Educational Psychology Review (2024) 36:9
https://doi.org/10.1007/510648-023-09843-0

META-ANALYSIS

®

Check for
updates

A Meta-Analysis of Mathematics Interventions: Examining
the Impacts of Intervention Characteristics

Megan Rojo'® - Jenna Gersib2(® - Sarah R. Powell*® . Zhina Shen*
Sarah G. King?® - Syeda Sharjina Akther?® - Tessa L. Arsenault?
Samantha E. Bos’ - Danielle O. Lariviere?® - Xin Lin®

Accepted: 26 December 2023 / Published online: 18 January 2024
©The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract

The efficacy of mathematics interventions for students with mathematics difficul-
ties is a critical concern in educational research, particularly in light of the increas-
ing demand for effective instructional strategies. While previous meta-analyses have
explored various aspects of mathematics interventions, our study uniquely focuses
on a broad range of intervention characteristics and their impacts on students’ math-
ematics proficiency. This meta-analysis reviewed 223 reports comprising 286 stud-
ies, encompassing data from approximately 56,477 participants. We analyzed sev-
eral intervention characteristics as potential moderators, including (1) grade level,
(2) group size, (3) content area, and (4) dosage. We also examined study level char-
acteristics, including (1) research design, (2) fidelity, (3) year of study, (4) type of
measure, and (5) study quality. Our findings revealed significant variability in inter-
vention effectiveness based on targeted content areas, with fraction interventions
demonstrating a pronounced impact on the effectiveness of interventions for stu-
dents with MD. The study also underscored the challenges in educational research,
marked by heterogeneity in type of measure and study designs. This comprehensive
analysis contributes to the field by providing nuanced insights into the effective-
ness of mathematics interventions, aiding educators and policymakers in developing
strategies that effectively address the diverse needs of students with MD in various
educational settings.
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Collaborative efforts since the 2008 National Mathematics Advisory Panel have
aimed to improve mathematics education in the USA, leading to a consistent upward
trend in mathematics performance among elementary and secondary students over
the last decade (National Center for Education Statistics [NCES], 2022). How-
ever, a range of factors, including the COVID-19 pandemic, have posed significant
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challenges toward this upward trajectory. According to the Nation’s Report Card,
there was a significant decline in the number of students demonstrating mathematics
proficiency from the 2019 to the 2022 assessments, the largest drop between any two
administrations of the National Assessment of Educational Progress (NCES, 2022).
The average performance in 2022 was equivalent to that of 2005 results, erasing
nearly 20 years of national progress. Performance decreased across all mathematics
domains, including number properties and operations, measurement, geometry, data
analysis, statistics and probability, and algebra. Moreover, 53% of fourth-grade stu-
dents and 72% of eighth-grade students with disabilities scored below basic levels
of proficiency. These findings highlight the persistent challenges in advancing math-
ematics education in the USA, notably for students with disabilities who have his-
torically faced opportunity gaps compared to their typically achieving peers (Schulte
& Stevens, 2015).

Despite these challenges, the unwavering dedication to bolstering mathematics
education in the USA remains paramount. Otherwise, failing to establish proficiency
in mathematics at an early age carries significant repercussions, particularly for stu-
dents with mathematics difficulties (MD). Students with MD make up as much as
35% of the school population (Gersten et al., 2005a, 2005b). These students may
have a school-identified Specific Learning Disability with Individualized Educa-
tion Program goals in mathematics. However, many students with MD do not have
a disability identification. Instead, they demonstrate mathematics performance that
is below grade-level expectations and may be at risk for a learning disability. Like
much of the research in the area of mathematics intervention (e.g., Fuchs et al.,
2010; Jitendra et al., 2013), we use the umbrella term MD to encompass students
who experience difficulty with mathematics with and without identification of a dis-
ability. Students with MD in high school exhibit heightened susceptibility to drop-
ping out (Soland, 2013), hindering the pursuit of post-secondary education (Kim
et al., 2015). These individuals may find themselves excluded from various career
paths, particularly high paying opportunities in STEM fields (Wang et al., 2017).
This underscores the need for targeted and effective interventions from K to 12, par-
ticularly considering the distinct challenges and diverse needs of this group.

The body of literature in special education offers robust insights into evidence-
based instructional practices, which teachers can implement to enhance outcomes
for students with MD. The What Works Clearinghouse, together with expert pan-
els, has synthesized mathematics intervention research, resulting in the publication
of practice guides offering instructional recommendations to improve student out-
comes. The latest practice guide led by Fuchs et al. (2021) presented six concrete
recommendations for teachers: (a) delivering systematic instruction, (b) using clear
and concise mathematics language, (c) utilizing well-chosen mathematics represen-
tations to support student learning, (d) using number lines to build concepts and pro-
cedures, (e) providing targeted instruction on word problem-solving, and (f) incor-
porating timed activities to build mathematical fluency. These six recommendations
serve as a guide for teachers in customizing their mathematics interventions to effec-
tively meet their struggling students’ needs.

Nonetheless, the landscape of learning is influenced by a multitude of fac-
tors beyond mere instructional strategies, which may significantly affect student

@ Springer



Educational Psychology Review (2024) 36:9 Page3of34 9

learning (Kroesbergen et al., 2003; Morgan & Sideridis, 2006). These external fac-
tors, or intervention characteristics (Table 1), include elements such as grade-level,
instructional group size, mathematics content, and dosage. While these characteris-
tics are crucial elements that can be manipulated by educators to optimize instruc-
tional intensity, there is a gap in understanding how these factors specifically impact
student outcomes in mathematics. This highlights a significant need for research
focused on understanding which intervention characteristics move the dial, particu-
larly for students with MD who require instructional efficiency to close the achieve-
ment gap. This study aims to determine the significance of the impact of these inter-
vention characteristics on student outcomes, a focus that has potential for influencing
both teacher planning and decision-making as well as broader school-level policies.

