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ABSTRACT 

 
Math facts are foundational for later math skill development but have been identified as a 

common skill deficit among students in early schooling (Gersten, Jordan, & Flojo, 2005). Drill-

based interventions effectively target and improve foundational academic skills (Burns, 2005), 

however, there is limited research examining drill-based interventions within the context of math 

facts and also a gap in the use of theoretical frameworks to guide such research. The purpose of 

this study was to compare the effects of incremental rehearsal (IR), traditional drill (TD), and 

strategic incremental rehearsal (SIR) on multiplication fact retention, maintenance, and fluency 

outcomes with 36 fourth and fifth graders. The study also examined intervention efficiency and 

treatment acceptability. Additionally, the instructional hierarchy was used to inform intervention 

procedures as well as discuss outcomes. Results showed no differences in retention (p = .710; W 

= .01), maintenance (p = .231; W = .04), and treatment acceptability (p = .348; W = .03) across 

the interventions. There were significant differences between pre-test and post-test fluency for IR 

(p < .0125; ηp2 = .14) but no differences in fluency among IR and TD (p = 1.000), IR and SIR (p 

= .966), as well as TD and SIR (p = 1.000). Furthermore, TD was shown to be most efficient 

intervention overall (p < .05; W = .39). The findings from the present study were discussed 

within the context of previous research as well as implications for practice, future research, 

limitations and conclusions. 
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CHAPTER 1 

Introduction 

According to the National Assessment of Educational Progress (NAEP), in 2017, 

approximately 40% of fourth grade students demonstrated proficiency in mathematics (Nations 

Report Card, 2017). Furthermore, the number of students demonstrating even basic level 

performance (i.e., demonstrating some understanding of NAEP’s five areas of math, but not full 

proficiency) decreased from 42% to 39% (Nations Report Card, 2017). The large proportion of 

students in the United States who did not demonstrate proficiency in math (60%) underscores the 

need to systematically implement interventions targeting math skills in schools. Targeting 

foundational math skills through such interventions will also promote over math skill 

development throughout schooling.  

Proficiency in early math skills (e.g., math facts) has been shown to predict later math 

skills (e.g., algebra; Duncan et al., 2007), and yet, math fact knowledge has been identified as a 

common skill weakness among students who have math difficulties during early schooling 

(Gersten, Jordan, & Flojo, 2005). Students who struggle to master math facts, specifically, have 

been shown to demonstrate difficulty understanding more complex math concepts, like algebra, 

later in formal schooling (Gersten et al., 2005). Such foundational math skills like math facts, 

therefore, represent an important target for evidence-based math interventions. However, the 

majority of the early intervention research has focused on early reading interventions as opposed 

to early math interventions (Methe et al., 2011). Given that math fact acquisition is a common 

area of math difficulty, targeting these skills through math intervention holds promise in 

addressing the low national proficiency levels. Such interventions are commonly implemented 

within the context of system-level frameworks. 
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Multi-tiered frameworks, such as Response to Intervention (RtI), are a means of 

providing academic supports to students demonstrating academic needs. RtI serves as a universal 

framework to provide instructional support to all students and intervention to students 

experiencing academic difficulties. It is a systems-level framework that uses school-wide 

screening measures to identify struggling students, and in response, implement evidence-based 

interventions in the students’ area of academic difficulty. The goal of these academic supports is 

to increase students’ academic skills, and consequently, decrease the need for educational 

supports. Thus, providing early, evidence-based, intervention not only promotes positive student 

academic outcomes but also reduces the number of students with academic difficulties. RtI may 

also be a cost-effective strategy given the support for effective resource allocation within the 

framework (Burns & Gibbons, 2012). In fact, implementation of RtI led to a reduction in time 

spent conducting special education evaluations and a reduction in costs to the school district 

(VanDerHeyden, Witt, & Gilbertson, 2007). Early intervention within an RtI context is of 

primary importance to support students’ academic outcomes as well as broader life outcomes.  

Early academic interventions play an important role in promoting positive outcomes for 

students both in and outside of school. For example, students experiencing academic difficulty 

are more likely to engage in problem behaviors such as drug and alcohol use (Wang & Fredricks, 

2014) as well as dropping out of school altogether (Archambault, Janosz, Fallu & Pag, 2009; 

Janosz, Archambault, Morizot & Pagani, 2008; Fan & Wolters, 2014). In contrast, when students 

experienced academic success, specifically in math, there was a reduction in negative school 

outcomes (i.e., school dropout), which resulted in better vocational preparation, higher rates of 

employment and social contributions (e.g., volunteering within the community; Campbell & 

Ramey, 1995), fewer law-breaking instances (Berrueta-Clement, Schweinhart, Barnett, Epstein, 
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& Weikart, 1984), and increased independent living as adults (Tolar, Lederberg, & Fletcher, 

2009). Given these positive outcomes associated with academic success and math proficiency, it 

is important to target students’ math difficulties early through empirically supported 

interventions.  

Despite the evident need for early math intervention, there is relatively little research 

examining such interventions (Lembke, Hampton, & Beyers, 2012; Hughes & Dexter, 2011; 

Methe et al., 2011). Moreover, the majority of academic intervention research has been related to 

reading (e.g., phonics, sight words). The research that has been conducted on acquisition-based 

math interventions has largely focused on broad instructional strategies (e.g., concrete-

representational-abstract; Agrawal & Morin, 2016). Additionally, there is limited research 

examining interventions addressing students’ math fact acquisition, specifically (e.g., drill-based 

interventions; Burns, 2005; Burns, Zaslofsky, Maki, & Kwong, 2016; McVancel, Missall, & 

Bruhn, 2018).  

Drill-based interventions are one intervention approach that have demonstrated 

effectiveness for increasing basic skill acquisition (Klingbeil, Moeyaert, Archer, Chimboza, & 

Zwolski Jr., 2017; Volpe, Mulé, Briesch, Joseph, & Burns, 2011), and yet, most of the research 

examining such drill-based interventions have targeted reading skills (Burns et al., 2010). The 

relatively heavy focus on reading research is a significant problem given that acquisition of math 

facts is linked to proficiency in advanced math skills in later schooling. Additionally, research 

examining drill-based math interventions has largely used single-case research designs, which 

limits the generalizability of these study findings.  

Currently, two drill-based interventions which have demonstrated effectiveness in 

improving students’ math fact acquisition include incremental rehearsal (IR) and traditional drill 
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(TD; Burns, 2005). Although there is preliminary evidence supporting IR and TD in effectively 

improving students’ math facts skills, these interventions have largely been examined within the 

context of reading skills (Burns, 2005). Recently, another drill-based intervention, strategic 

incremental rehearsal (SIR), has demonstrated effectiveness for the acquisition of basic reading 

skills (i.e., sight words) with two studies finding slightly greater effectiveness and efficiency of 

SIR when compared to IR (Kupzyk, Daly III, & Andersen, 2011; January, Lovelace, Foster, & 

Ardoin, 2017). As stated, SIR has solely been examined within the context of reading (Volpe, 

Mulé et al., 2011; January et al., 2017); however, given the preliminary evidence for IR and TD 

related to math fact acquisition, SIR may also hold promise for application to math facts because 

it combines components of these two effective instructional methods. Thus, the present study 

aims to further expand the current math intervention research base by comparing novel and 

familiar interventions as well as address other gaps in the math intervention literature.  

Another limitation of the math intervention research base is the limited use of theoretical 

frameworks to guide implementation and interpret results of empirical studies (Burns, 2011). 

Theoretical frameworks are theory-based ideas or concepts that attempt to explain phenomena or 

guide understanding of a concept (Ellis, 2014) such as why certain academic interventions 

demonstrate effectiveness. Using theory to guide research is important because it increases the 

internal validity of the intervention (Volpe & Suldo, 2014) and allows for adaptation of 

interventions to specific settings (Burns, 2011) such as schools. Some of the theoretical 

frameworks identified within the intervention literature broadly include ecological, prevention, 

social cognitive, cognitive-behavioral, cognitive and behavioral frameworks (Mercer, Idler, 

Bartfai, 2014). Of these frameworks, cognitive and behavioral frameworks have been most 

commonly used to guide interventions targeting academic skills (Mercer et al., 2014; Axtell, 
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McCallum, Bell, & Poncy, 2009). The Instructional Hierarchy (IH) is one framework which has 

been applied within the context of academic interventions, predominately related to reading 

interventions (Codding & Martin, 2016). Even though the IH has been applied within reading 

intervention research, the use of such frameworks within the context of math interventions is 

inconsistent and scarce (Burns, 2011). When theoretical frameworks, such as the IH, have been 

incorporated within math intervention research, they have largely either been referenced to 

broadly discuss instructional features of an intervention or in explaining research findings 

(Codding & Martin, 2016; Burns, 2011) but not to both guide intervention implementation and 

interpret research findings. The absence of such theoretical frameworks limits the 

generalizability of research findings as well as limits understanding of why interventions are 

effective. Therefore, research related to the application of theoretical frameworks, such as the IH, 

to guide and explain math interventions is also warranted.  

Statement of problem 

There are a limited number of students who demonstrate proficiency in math (Nations 

Report Card, 2017), and yet, much of the academic intervention research has focused on 

targeting students’ reading difficulties. Math fact acquisition is a common area of difficulty 

among students experiencing math difficulties in elementary school (Gersten et al., 2005), but 

research examining interventions targeting foundational math skills, specifically math facts, is 

limited (Burns, 2005). Therefore, additional research examining math fact acquisition 

interventions is needed in an effort to improve such students’ math skills and in turn increase the 

number of students demonstrating proficiency in math. Drill-based intervention research for 

math facts is lacking compared to the application of such interventions to other academic areas, 

such as reading (Burns, 2011). Additionally, drill-based math interventions for math facts have 
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most commonly been examined through single-case research designs, which limits the 

generalizability of previous study findings. Therefore, the use of new research designs (i.e., 

group designs) for drill-based interventions related to math facts is needed to not only generalize 

findings from such studies but also to expand the math fact intervention research base. Moreover, 

math intervention research has inconsistently used theory to guide intervention implementation 

and explain research findings. In instances when theory has been incorporated it has either been 

used to explain the effectiveness of specific instructional features (e.g., modeling; Benner, Stage, 

Nelson, & Ralston, 2011; Burns, 2005), or has been used to retroactively study the results (Burns 

et al., 2011). Thus, future math intervention research should use theoretical frameworks to guide 

intervention implementation and interpret findings in an effort to better understand why 

interventions are effective. The present study aims to address these limitations and will be 

discussed in further detail. 

Significance of the study 

Given that only 40% of fourth-grade students demonstrated proficiency in math (Nations 

Report Card, 2017), there is a need for greater implementation of evidence-based math 

interventions in schools. However, in order to ensure implementation of appropriately targeted 

math interventions, there is also a need for additional research examining early math 

interventions. Currently, there is a relative dearth of research examining early math interventions 

compared to early reading interventions, particularly within the context of prevention models 

such as RtI (Bouck & Cosby, 2017). The present study, therefore, will examine the effectiveness 

of math fact interventions with elementary aged students demonstrating math difficulties and a 

need for a tiered math intervention. Additionally, the Instructional Hierarchy (IH; Haring & 

Eaton, 1978) will serve as the theoretical framework to inform instructional features of the 
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interventions examined as well as to ensure the student demonstrates need for an acquisition base 

intervention targeting multiplication facts. The present study will expand the use of a 

theoretically based approach to guide the implementation and evaluation of math fact 

interventions. 

Flashcard or drill interventions are frequently implemented to target difficulty with math 

facts (Burns, 2005). TD is one technique that has been used to teach students math facts (Burns, 

2004). This method involves repeated practice of facts, all of which are unknown (i.e., the 

student has not demonstrated mastery of the math facts). IR is another flashcard intervention 

used to rehearse basic skills such as math facts or letter names (Burns, 2005; Joseph, 2006; 

Codding, Archer, & Connell, 2010; Burns, Zaslofsky, Kanive, & Parker, 2012; Zaslofsky, 

Scholin, Burns, & Varma, 2016). This procedure uses a spaced practice approach in that one 

unknown fact is interspersed with eight known facts, which allows for increased opportunities to 

respond to (or practice) the unknown fact (OTR; McVancel et al., 2018). Like TD, IR has been 

shown to increase math fact retention (Burns, 2005; Burns et al., 2016). Although there is some 

research supporting the effectiveness of TD and IR to increase math fact acquisition and 

retention, the majority of the research has examined their use for basic reading skills (e.g., sight 

words; Burns, 2005; Daly & McCurdy, 2002). Finally, SIR (January et al., 2017; Kupzyk et al., 

2011) is a modified drill rehearsal approach that uses a procedure similar to traditional IR but 

differs in that only unknown items are practiced, like in TD. SIR was shown to be slightly more 

effective for sight word acquisition and retention (January et al., 2017; Kupzyk et al., 2011); 

however, there is no known research that has compared SIR with other drill methods to target 

math fact acquisition. Research examining the effectiveness of all three drill interventions for 

math facts is therefore needed.   
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 Given that a large number of students do not demonstrate proficiency in math (Nations 

Report Card, 2017), implementation of empirically supported math interventions is needed. An 

important consideration, however, is how to appropriately target math interventions to students’ 

needs based on where students’ skills fall within the math skill hierarchy. Given that early math 

difficulties have been linked to inadequate math fact acquisition, math facts represent an 

important skill to target through intervention. As discussed previously, drill-based interventions 

have demonstrated effectiveness in improving students’ math fact acquisition (Burns et al., 

2010). However, research examining drill-based intervention has largely examined basic reading 

skills, leaving a significant gap in the research base for drill-based math fact interventions. This 

discrepancy highlights the need for further research examining drill-based interventions for math. 

The goal of the present study, therefore, is to examine drill-based interventions for math facts. 

The present study aims to examine the comparative effects of IR, TD, and SIR on students’ 

multiplication fact retention, multiplication fact fluency, and maintenance of multiplication facts 

taught. Additionally, intervention efficiency and differences across students’ acceptability and 

perception of intervention effectiveness will be examined. A detailed outline of the research 

questions can be found at the end of chapter 2. 

Definitions 

 Table 1 includes definitions of important terms used throughout the current literature 

review and present study.  

Table 1.  

Definitions of Terms. 

Term Definition 
Acquisition Acquisition is the first stage of the Instructional Hierarchy (IH). 

Students who fall in the acquisition stage are described as slow 
and inaccurate in using the skill (Haring & Eaton, 1978; Cates & 



COMPARING THE EFFECTS OF DRILL-BASED INTERVENTIONS 9 

Rhymer, 2003). The instructional focus of this stage is to improve 
the students’ accuracy in responding. 
 

Adaption Adaption is the final stage of the Instructional Hierarchy (IH). At 
this stage, the instructional focus is to improve the students’ ability 
to adapt or modify the skill they have learned to novel situations 
and to solve problems using the skill (Haring & Eaton, 1978).  
 

Generalization Generalization is the third stage of the Instructional Hierarchy 
(IH). At this stage, the student is able to proficiently perform the 
skill but is not yet able to apply the skill to a novel situation. 
During this stage, the instructional focus is improving the use of 
the skill across other situations outside of the practice procedures 
(Haring & Eaton, 1978). 
 

Efficiency Intervention efficiency is calculated by dividing the number of 
facts retained by total intervention time, in seconds. This number 
is then multiplied by 60 to determine the rate of retention per 

minute (i.e., 
!"##$%&	()*+#	,"+)$&"-

.&+"/0"&+$%&	!"##$%&	1$2"!	60; Cates, Skinner, Watson, 
Meadows, Weaver, & Jackson, 2003). Efficiency is used to 
identify and compare how quickly students acquire academic skills 
with the rate being per instructional minute. 
 

Incremental Rehearsal (IR) Incremental rehearsal is a drill-based intervention that intersperses 
unknown material with known material (Burns, 2005; Tucker, 
1989). The known and unknown items are presented in a ratio of 
10% unknown and 90% known (Burns, 2005). 
 

Individuals with Disabilities 
Education Act (IDEA) 

IDEA is a federal law which protects the educational rights of 
students with disabilities and their parents. This law requires all 
schools to provide a free and appropriate education (FAPE) to 
students with disabilities. Schools must evaluate students who are 
suspected of having a disability and provide services for students 
who qualify for special education to meet their individual 
educational needs. 
 

Instructional Hierarchy (IH) The Instructional Hierarchy (IH) is a theoretical framework that 
describes the four stages of academic skill progression as well as 
the instructional methods which support student progress through 
each of the learning stages. The four stages include acquisition, 
proficiency, generalization, and adaption (Haring & Eaton, 1978). 
 

Multi-Tiered Systems of 
Support (MTSS) 

MTSS is the overarching framework for Response to Intervention 
(RtI) and Positive Behavior and Intervention Supports (PBIS). 
This framework aims to integrate the resources, strategies, and 
practices from RtI and PBIS to enhance the core instruction, 
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intervention, and behavioral supports as well as address barriers or 
difficulties related to student learning. 
 

Positive Behavior 
Intervention and Support 
(PBIS) 

PBIS is a specific MTSS framework which aims to create a 
positive school environment and prevent student behavior 
problems. PBIS utilizes a multi-tiered, data-based approach to 
service delivery. The first tier includes teaching and reinforcing a 
set of appropriate behaviors within the whole school. Tier two 
services include behavioral and social/emotional interventions for 
students who do not respond to the supports at the tier 1 level. Tier 
3 services increase in intensity and individualization when 
students continue to demonstrate behavioral/social/emotional 
difficulties after previously receiving tier 1 and tier 2 supports 
(Bradshaw, Pas, Debnam, & Lindstrom Johnson, 2015). 
 

Proficiency Proficiency is the second stage of the Instructional Hierarchy (IH). 
At this stage, the learner is able to accurately perform the skills but 
is not able to use the skill fluently. The instructional focus of this 
stage is the improve the student’s ability to quickly and accurately 
preform the skill (Haring & Eaton, 1978). 
 

Response-to-Intervention 
(RtI) 

RtI is an MTSS framework focusing on providing empirically 
based, high-quality academic instruction and interventions that 
match students’ academic needs. This multi-tiered model typically 
has three or four tiers. At each tier level, instructional dosage and 
measurement intensity increases. For example, group sizes 
become smaller, frequency of progress monitoring increases, and 
time spent receiving supplemental interventions increases. 
Students’ progress monitoring data are used to determine if the 
instructional supports in place are effective or if more intense 
instructional supports are necessary.  
 

Specific Learning Disability 
(SLD) 

A specific learning disability (SLD) is one of the thirteen disability 
categories under which students may receive special education. 
Fundamentally, an SLD is evident when a student demonstrates 
underachievement in academic performance. 
 

Strategic Incremental 
Rehearsal (SIR) 

Strategic incremental rehearsal (SIR) is a drill-based intervention 
that combines features of incremental rehearsal (IR) and 
traditional drill (TD). SIR uses unknown items only within the 
intervention sequence. Unique to SIR is the use of learner 
performance as the criteria for changing the stimulus items 
presented during intervention implementation (Kupzyk et al., 
2011). 
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Traditional Drill (TD) 
 

A drill-based intervention that uses all unknown stimuli and 
repeated presentation to increase students skill acquisition. 
 

Treatment Acceptability Whether the client perceived the treatment as effective and 
demonstrated a preference for the treatment when asked following 
treatment implementation (Arra & Bahr, 2005). 
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CHAPTER 2 

Literature Review Introduction 

 Only 40% of fourth grade students demonstrated proficiency in math according to results 

from the National Assessment of Educational Progress in 2017 (NAEP; Nations Report Card, 

2017). In order to increase the number of students who demonstrate proficiency in math, 

comprehensive instructional and intervention support in math are needed. In an effort to 

appropriately intervene with students’ math difficulties, it is also important to consider the 

context and frameworks in which math interventions are delivered. Systems-level frameworks, 

such as Response-to-Intervention (RtI), are one approach to providing evidence-based academic 

supports in the schools. However, research in RtI for math related to interventions in the schools 

is relatively limited (Lembke et al., 2012; Bouck & Cosby, 2017). Given the limited number of 

students who demonstrated proficiency in math and the relative dearth of research examining 

math interventions, further research related to early intervention for students with math 

difficulties is warranted.  

Organization of the Chapter 

 This chapter offers an overview of the research related to evidence-based math 

interventions as well as the service-delivery and theoretical frameworks that serve as a 

foundation for the development and implementation of such interventions. First, a systems-level 

prevention framework used to provide instructional supports is discussed. Second, the use of 

theoretical frameworks to identify appropriate interventions with a focus on the Instructional 

Hierarchy (IH; Haring & Eaton, 1978) will be examined. Third, math interventions specifically 

related to math facts and drill-based interventions are reviewed. Finally, the research questions 

for the present study will be outlined. 
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Systems-Level Frameworks 

Math proficiency was shown to increase students’ ability to solve complex problems and 

increase the likelihood of graduating college (Zaslofsky et al., 2016; Kilpatrick, Swafford, & 

Findell, 2001; National Mathematics Advisory Panel [NMAP], 2008). Given the importance of 

math proficiency on long-term student outcomes, early identification of math difficulties and 

early intervention through academic support systems is essential. Systems-level frameworks 

provide support to all students with the goal of identifying students demonstrating academic 

difficulties and consequently intervening early with those academic difficulties (Higgins-Averill 

& Rinaldi, 2013). These frameworks are an organized and data-driven means of providing 

struggling students with intervention supports and facilitate a decision-making process regarding 

student progress. The primary frameworks used in schools are Multi-tiered Systems of Support 

(MTSS), which includes Response to Intervention (RtI).  

