated in Figure 11. 

Student 3. Baseline scores for Student 3 ranged from 6 to 21, with a mean of 14 

and a standard deviation of 7.55; treatment scores ranged from 10 to 15, with a mean of 

12.5 and a standard deviation of 3.54. Session-by-session M-COMP performance for 

Student 3 in baseline and PALS is displayed in Figure 12. 

Social Validity 

Teacher. The participating teacher completed the User Rating Profile-

Intervention, Revised (URP-IR) survey after the study. The responses formed subscale I-

VI with six different factors. Factor I (Acceptability) assessed the acceptability of the 

intervention and the implementer’s enthusiasm toward implementing the intervention. 

The response resulted in 83% on Factor I. This result suggests that mostly, the teacher 

thought the intervention as acceptable and felt enthusiastic to implement it. Factor II 

(Understanding) assessed the extent to which the individual understood how to 
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implement the intervention. The teacher rated 83% on this factor, which means that he 

mostly understood the methods and procedures of the intervention. Factor III (Home-

School Collaboration) reflects how much the individual believed that family-school 

collaborations were necessary for the intervention to be successfully utilized. The rating 

on this factor was 72%. That is to say, the teacher believed that school-home 

collaboration was necessary to an extent. Factor IV (Feasibility) measured the feasibility 

of the intervention implementation. Total score on this factor was 78%. Factor V (System 

Climate) assessed whether the intervention matched the school environment. The rating 

on Factor V was 83%. Thus, the teacher believed that the intervention was mostly 

compatible with the school environment. Factor VI (System Support) represents how 

much the implementer needed external support to use the implementation. A rating of 

44% on Factor VI reflects a low level of external support needed to implement the 

intervention. 

Discussion 

In contrast to the traditional “wait-to-fail” procedures in special education, Multi-

Tiered Systems of Support (MTSS) take a preventative approach to assess students and 

make data-based decisions. The implementation of evidence-based, tier 1 instructional 

and behavioral strategies can lead to positive academic and behavioral outcomes among 

students in a universal level (i.e., classwide or schoolwide). The purpose of the current 

study was to examine whether Peer-Assisted Learning Strategies (PALS) Math, as a tier 1 

instructional strategy, is effective in improving classroom behaviors and math 

performance for fifth graders displaying both math and behavioral difficulties. There 
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were two research questions in the current study: (a) does the implementation of PALS 

Math result in an improvement in the classroom behavior (i.e., engagement and 

disruptive behavior) of fifth-grade students with academic or behavioral difficulties, and 

(b) does the implementation of PALS Math result in an increase in the math performance 

of fifth-grade students with academic or behavioral difficulties? Due to a variety of 

evidence on another peer tutoring program sharing key features with PALS (i.e., 

Classwide Peer Tutoring), it was hypothesized that PALS Math would be an effective tier 

1 intervention in enhancing academic and behavioral outcomes of fifth graders. Three 

students within the same math class enrolled in the current study and an AB design, 

rather than the planned ABAB design, was conducted due to nationwide school closures 

in response to the COVID-19 pandemic. 

PALS Math and Classroom Behaviors 

In the first research question, classroom behaviors were represented by on-task 

behavior, off-task behavior, and disruptive behavior; disruptive behavior is assessed via 

off-task motor and off-task verbal behavior. The four behaviors were measured via 

systematic direct observations across participants and conditions. Visual analysis and 

quantitative analysis were both utilized to evaluate the behavioral outcomes of each 

student. 

For Student 1, visual analysis results indicate that the intervention may have been 

effective in improving off-task and disruptive behaviors. In quantitative analysis, only 

off-task behavior and two types of disruptive behavior were found to be positively 

affected by PALS Math, among which the intervention was most effective in reducing 
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Student 1’s off-task motor behavior. In terms of on-task behavior, even though the mean 

and trend comparison results between baseline and treatment support the effect, the 

behavior rates in PALS 100% overlapped with the range of data points in baseline. 

Therefore, the intervention did not significantly increase Student 1’s on-task behavior. 

One possibility to explain this outcome is that Student 1’s on-task rate was already very 

high (mean = .70, range = .57-.80) during baseline; it would be very difficult to make 

improvement due to the ceiling effect. During behavior observations in participant 

selection, Student 1’s on-task behavior occurred below 70% of intervals and off-task 

behavior occurred above 20% of intervals, which met the participant selection criteria. 

The discrepancy between baseline performance and the performance during participant 

selection may have been caused by the arbitrary single observation during participant 

selection and/or reactivity/Hawthorne effect/observer effect (i.e., participants altering 

behavior as a result of being aware of themselves being observed). 