Intervention Characteristics
Grade Level

Interventions targeting specific grade-levels may yield varying effect sizes due to
the developmental nature of mathematical cognition (Dennis et al., 2016; Lein et al.,
2020) and the foundational nature of certain mathematical concepts (Baroody & Lai,
2022). Early grade levels, for instance, focus on core numeracy skills which form the
foundation for more complex mathematical operations taught in later years (Jordan
et al., 2012). Intervening at these foundational stages is hypothesized to significantly
alter the trajectory of students’ mathematical capabilities (Gersten et al., 2005a,
2005b). Conversely, interventions in higher grade levels might target more complex
mathematical concepts, and while critical, may build upon foundational concepts
that students with MD are lacking. A meta-analysis conducted by Kroesbergen and
Van Luit (2003) revealed that interventions for younger children had higher effect
sizes than those for older children, which might be attributed to the malleable nature
of early cognitive development. Yet, a more recent study conducted by Jitendra et al.
(2021) found that, although nonsignificant, effect sizes were slightly higher for stu-
dents in grades 6 through 8 and 9 through 12 versus grades K through 2 and grades
3 through 5. Schools and teachers can strategically utilize the results of this analy-
sis to allocate resources more effectively, focusing on specific grade levels where
interventions have been shown to yield greater gains, thus maximizing the impact of
educational support for students with MD.

Group Size

Group size in educational interventions refers to the number of students involved in
a learning session. The impact of group size on educational outcomes is a topic of
considerable interest, particularly in special education and interventions for students
with learning difficulties (Clarke et al., 2017; Doabler et al., 2019). Smaller groups
are often theorized to offer more personalized attention and greater opportunity for
student engagement, potentially leading to better outcomes for students with MD
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Table 1 Operational definitions of covariates

Covariate

Operational definition

Grade level

Group size

Content

Dosage

Year

Study Design

Measure Developer

Fidelity

‘We coded studies based on the reported grade level into three categories:
(a) Early elementary: kindergarten—grade 2

(b) Upper elementary: grades 3-5

(c) Secondary: grades 6-12

We coded the size of intervention groups into four categories:

(a) Individual interventions: groups of one student

(b) Small group interventions: groups of two to five students

(c) Large group interventions: groups of six or more students

(d) Mixed/not reported: mixed grouping or studies who did not report group size

We coded the content area in which the intervention primarily focused into eight
categories based on the CCSS-M (Common Core, 2010) domains:

(a) Algebra

(b) Early numeracy

(c) Fractions

(d) Geometry

(e) Measurement and data

(f) Operations

(g) Problem-solving

(h) Mixed: interventions that focused on multiple content areas

We coded dosage into four categories by multiplying the number of minutes per
session by the total number of sessions students received the intervention. Based
on our sample data, we included four categories:

(a) 540 min or less (9 h)

(b) 541-1020 min (9-17 h)

(c) 1021-1350 min (17-22.5 h)

(d)> 1350 min (22.5 h)

We coded the year the study was published or submitted (as with dissertations).
Based on our data, we split publication year into two groups:

(a) Studies published between 2005 and 2012

(b) Studies published after 2012

We coded the study design into three categories based on the experimental design
described:

(a) Quasi-experimental designs or RCT with high (>30%) attrition

(b) Randomized controlled trials

(c) Single-case research designs

We coded developer of outcome measures into two categories:
(a) Researcher-developed: measures created by the author team
(b) Standardized: commercially available or norm-referenced measures

We coded for the presence of reported implementation fidelity using four catego-
ries based on the CEC Quality Indicators (Cook et al., 2015). We looked for the
following components: fidelity information pertaining to dosage, adherence, and
frequency of fidelity reporting (i.e., if fidelity was recorded regularly throughout
the intervention for each intervention agent). Then, we coded how many forms
of fidelity were reported.

(a) None reported

(b) One reported

(c) Two reported

(d) Three reported
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Table 1 (continued)

Covariate Operational definition

Quality We calculated the quality of each study using the CEC quality indicators (Cook
et al., 2015) and divided the number obtained by the number possible. We
grouped quality scores into three categories, based on our sample

(a) Studies with a quality score less than 75%
(b) Studies with a quality score between 75-90%
(c) Studies with a quality score greater than 90%

(Fuchs et al., 2017). However, the literature presents mixed findings on the influ-
ence of group size. A meta-analysis conducted by Jitendra et al. (2018) suggested
that small group instruction can be particularly effective for secondary students with
learning disabilities. Conversely, a meta-analysis by Stevens et al. (2018) indicated
that while small group learning can be beneficial for upper elementary and second-
ary students, it does not always surpass the effectiveness of whole-class instruc-
tion. For students with MD, the ideal group size may vary depending on the spe-
cific needs of the students and the nature of the intervention being employed. Thus,
understanding the role of group size in mathematics interventions is crucial for tai-
loring instructional approaches to maximize student learning and achievement.

Content Area

Mathematics proficiency involves a comprehensive understanding and application of
concepts and skills across several domains. These domains include (a) whole num-
ber properties and operations, (b) fractions, (c) measurement and data, (d) geometry,
and (e) algebra (National Governors Association Center for Best Practices & Coun-
cil of Chief State School Officers [NGAC & CCSSO], 2010). Given the intricate
nature of these domains, mastery in each is crucial for comprehensive mathematical
understanding. In addition to the domains listed above, we included early numeracy
and problem-solving as separate domains because they have garnered significant
attention in the literature for their role in building students’ mathematics proficiency
(Fuchs et al., 2021; Gersten et al., 2005a, 2005b; Purpura et al., 2011) and, thus,
have been the foci of many intervention studies (e.g., Morin et al., 2017; Nozari
et al., 2021; Shanley et al., 2017). While early numeracy and problem-solving inter-
ventions may include one or more of the mathematics domains listed above, their
central focus is on building initial whole number concepts and applying mathemat-
ics concepts in word problems, respectively.