Multi-tiered Systems of Support (MTSS)  

Multi-tiered systems of support (MTSS) are a systematic approach to providing academic 

and behavioral supports through “increasingly differentiated and intensified assessment and 

instruction” to support all students’ academic and behavioral needs (Wixson, 2011; pg. 503; 

Bouck & Cosby, 2017). As educational reform and legislation (Every Student Succeeds Act, 

2015) continues to push the use of data-based, outcome-driven models to scaffold instruction for 

all students, the implementation of MTSS has increased (Cusumano, Algozzine, & Algozzine, 

2014). Therefore, schools may adopt MTSS frameworks to organize and evaluate both student 

needs and the resources available within the school to support students. Some of the key features 

of MTSS frameworks include using data to drive instructional decisions and using a problem-

solving framework to determine how to appropriately provide intervention supports (Cusumano 
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et al., 2014). Research suggested that providing educational services (i.e., general or special 

education) within the context of an MTSS model can optimize student outcomes (Griffiths, 

Parson, Burns, VanDerHeyden, & Tilly, 2007; Cusumano et al., 2014).  

MTSS serves as an umbrella framework housing other systems models such as RtI and 

Positive Behavior Interventions and Supports (PBIS; Cusumano et al., 2014). RtI and PBIS are 

data-driven frameworks that support academic (RtI) and behavioral (PBIS) difficulties (Higgins-

Averill & Rinaldi, 2013). Within MTSS, RtI systematically uses student data to drive academic 

instructional decisions across general and special education and can result in the modification of 

instruction (Wixson, 2011). Given the focus on math interventions in the present study and that 

such interventions are often implemented within the context of such frameworks, RtI will be 

outlined along with the relevant literature related to each component of the framework.  

Response to Intervention Framework (RtI)  

RtI is a systematic framework used to support students with academic difficulties by 

aligning appropriate instruction with student need (Cusumano et al., 2014) that grew out of 

prevention models such as the public health model developed within the fields of medicine and 

psychology (Bineham, Shelby, Pazey, & Yates, 2014; Mellard, McKnight, & Jordan, 2010). The 

public health prevention model assesses three levels: 1) whole population level of risk, 2) 

individual response to treatment, and 3) individual response to intensified intervention treatment 

(Bineham et al., 2014; Mellard et al., 2010). Based on this public health model, the National 

Research Council (1982) discussed the quality of general and special education as well as 

identification methods for SLD in their seminal report in an effort to develop a similar system in 

education (Bineham et al., 2014). Consequently, RtI was developed as a systematic data-driven 

framework to provide quality instruction and to implement evidence-based interventions. 
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Therefore, RtI is an important framework to consider when discussing academic interventions 

and the monitoring of student responding to such interventions.  

There are two broad RtI approaches: the standard treatment protocol and the problem-

solving approach (Cusumano et al., 2014). The standard treatment protocol approach largely uses 

pre-packaged, or standardized, interventions related to students’ most common set of academic 

needs (e.g., reading fluency; Fuchs & Vaughn, 2012). In contrast, the problem-solving approach 

makes instructional decisions based on individual student’s specific difficulties and selects 

interventions in accordance with each student’s academic needs based on a systematic decision-

making process (Fuchs & Vaughn, 2012). The problem-solving approach appeared to be more 

commonly implemented in the schools than the standard treatment protocol approach (Bouck & 

Cosby, 2017). The problem-solving approach typically includes four steps. First the problem, 

such as an academic difficulty, is identified and defined. Next, an appropriate intervention for the 

problem is selected and then implemented. After the selected intervention is implemented, the 

identified problem is re-evaluated post-intervention (Brown-Chidsey & Steege, 2010). 

Regardless of the approach used in the application of RtI, the tiered structure and implementation 

components remain broadly the same. 

RtI is traditionally made up of three or four tiers, but there is no evidence supporting 

three versus four tiers being more effective (Mellard et al., 2010). Regardless of the number of 

tiers, the key difference between each tier of RtI is increased intensity related to instruction, 

curriculum, dosage, group size, and assessment frequency. In some models, the fourth tier is 

designated for special education, while other models may either integrate special education 

services throughout RtI, separate special education completely from the framework, or include 

special education at the tier 3 level (Brown-Chidsey & Steege, 2011).  
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Across the three, or four tiers, there are many important components required in order to 

effectively implement an RtI framework. One important overarching aspect is implementation 

fidelity. Although fidelity represents a significant challenge for RtI implementation (Burns, 

Maki, Warmbold-Brann, & Preast, 2018), it is essential to promote positive outcomes for 

students. Therefore, it is important for schools to be unified in their desire to implement such a 

framework (Mellard et al., 2010). Along with educators’ buy-in and implementation fidelity, 

other key components of RtI also include quality core instruction, data-driven assessment 

practices, and evidence-based interventions to address academic difficulties (Bineham et al., 

2014). Additionally, it is crucial for the RtI framework to be cohesive with other existing 

frameworks (i.e., PBIS) and be sustainable through the use of the existing resources within the 

school (Mellard et al., 2010). These features will be discussed in greater detail next as the three 

RtI tiers are reviewed.  

Tier 1. Tier 1 of an RtI framework involves class wide core instruction in academic skills 

for all students (i.e., reading, math, writing; Stoiber & Gettinger, 2016). Given that both general 

education and special education students spend a large portion, if not the majority or all, of their 

instructional time in the general education classroom, it is essential for tier 1 instruction to be 

evidence-based and implemented with fidelity (Stoiber & Gettinger, 2016). Evidence-based 

instruction is instruction that is “grounded in scientifically based research” (Hughes & Dexter, 

2011; pg. 5) and includes empirically supported instructional methods such as demonstration, 

frequent practice, and feedback (Doabler et al., 2012). Evidence-based core instruction prevents 

student academic difficulties and allows educators to rule out inadequate instruction as the cause 

of lack of student academic progress (Hughes & Dexter, 2011). If core instruction is inadequate 

and a large number of students therefore do not demonstrate academic proficiency, there will 
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likely be a large number of students who appear to require more individualized and intensive 

supports. The RtI model is not designed to serve a majority of students at the tier 2 and tier 3 

levels and will not be effective when a majority of students demonstrate academic difficulties 

(Brown-Chidsey & Steege, 2011). Thus, having strong and effective tier 1 core instruction is 

vital to an effective RtI framework.  

Another important aspect of evidence-based instruction includes the use of differentiated 

instruction within the general education classroom to meet students’ educational needs (Fuchs & 

Vaughn, 2012). The use of differentiated instruction allows for the majority of students to 

receive instruction solely at the tier 1 level. Evidence-based core instruction, including 

differentiated instruction, has been shown to lead to positive academic outcomes (Stoiber & 

Gettinger, 2016; Algozzine, Wang, & Violette, 2011), and when implemented effectively with 

fidelity, has led to a decrease in the number of students in need of academic intervention 

(Vaughn et al., 2009; Fuchs & Vaughn, 2012).  

 Another important component of tier 1 is universal screening, or benchmark assessments. 

These measures are typically administered three times per year to track all students’ progress 

over the course of the school year (Gersten et al., 2009). The goals of universal screening 

measures are to ensure tier 1 instruction is effective for the majority of students, identify students 

who are at risk for academic difficulties, and broadly inform the academic skills in which 

students may need additional, targeted intervention support (Gersten et al., 2009). Universal 

screeners are effective tools in identifying students at-risk for academic difficulties (Hughes & 

Dexter, 2011); however, there is a lack of consistency related to the criteria to identify at-risk 

students when comparing various universal measures (e.g., cut-scores, percentile ranks; Hughes 

& Dexter, 2011; McMaster & Wagner, 2007). Although the inconsistencies in criteria make 
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comparison across screening measures difficult, research broadly supports the use of a 

benchmark criteria for identifying at-risk students (Hughes & Dexter, 2011). Thus, early 

identification through universal screeners can prevent more significant academic difficulties later 

in schooling (Hughes & Dexter, 2011). For math, CBM universal screening includes measures 

for skills such as early numeracy (pre-k to 1st grade), computation, concepts and applications 

(elementary), as well as estimation and algebra (secondary; Lembke et al., 2012). Unfortunately, 

the research is relatively scarce for universal screening measures in areas other than reading, 

such as math (Glover & DiPerna, 2007; Bouck & Cosby, 2017). 

When a student has been identified as at-risk and receives either tier 2 intervention or 

additional supports at tier 1, progress monitoring measures are used to track students’ progress 

on a more frequent basis than universal screening measures are implemented (e.g., biweekly). 

Progress monitoring is another type of formative assessment which is important not only in tier 

1, but across all tiers of the RtI model. One example of a commonly used screening tool at the 

elementary level includes Curriculum-based Measures (CBM; Bouck & Cosby, 2017) such as 

Dynamic Indicators of Basic Early Literacy Skills (DIBELS; Good, Kaminski, Smith, Simmons, 

Kame’enui, & Wallin, 2003; Good, Kaminski, & Moats, 2003).  

 Overall, the research examining tier 1 supports to address math difficulties is limited 

(Bouck & Cosby, 2017). One study by Gresham and Little (2012) reviewed the application of 

RtI for math within an elementary classroom. Many of the components used for classroom math 

instruction included common components used in RtI for reading such as universal screening, 

supplemental instruction for specific skills as well as progress monitoring using CBM probes. 

However, this study did not examine whether such components were more effective compared to 

when the components were not implemented; therefore, it is unclear if these components actually 
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led to improved student outcomes. Another study conducted by Fuchs and colleagues (2004), 

examined the effects of supplemental tier 1 instruction on three groups of students (i.e., students 

at-risk for reading and math disabilities, students at-risk for math disability only, and students not 

at-risk for disabilities). Results showed that supplemental tier 1 instruction was generally 

ineffective in improving story problem math skills for students at-risk for math and/or reading 

disabilities (Fuchs, Fuchs, & Prentice, 2004), suggesting more intensive or alternative instruction 

beyond tier 1 may be required for supporting students with math difficulties. However, 

participants assigned to the experimental condition outperformed participants who did not 

receive classroom instruction on math problem solving, suggesting classroom supplemental 

instruction is better than no supplemental instruction, even for students at-risk for a learning 

disability.   

Another shortcoming of math instruction broadly relates to the limited incorporation of 

research-based components of effective core instruction in math. Instructional components such 

as modeling of content, structured practice, and performance feedback have been inconsistently 

implemented within math instruction (Doabler et al., 2012; Bryant, Bryant, Gersten, Scammacca, 

& Chavez, 2008). There is some evidence supporting class wide curricula or strategies such as 

Mathematics Peer-Assisted Learning Strategies (PALS; Fuchs, Fuchs, Yazdian, & Powell, 

2002), Mastering Math Facts (Otter Creek Institution; Lembke et al., 2012), and multitiered math 

curricula such as Transmath and Vmath (Voyager Learning; Lembke et al., 2012). Although 

there is some support for such curricula, overall, they are narrow in terms of the academic skills 

of focus and are not necessarily identifiable as whole class, tier 1 core instruction curricula but 

rather serve as supplemental supports at the tier 1 level. In sum, the available research examining 

tier 1 math instruction suggested that core-curriculum at the tier 1 level has limited empirical 
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evidence, but there are supplemental supports which have demonstrated promising outcomes for 

class wide performance. However, these supports have not resulted in improved performance 

across all students and therefore students demonstrating continued math difficulties may receive 

math support through more intensive tiered interventions rather than in tier 1. 

Tier 2. Tier 2 within an RtI framework involves the implementation of evidence-based 

intervention as supplemental supports to students who do not demonstrate adequate progress in 

response to tier 1 core instruction. When RtI is implemented with fidelity, it is estimated that 

15% to 20% of students should receive tier 2 intervention supports in combination with tier 1 

instruction (Shapiro, 2015). Gersten and colleagues (2009) asserted that instruction at the tier 2 

level should be explicit, systematic, and supplemental to core instruction in tier 1. This 

instruction includes modeling of the skills, guided practice with corrective feedback, and 

repeated practice and review (Gersten et al., 2009; Bouck & Cosby, 2017). Instructional intensity 

and dosage increase at the tier 2 level compared to tier 1. 

Dosage increases at the tier 2 level, however, dosage amount appears to vary between 

intervention specific and broad RtI focused research. Intervention specific research examined 

academic interventions not implemented within the context of an RtI framework. In contrast, 

RtI-focused research examined academic interventions within the context of an RtI framework. 

Dosage can include an increase in instructional time, smaller group size, and alternative 

instructional methods based on student needs (Wixson, 2011; Mellard et al., 2010). In a review 

of school-based RtI implementation, average group sizes at the tier 2 level ranged from 2 to 5 or 

6 to 10 students (Mellard et al., 2010). When interventions were examined outside the context of 

an RtI model but were identified as being similar to interventions at the tier 2 level, 6 or fewer 

students were identified as the appropriate group size (Fuchs & Vaughn, 2012), indicating that 
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broad RtI research supported the inclusion of larger intervention group sizes. Such differences in 

group size suggested that tier 2 implementation may vary in dosage between research examining 

interventions in isolation and research examining such interventions within the context of an RtI 

model. Instructional time, however, was fairly consistent across intervention-focused and RtI-

focused research at the tier 2 level which may be due to fixed-schedules with limited time within 

the school day (Mellard et al., 2010). Tier 2 math intervention sessions should, ideally, be 

implemented four to five times per week lasting 20 to 40 minutes each session (Lembke et al., 

2012). Length of intervention time often depends on student needs and time set aside for tier 2 

interventions during the school day. Implementation of evidence-based interventions should 

typically last for 10 to 15 weeks and include teacher led explicit instruction and high 

implementation fidelity (National Center for RtI, 2010). Regardless of group size and 

instructional time, however, evidence-based intervention is of greatest importance to ensure high 

quality supplemental supports to students with academic difficulties. 

Four types of evidence-based instructional components for math have been identified for 

tier 2 interventions with elementary students (Bouck & Cosby, 2017). These four instructional 

components are explicit instruction, the concrete-representational-abstract (CRA) instructional 

sequence, schema-based instruction, and number talks (i.e., talking through solutions to math 

problems). In a review of the literature, Gersten and colleagues (2009) found that all four of 

these instructional strategies demonstrated statistically significant outcomes for enhancing 

students’ math proficiency. These findings supported the importance of evidence-based 

instructional strategies which serve as the foundation for evidence-based interventions across 

standard treatment intervention packages and individual skill-based interventions (i.e., those 

determined through problem-solving approaches).  
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One type of evidence-based intervention is standard treatment, or pre-packaged, 

interventions which include an instructional approach in which the same intervention is used 

across students who demonstrate academic difficulties. In other words, they target a wide set of 

academic skills for a specific academic area (e.g., decoding, sight words, and fluency for 

reading). Standard treatment intervention packages have resulted in improved student math skills 

such as arithmetic, complex calculations, and integrative number knowledge (e.g., Galaxy Math; 

Fuchs, Fuchs, & Gilbert, 2019). Other standard treatment math interventions demonstrating 

effectiveness included The Numeracy Booster (Bryan et al., 2008), Hot Math (Fuchs, Fuchs, & 

Hollenbeck, 2007), Pirate Math (Fuchs, Fuchs, Powell, Seethaler, Cirino, & Fletcher, 2008), 

Number Rockets (Fuchs et al., 2005), and Number Worlds (Griffin, 2004). These interventions 

targeted skills such as early number sense, solving world problems, conceptual learning, and 

other skills aligning with the common core state standards for math. However, standard 

treatment intervention packages are not the only instructional strategies used to address student 

difficulties. Specific skill-based, or non-standard treatment, interventions have also been shown 

to improve students’ math skills (e.g., drill-based intervention; Burns, 2005).  

Overall, evidence-based tier 2 interventions, standard treatment and specific skill-based, 

have addressed a wide variety of math skills and have been examined more often than math 

interventions at the tier 1 or tier 3 levels. Thus, there is a significant gap in the research base 

regarding tier 3 interventions. Although some of the standard treatment interventions have also 

been examined within the context of a tier 3 intervention (e.g., one-on-one or smaller group 

sizes), these standardized intervention packages have also been researched more than skill-based 

individualized interventions (i.e., those determined though the problem-solving approaches) even 

though these interventions are more commonly implemented within RtI frameworks (Bouck & 
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Cosby, 2017). Therefore, additional research regarding interventions determined through 

individualized, problem-solving methods is needed. Evidence-based math interventions will be 

further reviewed as part of the tier 3 section and math intervention sections of this literature 

review.  

As in tier 1, progress monitoring tools remain an important component at the tier 2 level. 

At the tier 2 level, progress monitoring tools are administered frequently to evaluate student 

progress in response to interventions (e.g., weekly; Silberglitt, Parker, & Muyskens, 2016). 

Progress monitoring tools are used to identify any instructional changes or supplemental 

instruction needed based upon student performance. Additionally, progress monitoring measures 

allow teachers to provide performance feedback to students (Cusumano, et al., 2014). One of the 

most common progress monitoring tools is CBM. CBM are versatile in that they can also be used 

as screening tools, as previously described in the tier 1 section of this review. Advantages of 

using CBM as a progress monitoring tool include their sensitivity to student growth (or lack 

thereof) in response to intervention, allowance for frequent administration, and measurement of 

various skills related to math (Lembke et al., 2012). It is important for progress monitoring 

measures to be sensitive to changes in skill growth because they are used to make instructional 

decisions in response to students’ progress (or lack thereof). Students who continue to 

demonstrate difficulties in math will likely receive more intensive supports beyond tier 2, such as 

tier 3.  

Tier 3. Tier 3 interventions are implemented when students demonstrate inadequate 

growth in response to tier 1 instruction and tier 2 intervention (Brown-Chidsey & Steege, 2011). 

Within tier 3, students receive the most intensive academic supports (Hosp, Huddle, Ford, & 

Hensley, 2016). Dosage within tier 3 is intensified in terms of group size, with typical groups 
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being 2 to 5 students (Mellard et al., 2010), and sometimes one-on-one instruction (Brown-

Chidsey & Steege, 2011). Intervention is also typically implemented more frequently and for 

longer periods of time during intervention sessions compared to the tier 2 level (e.g., 30 - 45 

minutes; Gersten et al., 2009). Consistent with the other tiers of an RtI framework, as evidence-

based intervention intensity increases, progress monitoring measures are administered more 

frequently. At the tier 3 level, frequency of progress monitoring typically increases to at least 

once per week so that students’ responding can be closely monitored allowing for immediate 

intervention modification when needed (Klingbeil, Bradley, & McComas, 2016). Apart from 

increased intensity in intervention implementation and progress monitoring, interventions 

adapted across tiers 2 and 3 maintain similar instructional features, such as modeling and 

corrective feedback, sustaining the efficacious features of evidence-based interventions 

(Cusumano, et al., 2014). Because students receiving tier 3 interventions receive more intense 

intervention compared to tier 2, particularly in terms of time, it is of even greater importance that 

the interventions demonstrate effectiveness in addressing students’ academic difficulties.  

At the tier 3 level, there are some evidence-based interventions that are flexible for 

implementation across small groups and individual formats, thus being appropriate for tier 2 or 3. 

Cover-Copy-Compare (CCC) is an example of an evidence-based intervention which can be 

implemented either in a small group or individually. CCC is an effective self-management 

intervention in which students guide their own practice of academic skills (e.g., spelling, math 

problems; Joseph, Konrad, Cates, Vajcner, Eveleigh, & Fishley, 2012). CCC encompasses 

effective instructional techniques such as modeling and corrective feedback as well as multiple 

opportunities to respond accurately (Joseph, Konrad et al., 2012). Although CCC has not been 

prescribed as a tier 3 intervention, it has often been examined within the context of tier 3 based 
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upon intervention intensity (e.g., individual instruction and frequency of intervention 

implementation). However, CCC is more likely an effective intervention for continued self-

monitored practice of a skill to improve accuracy opposed to acquisition of an academic skill 

because modeling and corrective feedback are not provided directly by the instructor. 

Some research has suggested that students’ academic outcomes are more contingent upon 

the quality and consistency of intervention instruction rather than group sizes in tier 3 because 

differences in students’ academic progress in small group versus individual intervention formats 

were negligible when qualified teachers consistently implemented the evidence-based 

interventions (Elbaum, Vaughn, Tejero Hughes, & Watson Moody, 2000). These findings 

highlighted the importance of high quality and consistent instruction not only at the tier 3 level 

but across tiers as well. Thus, as long as the intervention is evidence-based and implemented 

with fidelity, group size is not necessarily the most important variable on which to focus within 

tier 3 interventions. Perhaps of most importance is focusing on establishing an adequate evidence 

base for targeted math interventions generally, particularly in light of the relative dearth of such 

research.  

Although evidence-based instruction is a key component to intervention success, there 

are some academic interventions that are designed for tier 3 individual implementation. For 

example, drill-based interventions are most commonly implemented individually (Burns, 2005; 

Volpe, Mulé et al., 2011). Incremental rehearsal (IR) is an effective drill technique to increase 

acquisition of foundational academic skills, such as math facts (Burns, 2005). IR teaches 

unknown academic material (i.e., math facts or sight words) to the student while interspersing 

known academic material. Therefore, IR may be more suitable for individual implementation in 

order to include each student’s specific known and unknown material. Traditional drill flashcard 
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interventions are also commonly implemented in a one-on-one format like IR (Volpe, Mulé et 

al., 2011). These interventions serve an important role in addressing students’ individual 

academic needs across subject areas (i.e., reading and math). For example, students may differ in 

the sight words they are struggling to learn and therefore will require individualized intervention 

time to practice their specific sight words. Later in this chapter, research examining math fact 

drill interventions will be reviewed in further detail.  

Given that a majority of the interventions, both standard treatment protocol and skill-

based individualized interventions, discussed thus far are fairly adaptable across tier 2 and tier 3, 

there appears to be a significant gap in the research base regarding tier 3 specific interventions. 