The results for Student 2 were mixed. For on-task behavior, visual analysis 

tentatively concluded that the intervention was not effective and the PND score was 

categorized under “no observed effect”. However, IRD results suggested that the 

intervention had a “large or very large effect” on this behavior. The presence of one 

outlier definitely impacted the PND score and greatly impacted the visual analysis 

results; the last on-task rate in baseline was .97 while the range of the first 5 data points 

in baseline was .55 to .71. As another effect size method, IRD is a measure that 

calculated the difference in successful performance between baseline and intervention 

and has been found to show more sensitivity than PND (Parker et al., 2009). Even though 
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PND is a widely used effect size measure in publications (Parker, Vannest, & Davis, 

2011), it only takes the “best” data point in baseline into account and is therefore 

extremely susceptible to outliers. Thus, IRD can be viewed as a potentially less-biased 

measure. In this case, PALS Math might be effective in increasing Student 2’s on-task 

behavior based on the IRD result. Similarly, the last data point of off-task behavior in 

baseline was significantly lower than the previous five data points: the last rate was .10 

and the range of the first five rates was .37 to .58. As an outlier, the last data point in 

baseline contributed greatly to the visual analysis and PND results. The IRD result for 

this behavior was categorized as moderate effect. For off-task motor behavior, neither 

visual nor quantitative analysis results can support the impact of the intervention. 

Regarding off-task verbal behavior, both visual analysis and IRD results indicate that 

PALS Math had a positive, moderate effect on this behavior but PND score resulted in a 

“no observed effect” conclusion on the treatment. 

For the last student participant (Student 3), visual analysis and quantitative 

analysis results suggest that the treatment may have had a positive effect on both on-task 

and off-task behaviors, but it may not have been effective in reducing off-task motor 

behavior. Despite a display of an immediate treatment effect and a reduction in the mean, 

the last performance in treatment was worse than any occasion in baseline for off-task 

motor behavior. The mean and variability of off-task verbal behavior significantly 

decreased during PALS but quantitative analysis resulted in a conclusion of no or a small 

effect. A possible explanation is a floor effect with the implementation of PALS: since 
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the subject’s behavior is rarely happening throughout treatment, as seen as its rates close 

to 0 (range from .04 to .10), it is of great difficulty to detect any change.  

Despite the results varying across participants and behavior types, this study 

provided tentative evidence that PALS Math may be a potentially effective tier 1 

approach to improve classroom behaviors in fifth graders with math and behavioral 

difficulties. However, no causal claims can be made from this paper due to the absence of 

the opportunity for three demonstrations of effect. So far, no studies on PALS Math have 

looked at its effect on behavioral outcomes. Sharing same key features and instructional 

and behavioral principles as PALS, Classwide Peer Tutoring has been found to be 

effective in increasing on-task behavior (e.g., DuPaul et al., 1998) and reducing off-task 

behavior (e.g., DePaul & Henningson, 1993). Thus, the tentative behavioral results in the 

current study were consistent with previous findings in peer tutoring. 

PALS Math and Math Performance 

Not even tentative conclusions were able to be made regarding math performance 

due to the lack of sufficient observation sessions in treatment: What Works 

Clearinghouse standards require a minimum of three data points in each phase for single 

case designs (Kratochwill et al., 2010), but there were only two data points of math 

performance during treatment in this research study. 

Social Validity 

The participating teacher perceived PALS Math as mostly acceptable, feasible, 

well-understood, and compatible with the school climate. That is to say, PALS Math is 

generally appropriate, effective, reasonable, and not too complicated to carry out 
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accurately.  In addition, the findings show that PALS Math requires home-school 

collaboration and low levels of external support for implementation, indicating the need 

for collaboration and communication with the students’ family while ongoing 

consultation and additional resources are not essential for implementation. In conclusion, 

these positive feedbacks provide supporting evidence for the use of PALS Math among 

teachers. 

What I Expect to See in an ABAB Design 

In lieu of an actual third and fourth phase for this study, potential outcomes and 

interpretations for the study given prior performance are outlined next. 

Classroom behaviors. As in an ABAB design, after the first baseline (A1) and 

the first treatment (B1) phases, there would be the second baseline (A2) and the second 

treatment (B2) conditions.  

For Student 1, since the student’s on-task behavior rates in A1 were already high, 

withdrawing the intervention (A2) is not expected to have a significant impact on this 

behavior. Therefore, it is likely that Student 1’s on-task behavior rates in A2 could be 

only slightly lower than B1 or stay in a close level as in B1 with small variability. With 

the implementation of the intervention again (B2), this student’s on-task behavior could 

be slightly higher than or close to A2 with small variability. For Student 1’s off-task, off-

task motor, and off-task verbal behaviors, quantitative analysis results suggest a moderate 

or large effect of PALS Math. Therefore, it is expected that these three behaviors could 

be in higher rates than B1 when the condition is reversed (A2) due to a reduction in 
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opportunities or respond during instruction. A2 performance may be similar to the 

performance in A1.  