Existing meta-analyses, when evaluating the impacts of interventions across con-
tent areas, present divergent findings. For instance, Stevens et al. (2018) pinpointed
fractions interventions as being more effective than other content areas at improving
student outcomes. Contrarily, studies from both Jitendra et al. (2018) and Williams
et al. (2022) suggested that all mathematics content areas resulted in comparably
effective outcomes. Consequently, this study seeks to elucidate the disparities in out-
comes based on mathematics content area to discern if certain domains boast more
developed and refined interventions relative to others. Understanding the nuances
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in mathematics content areas, as revealed by this analysis, may be academically
valuable for developing targeted, effective curriculum and instructional strategies
in schools. The subsequent section will explore the significance of each domain in
achieving proficiency in mathematics, and address the specific obstacles encoun-
tered by students with MD in mastering these areas.

Early Numeracy Before formal schooling in kindergarten, students begin learning
early numeracy skills. Early numeracy encompasses various skills, such as count-
ing, recognizing numbers, understanding numbers, comparison of numbers, addition
concepts, and subtraction concepts, among others (Jordan et al., 2012; Toll & Van
Luit, 2012). The Common Core State Standards (CCSS) emphasize early numeracy
knowledge in kindergarten, which covers counting, comparison, place value, addi-
tion, and subtraction (NGAC& CCSSO, 2010). Early numeracy is the foundation for
later mathematics learning (Clements & Sarama, 2013). For example, preschool and
kindergarten early numeracy scores predicted mathematics scores in grade 1 (Mis-
sall et al., 2012), grade 3 (Jordan et al., 2009), grade 5 (Hannula-Sormunen et al.,
2015), and grade 8 (Geary et al., 2013).

Differences in mathematics from student to student emerge quite early. Before
kindergarten, researchers have demonstrated that some students perform better on
mathematics tasks than other students (Chu et al., 2013; Mazzocco et al., 2011;
Watts et al., 2014). At kindergarten, researchers have identified students with MD
(Clarke et al., 2011; Dyson et al., 2011) to provide early intervention to these stu-
dents. In studies, students with MD have demonstrated difficulty with counting,
which is foundational to many other skills in mathematics (Aunio et al., 2015;
Koponen et al., 2013), as well as comparison and subitizing (Raddatz et al., 2017,
Rousselle & Noél, 2007). Furthermore, researchers have noted that students with
MD in kindergarten continue to show below-average mathematics performance in
later grades (Jordan et al., 2009; Stock et al., 2010).

Whole Numbers As students develop an understanding of early numeracy, they
learn about whole numbers and the operations of addition, subtraction, multiplica-
tion, and division. Emphasizing whole numbers, addition, and subtraction is preva-
lent in mathematics standards from kindergarten to grade 2, with multiplication and
division entering the standards in grade 3 (NCAC & CCSSO, 2010). As whole num-
ber understanding is essential for success with fractions (Hansen et al., 2015), the
development of proficiency with whole numbers and operations in the elementary
grades may set students up for success with mathematics in later grades.

Similar to early numeracy, students with MD also experience difficulty with
whole numbers and operations. As examples, students with MD have demonstrated
lower performance on tasks related to facts (Andersson, 2008; Cirino et al., 2015;
Powell et al., 2009) and computation (Chong & Siegel, 2008; Lambert & Moeller,
2019; Mancl et al., 2012; Nelson & Powell, 2018; Vukovic & Siegel, 2010). Further-
more, students with MD showed difficulty with word-problem solving, which often
relies on whole number and operation knowledge (Cowan & Powell, 2014; Reikeras,
2009). Because whole numbers and operations are predictors of later mathematics
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performance (Bailey et al., 2014; Siegler et al., 2012; Vukovic et al., 2014), this
content may be foundational to mathematics intervention efforts in the elementary
grades.

Fractions Fraction knowledge becomes a focus in grade 3 (NCAC & CCSSO, 2010)
with early fraction instruction focused on understanding fractions then comparing
and ordering fractions. By the end of grade 5, students are expected to add, subtract,
multiply, and divide fractions. Fractions are often considered essential for later suc-
cess with algebra (Booth & Newton, 2012). In fact, Siegler et al. (2012) identified
fraction knowledge, along with division, as a unique predictor of high school math-
ematics scores. Cirino et al. (2019) noted a similar pattern in which fractions scores
in grade 6 predicted algebra performance in grade 9.

Students with MD also demonstrate performance below peers on fraction tasks
(Namkung & Fuchs, 2016; Tian & Siegler, 2017), which is not surprising given that
knowledge of whole numbers and operations predicts performance on fraction meas-
ures (Hansen et al., 2015; Vukovic et al., 2014). Of note, students with MD continue
to experience difficulty with fractions across grade levels, with limited growth on
fraction knowledge from grade 3 to 6 (Jordan et al., 2017).

Geometry Geometry is an essential component of the K-12 mathematics curricu-
lum (NCAC & CCSSO, 2010; Mistretta, 2000). According to the common core state
standards of mathematics, students need to learn geometric shapes practice spatial
reasoning, apply transformations, use visualization, and utilize geometric modeling
problem-solving (National Council of Teachers of Mathematics, 2000). To improve
overall mathematics performance, students need to master geometry in addition to
other mathematics contents (e.g., whole numbers, and fractions). As students’ pro-
gress to high school, the level of complexity in geometry increases (Zhang, 2021),
and a solid foundation in geometry is essential for students planning to pursue col-
lege studies in science, technology, and engineering fields (Chen et al., 2021).