Although adapting traditionally tier 2 interventions at the tier 3 level can be beneficial when a 

group of students all share a specific academic difficulty, this approach may not necessarily 

support students with more individualized skill difficulties or students who show inadequate 

responding to tier 2 interventions. One such intervention previously discussed as best 

individually implemented at the tier 3 level are drill-based interventions. Even though drill-based 

interventions have been examined specific to tier 3, the research base has largely examined such 

interventions within the context of reading skills (i.e., sight words; Burns, 2005). Similarly, the 

RtI research base includes some evidence supporting interventions for math difficulties within an 

RtI framework; however, the effectiveness of math interventions is largely under-studied 

(Lembke et al., 2012; Hughes & Dexter, 2011) specifically at the tier 3 level. Therefore, the goal 

of the present study is to add to the math intervention research base, particularly for tier 3 

interventions. 
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Outcomes and Challenges of RtI  

 There are many beneficial features of RtI frameworks such as the use of evidence-based 

instruction and frequent monitoring of student progress. Close monitoring of student progress 

allows for early intervention to prevent student failure (Silberglitt et al., 2016). The 

implementation of RtI also led to a reduction in inappropriate special education referrals and 

disproportionality in special education identification (Kauffman, Bruce, & Lloyd, 2012). RtI 

promotes early intervention which has resulted in improved student academic outcomes and a 

decrease in the likelihood of negative long-term outcomes for students such as risky behavior 

(e.g., drug and alcohol use; Wang & Fredricks, 2014), and dropping out of school (Fan & 

Wolters, 2014). Thus, when implemented with fidelity, RtI demonstrated overall positive 

academic and broader life outcomes for the students served within the framework. Despite these 

positive outcomes associated with RtI implementation, Sarason (1990) argued that system 

changes often fail when the individuals within the system (e.g., school) do not implement the 

model cohesively. Therefore, it is important to evaluate implementation fidelity and correct any 

discrepancies to promote optimal student outcomes (Higgins-Averill & Rinaldi, 2013). Even 

though there are positive academic outcomes associated with RtI implementation, it is also 

important to consider barriers to implementing a system-level framework.  

 Systems-level changes are often difficult for a variety of reasons. Castro-Villarreal and 

colleagues (2014) examined teachers’ perceptions of the most common barriers to the 

implementation of RtI. In their study, 97 teachers were surveyed through qualitative methods. 

Five themes emerged based on the responses of the participants and included: training, time, 

resources, the RtI process itself, and paperwork. It is important to consider such barriers related 

to implementation of systems-level frameworks and also broadly when looking to implement any 
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new resource, such as evidence-based interventions. Interventions are a key feature of an RtI 

framework and directly address and support student academic skill growth. Thus, it is important 

to identify the most effective instruction and interventions to address students’ academic 

difficulties while considering the implementation barriers identified. As mentioned, however, 

research related to RtI, and math interventions specifically, is lacking, particularly at the tier 3-

level (Bouck & Crosby, 2017), and is therefore an important focus for future research to promote 

high quality implementation. 

Summary 

MTSS is a systematic, data-based decision-making model which provides increasingly 

intensive supports through specific frameworks (e.g., RtI and PBIS) to address student 

difficulties (e.g., academic or behavioral). MTSS frameworks seek to provide early identification 

and intervention to struggling students in hopes of decreasing long-term student difficulties and 

increase overall student success in school. These goals are accomplished through the use of 

evidence-based interventions throughout the three, or four, tiers of the framework. At each tier, 

instruction intensity typically increases in terms of intervention dosage, group size, and 

assessment frequency. RtI, as part of MTSS, addresses the academic needs of students 

universally, in small groups, and individually. Academic interventions used within RtI serve as 

the key mechanism to improving students’ academic skills. Therefore, it is essential to have a 

thorough understanding of empirically supported academic interventions in order to promote 

optimal student outcomes. RtI serves as an effective means to deliver interventions for students 

demonstrating academic difficulties and thus represents an important consideration when 

intervening in response to student academic difficulties. However, RtI is a broad service delivery 

framework in which academic interventions are implemented. In contrast, theoretical 
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frameworks can be used to drive specific intervention delivery decisions based on individual 

student needs and intervention components. Next, the importance and use of theoretical 

frameworks when identifying appropriate interventions will be discussed.  

Theoretical Frameworks 

 In this section, the importance of using theoretical frameworks to guide intervention 

research will first be reviewed. Then, Haring and Eaton’s Instructional Hierarchy (1978) will be 

discussed along with how it can be used to drive development and implementation of academic 

interventions. Although the research methodology of studies examining evidence-based 

intervention has improved, such research is still lacking in terms of reliance on theoretical 

frameworks to guide and evaluate interventions (Burns, 2011). However, Burns (2011) asserted 

that it is important to focus on theory when conducting educational research because research 

findings cannot be adequately interpreted without being grounded in theory.  

Theoretical frameworks serve as a foundation to guide research, practice, and problem 

solving (Burns, 2011; Tilly III, 2008). According to Ellis (2014), theory is defined as a 

provisional prediction of a phenomenon, including a set of ideas that have been cautiously 

considered. In educational research and practice, theoretical frameworks inform development of 

instructional methods or activities (Ellis, 2014). One advantage of testing the underlying 

mechanism of change, or theory, is doing so increases the internal validity of empirical research 

(Volpe & Suldo, 2014). Another advantage of using theoretical frameworks is that they allow 

interventions to be adapted for specific settings or circumstances “without sacrificing efficacy” 

by ensuring that intervention modifications do not disrupt the underlying efficacious intervention 

components (Burns, 2011; pg. 133). Along with these advantages, theory also aids in the 

identification of “common mechanisms of change across” various interventions (Volpe & Suldo, 
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2014; pg. 116), which may be important to help develop additional effective intervention 

practices that capitalize on such mechanisms of change. Research regarding academic 

interventions in the schools has typically lacked an emphasis on theory and the mechanisms 

leading to change but instead, such interventions have generally emphasized effectiveness rather 

than why an intervention may be effective (Burns, 2011; Mercer et al., 2014). However, it is 

important to examine how theoretical frameworks can be used to develop and implement 

academic interventions to help inform future research, such as the current study.  

 Mercer and colleagues (2014) reviewed the literature in four school psychology research 

journals and identified studies which used theory to both guide their research regarding 

interventions broadly (e.g., social-emotional, behavioral, and/or academic) and discuss the study 

findings. The authors differentiated between theoretical frameworks and causal program theories. 

Theoretical frameworks are broad theoretical approaches to research that are not linked to a 

specific intervention. Causal program theories provide explanation for specific intervention 

outcomes. Overall, Mercer and colleagues (2014) found that out of the 94 studies reviewed, 48% 

identified a causal program theory, 37% assessed constructs or intervention components which 

had been identified as effective within the context of a causal program theory, 7% used 

mediation analyses, 20% used moderation analyses, and 37% considered theoretical implications 

when discussing their results. Thus, the authors did not identify a single study that used a 

theoretical framework, not a causal program theory, to guide the intervention implementation 

and discuss the study findings. Although these are meaningful findings regarding the 

incorporation of theory into research of interventions across domains (i.e., academic, behavioral, 

etc.), the authors only examined research within a six-year span and they also limited their 

sources to four journals. It is possible that there may be other school-based intervention research 
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published in other journals during this time frame, or outside of this time frame, that were not 

included in the review. However, these findings are important because they demonstrated the 

underutilization of theoretical frameworks to guide and explain the findings within school-based 

intervention research.  

Although theoretical frameworks were not used to guide and explain results, Mercer and 

colleagues (2014) identified seven categories of theoretical frameworks used to discussed 

components of intervention within the intervention literature in their review. These theoretical 

frameworks were also identified as broadly important and relevant within intervention research. 

The theoretical frameworks discussed within the reviewed literature included the ecological, 

prevention, social cognitive, cognitive-behavioral, cognitive, and behavioral frameworks (Mercer 

et al., 2014). Ecological frameworks pose that interventions are most effective when grounded in 

the larger system (e.g., RtI, MTSS; Burns, 2011; Apter & Conoley, 1984). Similarly, prevention 

frameworks aim to increase the system’s ability to meet student needs and prevent student 

difficulties while also increasing the student’s skills or competencies (Burns, 2011; Ysseldyke et 

al., 2006). Ecological and prevention frameworks appeared to be most commonly used in tandem 

with other theoretical frameworks (e.g., social-cognitive; Mercer et al., 2014). Likewise, 

cognitive and behavioral frameworks have been conjointly used to guide research on 

interventions such as those targeting academic skills (e.g., math fluency; Mercer et al., 2014; 

Axtell et al., 2009). Cognitive theory frameworks (e.g., spaced practice) have been used to 

explain the effective mechanisms of interventions such as incremental rehearsal, a drill-based 

intervention used to improve reading and math skills (Varma & Schleisman, 2014). Behavioral 

frameworks have also been used to guide the implementation of academic interventions. The 

Instructional Hierarchy (IH; Haring and Eaton, 1978) is one behavioral theoretical framework 
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which can be used to guide research on the implementation of academic interventions in the 

schools (Ardoin & Daly, 2007). However, the IH has been inconsistently applied within 

intervention research (Burns et al., 2010; Codding & Martin, 2016).  

These theoretical frameworks may represent appropriate models to guide research on 

school-based interventions, including academic interventions (Burns, 2011). Examination of 

interventions without the use of a guiding theoretical framework can result in trial and error 

rather than a true evaluation of the instructional features of the intervention and their impact on 

student skill growth (Burns, 2011). This trial and error approach may also impact intervention 

generalization to school-based practice because the findings, in the absence of theory, may only 

apply to the sample and setting in which the study took place. In spite of the importance of 

theory-driven research, there has been inconsistent use of such frameworks to evaluate and 

explain the findings of academic interventions. A goal of the present study, therefore, is to use a 

theoretical framework, the IH, to guide intervention implementation and to help contextualize the 

findings.  

Instructional Hierarchy (IH) 

Learning can be defined as being able to perform a specific skill in increasingly complex 

opportunities or activities (Haring & Eaton, 1978). In order to understand how learning occurs, 

consideration of the theoretical underpinnings of the learning process is important. The 

Instructional Hierarchy is a framework used to match instructional features to students’ skill 

levels and can consequently be used to guide intervention implementation. The four stages of the 

IH in order of skill progression include acquisition, proficiency, generalization, and adaption 

(Haring & Eaton, 1978). Students’ skills are evaluated through empirically supported 

assessments (e.g., CBM) prior to instruction to determine the stage at which a student’s skills fall 
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within the hierarchy. This evaluation helps to identify the type of instruction the student requires 

to further develop their academic skills. For example, if a student falls in the acquisition stage of 

learning math facts, it is likely that they will need instruction involving repeated practice of the 

facts before moving on to the proficiency stage or generalization to higher-order math skills. 

Haring and Eaton (1978) outlined instructional techniques to develop students’ academic skills 

from initially being slow and inaccurate to eventually being fluent, accurate, and generalized 

across academic tasks. Each stage of the IH along with relevant literature supporting the 

instructional components will be reviewed. Below, Figure 1 outlines each stage of IH broadly. 

Figure 1. Instructional Hierarchy (IH) Overview 

 Acquisition Proficiency Generalization Adaption 

Learning 
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 Acquisition stage. Students who are identified as falling in the acquisition stage exhibit 

slow and inaccurate responding (Haring & Eaton, 1978). The goal for students in this stage is to 

increase accurate responding. The key instructional strategies to promote skill acquisition are 

demonstration, or modeling, explicit instruction, and immediate feedback (Haring & Eaton, 

1978).  Explicit instruction, or direct instruction, has been defined as teacher led instruction 

which uses evidence-based instruction procedures such as “cueing, modeling, verbal rehearsal, 
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and feedback” (Wendling & Mather, 2009; pg. 204). Explicit instruction also includes well-

organized lessons which are clearly communicated and include student engagement (Wendling 

& Mather, 2009). This instructional strategy has been identified as effective when teaching 

foundational academic skills in reading (e.g., phonics; Ryder, Tunmer, & Greaney, 2008) and 

math (e.g., arithmetic and problem-solving; Kroesbergen & Van Luit, 2003). Explicit instruction 

is not only an individual instructional strategy, but also encompasses some of the other 

instructional strategies identified within the IH framework, like modeling and feedback.  

Modeling is defined as the explicit and accurate demonstration of the academic skill of 

focus (Malouf, Reisener, Gadke, Wimbish, & Frankel, 2014). Modeling has been used to instruct 

students on basic reading skills such as phonics (Benner et al., 2010) and sight words (Skinner, 

Logan, Robinson, & Robinson, 1997). Modeling through strategies such as listening passage 

preview (LPP) have also demonstrated effectiveness for increasing words read correctly per 

minute (WRCM) when combined with repeated reading strategies (i.e., repeatedly reading the 

same passage of text; Rogers & Ardoin, 2018). Additionally, math fact interventions which 

include modeling demonstrated greater gains in digits correct per minute (DCPM) compared to 

math fact interventions without modeling (Codding, Burns, & Lukito, 2011). Thus, the use of 

modeling during skill acquisition interventions has been supported across subject areas.  

Immediate feedback is another key instructional component during the acquisition stage. 

Immediate feedback occurs when the interventionist provides feedback to the student about the 

accuracy of their responding. One type of feedback used is error correction. Error correction is 

defined as correcting a student when they make an error immediately after the error occurs 

(Malouf et al., 2014). Error correction improved students’ accuracy on skill-based tasks such as 

math computation (Ardoin, Witt, Connell, and Koenig, 2005), math facts (Reynolds, Drevon, 
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Schafer, & Schwartz, 2016) and sight words (Marvin et al., 2010). Another type of error 

correction commonly examined in the intervention literature is response repetition or direct 

rehearsal. This corrective feedback strategy requires the instructor to model the correct response 

and then the student immediately practices the correct response multiple times (Drevon & 

Reynolds, 2018). Response repetition has been shown to increase academic skill acquisition 

related to math facts (Reynolds et al., 2016) and sight words (Marvin et al., 2010).  

Prompting is another feedback strategy to promote skill acquisition. Some prompting 

strategies demonstrating effectiveness included no-no-prompting (NNP; Leaf, Sheldon, & 

Sherman, 2010), simultaneous prompting (Drevon & Reynolds, 2018; Rao & Mallow, 2009), 

and most-to-least prompting (MTL; Fentress & Lerman, 2012). No-no prompting first requires 

the instructor to provide positive reinforcement for correct responses and corrective feedback 

such as ‘try again’ when incorrect responses are provided (Leaf et al., 2010). If the student has 

two errors in a row, the error is corrected by the instructor followed by a ‘remedial trial’ or 

additional opportunity to practice the same stimuli (Leaf et al., 2010). Simultaneous prompting 

occurs when prompts are provided immediately after instruction to ensure 100% response 

accuracy from the student (Leaf et al., 2010). Most-to-least prompting is a prompt fading 

technique which includes significant guidance and feedback during initial practice and less 

guidance and feedback as practice trials continue (Libby, Weiss, Bancroft, & Ahearn, 2008). 

Preliminary research suggested that error correction was more effective than prompting 

strategies (Drevon & Reynolds, 2018). These findings are important to consider when 

implementing acquisition interventions to ensure that effective feedback procedures are used.  

 Proficiency stage. Students who fall in the proficiency, or fluency, stage are accurate in 

their responding to the task demand; however, their responding is slow (Haring & Eaton, 1978). 
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Thus, the instructional goal within this stage is to continue to strengthen accurate responding 

while also increasing response rate. The instructional strategies to promote proficiency are 

immediate feedback, timing, novel practice opportunities, and independent practice (Haring & 

Eaton, 1978). Immediate feedback can take the form of corrective feedback strategies or simple 

response accuracy feedback, as discussed in the acquisition section. However, immediate 

feedback may not always be appropriate during students’ practicing of a skill, such as reading, 

because it interferes with the student’s fluent practice of the skill (Burns, Riley-Tillman, & 

VanDerHeyden, 2012). Moreover, delayed feedback is more effective than no feedback at all. 

For example, during written expression fluency interventions, providing performance feedback 

following writing practice completion led to greater growth in writing fluency compared to 

receiving no performance feedback (Truckenmiller, Eckert, Codding, & Petscher, 2014). In some 

interventions, providing immediate corrective feedback may be appropriate such as in math fact 

interventions (Burns, 2005). During math fact interventions, there are natural breaks in between 

stimuli practice, thus providing an opportunity for immediate feedback.  

 Another component to promote skill proficiency is timing. Timing, or explicit timing, 

occurs when the student is given a specific amount of time to complete a set of problems or items 

(Poncy & Skinner, 2011; Van Houten & Little, 1982). Providing a set amount of time in which 

the student provides multiple responses has been identified as a key component to increase 

student math computation fluency (Codding et al., 2011) and basic reading skills such as word 

reading (Hughes, Beverley, & Whitehead, 2007). Although explicit timing has been shown to 

enhance proficiency (Evans-Hampton, Skinner, Henington, Sims, & McDaniel, 2002), this 

instructional strategy is more effective when the student can engage in the skill with adequate 

accuracy (Codding, Shiyko, Russo, Birch, Fanning, & Jaspen, 2007). If the student cannot 
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accurately practice the skill (i.e., the material is too hard), skill acquisition may not have been 

obtained and further modeling, practice, and corrective feedback is required before adding 

instructional components such as explicit timing to promote fluency.  

 Independent practice and novel practice opportunities are the last two instructional 

components identified as important during the proficiency stage. Repeated independent practice 

has been shown to effectively improve academic performance in math (Mong & Mong, 2010; 

Harber et al., 2004) and reading (Therrien, 2004; Rogers & Ardoin, 2018). In reading, repeated 

reading of the same passage or multiple novel passages (i.e., continuous reading) has led to 

increased oral reading fluency (Hammerschmidt-Snidarich, Maki, & Adams, 2019). For math 

facts, the amount of repeated practice trials required to obtain fluency may vary depending on 

students’ pre-intervention math skills as well as the math fact family being practiced (Burns, 

Ysseldyke, Nelson, & Kanive, 2015). For example, students with limited initial known math 

facts typically required more repeated practice to reach fluency compared to students who 

initially demonstrated more known math facts (Burns et al., 2015). Additionally, certain math 

fact families (i.e., 6s, 7s, 8s) required more repetition to reach fluency compared to other math 

fact families (e.g., 2s and 3s; Burns et al., 2015). However, repeated practice remains an 

important instructional component for increasing students’ computational fluency (Codding et 

al., 2011) regardless of pre-intervention skill level. When students demonstrated computational 

fluency, they were better able to perform more advanced math skills (e.g., multidigit 

multiplication and word problems; Singer-Dudek & Greer, 2005) likely because they could then 

devote more cognitive resources to higher-order computation skills (Burns et al., 2015). Thus, 

computational fluency is important for students’ more advanced math skill development and 

ideally leads to skill generalization. 
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 Generalization stage. Students in the generalization stage demonstrate accurate and 

quick skill responding, but need practice applying their skill to a novel setting or situation 

(Haring & Eaton, 1978). For example, generalization occurs when a student is able to accurately 

respond to a math fact presented through a different format other than the traditional math fact 

form (e.g., 2 x 2), such as within a word problem. Although it is crucial for students to first learn 

accurate and proficient responding with an academic skill, there are limited practical advantages 

to skill acquisition if they are unable to generalize the skills to new settings or task demands. 

Additionally, it is not possible for educators to teach every type of math computation or how to 

read every word to students. Therefore, students must be able to generalize skills from direct 

instruction to novel situations. However, there is limited research examining interventions 

targeting students’ skill generalization (Codding & Poncy, 2010).  

The use of discrimination and differentiation training are key instructional components to 

enhance students’ generalization of skills within the IH framework (Haring & Eaton, 1978). 

Differentiation training is defined as “programmed manipulations of stimulus conditions that 

increase the probability of correct and fluent responding under different but similar (and 

appropriate) stimulus conditions to those that were used during initial training” (Skinner & Daly, 

2010; pg. 108). For example, if a student can fluently count with buttons, the student’s skill 

generalization could be tested by having them count other objects such as pencils or coins. 

Discrimination training occurs when the learner provides a specific response to one stimulus, but 

not in the presence of another (Haring & Eaton, 1978). For example, addition is taught so that it 

occurs when there is a “+” sign in the math problem but not when there is the “x” sign. 

Generalization can be tested by presenting math equations with both “+” and “x” signs and 

tracking the student’s responding.  
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 As mentioned, there is limited research examining interventions that target generalization 

of academic skills compared to research on acquisition and proficiency interventions. However, 

some preliminary findings of instructional techniques that target skill generalization have 

emerged. For example, initial training in phoneme blending followed by practice and 

reinforcement on untrained word lists (i.e., differentiation training) showed increases in oral 

reading accuracy of the target words across word lists and passages (Martens, Werder, Hier, & 

Koenig, 2013). However, generalization of phoneme blending skills to oral reading fluency gains 

was variable across the participants in the study (Martens et al., 2013).  

Similar to phoneme interventions, the generalizing effects of a repeated reading 

intervention also resulted in mixed findings with some studies supporting generalizing effects 

(Wagner & Espin, 2015; Therrien, 2004). When repeated reading (RR) of the same passage and 

reading of multiple passages was compared, equal practice across multiple passages resulted in 

better performance on outcome measures with medium word overlap (i.e., passages that share a 

moderate amount of the same words). However, there were no differences in reading 

performance between conditions on generalized passages with high word overlap (i.e., passages 

that share a significant portion of the same words; Ardoin et al., 2008). Alternatively, the 

multiple exemplar strategy (i.e., reading three different passages one time each) has shown 

greater gains in the context of learning rates indicating it may be more generalizable than 

repeated reading (Silber & Martens, 2010). Ardoin and colleagues (2018) suggested combining 

features of RR and multiple exemplar interventions to explore new avenues in the generalization 

intervention research. For example, students could practice repeatedly reading the same passage 

in addition to engaging in additional reading practice across multiple passages to help promote 

both fluency and generalization.  
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Similarly, research examining generalizability of math interventions has demonstrated 

conflicting results across various strategies (Skinner & Daly, 2010). Some research has shown 

that the implementation of drill-based math fact interventions (e.g., incremental rehearsal) in 

conjunction with administration of math computation probes (e.g., multiplication, fractions, word 

problem) during each session led to generalization of the math facts presented in inverse form 

(i.e., 2 x 6 and 6 x 2; Codding et al., 2010). Other interventions such as taped problems 

demonstrated similar results to Codding and colleagues’ (2010) findings (i.e., generalization to 

inverse presentation of math facts); however, the components of the intervention which led to 

generalization was unclear (Miller, Skinner, Gibby, Galyon, & Meadows-Allen, 2011). Still, 

other studies identified a lack of skill generalization when students moved from computer-based 

math practice to paper-pencil performance measures (Duhon, House, & Stinnett, 2012). 