For Student 2, if we consider the last data point of on-task and off-task behaviors 

in A1 an outlier that may have been caused by random, unsystematic error, the 

intervention may be regarded as very effective in improving these two behaviors. The 

evidence stands in the IRD scores that were categorized as large effect or moderate effect 

for these behaviors. In this case, we expect Student 2’s on-task behavior to decrease in 

A2 compared with his performance in B1; and his off-task behavior to increase in A2 

compared with the behavior rates in B1. With a re-introduction of the intervention (B2), 

Student 2’s on-task behavior may increase again to a level that is either slightly higher or 

close to his performance in B1. Similarly, it is possible that his off-task behavior could 

decrease in B2 compared with A2. Additionally, the intervention was found to have no or 

a small influence on Student 2’s off-task motor behavior. Thus, we may not see 

significant changes of this behavior in A2 or B2 in contrast to his rates in A1 or B1. For 

his off-task verbal behavior, considering the rates in B1 were close to 0 with very small 

variability, we can anticipate that the rates will be generally higher in A2 with more 

excessive variability. We can also foresee the rates in B2 to come back to a level and 

variability similar to B1. 

For Student 3, it was concluded that PALS Math was effective in improving his 

on-task and off-task behaviors and it had a small effect on off-task verbal behavior. 

Therefore, it is likely that his on-task rates could significantly decrease and off-task rates 

greatly increase in A2 compared with B1; and his off-task verbal rates could show small 
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increase in A2 in contrast to B1. When the intervention is implemented again (B2), 

Student 3 may perform more on-task behavior and less off-task and off-task verbal 

behaviors than A2. Since a questionable effect was found on this student’s off-task motor 

behavior, we might not see much change in A2 and B2 compared with A1 and B1. 

Math performance. Different from behavior data, math performance can be 

rather stable and less easy to observe the change. Especially when having less than 3 data 

points in B1, it is even harder to make predictions on the three students’ future math 

performance. That is to say, based on the data collected, whether the intervention had an 

influence on math scores for the three students was unclear. We might still be able to 

anticipate a slight increase in B1 and B2 than A1. Since math skills are irreversible, the 

students’ math scores in A2 may still be higher or similar to what was observed in B1. 

Other Limitations and Future Directions 

Besides the limitations with AB designs discussed earlier, there are other 

limitations in the current study. First, reactivity to the observer may have affected the 

outcomes. The three student participants were given Student Assent forms and explained 

the risks and benefits coming with agreeing to study participation. That is to say, the 

students were aware that they were being observed when the researcher/observer came in. 

It was found that the three students would look at the researcher several times during data 

collection when they were off-task and then turn to learning materials once they noticed 

that they were being observed. This behavior could potentially bias the study results. A 

potential solution to this problem for future research is to engage different people in data 
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collection and participant enrollment processes, or conduct more pre-baseline 

observations to acclimate the students to the presence of the observer. 

Second, PALS student training was during the last week of baseline phase. 

Specifically, during the one and half hour of math instruction on every school day, 

behavior data collection was conducted first in the “business-as-usual” condition; after 

regular instruction time, the teacher participant provided training to the whole class of 

students for 30-50 minutes in each training session. It is possible that the treatment effect 

was “carried over” to the next day’s regular instruction time. The M-COMP result in this 

week can be interpreted as a result of both regular instruction and PALS training. This 

problem might not be very threatening because most of the training content was about 

introducing and becoming familiar with the procedures of PALS and very little time was 

directly contributed to math practice. For future directions, a researcher conducting an 

ABAB design may consider having student training after the baseline data collection is 

completed but before starting the intervention. 

Third, the emphasis of the current study was to examine PALS Math’s influence 

on classroom behaviors. However, with math performance data also being collected, it 

may be unrealistic to anticipate immediate and significant changes in weekly progress 

monitoring during three weeks’ intervention. Another issue related to weekly progress 

monitoring via M-COMP is testing effect. The students were given M-COMP probes at 

the end of each week throughout the study. Each test administration lasted 8 minutes and 

took place within a small group. It is possible that the students will become more and 

more familiar and comfortable with the structure and questions of the measure and get 
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better results over time. Replications in single case designs, as well as the use of different 

probes, can make this threat less of a problem. For example, in ABAB designs, if 

performance in A2 is less desirable than B1, a testing effect may be less likely. 