Students with MD can have more difficulties in geometry when compared with
other mathematics content. The trends in International Mathematics and Science
Study (TIMSS), which assesses proficiency in algebra, number, data and chance,
and geometry reported that US grade 8 students perform significantly lower in
geometry compared to other content areas (Gonzales et al., 2004; Provasnik et al.,
2012). Additionally, the most recent report from the NAEP in 2022 indicated that
average scores in geometry have declined in 42 out of 50 states since 2019 (NCES,
2022).

Measurements and Data Analysis Measurement and data analysis are integral parts
of mathematics, and students in every grade level are expected to improve profi-
ciency in this area of mathematics (NGAC & CCSO, 2010). Research indicates that
students who have a robust understanding of early measurement and data analysis
tend to perform stronger in later mathematics (Frye et al., 2013; Sarama & Clem-
ents, 2009). A better understanding of these areas facilitates students to apply and
strengthen their whole number understanding and complex statistical investigation,
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such as posing important research questions that can be answered through data anal-
ysis (Doabler et al., 2019; Frye et al., 2013). Furthermore, foundational knowledge
of measurement and data analysis provides the opportunity for students to develop
advanced mathematics skills, which are needed for future STEM fields (Clements
et al., 2020; Doabler et al., 2022).

Despite its importance, students with MD exhibit difficulty in reaching proficient
levels in measurement and data analysis. For example, according to the NAEP data
(2022), students’ scores in measurements and data analysis decreased by 4-5 points
in grade 4, and 9-10 points in grade 8 compared with the 2019 data. A potential
source of difficulty may be in interpreting various forms of data representations,
such as bar graphs, picture graphs, and line plots. In elementary mathematics educa-
tion, students are frequently required to engage in measurement and data interpreta-
tion while solving word problems. Research indicates that students with MD often
struggle with understanding and interpreting these data, which poses a significant
challenge to effectively solving word problems that incorporate measurement and
data analysis (Doabler et al., 2019).

Problem-Solving Problem-solving in mathematics education refers to the ability to
use mathematical concepts and procedures to solve real-world problems (NCAC &
CCSSO, 2010). It is an essential skill, as it transcends rote learning and involves
critical thinking and application of mathematical knowledge. For students with MD,
problem-solving can be particularly challenging due to deficits in foundational math
skills, working memory, and reasoning abilities (Fuchs et al., 2009). Research indi-
cates that problem-solving interventions can significantly enhance mathematical
outcomes for these students. A meta-analysis by Lein et al. (2020) found that inter-
ventions focusing on problem-solving strategies led to improved performance in stu-
dents with MD. However, the complexity of problem-solving tasks requires tailored
instructional methods that align with students’ specific needs.

Dosage

Dosage in the context of educational interventions refers to the intensity and dura-
tion of the instructional intervention (Powell & Fuchs, 2015). Higher dosages, char-
acterized by longer duration or greater frequency of instruction, are hypothesized to
lead to better educational outcomes (Fuchs et al., 2017). For students with MD, suf-
ficient dosage is crucial for reinforcing learning and ensuring mastery of mathemati-
cal concepts. Research by Wanzek et al. (2016) suggested that interventions with
extended duration and higher intensity are more effective in improving academic
skills in students with learning difficulties. However, a meta-analysis of mathematics
word problem-solving interventions conducted by Lein et al. (2020) determined that
instructional minutes had no impact on overall effect sizes. The findings on dosage
can inform schools and teachers about optimizing intervention duration and inten-
sity, offering guidance on balancing instructional time for maximum effectiveness in
supporting students with MD.
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Study Characteristics

In addition to the intervention characteristics that schools and teachers can con-
sider when making instructional decisions and policies, it is essential to recognize
the possible influence that study characteristics may have on mathematics outcomes
(Polanin et al., 2019). These study characteristics are inherent to the research pro-
cess and methodology and may not be directly hypothesized to impact mathematics
outcomes in school settings; therefore, they will be held constant within our model
to facilitate a more comprehensive analysis. Table 1 lists the study characteristics
hypothesized to influence outcomes, including (a) the year the study was conducted,
(b) the research design employed, (c) the type of outcome measure used, (e) the
fidelity of implementation in the research studies, and (f) the study quality.

Research Design

The research design employed in study may influence the magnitude of the effect
sizes (Zeneli et al., 2016). Specifically, randomized controlled trials (RCT), quasi-
experimental designs (QED), and single-case research designs (SCRD) may have
differences related to their designs that affect internal validity or the magnitude of
the outcome (Kraft, 2020; Lipsey & Wilson, 1993). SCRD are frequently utilized
in special education, focusing on the effects of an intervention on an individual
and may be particularly valuable in identifying functional relations (Maggin et al.,
2018). On the other hand, RCTs are often heralded as the “gold standard” in experi-
mental research due to their rigorous random assignment, which minimizes biases
and confounding variables (Gersten et al., 2000). RCTs provide a high degree of
internal validity but might report more conservative effect sizes due to their rigor-
ous random assignment (Cheung & Slavin, 2016). In QED, internal validity is com-
promised due to a lack of random assignment (Gersten et al., 2005a, 2005b). Such
designs may inflate effect sizes based on the comparability of the groups (Cheung
& Slavin, 2016). Prior meta-analyses examining research design as a potential mod-
erator have yielded mixed results. Some studies have found SCRD to report larger
effect sizes compared to RCTs (e.g., Dessemontet et al., 2019; Losinski et al., 2014),
while others found no differences between research designs (e.g., Jitendra et al.,
2017; Myers et al., 2023; Rojo et al., 2023).