However, when students received multiple stimulus exemplars with both computer-based and 

paper-pencil practice, they demonstrated greater skill generalization compared to those who 

received computer only or paper-pencil only practice (Rich, Duhon, & Reynolds, 2017). Thus, 

differentiation in instruction across various stimuli appears to be an important mechanism to 

enhance students’ generalization of learned skills across various stimuli.  

Overall, research examining skill generalization within academic interventions is lacking 

for academic subjects other than reading and math, with the majority of research examining 

reading interventions. Although not the focus of the current study, skill generalization from 

intervention to different settings, times, and materials needs further examination. Advances in 

this research could inform how to best implement academic interventions so that students are 

able to generalize their skills within the classroom or on assessments. 
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 Adaption stage. The last stage within the IH is adaption. Adaption occurs when the 

learner is able to modify and apply their learned skills in response to novel stimuli and to solve 

problems (Daly III, Lentz, & Boyer, 1996; Haring & Eaton, 1978). This stage can only occur 

after the learner has mastered accurate, fluent, and generalized responding. Adaption is promoted 

through problem solving practice and engaging in various simulations, or instances with novel 

stimuli in which students must apply their skills (Haring & Eaton, 1978; Daly III et al., 1996). 

Given that educators cannot teach students the accurate response across all situations and 

contexts, students must learn how to identify and apply their learned responses to novel 

situations to solve problems.  

The basis of problem-solving skills is continual practice of those skills through 

increasingly challenging, novel scenarios (Ross & Maynes, 1983). The research related to 

problem-solving in math largely focused on word problems with emerging evidence for 

proportional problem-solving (Jitendra, Harwell, Dupuis, & Karl, 2017). Additionally, 

instruction in problem-solving strategies such as schema-based instruction (SBI) has been 

examined for math (Flores, Hinton, & Burton, 2016; Jitendra et al., 2017). When math 

instruction with SBI was compared to a control group, students in the SBI group had better 

performance on math problem-solving tasks (Jitendra et al., 2015). Additionally, the use of 

concrete-representational-abstract (CRA) instructional approaches and SBI in combination led to 

improvements in students’ math word problem-solving (Flores et al., 2016). Although there has 

been some research evaluating problem-solving to enhance math computation (i.e., word 

problems), direct examination of problem-solving interventions and simulation of novel 

situations through the lens of the IH is lacking. This gap in the research base could be due to the 

instructional strategies identified for acquisition, fluency, and generalization interventions being 
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viewed as treatment components which make an intervention effective (Daly III et al., 1996). 

This perspective is in contrast to viewing problem-solving as an instructional feature of adaption 

interventions but rather a skill the student must master independently.  

Instructional Hierarchy (IH) and Academic Interventions 

As discussed above, there has been relatively extensive research examining the 

instructional components targeting acquisition of and proficiency in academic skills while the 

research supporting the instructional components targeting skill generalization and adaption is 

limited (Cates et al., 2007). There is some empirical support for problem-solving interventions 

(e.g., schema-based instruction) but it is limited and not directly discussed within the context of 

the IH. Although more research has examined acquisition interventions, the majority of the 

research targeted foundational reading skills with limited evidence for math acquisition 

interventions. Additionally, the research examining acquisition interventions often lacked 

theoretical guidance (Burns, 2011), which undermines the understanding of why an intervention 

may or may not be effective. Given the long-term outcomes related to early difficulties with 

foundational math skills along with the lack of math proficiency students have demonstrated, 

acquisition interventions for math are vital to improve students’ math performance. Therefore, 

the present study seeks to fill this gap in the research base related to math acquisition 

interventions within the context of the IH.  

The IH has been applied to the investigation of effective treatment components for 

reading difficulties (Daly et al., 1996; Parker & Burns, 2014; Ardoin, Binder, Zawoyski, & 

Foster, 2018). Such research has examined the use of acquisition, proficiency, and generalization 

strategies to improve reading skills of learners. Reading research grounded in the IH supported 

its use to intervene in skills such as phonics (Benner et al., 2010; Martens et al., 2013), sight 
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words (Marvin et al., 2010), word list reading (Skinner, Johnson, Larkin, Lessley, & Glowacki, 

1995), oral reading fluency (Ardoin et al., 2018; Ardoin, McCall, & Klubnik, 2007) and 

comprehension (Therrien, 2004) as well as spelling (Cates et al., 2007). Thus, there has been 

broad application of the IH within the context of reading, however, such application of the IH 

within math intervention research is scarce.  

 Although there are some math intervention studies that have discussed features of an 

intervention in reference to the IH or that use the IH in their explanation of research findings, 

math intervention research has very infrequently used the IH to guide its implementation 

(Codding & Martin, 2016). For example, Burns and colleagues (2010) retroactively applied the 

IH in their review of math fluency interventions. They discussed the IH to explain intervention 

outcomes in their meta-analysis after identifying studies and examining student outcome data 

and effect sizes. Thus, it is important to expand math intervention research to include the use of 

theoretical frameworks (such as the IH) both to inform intervention implementation and to 

explain student outcomes following intervention.  

Summary 

 Theoretical frameworks are important to guide and inform academic intervention 

research because it increases the internal validity of the study and allows for interventions to be 

adapted across implementation settings (Volpe & Suldo, 2014; Burns, 2011). However, the use 

of theoretical frameworks to guide intervention implementation and to explain research findings 

is limited (Burns, 2011). The IH has been used to inform and guide the instructional features of 

academic interventions but has been largely applied to research related to reading interventions 

(Codding & Martin, 2016). Therefore, research regarding use of the IH to inform and explain 

effective math interventions is needed. The present study will use the IH to inform the 



COMPARING THE EFFECTS OF DRILL-BASED INTERVENTIONS 44 

implementation of math fact interventions and interpret the research findings. Of the four stages 

within the IH, the acquisition stage will be the focus for the present study. Given that early math 

skills predict the acquisition of higher-order math skills (Gersten et al., 2005), it is important to 

examine the effectiveness of math interventions which address early math skills (e.g., math 

facts). Like theoretical frameworks, evidence-based interventions are a key component to 

providing academic supports to students with academic difficulties. Given that the present 

study’s focus on early math skill intervention related to math facts, the next section will review 

the literature related to the efficacy of evidence-based math fact interventions.  

Academic Interventions 

 Evidence-based, high-quality instruction is one of the essential components of any RtI 

model (Stoiber & Gettinger, 2016). Evidence-based instruction has been defined as instructional 

strategies that have empirical support related to the use, efficacy, and generalization of such 

strategies across settings and subjects (e.g., modeling; Stoiber & DeSmet, 2010). Evidence-based 

interventions (EBI), specifically, are prevention or intervention practices that have “strong 

scientific support or research evidence” (Stoiber & Gettinger, 2016; pg. 121). Research regarding 

academic interventions is generally more developed than other areas of prevention and 

intervention research (e.g., social-emotional and behavioral; Stoiber & Gettinger, 2016). 

Although the focus on academic EBIs is a strength within intervention research broadly, within 

academic intervention research, reading has been examined more extensively than other 

academic areas (e.g., math), thus underscoring the need for additional research examining the 

effectiveness of interventions in other academic areas. 

For all academic interventions, it is important to consider the instructional techniques 

demonstrating efficacy to ensure the effectiveness of such interventions. In a review of 
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empirically supported academic interventions, there were four common intervention features 

across academic subjects. These four components included practice or drill, modeling with error 

correction, intervention intensity, and reward or reinforcement (Bramlett, Cates, Savina, & 

Lauinger, 2010). These features of empirically supported academic interventions align with 

instructional components previously discussed for the acquisition stage of the IH thus supporting 

the utility of the IH in guiding acquisition-based academic interventions. Another consideration 

for academic interventions is intervention efficiency. Efficiency has been a topic of focus within 

the intervention research due to the time restrictions for implementing interventions during the 

school day (Nist & Joseph, 2008). Efficiency within drill-based interventions is defined as the 

number of facts or words retained per instructional minute (Burns & Sterling, 2010). This section 

will first review acquisition-based academic interventions and student outcomes associated with 

those interventions. Next, acquisition-based interventions targeting broad math skills will be 

discussed. Then, the research related to three-types of drill-based interventions will be reviewed. 

Last, treatment acceptability research for academic interventions and specifically math 

interventions will be presented. Intervention efficiency will be discussed throughout this review 

of academic intervention research. 

Acquisition Interventions 

Students fall in the acquisition stage of the IH when they demonstrate slow and 

inaccurate responding to academic stimuli (Haring & Eaton, 1978). Acquisition interventions 

target students’ accuracy in responding by explicitly teaching the skill through modeling, error 

correction, and repeated practice (Burns et al., 2010). According to the IH, students must first 

demonstrate accurate responding (i.e., they have acquired the skill) before being proficient in a 

skill. The acquisition stage serves as the foundation for the hierarchy and is of greatest 
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importance for the initial stage of the learning process (Daly III et al., 1996). If students do not 

acquire an academic skill, they will not become proficient or be able to generalize and adapt the 

academic skills across subjects and activities in school. Thus, when students demonstrate 

difficulty acquiring academic skills, it is imperative to implement interventions directly targeting 

those skill deficits. 

Acquisition interventions target foundational academic skills such as phonics (Benner et 

al., 2010), letter sounds (Rahn et al., 2015), sight words (Skinner et al., 1997; Kupzyk et al., 

2011), word reading (Joseph, 2006; Volpe, Mulé et al., 2011), spelling (Cates et al., 2007) and 

math facts (Burns, 2005; Drevon & Reynolds, 2018). Early acquisition of basic reading skills 

(e.g., sight words) increases the acquisition of more advanced skills such as reading fluency and 

reading comprehension (Burns, 2004; Volpe, Mule et al., 2011). Similarly, acquisition of 

spelling has been linked to improvements in reading performance (Cates et al., 2007). 

Acquisition interventions targeting math facts have resulted in improved student performance on 

computation measures as well as generalization to other math skills such as word problem 

solving (Codding et al., 2010). Broadly, there is significant support showing that acquisition-

based academic interventions positively impact later math skills (Kroesbergen & Van Luit, 

2003). However, the majority of acquisition intervention research has examined reading skills 

underscoring the need for further research examining acquisition interventions for math. 

Acquisition Interventions for Math 

The acquisition of foundational math skills in early elementary school has been shown to 

be one of the strongest predictors of later math achievement (Duncan et al., 2007). However, the 

foundational skill of math fact knowledge is a common skill weakness among students who have 

math difficulties during elementary school (Gersten et al., 2005). Given the frequency of student 
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math fact difficulties, identifying effective early math fact interventions to target students’ math 

fact skills is important.  

Some commonly implemented interventions targeting foundational math skills include 

using manipulatives in the concrete-representational-abstract approach (CRA; Burns et al., 2010; 

Agrawal & Morin, 2016), detect, practice, and repair (DPR; Poncy et al., 2015), comprehensive 

instruction (Poncy et al., 2015), taped problems (Poncy et al., 2015), cover-copy-compare (CCC; 

Burns et al., 2010; Cates et al., 2007), and drill-based interventions (Szadokierski & Burns, 2008; 

Mule et al., 2018). CRA is an intervention framework which first uses concrete or physical 

objects to teach math concepts (concreate phase). Next, instruction moves to the representational 

phase where students use drawings to represent and solve math problems. Finally, in the abstract 

stage, students use traditional notations (e.g., 2 + 2) to solve math problems (Bouck, Satsangi, & 

Park, 2018). CRA has been shown to be effective (Bouck et al., 2018) but has largely been 

examined within single-case design studies and within the context of teaching math computation 

with regrouping (Bouck et al., 2018). Additionally, within the school context, there are no clear 

criteria regarding when to move from one phase of the CRA sequence to the next (Bouck et al., 

2018), which may impact intervention efficacy. Although CRA has empirical support for math 

computation, it is likely not the most efficient approach to aiding students in the acquisition of 

math facts but is more appropriate for introducing the concepts of computation (e.g., addition, 

subtraction), number sense, place value, and fractions (Agrawal & Morin, 2016). This is likely 

due to CRA’s focus on conceptual understanding of computation procedures. 

CCC is another intervention which has been examined across academic subjects and has 

been identified as an effective acquisition-based intervention for academic skills (i.e., reading, 

math, and writing/spelling). CCC provides modeling of the item (e.g., math computation or 
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spelling of a word) and allows the student to independently respond and then evaluate the 

accuracy of their response. CCC has demonstrated effectiveness in increasing math computation 

accuracy (Poncy, Skinner, & Jaspers, 2007) as well as spelling (Cates et al., 2007). However, 

CCC does not include repeated practice of the correct response following inaccurate responding 

but rather focuses on error correction only. Although error correction is important within 

acquisition interventions, repeated practice represents an important component of acquisition 

interventions and has been shown to increase academic skill acquisition, specifically related to 

math facts (Reynolds et al., 2016). Moreover, when additional repeated responding was 

incorporated within CCC, students’ performance further improved (Joseph, Konrad et al., 2012), 

but most CCC interventions do not include repeated practice. Even though there is empirical 

support for CCC, it may not be the most effective acquisition-based intervention to target math 

facts. This is likely due to the absence of important instructional features such as repeated 

practice following feedback which have been demonstrated to increase math fact retention and in 

turn intervention effectiveness (Burns et al., 2010). The exclusion of these important 

instructional features may then impact intervention efficiency because valuable intervention time 

is used on tasks that may not promote optimal skill development. 

Similar to CRA, DPR includes multiple components to teach math computation (Musti-

Rao & Plati, 2015). DPR has been shown to be an effective small group intervention for 

improving students’ computational accuracy for subtraction (Poncy, Skinner, & O’Mara, 2006), 

multiplication (Poncy, Skinner, & Axtell, 2010), and division (Poncy, Fontenelle, & Skinner, 

2013). First, during the detect stage, students respond to math problems presented through 

PowerPoint slides at a fixed interval of 1.5 seconds for each math fact. Next, students identify 

the problems they answered incorrectly via an answer key and practice those problems using 
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CCC. CCC serves as an opportunity to re-practice the facts answered incorrectly but it occurs for 

limited amount of time (i.e., 5 minutes) and each fact is typically practiced once (Musti-Rao & 

Plati, 2015). The third stage requires students to respond to the original math problems presented 

during the detect stage through a timed computation assessment. Last, students score their 

computation assessment and graph their results (Musti-Rao & Plati, 2015). Similar to CCC, the 

opportunity for repeated practice is limited with DPR and lacks direct feedback from the 

instructor related to their performance (i.e., using an answer key), which are both crucial 

instructional features identified in the acquisition-based intervention literature (Burns et al., 

2010).  

Another acquisition-based intervention which has demonstrated effectiveness in 

enhancing student’s math fact accuracy is taped problems (TP) (Kleinert, Codding, Minami, & 

Gould, 2018). During a TP intervention, math facts are presented via a tape recording and 

students must provide the correct answer before the recording gives the answer. If the student 

provides an incorrect response or does not provide a response prior to an answer being given, 

they must write the answer to the math fact (Poncy et al., 2015). Similar to CCC, the response 

feedback students receive during TP and DPR is either self-monitored (Codding, Hilt-Panahon, 

Panahon, & Benson, 2009) or briefly provided by the interventionist (Miller et al., 2011). As 

previously discussed, corrective feedback is an important instructional strategy for the 

acquisition phase of the IH. When feedback is provided in multiple formats (e.g., self-monitored, 

peer, or adult), it is typically inconsistent and non-systematic. When instructional strategies like 

corrective feedback are not implemented as outlined within the IH model and in empirically 

supported ways, students’ skill acquisition may be negatively impacted. The current study will 
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fill such gaps in the research base by examining tier 3 drill-based interventions which incorporate 

systematic and immediate feedback.  

Drill-Based Interventions and Math 

Another common type of acquisition intervention is drill-based interventions. Drill-based 

tasks have been used to teach foundational academic skills and have been linked to improved 

performance on higher order skills across academic areas (Burns, 2004). Drill is the repeated 

rehearsal or practice of a skill (Burns, 2004) and has been examined across reading and math 

skills. One important component of drill interventions is the ratio of known to unknown stimuli 

presented during the intervention (Cooke, Guzaukas, Pressley, & Kerr, 1993). The “optimal 

ratio” of known to unknown items during drill interventions was important for providing an 

appropriate level of challenge during instruction (Burns, 2004; pg. 167). However, findings 

regarding the optimal ratio during drill interventions have been mixed, with ratios including 90% 

known and 10% unknown (i.e., IR; Tucker, 1989), 70% to 80% known and 15% to 30% 

unknown (Gickling & Thompson, 1985), 50% known and unknown (Neef, Iwata, & Page, 1980), 

and less than 50% known items (Robinson & Skinner, 2002). Meta-analytic research suggested 

that drill interventions with less than 50% known items was the least effective ratio for 

acquisition of a skill (Burns, 2004); however, this study did not identify the optimal ratio for 

known versus unknown items. One possible explanation for a lack of universal definition of 

optimal ratio is that the drill ratio may be specific to the academic skill area taught (Cooke et al., 

1993; Burns, 2004). Therefore, it is important to understand the evidence regarding drill-based 

research across academic skills, but within the context of the present study, drill-based 

interventions for math are of particular importance.  
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Drill rehearsal has been shown to be one of the most effective approaches to target 

acquisition of math facts because they incorporate multiple components of effective acquisition 

interventions (Burns, 2004). The acquisition of new information (i.e., math facts) has been linked 

to the number of practice trials (Daly, Hintze, & Hamler, 2000) with a greater number of practice 

trials, or opportunities to respond (OTR), leading to increased skill retention (Volpe, Mulé et al., 

2011). OTR has been defined as the number of opportunities a student has to practice an 

unknown stimulus and receive feedback from an instructor regarding their performance on that 

stimulus (Zaslofsky et al., 2016). The high number of OTR within drill interventions are 

theorized to be an underlying causal mechanism for the effectiveness of drill-based interventions 

specifically and acquisition interventions generally because students are provided with repeated 

practice of the skill (Burns, 2005; Volpe, Burns, DuBois, & Zaslofsky, 2011). OTR are not the 

only mechanism researchers have examined while developing drill-based interventions. 

Drill interventions have also been developed by manipulating some of the features of IR 

and TD. For example, interventions that incorporate features of drill-based methods (i.e., IR and 

TD) include WordSheets (Mulé et al., 2018), Strategic Incremental Rehearsal (SIR; Kupzyk et 

al., 2011; January et al., 2017), and IR with exponentially increased spacing of unknown material 

(Swehla, Burns, Zaslofsky, Hall, Varma, & Volpe, 2016). Having peers serve as the 

interventionist also represents a promising practice for drill-based interventions (e.g., IR; 

Klingbeil et al., 2017). Although there is empirically support for math drill-based interventions 

(Burns, 2005), the findings lack generalizability because single-case designs have been most 

commonly used to examine their effectiveness. Thus, it is important to expand the research for 

acquisition interventions, specifically drill-based interventions, to other research models (i.e., 
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group designs) as well as within the context of basic math skills. The present study aims to do 

both. 

Incremental Rehearsal (IR). IR is a drill intervention that intersperses unknown 

material with known material (Burns, 2005; Tucker, 1989). The interspersing of known, easier, 

items has been linked to more on-task behavior as well as task preference (Cates & Skinner, 

2002; McCurdy, Skinner, Grantham, Watson, & Hindman, 2011). The known and unknown 

items are presented at a ratio of 10% unknown and 90% known material (Burns, 2005). The first 

unknown item is presented to the student followed by the presentation of the first known item. 

When the unknown item is presented this first time, the interventionist models the correct answer 

before eliciting a response from the student. Next, the first unknown item is presented again 

followed by the first known and second known items. Then the first unknown item is presented a 

third time followed by the first, second, and third known items. This presentation order continues 

until all the items are presented (see Figure 2 for IR sequence). Following traditional IR 

procedures (Burns, 2005), after all nine items are presented, a new unknown item is introduced 

through modeling of the correct response. When the new unknown item is introduced, the 

original unknown item becomes the first known item in the sequence, and the ninth item (i.e., 

eighth known item) from the original sequence is eliminated. Traditional IR has been shown to 

be one of the most effective interventions for academic skill acquisition (Burns, 2005; Burns et 

al., 2010; Codding et al., 2011; Codding et al., 2009; Klingbeil et al., 2017; Varma & 

Schleisman, 2014). It embodies the instructional features described at the acquisition stage of the 

IH such as modeling, feedback, repeated practice, as well as high OTRs.  

Repeated presentation of the unknown items within the traditional IR sequence allows for 

repeated practice, or high OTR, and multiple opportunities to receive corrective feedback 
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(McVancel et al., 2018). As discussed previously, high OTR has been linked to increased skill 

retention (Volpe, Mulé et al., 2011). Szadokierski and Burns (2008) examined the impact of 

OTR on retention of unknown words when using IR and found that the number of OTR had a 

significant and large effect on word retention 1 week after intervention. However, OTR is not the 

only feature that has been examined as a causal mechanism underlying IR’s effectiveness. OTR 

has been compared to other variables such as response generation (Zaslofsky et al., 2016). 

Response generation is a concept within cognitive psychology referring to the production a 

response as opposed to simply reading or being supplied with the correct response (Volpe, Mulé 

et al., 2011). When a high number of OTR and high response generation were present, IR 

demonstrated the largest learning gains for students compared to low OTR and low response 

generation (Zaslofsky et al., 2016). Therefore, high response generation is likely another 

important instructional component to enhance students’ skill acquisition. 