Fourth, in the participant selection process, one observation of the nominated 

students was conducted to confirm the nomination. The student participant selection 

criteria were: on-task behavior occurring in less than 70% of intervals and off-task 

behavior occurring in more than 20% of intervals. Results from one observation occasion 

can be arbitrary and less reflective of the typical classroom behavior performance of the 

students. Student 1’s on-task behavior rates during baseline had a mean of .70 (70%) and 

a range of .57 to .80 (57% to 80%). These high rates might be caused by observer effect 

or a single data collection occasion in participant selection. It is recommended that future 

research consider measuring behaviors across different occasions in order to capture the 

typical behavior performance of the nominees.  

Fifth, stability captured in baseline can influence the conclusions being made. An 

issue with Student 2’s data was the relatively excessive variability of data in baseline. 

The excessive fluctuation in baseline or other phases might very likely interfere with 

drawing conclusions about treatment effect. With a large magnitude of behavioral 

change, it is difficult to predict future performance. Ideally, baseline data should show 

little variability. For future research, researchers may wish to wait until baseline data 

reach certain stability criteria before implementing the intervention. If more than one 

participant is involved in the same intervention group, researchers can consider using 
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multiple baseline designs to avoid the lack of control in baseline data’s stability in 

individual students. 

The last limitation is related to the threats to external validity. According to 

Shadish, Cook, and Campbell (2002), external validity is about inferences in whether the 

causal relations can stand over variation across persons, settings, treatment variables, and 

measurement variables. The setting of the current study was a fifth-grade math classroom 

in a Southern California school district with a high level of diversity. However, the 

participating school is characterized as having lower income and test scores than state 

average. Moreover, all three student participants are male students. Shadish et al. 

recommended purposeful sampling strategies to increase the heterogeneity in settings and 

participants. Future directions should involve a relatively heterogenous sample in single 

case designs. In terms of treatment variables and measurement variables, Johnson and 

Pennypacker (2009) recommended replications of studies with planned variables to 

overcome the threats. 

The current study examined Peer-Assisted Learning Strategies (PALS) Math’s 

effectiveness in improving classroom behaviors and math performance for fifth graders 

displaying both math and behavioral difficulties. Due to school closures in response to the 

COVID-19 pandemic, the study design did not achieve three opportunities for a 

demonstration of effect and does not meet WWC Standards. Findings of this study 

provided tentative (but in no way causal) evidence to support the effectiveness of PALS 

Math on classroom behavior and math performance. It is recommended that future 

studies use more rigorous designs to conduct further examination. 
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Table 2 

Effect Sizes on Classroom Behavior 

Student Behavior PND IRD 

S1 On-task 0% (no observed effect) .33 (small/questionable effect) 

 Off-task 67% (questionable effect) .67 (moderate effect) 

 OFT-M 100% (effective) 1 (large or very large effect) 

 OFT-V 100% (effective) .67 (moderate effect) 

S2 On-task 0% (no observed effect) .79 (large or very large effect) 

 Off-task 0% (no observed effect) .58 (moderate effect) 

 OFT-M 25% (no observed effect) .38 (small/questionable effect) 

 OFT-V 0% (no observed effect) .58 (moderate effect) 

S3 On-task 67% (questionable effect) .73 (large or very large effect) 

 Off-task 100% (effective) 1 (large or very large effect) 

 OFT-M 33% (no observed effect) .47 (small/questionable effect) 

 OFT-V 0% (no observed effect) .47 (small/questionable effect) 

Note. S1: Student 1. S2: Student 2. S3: Student 3. OFT-M: Off-Task Motor behavior. OFT-V: 

Off-Task Verbal behavior. 
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Table 3 

Mean Score (Range, Standard Deviation) of M-COMP for Three Student Participants 

 Baseline PALS 

S1 3 (2-5, SD=1.73) 7 (4-10, SD=4.24) 

S2 .67 (0-1, SD=.58) 1.5 (1-2, SD=.71) 

S3 14 (6-21, SD=7.55) 12.5 (10-15, SD=3.54) 

Note. S1: Student 1. S2: Student 2. S3: Student 3. M-COMP: AIMSweb Math Computation. 
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Figure 1  

On-Task Behavior Rate of Student 1 

 
 

Figure 2 

Off-Task Behavior Rate of Student 1 
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Figure 3 

Disruptive Behavior Rate of Student 1 

 
 

Figure 4 

On-Task Behavior Rate of Student 2 
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Figure 5 

Off-Task Behavior Rate of Student 2 

 
 

Figure 6 

Disruptive Behavior Rate of Student 2 
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Figure 7 

On-Task Behavior Rate of Student 3 

 
 
 

Figure 8 

Off-Task Behavior Rate of Student 3 
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Figure 9 

Disruptive Behavior Rate of Student 3 

 
 
Figure 10 

M-COMP Performance of Student 1 
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Figure 11 

M-COMP Performance of Student 2 

 
 
 
 
 
Figure 12 

M-COMP Performance of Student 3 
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