Type of Measure

The type of measure used to assess student performance is an important considera-
tion when interpreting effect sizes in education (Lipsey et al., 2012). Researcher-
developed measures are often more closely aligned to the research question being
investigated, but they may have lower reliability and validity than standardized
measures (Wolf & Harbatkin, 2022). Standardized measures, on the other hand, have
been normed on a large sample of participants and have established psychometric
properties (Rumrill et al., 2020), but they may be more distal to the intervention.
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Researchers may have valid reasons for choosing to use either researcher-developed
or standardized measures, or a combination of both, depending on the specific
research questions being addressed (Toste et al., 2023). However, it is important to
control for the influence that the type of measure may have on effect sizes when
comparing across studies because researcher-developed measures are more likely
to yield larger effect sizes than standardized measures, even when the interventions
being compared are equally effective (Cheung & Slavin, 2016).

Fidelity

Implementation fidelity in educational research refers to the degree to which inter-
ventions are delivered as intended (Hill & Erickson, 2019). High fidelity is criti-
cal to ensure the reliability of intervention outcomes. Despite irregular reporting of
fidelity in educational research (Swanson et al., 2013), studies such as O’Donnell
(2008) found that fidelity of implementation was positively associated with stu-
dent outcomes. In contrast, a systematic review by Rojas-Andrade and Bahamondes
(2019) revealed that components of implementation fidelity were linked to positive
outcomes only 40% of the time. Therefore, it is essential to explore the influence that
implementation fidelity may have on the effectiveness of mathematics interventions.

Year Band

The year band of the study can be a significant moderator in educational research,
reflecting changes in educational policies, practices, and technologies over time (Li
et al., 2020; Odden et al., 2021). Studies conducted in different time periods may
capture different educational contexts and challenges. For instance, interventions
post-2012 may incorporate more tablet-mediated mathematics instruction and align
with newer educational standards compared to those before 2012 (Liu et al., 2023).
Research by Raudenbush (2008) highlights the importance of considering temporal
factors in educational research, as they can provide insights into the evolution and
effectiveness of instructional strategies.

Study Quality

Study quality in educational research refers to the methodological rigor and relia-
bility of the studies included in a meta-analysis (Talbott et al., 2018). High-quality
studies are characterized by robust research designs, valid and reliable measures, and
clear reporting of results (Gersten et al., 2005a, 2005b). Assessment of study quality
is the systematic evaluation of how well a study adheres to the highest possible qual-
ity standards (Higgins & Green, 2008). Assessing study quality is vital for drawing
accurate conclusions from a meta-analysis (Cook et al., 2015; Protogerou & Hagger,
2020). As Slavin and Smith (2009) indicated, studies with strong research designs
yield more reliable effect sizes. Quality indicators in special education research are
designed to ensure that evidence-based practices are supported by a rigid body of
literature and are used to assess study quality (Cook et al., 2014).
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Meta-analyses of mathematics interventions have included study quality as a
moderator (e.g., Dennis et al., 2016; Jitendra et al., 2021; Lei et al., 2020; Myers
et al., 2021; Stevens et al., 2018), but findings have been mixed. Dennis et al. (2016)
and Lei et al. (2020) reported a statistically significant moderation effect of study
quality on the efficacy of mathematics interventions, and they found comparable
results indicating studies with higher quality were found to have lower effect size
estimates. Conversely, other researchers (Jitendra et al., 2021; Myers et al., 2021;
Stevens et al., 2018) found that study quality did not significantly moderate the effect
of mathematics interventions. Our meta-analyses will provide nuanced insights and
add to the existing literature on the role of study quality in educational research.

Purpose and Research Questions

We conducted this study to address some of the limitations from previous meta-anal-
ysis and to provide a comprehensive understanding of mathematics interventions for
students with MD. In doing so, we adopted a broader inclusion criterion, encom-
passing a wide range of studies. This approach allowed us to capture a more com-
prehensive dataset, enhancing our ability to assess the impact of various moderators
more effectively than previous analyses. This is of particular importance because
schools may need more supplemental mathematics support than they have in the
last few decades, primarily because of COVID-19 school disruptions. By including
studies that cover a wide spectrum of intervention characteristics and settings, our
meta-analysis is uniquely positioned to explore optimal conditions for developing
mathematics proficiency. This will enable schools to implement interventions more
effectively in a post-pandemic era, addressing the needs of students with MD in a
manner that previous studies may not have fully captured. Our research questions
included the following:

1. What is the estimated average effect of mathematical interventions on mathemati-
cal performance for K-12 students with MD?

2. To what extent does the efficacy of mathematical interventions vary based on
intervention characteristics (i.e., grade level, group size, content area, dosage)
or study characteristics (i.e., research design, measure type, fidelity, publication
year, and study quality)?

Method
Search Procedures

We conducted a search of peer-reviewed journals and gray literature (i.e., disserta-
tions and theses) in these electronic databases: Academic Search Complete, Educa-
tion Source, Educational Resources Information Clearinghouse (ERIC), PsycINFO,
and ProQuest Dissertations and Theses Global. The search included reports pub-
lished between January 2005 and December 2020. We selected 2005 as the start date
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of the search because it follows the publication of the quality indicators for group
design and SCRD (Gersten et al., 2005a, 2005b; Horner et al., 2005).