Another important instructional component of IR is modeling. Drill-based interventions 

with modeling have been found to produce the largest effect sizes for treatment outcomes 

compared to other math fact interventions (Codding et al., 2011). IR uses modeling within the 

intervention procedures which contributed to intervention effectiveness (Codding et al., 2010). 

Modeling occurs both when the unknown item is first taught (e.g., two times one equals two; 

Codding et al., 2010) as well as during corrective feedback (i.e., providing the correct response 

and having the student repeat it; Joseph, Eveleigh, Konrad, Neef, & Volpe, 2012).  

Another advantage of IR is that it can be tailored to each student’s unique needs. The 

unknown and known items used within the intervention session are based on the items the 

student has and has not learned (Burns, et al., 2016). However, like all interventions, there are 

limitations to IR. For instance, when IR is implemented in the traditional sequence, the 
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instructional time needed to implement the intervention is greater than other drill-based 

interventions (e.g., TD; Volpe, Mulé et al., 2011). The relatively longer amount of time IR 

requires has been a common critique of the intervention.  

Efficiency has been a topic of focus within the intervention research and a major critique 

of traditional IR (Volpe, Mulé et al., 2011). There has been some research which has tried to 

address this critique; however, such studies have demonstrated mixed findings related to IR 

efficiency (Burns, Zaslofsky, et al., 2012; McVancel et al., 2018). These mixed findings could be 

attributed to the ambiguity and differences in the definition of efficiency across intervention 

studies (Burns, Zaslofsky et al., 2012). For example, efficiency has been defined based upon next 

day retention as well as maintenance assessments occurring one or two weeks after intervention 

(i.e., number of facts correctly stated one or two weeks after intervention per instructional 

minute; McVancel et al., 2018). Given such differences in the definition of efficiency, it is 

difficult to compare intervention efficiency across studies. In studies examining efficiency within 

the context of next day retention, IR has typically been less efficient compared to TD (Burns, 

Zaslofsky et al., 2012). However, when efficiency uses maintenance checks as part of the 

definition (i.e., facts retained 1 week after intervention per instructional minute), IR was more 

efficient than other drill-based methods (e.g., TD; Burns, Zaslofsky et al., 2012). Additionally, 

most of the intervention research examining efficiency has been within the context of reading 

(e.g., letter sounds and sight words; Burns, Zaslofsky et al., 2012). While the definition of 

efficiency contains inconsistencies and flaws, there have still been attempts to address such 

criticism of IR through manipulation of the IR stimuli presentation. 

 Although instructional time has been identified as a potential weakness of IR, taking into 

consideration students’ individual acquisition rate has been shown to increase intervention 
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effectiveness and intervention efficiency. Acquisition rate (AR) is defined as the amount of 

information a student can practice and later recall after one intervention session (Gravois & 

Gickling, 2002; Burns et al., 2016). It has been argued that AR is an important consideration 

when matching the intervention to students’ individual needs (Burns & Parker, 2014; Burns et 

al., 2016). AR is determined by practicing all items until a student makes three errors during the 

practice of either known or unknown items (Burns, 2001). Using students’ AR is important in 

determining when intervention instruction should end as well as how many unknown stimuli 

should be taught per intervention session. For example, if a student is only able to retain three 

new math facts per intervention session, it would be most efficient to discontinue the 

intervention session after the third fact has been taught. The use of students’ AR led to more 

efficient use of instructional time as well as long-term retention compared to using 

predetermined set amounts (i.e., 2 or 8 stimuli; Haegele & Burns, 2015). Matching the number of 

unknown items taught to students’ AR could address the instructional time weakness as well as 

enhance the individualization of IR to meet each student’s learning needs. The present study will 

use AR research to inform the number of facts taught to students across intervention conditions.   

In an effort to address the relatively long instructional time of IR, Volpe, Mulé and 

colleagues (2011) modified the IR presentation sequence such that the unknown item taught was 

removed after the presentation of all nine items, standardizing OTR across various intervention 

conditions. When OTR were controlled across IR and other drill interventions, such as TD, TD 

was more efficient than IR (Joseph & Schisler, 2007; Nist & Joseph, 2008; Volpe, Mulé et al., 

2011). These results may be due to IR effectiveness being contingent on the number of times an 

unknown stimuli is presented throughout the intervention, which results in longer intervention 

time. When the unknown stimuli are not folded-in as known stimuli, the OTR to the stimuli is 
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reduced, which likely compromises the instructional effectiveness of the IR approach. 

Instructional time was also held constant in an attempt to address the issue of IR taking a longer 

amount of time to implement. Minimal differences in effectiveness and efficiency between IR 

and TD were evident when instructional time was held constant (Volpe, Mulé et al., 2011). 

Given OTR have been shown to be an important mechanism underlying IR’s effectiveness, it is 

likely that controlling, or limiting, OTR negatively impacted the intervention’s effectiveness in 

Volpe, Mulé and colleagues’ (2011) study. Even though holding OTR constant shortened the 

instructional time, removing the fold-in component of IR compromised a causal and theoretically 

based component of the intervention (i.e., repeated practice).  

Manipulation of the spacing of the unknown facts in IR has also been examined in an 

effort to minimize instructional time (Swehla et al. 2016). In comparing traditional IR to IR with 

spacing increasing exponentially (IR-Exp; i.e., one unknown fact, one known fact, one unknown 

fact, two known facts, one unknown fact, four known facts, one unknown fact, eight known 

facts), traditional IR resulted in superior retention rates compared to IR-Exp, even though IR-

Exp took half the amount of instructional time to implement. Thus, although traditional IR took 

longer to implement, the high OTRs within traditional IR, again, appeared to be an important 

component underlying its effectiveness. Given the evidence which supports the high OTR within 

traditional IR, future research should continue to examine new implementation procedures which 

maintain the key components of IR (i.e., OTR) while attempting to address shortcomings of the 

intervention (i.e., instructional time). The current study hopes to expand upon this point by 

comparing SIR to IR.  

 Traditional drill (TD). TD is a drill-based intervention targeting basic skill acquisition 

and presents only unknown stimuli to a student in a repeated fashion (Volpe, Mulé et al., 2011; 
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Burns, 2004). During the first round of practice, each unknown item is modeled by the instructor 

followed by prompting the student to provide the correct answer. On remaining trials, students 

are prompted to provide a response to the stimuli and corrective feedback is provided when 

needed (January et al., 2017). Practice of the items continues until all of the items can be 

answered correctly or a predetermined criterion has been met (e.g., predetermined amount of 

instructional time). TD has been shown to increase students’ acquisition of sight words (Joseph, 

Eveleigh et al., 2012; MacQuarrie, Tucker, Burns, & Hartman, 2002; Nist & Joseph, 2008; 

Volpe, Mulé et al., 2011) reading comprehension (Joseph & Schisler, 2007), and math facts 

(Codding et al., 2011).  

TD was shown to be a more efficient intervention compared to IR because, historically, 

participants have demonstrated a higher rate of next day fact or word retention per instructional 

minute (Burns & Sterling, 2010; Volpe, Mulé et al., 2011). Additionally, TD was shown to take 

less time to implement overall leading to increased efficiency. TD has also demonstrated greater 

efficiency than IR when instructional time is controlled (i.e., words learned per instructional 

minute; Burns & Sterling-Turner, 2010; Cates et al. 2003; Joseph & Nist, 2006; Nist & Joseph, 

2008). However, efficiency when examined over the long-term yielded conflicting findings, as 

discussed previously. TD demonstrated greater efficiency in the short term (e.g., immediate 

retention), but was equally or less efficient compared to other drill-based interventions (e.g., IR) 

when calculated based on maintenance assessments (e.g., 1 week after intervention; Burns & 

Sterling, 2010).   

Another limitation of TD is that it resulted in less generalization of learned words to other 

reading conditions compared to other drill-based interventions (e.g., IR; Joseph, Eveleigh et al., 

2012). Thus, TD may be more effective for larger, immediate increases in unknown stimuli, but 
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not the best intervention to promote generalization of learned information to other academic 

contexts. However, the time at which generalization measures have been administered has been 

inconsistent (e.g., immediately after intervention versus one week after the intervention; Haegele 

& Burns, 2015). As a result, additional research examining generalization of facts taught during 

drill interventions is needed. Moreover, much of the research examining TD has focused on word 

reading with minimal research related to the use of TD for math fact acquisition.  

Despite these mixed findings, TD has also been compared to various other drill-based 

interventions of similar and different stimuli ratios such as sandwich drill, IR, and a novel drill 

procedure, WordSheets. Coulter and Coulter (1989) adapted the traditional drill technique to 

create the sandwich drill (SD) approach. SD uses a ratio of 30% unknown and 70% known 

stimuli, with the unknown stimuli mixed in with the known stimuli, and each stimulus is 

presented three times (MacQuarrie et al., 2002). SD resulted in greater retention of the unknown 

stimuli than the TD approach (MacQuarrie et al., 2002; Browder & Shear, 1996; Cooke et al., 

1993). However, when comparing SD to TD and IR, IR led to overall greater retention of sight 

words (MacQuarrie et al., 2002).  

TD has also been compared to other drill-based methods such as WordSheets (Mulé et 

al., 2018). WordSheets were derived from the TD approach with two key differences: (1) 

increased OTR and (2) presenting the stimuli in a context similar to passage reading (Mulé et al., 

2018). In WordSheets, all of the words presented on a worksheet are unknown and are first 

modeled by the instructor and then practiced by the student. Next, the words are presented in 

random order through a WordSheet generated by a computer. The student practices reading the 

words presented on the WordSheet and the instructor provides corrective feedback throughout 

the intervention. When comparing the effectiveness of WordSheets and TD on retention of words 
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practiced, TD led to greater overall retention. There were no differences between TD and 

WordSheets related to generalization and maintenance of words learned (Mulé et al., 2018). 

These findings may be reflective of the similarities in intervention procedures between TD and 

WordSheets and therefore, the difference in presentation mode (i.e., flashcard vs. worksheet) did 

not impact the underlying mechanisms consistent across TD and WordSheets (i.e., modeling, all 

unknown stimuli). 

Although findings regarding the relative effectiveness of TD compared to other drill-

based interventions have been mixed, TD has been shown to increase students’ acquisition of 

basic academic skills (Volpe, Mulé et al., 2011). Despite the support for TD approaches to 

teaching basic skills, there is relatively little research examining TD for math fact interventions. 

One way to address these shortcomings could be to examine alternative drill-based interventions 

in the context of math facts. Additionally, a majority of the research base has used single-case 

designs to compare TD to IR and other drill methods. The current study will use a within-

subjects design to compare TD and IR, thus improving upon the external validity of findings.   

Strategic incremental rehearsal (SIR). SIR is a novel drill intervention which modified 

traditional IR by incorporating features of TD procedures (Kupzyk et al., 2011; January et al., 

2017). When implementing SIR, all of the stimuli presented are unknown to the student, like TD, 

but the items are introduced in an incremental fashion, like IR, to maintain spaced practice 

(January et al., 2017). Similar to non-traditional IR (i.e., without fold-in of unknown items), in 

SIR, target stimuli are removed from the instructional sequence; however, SIR bases the removal 

and introduction of stimuli on the student’s correct and incorrect responding to the stimuli and 

does not follow a preset sequence, as in modified IR (January et al., 2017). The number of 

unknown stimuli practiced during IR is limited during an intervention session, but with SIR, the 
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number of stimuli practiced is dependent upon student’s acquisition rate within the intervention 

session (Kupzyk et al., 2011). During a traditional IR session, three to five unknown stimuli can 

be presented within the intervention session with known items being presented potentially three 

times more than unknown items (Kupzyk et al., 2011; Burns, 2007; MacQuarrie et al., 2002; Nist 

& Joseph, 2008), which results in more time spent practicing the known stimuli than unknown 

stimuli. Additionally, IR often requires more instructional time compared to other drill 

procedures (i.e., TD; Cates et al., 2003; Nist & Joseph, 2008). SIR aims to increase intervention 

efficiency by introducing new unknown stimuli only after the student has practiced the previous 

unknown item without any errors (January et al., 2017). Preliminary findings suggested SIR is 

slightly more effective and efficient than IR when teaching sight words (January et al., 2017). 

However, SIR has not been compared to TD nor has it been used to examine math fact 

instruction. Although SIR includes the use of AR in the implementation procedures, it is a 

relatively novel intervention and therefore has limited research (Kupzyk et al., 2011; January et 

al., 2017). The current study aims to add to the SIR intervention research as well as expand the 

research to the subject of math facts. 

Kupzyk and colleagues (2011) compared the effectiveness of IR and SIR for sight word 

acquisition through an A-B-A-B design across four participants. Their findings showed SIR 

resulted in greater gains in sight word acquisition compared to IR. SIR also resulted in greater 

maintenance of the sight words two weeks after intervention completion. January and colleagues 

(2017) also compared SIR and IR for sight word acquisition through an alternating treatments 

single-case design, but procedures for removal of learned unknown words differed from the 

original SIR procedures used by Kupzyk and colleagues (2011) which were described earlier in 

this section. In January and colleagues’ (2017) study, words were considered acquired when a 
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student responded correctly to the word during three consecutive intervention sessions across 

three days. The researchers then tested the words the student had acquired on two separate days 

to check for maintenance of the word. If the student did not respond correctly to the stimuli, the 

word was added back to the student’s target words for practice, but it was not modeled when re-

introduced to the student. Like January and colleagues (2017), Kupzyk and colleagues (2011) 

also did not include modeling when stimuli were reintroduced. This is a shortcoming of the 

implementation of SIR because, as discussed previously, modeling is a key instructional 

component when students are acquiring a new skill. In the present study, modeling will be used 

when first introducing a new fact and when providing corrective feedback; however, given the 

current study design, facts will not be reintroduced across days. The Kupzyk and colleagues 

(2011) and January and colleagues (2017) studies are the only known studies examining SIR. 

Therefore, researching examining SIR targeting other academic areas (i.e., math) and compared 

to interventions other than IR (i.e., TD) is warranted. Additionally, SIR has only been examined 

through single-case design research which has limited generalizability beyond the students who 

participated. Additional research examining SIR through group designs in an effort to increase 

generalizability is therefore needed. The present study aims to expand the SIR research base to 

include application to math facts which will be examined through a group-based research design.  

Treatment Acceptability 

 Treatment acceptability is clients’ (i.e., students) and other stakeholders’ (i.e., teachers) 

judgment regarding whether or not they perceived treatment procedures as “appropriate, fair, and 

reasonable for a problem” (Arra & Bahr, 2005; Kazdin, 1981). In other words, treatment 

acceptability evaluates whether a client perceived the treatment as effective and demonstrated a 

preference for the treatment. In the case of academic interventions, the client is typically the 
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student receiving the intervention or the teacher or interventionist implementing the intervention. 

Treatment acceptability is an important consideration because it can inform whether the 

intervention is targeting the individual skill with which a student has difficulties (Mautone et al., 

2009) as well as evaluate student engagement in instruction.  

Teacher acceptability has been of greater focus compared to student acceptability within 

the intervention research base (Arra & Bahr, 2005). Research on teacher acceptability has largely 

focused on rating treatments for behavioral interventions (McCurdy & Cole, 2014; Cowan & 

Sheridan, 2003; Mautone et al., 2009), interventions developed in consultation (Cowan & 

Sheridan, 2003; Mautone et al., 2009), or assessment procedures (Eckert & Shapiro, 1999; 

Mautone et al., 2009). Teacher acceptability is important because it can impact implementation 

fidelity when they are implementing the intervention. Similarly, taking teachers’ opinions into 

consideration during intervention evaluation and development can positively impact 

implementation fidelity because teachers may feel their opinion and expectations are valued 

(Mautone et al., 2006). Although there has been some research examining teacher intervention 

acceptability, there is a significant gap in the literature regarding student acceptability of 

academic interventions and very little research examining student acceptability of math 

interventions specifically (McVancel et al., 2018; Mong & Mong, 2010; McCallum, Skinner, 

Turner, & Saecker, 2006; Arra & Bahr, 2015). 

There has been some recent research which has examined student acceptability of math 

interventions including CCC and Math to Mastery (MTM; Mong & Mong, 2010), taped 

problems (McCallum et al., 2006), IR (McVancel et al., 2018; Volpe, Mulé et al., 2011), and TD 

(Volpe, Mulé et al., 2011) as well as broad types of math intervention frameworks (e.g., 

cognitive, behavioral; Arra & Bahr, 2015). Across broad types of math interventions (e.g., 
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cognitive, behavioral, and traditional), students reported high levels of acceptability across 

conditions (Arra & Bahr, 2015). However, the students received only one of the three 

intervention conditions and therefore these results may not be comparable. When MTM and 

CCC were compared, CCC was identified by students as the preferred intervention approach 

(Mong & Mong, 2010). One possible explanation for the difference in student acceptability 

could be due to MTM taking twice as long as CCC to implement. Student participants also rated 

TP highly (McCallum et al., 2006). However, there was not a comparative intervention condition 

so it is unclear whether TP would still receive high ratings when another intervention condition 

is present. When comparing two drill-based interventions, IR and TD, student acceptability was 

split in that half of the students preferred IR while the other half preferred TD (Volpe, Mulé et 

al., 2011). Students indicated they preferred one intervention over the other because they liked 

having known words as part of their drill practice (IR) while conversely others liked having only 

unknown words as part of their drill practice (TD; Volpe, Mulé et al., 2011). There is currently 

no student acceptability research which examines the preference between IR and TD within the 

context of math facts. The present study aims to expand the student acceptability research for 

drill interventions to include math facts.  

Although some recent research has incorporated examination of treatment acceptability 

of math interventions for students and teachers broadly, there is still a gap in the research base 

regarding student acceptability when comparing multiple math interventions, specifically drill-

based interventions. Given this gap in the research base and the importance of student 

engagement during intervention (Mautone, et al., 2009), treatment acceptability is an important 

area for future research to examine, particularly in the context of math fact interventions. 
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Summary 

Drill-based interventions are some of the most commonly implemented interventions to 

target students’ acquisition of basic academic skills and include IR (Burns, 2005; Burns et al., 

2010; Codding et al., 2011; Codding et al., 2009; Klingbeil et al., 2017; Varma & Schleismann, 

2014), TD (Joseph, Eveleigh et al., 2012; MacQuarrie et al., 2002; Nist & Joseph, 2008; Volpe, 

Mulé et al., 2011), and SIR (Kupzyk et al., 2011; January et al., 2017). However, drill-based 

intervention research has largely focused on the examination of drill-based interventions for 

early reading skills (e.g., sight words), with less research examining the impact of drill-based 

interventions for improving math skills. There have also been mixed findings regarding the 

comparative effectiveness of IR and TD for teaching math facts (Volpe, Mulé et al., 2011; Burns, 

2005). However, SIR may be a promising alternative to these drill-based intervention methods 

based on preliminary research. The current study will therefore compare the effectiveness and 

efficiency of IR, TD, and SIR on the retention and maintenance of multiplication facts through a 

group research design. This study will add to the drill-based intervention literature for math facts 

as well as expand the acquisition-based intervention literature by using a within-subjects design 

study.  

Literature Review Summary  

 This chapter reviewed the research related to service-delivery frameworks, theoretical 

frameworks, and evidence-based math interventions. Service-delivery frameworks, such as RtI, 

serve as a vehicle to implement evidence-based instruction, additional academic supports (e.g., 

interventions), and assessment for students experiencing academic difficulties (Cusumano et al., 

2014). Currently, math interventions are largely understudied compared to other academic skills 

(i.e., reading) within the context of RtI (Lembke et al., 2012; Hughes & Dexter, 2011). 
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Specifically, there is a gap in the research related to tier 3 math interventions which target 

acquisition of foundational math skills, such as math facts. Similarly, the use of theoretical 

frameworks to guide the examination of such interventions is inconsistent and limited within 

math intervention research (Burns, 2011). Using theoretical frameworks to guide and inform 

academic interventions research not only increases internal validity but also allows for the 

adaptation of interventions across environments (e.g., schools; Volpe & Suldo, 2014; Burns, 

2011).  

The research base for math interventions, specifically drill-based interventions for math 

facts, is also limited. The studies that have examined drill-based interventions for math have 

largely used single-case research designs which limits the generalizability of the findings. There 

has also been limited research examining student acceptability related to math intervention (Arra 

& Bahr, 2015; Mong & Mong, 2010; McCallum et al., 2006; McVancel et al., 2018; Volpe, 

Mulé et al., 2011) and specifically related to drill-based interventions such as IR and TD (Volpe, 

Mulé et al., 2011). Student acceptability is important in evaluating both student engagement in 

intervention as well as students’ perception of whether or not the intervention helped them 

(Mautone et al., 2009). Given that math fact acquisition has been identified as a common area of 

math difficulty for elementary students, targeting these skills through drill-based intervention 

holds promise in addressing the overall low national proficiency levels in math. Thus, the current 

study aims to address these gaps outlined in this literature review by using the IH to guide the 

examination of the effectiveness, efficiency, maintenance, and acceptability of three drill-based 

math fact interventions through a within-subjects research design. 
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Research Questions 

The following research questions will guide the present study: 

1. What are the comparative effects of traditional incremental rehearsal (IR), traditional drill 

(TD), and strategic incremental rehearsal (SIR) on students’ multiplication fact retention? 

a. What are the differences in multiplication fact retention between IR and TD? 

b. What are the differences in multiplication fact retention between IR and SIR? 

c. What are the differences in multiplication fact retention between TD and SIR? 

2. What are the comparative effects of traditional incremental rehearsal (IR), traditional drill 

(TD), and strategic incremental rehearsal (SIR) on students’ multiplication fact fluency? 

a. What are the differences in multiplication fact fluency between IR and TD? 

b. What are the differences in multiplication fact fluency between IR and SIR? 

c. What are the differences in multiplication fact fluency between TD and SIR? 

3. What are the comparative effects of traditional incremental rehearsal (IR), traditional drill 

(TD), and strategic incremental rehearsal (SIR) on students’ multiplication fact 

maintenance? 

a.  What are the differences in multiplication fact maintenance between IR and TD? 

b. What are the differences in multiplication fact maintenance between IR and SIR? 

c. What are the differences in multiplication fact maintenance between TD and SIR? 