We used variants of the following search terms in our search. The first set of
search terms were focused on capturing studies of mathematics interventions and
included mathematics, arithmetic, geometry, algebra, calculus, numeracy, word
problems, and story problems. The second set of terms captured our population (stu-
dents with MD). The terms we used included learning disabilities, learning disor-
ders, learning difficulties, at risk, special education, learning problem, mathematics
difficulty, mathematics disabilities, and dyscalculia. Finally, the last set of terms cap-
tured interventions and included program, intervention, tutor, instruction, tier 2, tier
3, curriculum, lesson, treatment, differentiated learning, educational strategy, teach-
ing method, and schema. The initial screening process yielded 32,101 abstracts.
After removing duplicates, we screened the abstracts of 23,788 records. Through
this process, we identified 403 reports that met our initial inclusion criteria, but
seven were not retrieved. We conducted an ancestral search from relevant reviews
(i.e., Bouck et al., 2018; Chodura et al., 2015; Codding et al., 2011; Dennis et al.,
2016; Ennis & Losinski, 2019; Gersten et al., 2009a, 2009b; Jitendra et al., 2017;
Lee et al., 2020; Lei et al., 2020; Powell et al., 2020; Stevens et al., 2018; Zhang
& Xin, 2012), which resulted in an additional 35 reports. We completed a 15-year
hand search of the following special education journals: Exceptional Children, Jour-
nal of Learning Disabilities, Journal of Special Education, Remedial and Special
Education, Learning Disabilities Quarterly, and Learning Disabilities Research and
Practice and found no additional reports. After reviewing the full text of these 431
reports, we identified 177 reports that met our full inclusion criteria. We conducted
forward and backward searches (i.e., examined reference lists) on all 177 reports
and identified an additional 46 reports that met initial inclusion criteria, totaling 223
reports. Some reports (k=54) contained data for two or three experimental treat-
ments, yielding a total of 286 experimental studies for this meta-analysis. Figure 1
displays a Preferred Reporting Items for Systematic Review and Meta-Analyses dia-
gram describing the search process (Page et al., 2020).

Inclusion Criteria

We included studies that met the following inclusion criteria: (1) The study
employed an experimental design, including a randomized group, quasi-experimen-
tal, or SCRD design. (2) The study included students in kindergarten through grade
12 who experienced learning difficulties with mathematics (i.e., MD). We identi-
fied MD based on author descriptions of below-average mathematics performance
(i.e., a diagnosis of a mathematical learning disability, at-risk status for mathemat-
ics learning disability). Studies with combined samples of participants (i.e., students
with and without MD or students with MD and other disabilities) were included
if data were disaggregated for students identified with MD or at least 50% of the
sample included students with MD. (3) The authors implemented a mathematics
intervention and measured students’ post-intervention mathematics performance.
We defined intervention as instruction provided related to mathematics that occurred
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[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
c
2 dent Records removed before Records identified from:
8 Records identified from*: screening: ‘Ancestral search (1 = 35)
£ Databases (n = 32,101) Duplicate records removed Journal reference search (n = 0)
5 (n=28313) Google Scholar Forward search (n = 46)
J l
Records screened Records excluded**
(n'=23788) (n =23,385)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n = 403) (n=7) (n=81) (n=0)
s
! |
5
n
Reports excluded:
Reports assessed for eligibilty |yl Inappropriate research design (n = 88) Reports assessed for eligibility
(n=396) Sample not identified with MD (n = 56) (n=81)
Missing necessary data (n = 46)
Not a mathematics intervention
(n=32)
Duplicate data (n = 14)
Not available in English (n = 7)
J Outside of school day (n = 5)
— Outside of K-12 (n = 4)
- Reports of included studies No mathematics outcomes (n = 2)
3 (n=223)
3
s Studies included in review
£ (n = 286)

Fig. 1 PRISMA 2020 Flow Diagram. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71. For more information, visit: http://www.
prisma-statement.org/

during the school day. We did not include interventions that took place as summer
courses or in remedial programs outside of school. (4) The study was published in
English between January 2005 and December 2020, to encapsulate mathematical
intervention data collected prior to the COVID-19 pandemic.

Coding Procedure and Reliability

We developed a coding manual and a code sheet to extract relevant information
from the reports that met inclusion criteria. Two of the members of the author team
trained the remaining authors on the code sheet. To ensure high inter-rater reliabil-
ity (IRR), all authors independently coded three reports (Bryant et al., 2021; Flo-
res et al., 2014; Tournaki et al., 2008), met to discuss discrepancies and areas that
required clarification, and then refined the code sheet to enhance coding reliability.
This process was repeated as necessary for each individual coder. Once all members
had an IRR score of at least 90%, each coder began coding reports independently.
For each study, we extracted the following information: (a) research design: type
of design (i.e., RCT, QED, SCRD), random assignment (i.e., class level, individ-
ual level); (b) participants (i.e., identification of MD, grade level, age, number of
participants with MD, disability label or classification, status as an English learner,
gender, race, and ethnicity); (c) implementors (i.e., number of implementors, train-
ing, and qualifications); (d) intervention (i.e., sample size, number of sessions and
duration, mathematics content, language of the intervention, instructional strategies,
components, group size); (e) counterfactual (i.e., description of the counterfactual;
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designation as active or passive control); (f) implementation fidelity (i.e., who
implemented intervention, inclusion of theory of change, treatment differentiation,
whether fidelity data included in analysis); (g) measures (i.e., dependent variables
included, maintenance data, generalization data); (h) effect size information based
on the What Works Clearinghouse 2020 guidelines (i.e., means and standard devia-
tions or f-tests, sample sizes); and (i) quality indicators (i.e., study inclusion of
essential methodological elements of special education, as clarified by Cook et al.,
2015). For the quality indicators, we calculated a total percentage for each study as
the number of included quality indicators divided by the total number of indicators
possible (22 for SCRD, 24 for group designs) based on the CEC Quality Indicators
(Cook et al., 2015). We present the coding criteria and operational definitions of
each intervention and methodological design characteristic we included in the meta-
regression in Table 1. To determine the reliability of our coding, authors indepen-
dently checked 18% of the other authors’ codes. We calculated IRR as the agree-
ments divided by the sum of the agreements and disagreements, multiplied by 100.
IRR was 89.1%, and we resolved all discrepancies to ensure the final coding sheet
included 100% accuracy of coding.

Effect Size Calculation

The standardized mean difference (SMD) was calculated for each experiment’s
outcome(s) when sufficient information was reported, specifically focusing on the
measurement of mathematical performance. The calculation of the SMD involved
subtracting the mean of the control group from the mean of the treatment group
and dividing the result by the pooled standard deviation (Cooper et al., 2019). To
address the issue of small samples sizes within certain studies, a correction known
as Hedges’ g was applied to each SMD (Hedges & Olkin, 1985). An f-test was
employed to calculate Hedges’ g when means and standard deviations were not
reported. Furthermore, a difference-in-difference adjustment was used for RCTs
with high attrition and QED to account for pretest means (What Works Clearing-
house, 2020). For cluster RCTs, Cohen’s d was calculated using the computer pro-
gram Computing Effect Sizes for Cluster Randomized Studies (See Cooper et al.,
2019, p. 241) and then converted to Hedges’ g.

For SCRDs, (k=86), we calculated the between-case SMD (BC-SMD), which
is interpreted comparatively to Hedges’ g (Shadish et al., 2014). The BC-SMD was
calculated for the following SCRD designs: (a) multiple-baseline across partici-
pants, (b) multiple-probe across participants, (c) multiple-baseline across settings or
behaviors (with a minimum of three replications), and (d) reversal designs. Stud-
ies that did not include one of these designs were not included in the meta-analysis
(k=10), as no comparative effect size could be calculated. The web-based Shiny
app developed by Pustejovsky et al. (2021) was employed for the calculation of
BC-SMD.
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Meta-Analytic Models

To calculate the estimated average effect size across all studies, we ran an inter-
cept-only model without the inclusion of covariates. This model was implemented
using the metafor package in R (Viechtbauer, 2010). To investigate sources of het-
erogeneity within mathematic interventions for students with MD, we ran a series
of meta-regression models. We calculated mixed-effect meta-regression models
to observe variation in effect sizes across a series of covariates. The mixed effect
model included fixed effect variability from each covariate and random effects
of residual heterogeneity and within-study variance that resulted from outcome
measures with possible dependencies (Borenstein et al., 2009). To account for
dependencies within studies, we used robust variance estimation, which incorpo-
rates Sattherthwaite degrees of freedom and standard errors for regression coef-
ficients to correct for small samples (Tipton & Pustejovsky, 2015). To calculate
the effects, we used the metafor package in R, which accounts for both the hier-
archical (effects within studies) and multivariate (multiple effects on the same
population of students) nature of the data (Viechtbauer, 2010). We also used the
clubSandwich package to run the robust variance estimation in R (Pustejovsky,
2018). Based on the guidelines by Pustejovsky and Tipton (2022), we assumed a
correlation of 0.80 for effect sizes with multiple outcomes within the same sam-
ple. To determine the robustness of the model, we also tested correlations at 0.6
and 0.9. The data reported similar outcomes across each, indicating our mode was
robust with each assumed correlation tested. Using robust variance estimation,
type I error is inflated when Satterthwaite degrees of freedom are less than four.
Thus, any covariates with degrees of freedom less than four are reported as unre-
liable (Fisher & Tipton, 2015).

For the meta-regression, we coded the following variables categorically and,
thus, included them as factors within our meta-regression: grade level, group
size, content area, dosage, year of publication, study design, measure developer,
reported implementation fidelity, and study quality.

Publication Bias

We assessed our samples with and without outliers for publication bias using the
Egger’s test with robust variance estimation, as suggested by Pustejovsky and
Rodgers (2019). Results of the model inclusive of all studies were significant
(»<0.001), signifying an asymmetric distribution of effect sizes. The results for
the model excluding significant outliers were nonsignificant (p > 0.05), signifying
(a) that the distribution of effect sizes was symmetric in the sample that excluded
outliers, and (b) that the outliers significantly affected our findings. Based on
these results and our inclusion of gray literature, we conclude that there is no evi-
dence of publication bias in our model excluding outliers. Given the significant
differences between the models with and without outliers, we present the findings
from both models in our results.
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Results

Our goal was to examine the overall efficacy of mathematical interventions for
students with MD. We found 223 reports, 286 studies, and 825 total effect sizes
examining mathematical outcomes for students with MD. These data reflect the
mathematical progress of nearly 56,477 participants (M =71.6 per study) receiv-
ing over 2800 h of mathematics instruction. Approximately 49% of the sample
population identified as female, 25.3% as White, 19.4% as Latino/a, 15.6% as
Black, 0.03% as multiracial or other, 0.02% were Asian, and less than 0.01% were
Native American or Pacific Islander. Approximately 40% of studies included stu-
dents with MD that did not have an identified disability. We also calculated the
methodological quality of each study, resulting in an average of 81.6% quality
indicators met (SD=13.1%), indicating a need for improvement in the overall
quality of mathematics intervention studies.

Overall Efficacy

Our first research question aimed to determine the impact of mathematics inter-
ventions for students with MD. The average estimate effect of our sample was
g=1.29 (SE=0.14, p<0.001). As part of our analyses, we completed visual and
statistical analyses to determine whether any effects skewed our results. We exam-
ined scatterplots and measures of skewness and kurtosis, finding significant skew
in our data. Next, we completed the Tukey’s outlier detection test, which consid-
ers outliers as data points that exceed the 75th percentile by a factor of 1.5 times
the interquartile range, which, for our data, was effect sizes that exceeded —1.17
and 2.33 (Doane & Seward, 2011). Thus, we excluded 90 effect sizes from 37
studies and reran the analyses. The estimated average effect of mathematics inter-
ventions exclusive of outliers was g=0.56 (SE=0.04, p <0.001). These results
indicate that, while still large, there is a significant reduction in the overall esti-
mated effect and a sizable reduction in the standard error across the 198 included
studies, thus demonstrating the outliers significantly influenced our overall data
set. Therefore, we report the remaining results with and without outliers in
Table 2.