4. What are the differences in intervention efficiency among the three intervention 

conditions?  

a. What are the differences in efficiency between IR and TD? 

b. What are the differences in efficiency between IR and SIR? 

c. What are the differences in efficiency between TD and SIR? 
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5. To what extent are there differences in treatment acceptability across intervention 

conditions? 
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CHAPTER 3 

Method 

Participants and Setting 

 This study was conducted in partnership with a local community public intermediate 

school located around a mid-size Midwestern city. The participating school included 454 

students in third through sixth grade. Out of the 454 students, approximately 251 (55.3%) 

identified as male. The majority of the students identified as Caucasian (88.5%), 7.3% identified 

as Latinx, 3.7% identified as two or more races, and less than 1% identified as African 

American. Additionally, 56.8% of the students were eligible for free or reduced-price lunch 

(National Center for Education Statistics, 2018).  

A total of 268 consent forms were sent home with all fourth (n = 133) and fifth (n = 135) 

grade students at the participating school. Of the 268 consent forms, 67 consent forms were 

returned, and the guardians of 53 students provided consent to participate in the study. Of the 53 

students whose guardians provided consent, 46 provided assent. The students who provided 

assent participated in pre-testing and 37 of those students met study inclusion criteria. The pre-

test inclusion criteria required students to know less than 132 multiplication facts out of 144 

multiplication facts presented (i.e., facts 1 through 12). One student who met study inclusion 

criteria did not participate because he was absent prior to a school break and therefore making up 

his data would have resulted in a significant deviation from study procedures.  

A total of 36 students in fourth (n = 20) and fifth (n = 16) grade participated in this study. 

Of those 36 students, 18 (50%) were male. The majority of the participants identified as 

Caucasian (80.5%), five (13.9%) identified as Multiracial, and two (5.6%) identified as Latinx. 

Additionally, eight (22.2%) of the students were eligible for special education services in the 
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areas of Speech (n = 3), Language (n = 2), Specific Learning disability (SLD; n = 2), Other 

Health Impairment (OHI; n = 1), and/or Autism Spectrum Disorder (ASD; n = 2). Two of the 

eight students were eligible under more than one category (i.e., ASD and Language Impairment, 

and ASD and OHI). Of the eight students eligible for special education services seven of the 

students identified as Caucasian (87.5%) and one identified as Latinx (12.5%).   

Measures  

 Known and unknown multiplication facts. Participants’ known and unknown 

multiplication facts were determined prior to the start of intervention implementation. All 

participants were administered 144 multiplication facts (facts 1 through 12) via flashcards 

following Burns’ (2005) procedures. The multiplication facts were written horizontally on an 

index card (e.g., 3 x 4) with numbers that were approximately 2 inches in height. There was no 

equal sign written on the card and the numbers were written in black marker (Nist & Joseph, 

2008). All multiplication facts 1 through 12 were presented including each commutative property 

form (e.g., 1 x 2 and 2 x 1). The primary researcher and graduate students presented one 

multiplication fact flashcard at a time and participants had 3 s to provide a response. The facts 

were presented in a random order. Participants’ correct (known) and incorrect (unknown) 

responses to each multiplication fact were recorded. Known facts were defined as multiplication 

facts to which the participant provided a correct response within 3 s, including self-corrections. 

Unknown facts were defined as incorrect responses, no response, or a response (correct or 

incorrect) provided after 3 s to the multiplication fact. All 144 multiplication facts were 

administered across three separate days to ensure each student’s known and unknown facts were 

accurate. In order for a fact to be considered known at the end of pre-testing, the student had to 

respond correctly to the multiplication fact across all three pre-test sessions. If a student 
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responded incorrectly to a presented multiplication fact across all three pre-test sessions, the fact 

was considered unknown. Multiplication facts to which students did not respond correctly across 

all three days of pre-testing were not used as either knowns or unknowns. 

Fluency. At pre-test and post-test, participants were administered three subskill mastery 

measures (SSMM) across three separate days. Standardized curriculum-based measures (CBM) 

administration and scoring procedures were followed (Shinn, 1989) for the SSMM. Students had 

two minutes to complete the SSSM multiplication fact probe. Students’ digits correct per minute 

(DCPM) were calculated for each probe following administration. The DCPM were calculated 

by dividing the total digits correct on each probe by 2 (i.e., 30 digits correct total / 2 min = 15 

DCPM). Participants’ median DCPM score across the three probes served as the students’ pre-

test score. CBM, such as SSMM, have demonstrated adequate reliability for measuring student 

skill performance (Ketterlin-Geller & Yovanoff, 2009). SSMM provided meaningful data to 

monitor student progress (Fuchs, 2004) and for use within RtI (Ysseldyke, Burns, Scholin, & 

Parker, 2010). Additionally, SSMM probes generated through websites showed moderate test-

retest (M - Fluency = 0.66; M - Accuracy = 0.68) and alternate form reliability (M - Fluency = 

0.66; M - Accuracy = 0.65) for fluency and accuracy (Strait et al., 2015). 

 Retention. Participants’ retention of multiplication facts taught during intervention 

sessions was assessed at three different post-test time points. The day immediately following an 

intervention session, retention of the multiplication facts taught during the previous day’s 

intervention session was assessed. For example, multiplication facts taught during the IR 

intervention session implemented on Monday were assessed for retention on Tuesday prior to the 

next intervention condition being implemented. A fact was considered retained if the student 

provided the correct response to the fact within 3 s. These retention post-test assessments of the 
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taught multiplication facts followed the same procedures used to determine known and unknown 

facts previously described.  

 Maintenance. Participants’ maintenance of taught multiplication facts was assessed two 

weeks after each of the intervention sessions. At each maintenance assessment, the four facts 

evaluated for retention two weeks prior were assessed. For example, if a student received post-

test retention assessment for the IR intervention session on Wednesday October 16, TD October 

17, and SIR October 18, the maintenance assessment for the facts took place on Wednesday 

October 30 (IR), Thursday October 31 (TD), and Friday November 1 (SIR), respectively. Thus, 

after three days of maintenance assessments, all twelve math facts across the three intervention 

conditions were evaluated. Maintenance assessments of the multiplication facts followed the 

same procedures used to determine known and unknown facts and retention previously 

described. 

 Efficiency. Intervention efficiency was calculated for each of the three intervention 

conditions. Efficiency was calculated by computing the number of multiplication facts retained 

per instructional minute (Cates et al., 2003; Swehla et al., 2016). The number of facts retained in 

each condition was divided by total intervention session time in seconds and then multiplied by 

60 to obtained the number of facts retained per minute (i.e., 
!"##$%&	()*+#	,"+)$&"-

.&+"/0"&+$%&	!"##$%&	1$2" x	60 ; Cates et 

al., 2003; Nist & Joseph, 2008).  

 Treatment acceptability. When identifying effective interventions, it is also important to 

consider students’ perspectives related to the value and effectiveness of the instructional 

procedures being examined (Nist & Joseph, 2008). Therefore, the current study assessed 

students’ treatment acceptability of the interventions. After each intervention session was 

completed, the participating students completed a treatment acceptability survey. Thus, students 
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completed the survey three times, once for each intervention condition. The survey was adapted 

from the Children’s Intervention Rating Profile (Elliott, 1986). Students rated five statements 

using a four-point Likert scale. The four response options within the Likert scale were: 1 = I do 

not agree, 2 = I kind of disagree, 3 = I kind of agree, and 4 = I Agree.  The five statements that 

students rated included:  

1. This way of practicing multiplication facts is a good one.  

2. Other ways to practice multiplication facts are better than this one.  

3. Working with a helper to practice multiplication facts is a good idea.  

4. I like this way of practicing multiplication facts.  

5. I think practicing multiplication facts this way will help me do better in school.  

The interventionist read the statements and response options to the student. Students circled their 

responses after the interventionist read both the statements and response options. However, due 

to interventionist error, 5 treatment acceptability scores had to be excluded from data analyses 

because students circled a score in between Likert items (e.g., circling the space between 1 and 

2) on the scale, so scores could not be calculated.  

Materials 

 Pre-test. The materials that were required to complete pre-testing included flashcards of 

all 144 multiplication facts for facts 1 through 12, a record sheet to record students’ known and 

unknown facts, and SSMM probes. Pre-testing occurred across three days, thus one unknown vs. 

known record sheet and three SSMM probes were needed during this phase of the study.  

Intervention. During each intervention session, the materials required included 

multiplication fact flashcards, a timer, a pencil, and a record sheet to record intervention session 

time, fact retention, and fact maintenance two weeks later.  
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Post-test. During the three retention assessments (i.e., post-tests) following the 

implementation of each intervention condition, the materials required included the flashcards 

with the multiplication facts taught during the intervention session the day prior, a timer, a pencil 

as well as three SSMM probes. Other materials that were needed included small rewards (e.g., 

pencils, puzzles, bracelets, Rubik’s cubes) students earned at the end of the study for giving their 

best effort during pre-test, intervention, and post-test.  

Interventions 

 All students participated in all three intervention conditions, Incremental Rehearsal (IR), 

Traditional Drill (TD), and Strategic Incremental Rehearsal (SIR). Across all students, the 

unknown facts determined during pre-testing were randomly assigned to each intervention 

condition. The known facts used for the IR condition were also randomly assigned from each 

student’s pool of known facts. Additionally, the intervention condition implementation order was 

randomly assigned across participants.  

The interventionists implemented scripted intervention protocols for each intervention 

condition to promote implementation fidelity across interventionists and conditions. At the start 

of each intervention session, the interventionist started a timer when the first unknown fact was 

presented. The interventionist stopped the timer after the student provided their response to the 

last multiplication fact presented. The total time of the intervention session was used to calculate 

efficiency for each of the intervention conditions. Students rehearsed four unknown 

multiplication facts for each of the three intervention conditions, based on previous intervention 

research examining acquisition rate (AR; Haegele & Burns, 2015), and therefore rehearsed 

twelve unknown multiplication facts total over the course of the study. AR is defined as the 

amount of information that can be taught during one intervention session and can be recalled at 
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least one day after intervention (Haegele & Burns, 2015; Gravois & Gickling, 2002). Following 

a student error on either known or unknown facts, the interventionist provided corrective 

feedback using the following standardized language: “That’s not quite right. Let’s try again. 

BLANK times BLANK equals BLANK. What does BLANK times BLANK equal?”.  

 Incremental rehearsal. For the IR condition, the interventionist taught the unknown 

multiplication facts following the traditional standardized IR administration procedure (Burns, 

2005). The interventionist modeled the correct response for the first unknown fact by stating, 

“BLANK times BLANK equals BLANK. What does BLANK times BLANK equal?”. If the 

student provided a correct response, the interventionist responded with “That’s right!” and then 

presented the first known fact. If the student responded with an incorrect answer to any of the 

known or unknown multiplication facts presented, the interventionist responded by saying, 

“That’s not quite right. Let’s try again. BLANK times BLANK equals BLANK. What does 

BLANK times BLANK equal?”. Following the teaching and presentation of the first unknown 

fact and then the first known fact, the first unknown fact was then presented again. When the 

unknown fact was presented a second time, the interventionist did not model the fact. Then, the 

interventionist presented the first and second known facts (i.e., unknown fact 1, known fact 1, 

known fact 2). New known facts were added to this sequence following the same procedure until 

all eight of the known facts were presented. After the initial sequence, the first unknown fact 

became the first known fact and a new unknown fact (unknown fact 2) was introduced. 

Additionally, the last known fact (known fact 8) was removed from the sequence. This sequence 

was repeated for the remaining three unknown facts. See Figure 2 for an outline of round one of 

the IR sequence.  
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Figure 2. Round one of Incremental Rehearsal presentation sequence. 

 

 

 

Traditional drill. For the TD condition, interventionists taught four unknown 

multiplication facts through individual presentation of each unknown fact. The first time the 

interventionist presented each of the four unknown facts, they stated, “BLANK times BLANK 

equals BLANK. What does BLANK times BLANK equal?”. There were no known facts 

presented as part of the TD intervention condition. In line with previous research, each unknown 

fact was presented in four rounds, resulting in each fact being presented four times, and facts 

were not shuffled in between each round (Nist & Joseph, 2008). See Figure 3 for an outline of 

the TD sequence. 
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Figure 3. Traditional Drill presentation sequence.
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followed. First, the interventionist modeled the first unknown fact by stating, “BLANK times 
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Again, either positive praise or corrective feedback was provided based on the student’s 

response. The first and second unknown facts were then shuffled. Then, the first and second 

unknown facts were individually presented again. In order for a new unknown fact to be 

introduced, the student had to respond accurately to both unknown facts within the same round. 
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After the student responded accurately to both unknown facts, the facts were shuffled, and the 

third unknown fact was introduced following the same procedures as unknown facts 1 and 2. The 

same procedure was implemented for unknown fact four. In order for the intervention session to 

end, the student had to respond accurately to each of the four facts during two consecutive 

presentations (January et al., 2017; Kupzyk et al., 2011).  

Procedures 

 The researcher obtained a letter of support from the participating school’s principal. After 

the letter of support was obtained, an application was submitted to the university Institutional 

Review Board (IRB). Upon IRB approval, consent forms were sent home with all fourth and 

fifth grade students at the participating school. With approval from the school, and the discretion 

of the teachers, incentives were provided (e.g., pencil, piece of candy, school PBIS dollar) to 

students who brought their signed consent form back. Students received the incentive as long as 

their guardian signed the form, not based on whether their guardian provided consent for 

participation. The students whose guardians provided consented for participation met with the 

primary researcher or a graduate student to review assent. First, the researcher reviewed the 

assent form and explained the purpose of the study using age-appropriate language. During this 

time, the student was able to ask questions and indicated if they wished to participate in the 

study. If the student assented to participate in the study, they signed the assent form. If the 

student did not want to participate in the study, they were thanked for their time and sent back to 

class. If assent was received, pre-testing began on a day after assent was received.  

Pre-tests were administered across three days. During each pre-testing session, the 

primary researcher or a graduate student presented students with all 144 multiplication facts 1 

through 12 and one SSMM probe of multiplication facts. After pre-testing was completed, the 
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primary researcher determined if the participant met the study inclusion criteria (i.e., at least 12 

unknown multiplication facts). If the student met inclusion criteria, the primary researcher then 

randomly assigned the participant’s unknown multiplication facts to one of the three intervention 

conditions. The first step of random assignment was to assign a number to each student’s 

unknown facts (i.e., 1 – 12) and each intervention condition (i.e., 1 = IR, 2 = TD, 3 = SIR). Next, 

a random number generator was used to assign each student’s unknown facts to each of the three 

conditions. A random number generator was then used to randomly assign intervention 

implementation order for each participant. Across students, the known facts used within the IR 

intervention were assigned a number and then a random number generator was used to select 

eight of the known facts to include in each students’ IR known pool. 

 One to two weeks after pre-testing was completed, participants received their first 

intervention condition followed by post-test session one the next day. One the same day, 

immediately following post-test session one, students participated in their second intervention 

condition. Post-test session two was conducted the following day, after which participants 

received intervention condition three. Then, post-test session three occurred the day immediately 

after intervention condition three was implemented. Last, participants received maintenance 

assessments across three days which took place two weeks after each post-test session. 

Following each intervention session, students completed a treatment acceptability survey 

regarding each intervention condition. All pre-test, intervention, post-test, and maintenance 

assessment sessions took place during tier 2 intervention time or non-core instruction (e.g., 

specials) in an available classroom, sensory room, or conference area. Below, Table 2 outlines 

study procedures.  
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Table 2 

Study procedures 

Pretest 
 

Intervention 
1 

Posttest 1 Intervention 
2 

Posttest 2 Intervention 
3 

Posttest 3 

Known & 
unknow math 
fact 
identification* 
 
SSMM 
Probe* 

IR 
or 
TD 
or 

SIR 
 

Acceptability 
Survey 

 
 
 
 

Retention 
Assessment 
 
SSMM probe 
(3) 
 
 
 
 
Maintenance 
Assessment** 

IR 
or 
TD 
or 

SIR 
 

Acceptability 
Survey 

 
 
 
 

Retention 
Assessment 
 
SSMM probe 
(3) 
 
 
 
 
Maintenance 
Assessment** 

IR 
or 
TD 
or 

SIR 
 

Acceptability 
Survey 

 
 
 
 

Retention 
Assessment 
 
SSMM probe 
(3) 
 
 
 
 
Maintenance 
Assessment** 

*Administer multiplication facts (1 – 12)/SSMM probe 3 times on 3 separate days. 
**Maintenance assessments will occur 2-weeks after the post-test session was implemented. 
 

Implementation fidelity. Prior to data collection, the author trained and assessed five 

interventionists (i.e., school psychology graduate students) in the intervention conditions and 

assessment procedures. Interventionists were not permitted to implement interventions with 

students until they successfully implemented each procedure with 100% accuracy on 

competency assessments during training. A procedural checklist was used both during 

interventionist competency assessments prior to beginning data collection and implementation 

fidelity assessments during data collection.  Fidelity assessments were completed for 21% of the 

TD intervention sessions and 25% of the IR and SIR intervention sessions and across all 

interventionists. Implementation fidelity was calculated by dividing the number of correctly 

implemented intervention steps by the total number of intervention steps.  

Most implementation fidelity assessments were completed in-person; however, when in 

person fidelity assessments could not occur due to problems with schedule logistics, the first 

author video recorded intervention sessions with IRB approval and parental consent. When video 
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recordings were conducted, the video frame included only the interventionist’s face with the 

students’ body and face not in the video frame. The primary researcher stored the recordings 

securely in a locked filing cabinet in her locked on-campus office. The primary researcher and 

one of the school psychology graduate students reviewed the videos using the same fidelity 

checklists implemented during live observations. Of the 26 fidelity assessments across all three 

conditions (IR = 9; TD = 8; SIR = 9), 19.2% were completed through video recordings. Interrater 

observation agreement (IOA) for fidelity video reviews was 100% across both raters. After the 

videos were reviewed for fidelity purposes, they were deleted. Implementation fidelity for in-

person observations and video observations ranged from 90.4% to 100% and averaged 99.44% 

across all conditions. 

Research Design and Analyses 

 A within-subjects design was used to evaluate the comparative effectiveness and 

efficiency of the three intervention conditions. Students were pre-tested on their multiplication 

facts and participated in retention assessments (post-tests) following the implementation of each 

intervention condition. Each student participated in each of the intervention conditions, therefore 

serving as their own control. Prior to data collection, a power analysis for a within-subjects 

design was conducted to identify the minimum number of participants needed to detect 

statistically significant differences with estimated power of 0.80. A priori analyses indicated that 

a sample of approximately 36 participants was needed. For effect sizes the following metrics 

were used to interpret results: Kendall’s W (.1 = small, .3 = medium, .5 = large; Tomczak & 

Tomczak, 2014), eta squared (.02 = small, .13 = medium, .26 = large; Bakeman, 2005), and 

partial eta squared (.01 = small, .09 = medium, .25 = large, Cohen, 1988). 
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The outcome variables (DV) for the present study included multiplication facts retained, 

median fluency scores (DCPM) on the SSMM probes, maintenance of multiplication facts, 

intervention efficiency (i.e., multiplication facts retained per instructional minute), and students’ 

intervention acceptability. The independent variable (IV) for all six research questions was 

intervention condition (i.e., IR, TD, SIR). 

A Friedman rank test was conducted to answer research questions one, three and four to 

examine differences in multiplication facts retained (Research Question 1), differences in 

maintenance of multiplication facts two-weeks after intervention (Research Question 3), and 

differences in intervention efficiency (i.e., facts retained per minute; Research Question 4) across 

intervention conditions. A nonparametric analysis was used given the outcome variables were 

ordinal in nature and therefore normality was violated for both outcome variables. For the sub-

research questions under Research Question 4, a Wilcoxon signed-rank test was used to compare 

the efficiency of each of the three intervention conditions to one another (i.e., IR vs. TD, TD vs. 

SIR, & IR vs. SIR).  

A one-way repeated measures analysis of variance (ANOVA) was conducted for research 

questions two to analyze differences in intervention effectiveness related to multiplication fact 

fluency (DCPM on SSMM probes; Research Question 2). No follow-up analyses were 

conducted.  

A Friedman rank test was also conducted to evaluate treatment acceptability (Research 

Question 5) across intervention conditions. No follow-up analyses were conducted.  

In addition to the examining overall outcomes, differences among racial groups was also 

examined during follow-up analyses. It is important to examine differences among racial groups 

in order to attend to the individual and cultural differences (e.g., race) which may impact 



COMPARING THE EFFECTS OF DRILL-BASED INTERVENTIONS 82 

intervention outcomes (Sander, in press). Thus, intervention effectiveness, efficiency, and 

treatment acceptability outcomes were examined among the three racial groups represented in 

the sample (i.e., White, Latinx, and Multiracial). For retention, maintenance, efficiency, and 

treatment acceptability, a Kruskal-Wallis was used to examine differences among racial groups 

(Howell, 2012). For the fluency outcome variable, an ANCOVA was used to examine 

differences, with pre-test fluency scores serving as the covariate. See Table 3 for an overview of 

the analyses. 

Table 3  

Study analyses 

Research Question Analyses 

Initial Analyses for RQ2. T-test for grade-level 
T-test for gender 

RQ1. Multiplication fact retention Friedman rank test 
Kruskal-Wallis for differences among racial groups 
 

RQ2. Multiplication fact fluency One-way repeated measures ANOVA 
ANCOVA for differences among racial groups 
 
 

RQ3. Multiplication fact maintenance Friedman rank test 
Kruskal-Wallis for differences among racial groups 
 

RQ4. Intervention efficiency Friedman rank test 
Wilcoxon signed-rank test (if significant results 
from Friedman rank test are present) 
Kruskal-Wallis for differences among racial groups 
 

RQ5. Treatment acceptability Friedman rank test 
Kruskal-Wallis for differences among racial groups 
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CHAPTER 4 

Results 

Preliminary Analyses 

 A t-test was conducted prior to examining the research questions to determine whether 

there were significant differences in pre-test SSMM DCPM scores (i.e., multiplication fact 

fluency) across grade level and gender. These tests did not result in statistically significant 

differences across grade (t = -.293, p = .771) or gender (t = -1.367, p = .181). Therefore, all 

additional analyses were conducted by collapsing the data across grade and gender.  

Assumptions of Analyses 

 The assumptions of a one-way repeated measures ANOVA (i.e., independence, 

normality, sphericity) were initially evaluated for the outcome variables for all research 

questions (i.e., retention, fluency, maintenance, efficiency, treatment acceptability) to determine 

the appropriateness of using a one-way repeated measures of ANOVA to analyze the data. 

Across all outcome variables for research questions one through five, the assumption of 

independence was met because the students’ unknown facts were randomly assigned to each 

condition and intervention implementation order was randomly assigned for each student. It was 

hypothesized that the data for the retention (RQ 1) and maintenance (RQ 3) assessments would 

not be normally distributed because these variables were not continuous. If the assumption of 

normality was violated for any of the research questions, then a Friedman rank test was used to 

examine differences in the outcome variables across the intervention conditions (van Gorp, 

Segers, & Verhoeven, 2014). In these instances, sphericity was no longer evaluated because it is 

not an assumption for the Friedman rank test. Normality was evaluated both visually with 

histograms of the dependent variables’ residuals and statistically through the Shapiro-Wilk test, 
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which is appropriate for analyzing normality for samples smaller than 50 using an alpha level of 

.01 (Tabachnick & Fidell, 2014). When the normality assumption was met, sphericity was 

examined through Mauchly’s test of sphericity. Descriptive and inferential statistics for all 

outcome variables can be found in Table 4. 

Intervention Effectiveness 

 Several outcome variables were examined regarding the differential effectiveness of the 

three interventions, IR, SIR, and TD. These results are described in detail below.  

Multiplication fact retention. Before examining differences in retention across 

intervention conditions, the residuals of the retention data were examined to determine if the data 

met the assumption of normality. Because the variable was not continuous, it was hypothesized 

that the residuals may not be normally distributed. First, based on visual analysis of histograms 

of the retention data residuals, the distributions for the IR and TD residuals appeared to be 

platykurtic, which suggested that the assumption of normality was violated. Next, normality was 

also examined using the Shapiro-Wilks test, which resulted in a statistically significant test for 

all three intervention conditions (IR p = .004; TD & SIR p = .003), suggesting the assumption of 

normality was violated for the next day retention assessment data. Thus, the Friedman rank test 

was used to examine differences in multiplication fact retention across intervention conditions. 

The Friedman rank test was not statistically significant (!3 = .695; df = 2; p = .710) with a small 

effect (W = .010; Tomczak & Tomczak, 2014). These results suggested that students 

demonstrated similar rates of multiplication fact retention across intervention conditions and 

there were no meaningful differences in retention among intervention conditions. Results are 

presented in Table 4.  
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A Kruskal-Wallis test was used to determine if there were differences in retention for 

each intervention condition across racial groups in the sample. Because of the normality 

violation in the residual data for retention, the Kruskal-Wallis test was identified as an 

appropriate analysis (Howell, 2012). The results of the Kruskal-Wallis test indicated no 

statistically significant differences among racial groups in next day retention for IR (p = .663), 

TD (p = .856), and SIR (p = .546) with effect sizes of η2 = .04 (IR), η2 = .05 (TD), η2 = .03 (SIR) 

indicating a small effect (Bakeman, 2005). These results suggested similar rates of multiplication 

fact retention across racial groups. Results are presented in Table 5.   

 Multiplication fact fluency (DCPM). Prior to examining differences in multiplication 

fact fluency (DCPM) across intervention conditions, the residuals of the fluency data were 

examined to determine if they met the assumption of normality for a one-way repeated measures 

ANOVA. Based on visual analysis, the residuals appeared to be normally distributed for all three 

conditions. The Shapiro-Wilks test was not statistically significant (IR p = .096; TD p = .082; 

SIR p = .028), suggesting that the residuals for multiplication fact fluency (DCPM) were 

normally distributed for all three intervention conditions. The Mauchly’s test of sphericity was 

then conducted to evaluate the assumption of sphericity. Mauchly’s test of sphericity was not 

statistically significant ('3(5) = 1.815; p = .874), indicating the assumption of sphericity was 

met. Because the assumptions were met, a one-way repeated measures ANOVA was conducted 

to examine the differential impact of each intervention condition on multiplication fact fluency 

(DCPM). Because there were four levels of comparison (i.e., pre-test DCPM, IR post-test 

DCPM, TD post-test DCPM, SIR post-test DCPM), a Bonferroni correction was used to 

determine test significance (p = 0.05 ÷ 4 = .0125).  
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The one-way repeated measures ANOVA resulted in a statistically significant main effect 

(F = (3, 144.233) = 5.804, p < .0125) with a medium effect (h4
3  = .14; Cohen, 1988). Because of 

the significant main effect, pairwise comparisons were conducted to determine if there were 

statistically significant differences between pre-test fluency scores and post-test fluency scores 

following each of the intervention conditions. Pairwise comparisons were also conducted to 

examine differences among the intervention conditions’ post-test fluency scores (i.e., IR post-test 

DCPM, TD post-test DCPM, SIR post-test DCPM). The pairwise comparison indicated there 

was a statistically significant difference between pre-test fluency and IR post-test fluency (p = 

.005), but there were not statistically significant differences between pre-test fluency and TD 

post-test fluency (p = .021) or between pre-test fluency and SIR post-test fluency (p = .173). 

Additionally, there were no statistically significant differences between IR and TD post-test 

fluency scores (p = 1.000), IR and SIR post-test fluency scores (p = .966), or TD and SIR post-

test fluency scores (p = 1.000). Overall, these results suggested that students demonstrated 

greater fluency scores following the IR condition compared to their pre-test scores, but they 

demonstrated similar post-test fluency scores across the three intervention conditions. Results are 

presented in Table 4. 

An ANCOVA was conducted to examine differences in fluency outcomes among the 

racial groups for each of the intervention conditions. The results indicated no statistically 

significant differences for IR (F = (2, 6.62) = .13, p = .88), TD (F = (2, 67.93) = 1.13, p = .34), 

and SIR (F = (2, 64.96) = 1.24, p = .30) across the racial the groups with small (Cohen, 1988) 

effect sizes of ηp2 = .01 (IR) and ηp2 = .07 (TD & SIR). Thus, students had similar post-test 

fluency scores across racial groups. Results are presented in Table 5 
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Multiplication fact maintenance. Similar to analyses of the retention and fluency 

assessments, preliminary analyses were conducted to determine if the maintenance variable 

residuals met the assumptions of normality and sphericity. First, visual analysis was used to 

examine the distribution of the maintenance data residuals, which suggested that the residuals 

were normally distributed for IR and TD, but that the SIR residuals were positively skewed. 

Next, the Shapiro-Wilks test was not statistically significant for IR (p = .012) and TD (p = .011), 

but was statistically significant for SIR (p = .005), suggesting that the assumption of normality 

was violated for the SIR maintenance residuals. Thus, the Friedman rank test was most 

appropriate for examining differences in multiplication fact maintenance across the three 

intervention conditions (van Gorp, Segers, & Verhoeven, 2014). The Friedman rank test was not 

statistically significant ('3 = 2.935; df = 2; p = .231) with a small effect (W = .042; Tomczak & 

Tomczak, 2014). These results indicated there were no meaningful differences in students’ 

multiplication fact maintenance across the intervention conditions. These results suggested that 

students demonstrated similar multiplication fact maintenance across the intervention conditions. 

Results are presented in Table 4.  

A Kruskal-Wallis test was used to determine if there were any differences across racial 

groups in multiplication fact maintenance for each intervention condition. The results of the 

Kruskal-Wallis test indicated that there were no statistically significant differences in 

multiplication fact maintenance across the three racial groups for IR (p = .790), TD (p = .804), or 

SIR (p = .815) with effect sizes of η2 = .05 (IR, TD, & SIR) indicating a small effect (Bakeman, 

2005). These results suggested similar rates of multiplication fact maintenance across racial 

groups. Results are presented in Table 5.   
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Intervention Efficiency  

Preliminary analyses were conducted to examine if the residuals of the intervention 

efficiency (i.e., facts retained per minute) data met the assumption of normality. Based on visual 

analysis of the efficiency residuals, the IR efficiency residuals appeared normally distributed, but 

TD and SIR efficiency residuals were positively skewed suggesting that the assumption of 

normality was violated. The Shapiro-Wilks test was not statistically significant for the efficiency 

data for IR (p = .100) and SIR (p = .063), but was statistically significant for TD (p = .004), 

suggesting that the assumption of normality was violated for TD intervention efficiency 

residuals. Because the assumption of normality was not met across all three conditions, the 

Friedman rank test (van Gorp, Segers, & Verhoeven, 2014) was conducted to examine 

differences in intervention efficiency across the intervention conditions. The Friedman rank test 

was statistically significant ('3 = 27.722; df = 2; p < .05) with a medium effect (W = .385; 

Tomczak & Tomczak, 2014); thus, indicating that there were differences in intervention 

efficiency among the intervention conditions. A Wilcoxon signed-rank test (Hinkle, Wiersma, & 

Jurs, 2003) was then used to examine specific differences in efficiency among the intervention 

conditions. Because there were three different comparisons (i.e., TD vs. IR, SIR vs. IR, and SIR 

vs. TD), a Bonferroni correction was used to determine test significance (p = 0.05/3 = .017). The 

results of the Wilcoxon signed-rank test indicated that SIR (Z = -4.713, p < .017) and TD (Z = -

4.587, p < .017) were more efficient than IR and that TD was more efficient (Z = -3.174, p = 

.002) than SIR. These results suggested that TD was the most efficient intervention condition, 

followed by SIR, and IR was least efficient. Results are presented in Table 4. 

A Kruskal-Wallis test was used to determine if there were any differences in intervention 

efficiency across racial groups for each intervention. The results of the Kruskal-Wallis test 
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indicated that there were no statistically significant differences in intervention efficiency across 

the three racial groups for IR (p = .688), TD (p = .689), or SIR (p = .089) with effect sizes of η2 = 

.04 (IR & TD) and η2 = .09 (SIR) indicating small (IR & TD) and small to moderate (SIR) 

effects (Bakeman, 2005). These findings suggested that similar rates of efficiency across racial 

groups. Results are presented in Table 5.   

Treatment Acceptability 

Residuals of the treatment acceptability data were examined to determine if they met the 

assumption of normality for a one-way repeated measures ANOVA. Based on visual analysis, 

treatment acceptability residuals across all three conditions were negatively skewed and 

leptokurtic, which suggested the assumption of normality was violated. The Shapiro-Wilks test 

was statistically significant for all three conditions (IR & SIR p = .000; TD p = .001), which also 

suggested the treatment acceptability residuals were not normally distributed and the assumption 

of normality was violated. Given the violation of the assumption of normality, the Friedman 

Rank test was conducted to examine differences in treatment acceptability across the intervention 

conditions. The Friedman rank test was not statistically significant (!3 = 2.113; df = 2; p = .348) 

with a small effect (W = .032; Tomczak & Tomczak, 2014). These results suggested that 

students’ treatment acceptability was similar across the intervention conditions. Results are 

presented in Table 4. 

A Kruskal-Wallis test was used to examine differences in treatment acceptability across 

racial groups for each intervention. The results indicated that there were no statistically 

significant differences in treatment acceptability across the three racial groups for IR (p = .702), 

TD (p = .988), and SIR (p = .882) with small η2 = .04 (IR) and small to moderate η2= .06 (TD & 

SIR) effects (Bakeman, 2005). These results suggested that students that identified as White, 
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Latinx, and Multiracial reported similar treatment acceptability for all intervention conditions. 

Results are presented in Table 5.   
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Table 4  

Descriptive and Inferential Statistics for Whole Sample  

Measure  M (SD)  95% CI   

Pre-Test Fluency  20.79 (10.52)  [5.5, 49.5]   

 IR  TD  SIR    

 M (SD) 95% CI  M (SD) 95% CI  M (SD) 95% CI  Statistic Effect Size 

Facts Retained 2.31 (1.26) [0, 4.0]  2.14 (1.27) [0, 4.0]  2.28 (1.00) [0.0, 4.0]  !! = .695 W = .01 

Fluency  25.19 (12.03) [4.0, 59.0]  24.86 (14.20) [5.0, 57.5]  23.58 (14.07) [4.5, 55.5]  F = 5.804* ηp2 = .14 

Maintenance 2.03 (1.18) [0, 4.0]  1.81 (1.17) [0, 4.0]  1.60 (1.19) [0, 4.0]  !! = 2.935 W =.04 

Efficiency 0.30 (0.19) [0, .69]  1.20 (0.96) [0, 4.0]  0.69 (0.39) [0.0, 1.73]  !! = 27.722* W =.39 

T.A. 17.69 (1.69) [11.0, 20.0]  17.26 (2.17) [11.0, 20.0]  17.36 (2.23) [11.0, 20.0]  !! = 2.113 W =.03 

Note. Kendall’s W: .1 = small, .3 = medium, .5 = large (Tomczak & Tomczak, 2014). Partial eta squared:  .01 = small, .09 = medium, 
.25 = large (Cohen, 1988).  
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Table 5 

Descriptive and Inferential Statistics for Racial Groups  

 IR  TD  SIR  

 M (SD) Statistic E.S. M (SD) Statistic E.S. M (SD) Statistic E.S.  

Facts Retained 2.31 (1.26) H = 0.82 η2 = .04  2.14 (1.27) H = 0.31 η2 = .05  2.28 (1.00) H = 1.15 η2 = .03  

White 2.41 (1.18) - -  2.10 (1.24) - -  2.34 (1.01) - -  

Latinx 2.00 (1.41) - -  2.10 (1.41) - -  2.00 (.000) - -  

Multiracial 1.80 (1.79) - -  2.40 (1.67) - -  2.00 (1.23) - -  

Fluency  25.19 (12.03) F = 0.13 ηp2 = .01  24.86 (14.20) F = 1.13 ηp2 = .07  23.58 (14.07) F = 1.24 ηp2 = .07  

White 25.14 (13.13) - -  24.88 (13.56) - -  23.90 (13.86) - -  

Latinx 16.25 (10.25) - -  11.00 (5.66) - -  9.00 (5.66) - -  

Multiracial 29.10 (20.78) - -  20.20 (18.33) - -  27.60 (15.87) - -  

Maintenance 2.03 (1.18) H = 0.47 η2 = .05  1.81 (1.17) H = 0.44 η2 = .05  1.60 (1.19) H = 0.41 η2 = .05  

White 2.07 (1.16) - -  1.76 (1.12) - -  1.64 (1.16) - -  

Latinx 1.50 (0.71) - -  1.20 (2.12) - -  1.50 (0.71) - -  

Multiracial 2.00 (1.58) - -  2.20 (1.30) - -  1.40 (1.67) - -  
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Efficiency 0.30 (0.19) H = 0.75 η2 = .04  1.20 (0.96) H = 0.75 η2 = .04  0.69 (0.39) H = 4.85 η2 = .09  

White 0.32 (0.18) - -  1.17 (0.88) - -  0.72 (0.36) - -  

Latinx 0.26 (0.23) - -  0.73 (0.70) - -  0.30 (0.08) - -  

Multiracial 0.24 (0.23) - -  1.56 (1.49) - -  0.66 (0.61) - -  

T.A. 17.69 (1.69) H = 0.71 η2 = .04  17.26 (2.17) H = 0.02 η2 = .06  17.36 (2.23) H = 0.25 η2 = .06  

White 17.57 (1.79) - -  17.21 (2.22) - -  17.31 (2.36) - -  

Latinx 18.50 (0.71) - -  17.50 (2.12) - -  15.50 (3.54) - -  

Multiracial 18.00 (1.41) - -  17.40 (2.30) - -  18.00 (1.00) - -  

Note. E.S. = effect size. Effect size for Fluency is Partial Eta Squared (ηp2): .01 = small, .09 = medium, .25 = large (Cohen, 1988); Effect 
size for Retention, Maintenance, Efficiency, and Treatment Acceptability are Eta Squared (η2): .02 = small, .13 = medium, .26 = large 
(Bakeman, 2005).  
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CHAPTER 5 

DISCUSSION 

 The present study used a within-subject design to examine differences in students’ 

retention and maintenance of and fluency with multiplication facts as well as intervention 

efficiency and treatment acceptability across three drill-based flashcard interventions: IR, TD, 

and SIR. Results showed that there were not statistically significant differences in next day 

retention across the three intervention conditions, suggesting students had similar rates of 

retention across interventions. Similarly, there were not statistically significant differences 

among the intervention conditions in multiplication fact fluency (i.e., DCPM) or maintenance of 

multiplication facts two weeks after intervention. Treatment acceptability results also indicated 

that there were no differences in students’ preferences for the three interventions. In contrast, 

efficiency results indicated that TD was more efficient than IR and SIR, and SIR was more 

efficient than IR.  

Intervention Effectiveness 

Multiplication fact retention. Following all three intervention conditions, students 

demonstrated increased multiplication fact retention, which was consistent with previous 

research, IR, TD, and SIR were all shown to increase students’ basic skill (e.g., sight words, 

math facts) acquisition and retention (Burns, 2005; Burns et al., 2016; January et al., 2017; 

Kupzyk et al., 2011). However, the present study found that differences were small but non-

statistically significant for next day multiplication fact retention between IR and TD, which was 

consistent with Volpe, Mulé and colleagues’ (2011) findings examining the comparative 

effectiveness of IR and TD; however, Volpe, Mulé  et al. (2011) modified the IR procedure in 

order to compare specific intervention features (i.e., opportunities to respond, standardized 
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intervention time). Therefore, Volpe, Mulé and colleagues’ (2011) findings may not be directly 

comparable to the present study in which traditional IR procedures were implemented. In 

contrast, this study was inconsistent with most prior research that suggested IR was more 

effective than TD (Burns et al., 2019; Burns & Sterling-Turner, 2010; MacQuarrie et al., 2002; 

Nist & Joseph, 2008). Such findings may be reflective of differences in stimulus materials and 

individual student differences. Burns et al. (2019) did not include the use of commutative 

properties of multiplication facts (e.g., 8 x 6 and 6 x 8) in their comparison of retention between 

IR and TD, but the present study did. This procedural difference could explain why there were 

not retention differences between IR and TD because students may have had more opportunities 

to practice a fact which could have led to better retention outcomes across conditions. 

Furthermore, majority of the research has examined the retention of words rather than math facts 

(Burns & Sterling-Turner, 2010; MacQuarrie et al., 2002; Nist & Joseph, 2008). This difference 

in skill area being targeted may also be a possible explanation for the inconsistency in retention 

results between the present study and previous research. However, these explanations are 

hypotheses requiring further examination. 

In this study, there were not differences in retention between IR and SIR, which was 

inconsistent with the preliminary research base for SIR suggesting that SIR was slightly more 

effective than IR when teaching sight words (January et al., 2017; Kupzyk et al., 2011). 

Differences in skill focus (i.e., sight words versus multiplication facts) could explain the 

differences in findings between January et al. and Kupzyk et al’s findings and this study’s 

findings; however, this explanation is a hypothesis in need of further examination, particularly 

because other studies have shown that IR was effective for teaching sight words and math facts 

(Burns, 2005; Joseph, 2006; McVancel et al., 2018; Nist & Joseph, 2008). This study was the 
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first to directly compare SIR and TD on retention of multiplication facts, and thus, provided 

preliminary findings regarding their differential effectiveness to teach math facts. Future research 

could replicate or build upon the present study to examine differences among SIR, IR, and TD to 

teach math facts. 

In addition to overall retention outcomes, there were small but non-statistically 

significant differences for multiplication fact retention among the racial groups. This study was 

the first to compare differences among racial groups in the context of fact retention for IR, TD, 

and SIR and, therefore, future research should seek to further examine racial group differences in 

the context of multiplication fact retention for IR, TD, and SIR.  

Multiplication fact fluency (DCPM). There were small but non-statistically significant 

differences in students’ post-test performance on multiplication fact fluency across the three 

intervention conditions as well as across the three racial groups. There is a dearth in the research 

base comparing IR and TD on math fact fluency outcomes (Cooke et al., 1993). Rather, almost 

all of the research of drill-based interventions has examined their effects on next day retention 

and generalization of skills (Burns & Sterling-Turner, 2010; Joseph et al., 2012; Lozy & 

Donaldson, 2019; MacQuarrie et al., 2002; Nist & Joseph, 2008), fluency specific to IR only 

(Burns, 2005; Volpe, Burns, et al., 2011), or targeted math fluency interventions (e.g., Taped 

problems, Cover Copy and Compare; Poncy, Skinner, & McCallum, 2012). Similarly, this study 

was the first to examine the impact of SIR on multiplication fact fluency as well as racial group 

differences for fluency outcomes. Therefore, additional research should further examine the 

impact of SIR, IR, and TD on math fact fluency and differences in fluency outcomes among 

racial groups.  
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Although there were not statistically significant differences in post-test multiplication fact 

fluency among the intervention conditions, students demonstrated significant growth in DCPM 

between pre-test and post-test in the IR condition. These findings were consistent with previous 

research that found that IR resulted in increased multiplication fact fluency (Burns, 2005; 

Codding et al., 2010; McVancel et al., 2018). Students may have demonstrated significant 

fluency growth in the IR condition given the high number of opportunities to respond to the 

unknown multiplication facts (i.e., between 8 and 32 times) whereas TD had only four OTRs per 

multiplication fact. Incorporation of high OTRs to unknown facts within IR was shown to be an 

underlying causal mechanism to increase students’ skill fluency (e.g., DCPM; McVancel et al., 

2018). In contrast, for SIR, the OTRs varied because the number of times facts were presented 

for practice was contingent upon each student’s correct responding to the multiplication facts. 

Therefore, it is not clear how OTR may have impacted fluency in the SIR condition.  

Multiplication fact maintenance. There were small but non-statistically significant 

differences in students’ maintenance of multiplication facts across the three conditions. These 

findings were consistent with Joseph et al.’s (2012) findings that TD and IR resulted in similar 

maintenance of rehearsed words (Joseph et al., 2012). In contrast, the present study’s findings 

were inconsistent with the majority of prior research that suggested that IR resulted in greater 

maintenance of math facts than TD (Burns & Sterling-Turner, 2010; MacQuarrie et al., 2002; 

Nist & Joseph, 2008). It is possible that differences in the time-points at which maintenance was 

assessed may explain these inconsistencies across studies. For example, this study assessed 

maintenance two weeks after intervention, which was longer than previous IR and TD research 

that assessed maintenance after 5 days (Nist & Joseph, 2008) or 1 week (Mulé et al., 2018; Burns 

& Sterling-Turner, 2010). Future research could examine maintenance at multiple timepoints to 
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replicate previous research and further understanding of these interventions’ impact on fact 

maintenance over time.   

This study’s findings were inconsistent with previous research that examined the impact 

of SIR on skill maintenance that found that SIR resulted in greater maintenance than IR (January 

et al., 2017; Kupzyk et al., 2011). In January and colleagues’ (2017) study, in SIR, previously 

rehearsed stimuli were reintroduced when participants made errors during retention assessments, 

which resulted in high OTR to those reintroduced stimuli, which could explain higher 

maintenance in the SIR condition. In contrast, stimuli taught during the IR intervention sequence 

were not reintroduced, resulting in fewer OTR to stimuli in the IR condition compared to stimuli 

that were reintroduced in the SIR condition. However, because this reintroduction of stimuli 

during SIR was dependent upon whether or not the student responded correctly during the 

retention assessment, it is also possible that students had fewer OTR if they responded correctly 

to the stimulus and the stimulus was therefore not reintroduced. The present study did not 

reintroduce facts in any of the intervention conditions, which may explain this study’s and 

January et al.’s inconsistent maintenance findings.  

There were small but non-statistically significant differences in multiplication fact 

maintenance among the racial groups. However, this study was the first to compare differences 

among racial groups in the context of maintenance for IR, TD, and SIR. Therefore, future 

research should seek to further examine racial group differences in the context of multiplication 

fact maintenance for IR, TD, and SIR.  

This study was also one of the first to compare the impact of SIR and TD on 

multiplication fact maintenance. Lozy and Donaldson (2019) compared maintenance outcomes 

when TD and SIR were implemented to teach letter sounds and found that TD resulted in greater 
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maintenance than SIR, but they noted their findings were inconsistent with previous research that 

found that TD was less effective than interspersal techniques (e.g., IR) for maintenance. Because 

Lozy and Donaldson’s (2019) study and this study were the first to compare maintenance 

outcomes of TD and SIR, future research could further examine differential maintenance effects 

for SIR and TD when targeting math facts.  

Research procedures and effectiveness. The present study’s findings may not have 

coincided with previous research due to differences in the research methodology. Previous 

research examined the differential effectiveness of SIR, IR, and TD following multiple 

intervention sessions (Codding et al., 2011; January et al., 2017; Kupzyk et al., 2011; Mulé et al., 

2018; Nist & Joseph, 2008; Volpe, Mulé et al., 2011) whereas in the present study, students 

received each intervention only once. Previous research suggested that students required multiple 

opportunities (i.e., intervention sessions) for repeated practice of math facts in order to become 

fluent (Burns et al., 2015) and to demonstrate increased retention of words (Volpe, Mulé et al., 

2011). This study examined the short-term efficacy of the interventions, which may not have 

allowed enough time to detect differences among conditions. Future research could compare 

these conditions within a multi-session, group design to determine if there are differences among 

the conditions after the interventions are implemented over an extended period of time. 

Instructional Hierarchy (IH) and Intervention Effectiveness 

Students who fall within the acquisition stage of the IH demonstrate slow and inaccurate 

responding. Previous research showed that fourth- and fifth-grade students should score between 

24 and 49 DCPM on fluency measures (i.e., CBM-M or SSMM) to demonstrate instructional-

level performance (Burns, VanDerHeyden, & Jiban, 2006) and that students who fell below the 

instructional range typically required additional support to reach grade-appropriate instructional 
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level. In the present study, average student performance on pre-test fluency fell below the 

instructional range (i.e., mean pretest = 20.79 DCPM), which suggested below grade-level 

responding. Thus, on average, the present study’s participants appeared to be representative of 

students  in need of acquisition-based intervention support. Although there were no differences 

in intervention effectiveness across the intervention conditions, students demonstrated growth 

across all measures (i.e., mean retention of 2.24 multiplication facts, mean maintenance of 1.81 

facts, and mean DCPM increase of 3.75) for all intervention conditions. These results provided 

support for use of the IH in informing implementation of acquisition-based interventions for 

students demonstrating slow and below-grade level responding.  

The instructional features of the interventions may also have contributed to students’ 

acquisition and retention of multiplication facts in the intervention conditions. During the 

acquisition stage of the IH, there are key instructional components (i.e., modeling, explicit 

instruction, and immediate corrective feedback; Haring & Eaton, 1978) that should be 

implemented to support students’ acquisition of basic academic skills. These instructional 

features are important for the development and evaluation of instructional methods (Ellis, 2014). 

The present study used the IH to inform the implementation of and instructional methods used in 

the intervention conditions. For example, unknown facts were modeled and explicitly taught 

when first presented in all intervention conditions. Additionally, immediate corrective feedback, 

which included additional explicit instruction, was provided when errors occurred in all 

intervention sessions. Thus, the lack of differences in multiplication fact retention and 

maintenance across the intervention conditions may be attributed to the theoretically-informed 

instructional features that were incorporated in each of the interventions. However, this 

explanation is a hypothesis and previous research has identified differences in retention and 
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maintenance when comparing IR, TD, and SIR. Future research could also compare these 

interventions within the context of IH and further examine the impact of the specific instructional 

components on students’ skill outcomes.  

Haring and Eaton (1978) also outlined specific instructional features necessary to 

promote skill fluency at the proficiency stage of the IH (e.g., explicit timing). In the present 

study, a time component was incorporated in the intervention sessions as students were given 3 s 

to respond to the multiplication facts presented. However, it is important to note that this timing 

procedure differed from typical explicit timing instruction in the proficiency stage in that most 

often, students are tasked with completing multiple multiplication problems within a set time 

frame (e.g., 2 min). Even in the absence of specific instructional features of the proficiency stage 

(e.g., explicit timing), descriptive statistics showed that students’ fluency (i.e., DCPM) increased 

from pre-test to post-test following each intervention condition (i.e., range = 3 – 5 DCPM 

gained). These results coincided with prior research that also found students made gains in 

fluency in response to an acquisition-based intervention (e.g., IR; Burns, 2005), suggesting that 

drill-based interventions may also be effective for supporting math fluency growth. This study 

expanded the multiplication fact and drill-based intervention research base by incorporating 

theory within intervention implementation and results interpretation and future research 

examining math fact interventions should aim to do so as well. 

Intervention Efficiency 

In the present study, there were small to moderate statistically significant differences in 

intervention efficiency with TD having greater multiplication facts retained per instructional 

minute compared to IR and SIR. These results were consistent with previous research comparing 

the efficiency of IR and TD (Burns & Sterling-Turner, 2010; Nist & Joseph, 2008). TD uses only 
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unknown stimuli (Mulé et al., 2018), which results in less required instructional time to practice 

the multiplication facts. Students demonstrated similar next day retention in the TD and IR 

conditions, which in combination with shorter implementation time for TD likely contributed to 

the greater efficiency in the TD condition compared to the IR condition. TD was also more 

efficient than SIR whereas previously, SIR demonstrated greater efficiency than TD (Lozy & 

Donaldson, 2019). However, Lozy and Donaldson (2019) defined efficiency differently than 

most prior research of intervention efficiency by examining the number of intervention sessions 

it took participants to meet mastery criteria, which could explain the differing results. Future 

research should use consistent definitions of efficiency in order to more directly compare 

outcomes across studies.  

TD has consistently been shown to be more efficient and to require less instructional time 

than interventions using interspersal procedures (e.g., IR; Burns & Sterling-Turner, 2010; Nist & 

Joseph, 2008). In this study, TD took less time to implement (M = 2.13 minutes) compared to 

SIR (M = 4.14 minutes). In SIR, the use of interspersal techniques during the introduction and 

initial practice of unknown stimuli and the individualized approach to demonstration of fact 

mastery (i.e., the intervention was implemented until the student demonstrated mastery of all 

unknown facts) appeared to require more instructional time than TD. In contrast, TD presented 

all facts at once and had a predetermined number of times (i.e., four) students practiced each 

unknown fact. Thus, TD’s shorter intervention duration likely contributed to its greater facts 

retained per instructional minute than SIR. This study was the first to compare efficiency 

outcomes between SIR and TD in the context of teaching multiplication facts, and therefore, 

additional research is needed to better understand the comparative efficiency of SIR and TD.  
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The results of the present study also suggested that SIR was more efficient than IR, which 

was consistent with previous research (January et al., 2017). Volpe, Mulé  and colleagues (2011) 

asserted that IR’s use of known stimuli results in a relatively longer intervention duration than 

other drill-based interventions. Because SIR uses only unknown stimuli, instructional time can 

be allotted to OTR to unknown stimuli rather than stimuli the student has already mastered and 

providing corrective feedback to unknown stimuli. High OTR led to improved acquisition and 

retention (Burns et al., 2010), which may have contributed to more multiplication facts retained 

per instructional minute (i.e., efficiency) in the SIR condition compared to the IR condition both 

in this study and previous research. 

There were small but non-statistically significant differences in intervention efficiency 

among the racial groups. However, this study was the first to compare differences among racial 

groups in the context of intervention efficiency for IR, TD, and SIR. Therefore, future research 

should seek to further examine racial group differences in the context of intervention efficiency 

for IR, TD, and SIR.  

Efficiency is an important, and growing, topic in drill-based intervention research given 

the limited time and resources schools often encounter when providing intervention services. 

However, previous research has operationalized efficiency with respect to both next day 

retention and maintenance one to two weeks after instruction (Burns & Sterling-Turner, 2010; 

McVancel et al., 2018). When efficiency was examined within the context of skill maintenance, 

IR was more efficient than TD (Burns & Sterling-Turner, 2010). In the present study, however, 

efficiency was operationalized as multiplication facts retained per instructional minute based on 

the next day retention assessment, which was in line with the most common operationalization of 

efficiency (Burns & Sterling-Turner, 2010; Nist & Joseph, 2008).  
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Given the inconsistencies in the definition of efficiency in prior research, it is difficult to 

compare this study’s findings to other studies that have used maintenance data to calculate 

intervention efficiency. Future research should continue to examine intervention efficiency in an 

effort to identify the most appropriate operationalization when examining efficiency of these 

interventions. In doing so, researchers should consider the educational goals for student learning. 

For example, it is important that students are able to acquire and maintain early math skills in 

order to be successful in more complex math curriculum (e.g., algebra) later in schooling 

(Duncan et al., 2007; Gersten et al., 2005). Thus, although next day retention is currently the 

most common efficiency definition, using maintenance outcomes to evaluate efficiency may 

better align with educational goals of long-term skill maintenance.   

Treatment Acceptability 

 In the present study, there were small but non-statistically significant differences in 

students’ treatment acceptability among the three drill-based interventions used to target 

multiplication fact retention, maintenance, and fluency. Additionally, there were small but not-

statistically significant differences in treatment acceptability across racial groups. There is a 

relative dearth of research examining treatment acceptability for math interventions (McVancel 

et al., 2018; Mong & Mong, 2010; McCallum, Skinner, Turner, & Saecker, 2006; Arra & Bahr, 

2015). Although no prior research has examined student treatment acceptability of IR and TD 

when used to target math facts, treatment acceptability was previously examined when IR and 

TD were implemented to teach sight words, and results suggested that students did not prefer one 

intervention over the other (Volpe, Mulé et al., 2011). Additionally, the present study was the 

first to evaluate treatment acceptability of SIR (January et al., 2017; Kupzyk et al., 2011) as well 

as treatment acceptability across racial groups for IR, TD, and SIR. Additional research should 
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therefore examine treatment acceptability of SIR to better understand students’ preference for 

intervention procedures both for whole samples as well as across racial groups.  

Student acceptability is important because when students are provided choices during 

instruction (e.g., getting to choose a preferred method of practice), they demonstrated greater 

task engagement and less off-task behavior (DiCarlo, Baumgartner, Stephens, & Pierce, 2013; 

Lane et al., 2015). Student engagement is important given the limited amount of time available 

for intervention implementation during the school day (Nist & Joseph, 2008). As such, 

researchers’ continued examination of student acceptability for drill-based interventions is 

important to help identify students’ preferred methods of practice so that educators are able to 

offer effective preferred interventions as choices to students in need of additional support. 

Furthermore, student treatment acceptability could support the effectiveness of an intervention 

(Mautone et al., 2009). It is possible that when students perceive the intervention as effective in 

improving their skill difficulties, they may also be more engaged in the intervention. However, 

these hypotheses should be further examined to better understand student acceptance of drill-

based interventions and the impact of intervention preference on student engagement and skill 

growth.     

Implications for practice 

Results from the present study provided implications for drill-based interventions 

targeting multiplication facts in school settings. Intervention efficiency was an important finding 

for school-based services given that there is limited time to implement interventions during the 

school day (Nist & Joseph, 2008). TD was the most efficient of the three interventions examined, 

a finding that was consistent with previous research comparing IR and TD (Burns & Sterling-

Turner, 2010; Nist & Joseph, 2008). Educators may consider implementing TD if students 
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demonstrate difficulties with multiplication facts and significantly limited intervention time is 

available to provide additional instruction.  

Students were taught four multiplication facts per intervention session, which was 

slightly less than the average acquisition rate for fifth graders (i.e., 5; Burns, 2001). This lower 

acquisition rate was used in this study because the sample included students experiencing 

difficulties with multiplication facts as well as both fourth and fifth grade students. Individual 

student acquisition rate is an important consideration when teaching students with math 

difficulties (Burns et al., 2016), so educators may consider teaching more than four stimuli based 

on students’ grade level and accuracy responding to unknown stimuli during the intervention 

(i.e., continue to teach unknown stimuli until the student makes 3 errors while practicing a new 

unknown fact; Burns, 2001; Haegele & Burns, 2015). Prior research examining SIR showed that 

some students acquired up to 10 unknown stimuli within a single intervention session, but 

students demonstrated varying levels of retention (i.e., approximately 5 to 9 stimuli retained) 

during a next day retention assessment (Kupzyk et al., 2011). Thus, there is likely variability in 

the number of unknown stimuli students can accurately acquire and retain, so educators may 

wish to adapt the number of unknown stimuli rehearsed during an intervention session based on 

each students’ individual responding during intervention and retention outcomes.   

Although there were no statistically significant differences in intervention effectiveness 

for retention, fluency, or maintenance across the conditions, there was an increase of mean 

DCPM in all intervention conditions, and in the IR condition, there was a statistically significant 

difference in pre- to post-test DCPM. If educators want to target student fluency in conjunction 

with skill acquisition, IR may be the most appropriate intervention to promote growth in math 

fact fluency (Burns, 2005; Codding et al., 2010). However, when fluency is not of focus, 
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practitioners may also consider individual student factors (e.g., student acceptability, diversity 

factors such as disabilities, skills being targeted) when selecting which intervention to 

implement. For example, if a student has significant attention difficulties, educators may wish to 

consider implementing the intervention the student most prefers or in which they are most 

engaged. In this instance, students with attention difficulties may prefer TD if they are able to 

consistently concentrate during the intervention given that TD is a relatively quick intervention.  

Limitations and Implications for Future Research 

Although the results of this study provided novel and interesting findings regarding drill-

based interventions targeting multiplication facts, such findings should be interpreted within the 

context of the study’s limitations. First, not all students received study procedures with full 

fidelity due to absences, school closure, or interventionist error, which could have impacted the 

effectiveness and efficiency outcomes. The deviations in procedures included assessments (e.g., 

retention and maintenance) administered late or early on a few occasions across students and 

conditions. Additionally, one student was not administered the maintenance assessments because 

they moved to a different school during data collection. Although a limitation of the 

interpretation of the present study’s results, these procedural deviations naturally occur in a 

school setting; thus, these findings may in fact reflect practical application to school settings. 

Future research could examine whether there are differences in outcomes when controlling for 

procedural differences related to the time points of retention, maintenance, and fluency 

assessments.  

Second, the order of intervention implementation was not evenly counterbalanced across 

participants. Although the condition order was randomly assigned across participants, future 

research may wish to ensure counterbalancing of conditions so that condition order combinations 
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are equal across participants. Third, the within-subject design provided short-term outcome data 

based solely on one time point of instruction for each intervention condition. Thus, it is possible 

that results may have differed if each intervention condition had been implemented over an 

extended period of time. Given that group designs allow for greater generalizability, future 

research may wish to evaluate SIR, IR, and TD’s effectiveness and efficiency using a group 

design to identify outcomes based on multiple instruction time points. Implementing a group 

design over an extended period of time would enhance understanding of these three drill-based 

interventions’ long-term outcomes.  

Fourth, not all students in this study demonstrated significant difficulties with 

multiplication facts, even though they did meet the minimum inclusion criteria of 12 unknown 

facts. The participating students demonstrated a wide range of initial skill levels with some 

students having only 12 unknown facts at pre-test. The drill-based interventions examined in this 

study are typically implemented to support students with significant skill deficits. As such, it 

may have been easier for the students with initial higher skill level (e.g., only had 12 unknown 

facts at pre-test) to acquire, retain, and maintain the 12 unknown facts taught regardless of the 

intervention procedures implemented, which could have contributed to the lack of differences in 

intervention outcomes. Future research could modify the inclusion criteria in order to include a 

more homogenous sample of students demonstrating significant difficulties with multiplication 

facts. Last, as a result of time and personnel constraints, maintenance of facts was only evaluated 

at one time point, two weeks after intervention. Thus, it is unknown if students would maintain 

rehearsed multiplication facts more than two weeks after the interventions concluded. Future 

research could evaluate maintenance patterns across multiple time points following the 

implementation of each intervention. Last, the sample for the present study was predominantly 
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White (80.5%) which may have impacted the non-statistically significant findings. Given that 

other races and ethnicities had limited representation (i.e., Latinx, Multiracial), future researchers 

could examine differences in outcomes across racial/ethnic groups for IR, TD, and SIR with a 

more diverse sample.   

In addition to the points discussed above, there are further considerations for future 

research regarding drill-based interventions for multiplication facts. First, given the differing 

operationalizations of intervention efficiency in the literature (i.e., next day retention vs. 

maintenance; McVancel et al., 2018), future research could examine efficiency outcomes across 

both maintenance and retention operationalizations. Such research could inform whether one 

intervention is more efficient than another intervention in the long-term, which is an important 

consideration given that ultimately students need to maintain skills over a long period of time. 

Second, future research could examine how receiving corrective feedback during next day 

retention assessments may impact maintenance of rehearsed multiplication facts. This feedback 

may be important given that corrective feedback is an essential instructional component outlined 

in the IH. Thus, the more frequently a student receives corrective feedback (i.e., during 

intervention and assessment), the more support the student receives for further skill development. 

Future studies could examine outcomes when corrective feedback is provided during 

intervention and assessment compared to feedback provided only during intervention sessions. 

Conclusion 

 The present study examined differences in intervention effectiveness and efficiency 

across IR, TD, and SIR using a within-subject design. The majority of drill-based intervention 

research has focused on reading, including novel drill-based interventions (e.g., SIR; January et 

al., 2017; Burns, Zaslofsky et al., 2012). The present study also expanded upon drill-based math 
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intervention research to include SIR, which had previously only been compared to IR and TD in 

the context of sight words. Examining the use of SIR to teach math facts was an important area 

of expansion given its promising outcomes when used to teach sight words (January et al., 2017). 

Although the present study did not result in differences in effectiveness among the conditions, IR 

had significant differences between pre-test fluency scores and post-test fluency scores, so it may 

be particularly useful for promoting students’ multiplication fact fluency. Additionally, the 

findings showed that although equally effective as IR and SIR, TD was more efficient than IR 

which coincided with previous research (Burns & Sterling-Turner, 2010; Nist & Joseph, 2008). 

These findings are important for educators when identifying and implementing interventions that 

most efficiently promote optimal skill growth given the limited time for additional instruction 

within the school day. For example, TD may be most appropriate in instances when there is very 

little time for additional multiplication fact instruction. However, educators should balance 

intervention efficiency with intervention effectiveness, particularly in the long-term, when 

determining which intervention to implement. 

The present study provides preliminary results for comparing IR, TD, and SIR to target 

multiplication facts, but continued examination of the differences among these interventions is 

needed. Examining instructional methods that promote the acquisition of early math skills (e.g., 

multiplication facts) is essential due to the impact these early skills have on later skill 

development and broader life outcomes (e.g., completing high school and attaining higher 

vocational preparedness). Given the broader implications of these early skills, it is also important 

that schools intervene to promote students’ acquisition of these foundational skills early in 

schooling (e.g., third and fourth grade; Duncan et al., 2007; Gersten et al., 2005). Early 

intervention is important because it is easier to ameliorate skill difficulties when they first arise 
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compared to when such difficulties have persisted over an extended period of time and have 

become more severe. In order to remediate early math difficulties, the continued examination of 

these interventions for targeting multiplication facts, as well as all basic math facts, is essential to 

assist school psychologists and other educators in identifying the most effective and efficient 

interventions for students struggling with math fact acquisition, retention, and maintenance.  
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