Moderators of Treatment Efficacy

Next, we examined potential moderators of treatment efficacy to determine the
conditions in which mathematics interventions have been most beneficial. In the
full model inclusive of outliers, our meta-regression did not reveal any signifi-
cant moderators. On the model excluding outcomes, four moderators significantly
accounted for the heterogeneity in our sample: problem-solving interventions
(#=-0.33, SE=0.12, p<0.01), interventions involving operations (ff= —0.34,
SE=0.14, p<0.05), standardized measures (f= —0.13, SE=0.05, p<0.05), and
SCRDs ($=0.45, SE=0.11, p<0.001). Each covariate is discussed.
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Regarding grade level, 105 studies took place with students in grades 3-5,
50 studies included students in grades K-2, and 66 studies included students
in grades 6-12. Holding all other covariates constant, grade level did not sig-
nificantly describe the heterogeneity in our sample. Specifically, it appears that
interventions for students in grades 3-5 are as efficacious as interventions for stu-
dents in grades K-2 (full model f= —1.67, p=0.14; reduced model = —0.05,
p=0.93) or grades 6—12 (full model §=0.75, p=0.40; reduced model = —0.15,
p=0.13).

Interventions were most often conducted in small groups (k=94), closely fol-
lowed by individually (k=88). Groups of six or more occurred in 32 studies and 7
studies did not report or included mixed grouping. Intervention group size did not
significantly describe any heterogeneity across either model. Specifically, interven-
tions in small groups (2-5 students) were as efficacious as individual interventions
(full model = —0.05, p=0.93; reduced model $=0.00, p=0.93), whole group
interventions (6 or more students; full model = —2.27, p=0.11; reduced model
S=-0.10, p=0.37), or mixed/non-described studies (full model $=2.03, p=0.41;
reduced model $=0.25, p=0.42) when holding all other covariates constant.

We examined heterogeneity in effects across content areas including algebra
(k=14), early numeracy (k=34), fractions (k=33), geometry (k=3), measure-
ment (k=3), mixed problem types (k=13), operations (k=60), and word problems
(k=61). While again, the full model did not significantly influence heterogene-
ity in the full model, relative to fractions, the reduced model indicated significant
heterogeneity in interventions focused on operations (= —0.34, p<0.05), prob-
lem-solving (#=0.33, p<0.01), and a near significant finding for early numeracy
(8= —0.43, p=0.06), suggesting that fraction interventions from our sample have
resulted in significantly higher effects than interventions in these areas.

Dosage, categorized into four bands, included interventions less than 540-
min (k=98), between 540 and 1020 min (k=58), between 1021 and 1350 min
(k=19), and interventions of 1350 min or more (k=46). Compared to interven-
tions of 1350 min or more, dosage did not significantly describe the heterogene-
ity in either model: less than 540 min (full model $=0.50, p=0.58; reduced model
S=-0.18, p=0.09); 540-1020 min (full model $=0.73, p=0.48; reduced model
S=-=0.11, p=0.19); 1021-1350 min (full model = —2.03, p=0.16; reduced
model f=—0.16, p=0.11).

In the same model, we examined the impact of study characteristics. Study design
was categorized as RCTs (k=119), QED (k=16), or SCRDs (k=286). While study
design comparing RCTs to QED ($=0.24, p=0.85) and SCRDs (#=0.51, p=0.60)
was not significant in the full model, SCRD resulted in significantly higher effects
than RCTs in the reduced model (8=0.45, p <0.001).

Most outcome measures were developed by the research team (n=2529), though
289 outcomes were reported from standardized mathematical measures. While
the full model did not reveal a significant effect (= —0.16, p=0.78), the reduced
model detected that standardized assessments resulted in significantly lower effects
than researcher-developed measures (5= —0.13, p <0.05).

For implementation fidelity, we examined studies that reported fidelity data
related to dosage, adherence, and frequency (k=48) compared to studies that
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reported none (k=47), one (k=43), or two (k=83) of those categories, as out-
lined by the CEC Quality Indicators (Cook et al., 2014). Again, we found no sig-
nificant variability related to whether studies reported implementation fidelity for
none reported (full model $=0.42, p=0.37; reduced model 3=0.33, p=0.15); one
reported (full model $=6.85, p=0.13; reduced model = —0.04, p=0.67); or two
reported (full model = —1.63, p=0.25; reduced model = —0.05, p=0.58).

We also examined the impact of publication year, comparing studies published in
2005-2012 (k=54) to studies published in 2013 or later (k=167). We did not detect
any significant moderation based on publication year (full model =0.57, p=0.40;
reduced model 5=0.10, p=0.31).

Finally, for overall study quality, we calculated a quality percentage based on the
CEC Quality Indicators (Cook et al., 2014). Based on their recommendations, we
coded 22 to 24 indicators (depending on study design) to determine an overall qual-
ity score for each study. Then, we examined quality in three bands: studies scoring
less than 75% (k=58), studies scoring between 75 and 90% (k=98), and studies
that met greater than 90% (k=65) of the indicators. Findings did not demonstrate
any significant heterogeneity based on overall study quality for studies meeting less
than 75% of indicators (full model = —1.33, p=0.25; reduced model = —0.09,
p=0.46) or studies meeting 75-90% of indicators (full model $=0.39, p=0.55;
reduced model = —0.03, p=0.73).

Discussion

This meta-analysis examined the effects of mathematics interventions for students
with MD and explored potential moderators of these effects. The results underscore
the significant benefits of implementing such interventions in schools. Specifically,
when including outliers, a robust effect size (Hedges’ g) of 1.29 was observed. This
magnitude is notably larger than those identified in previous meta-analyses (e.g.,
Dennis et al., 2016, g=0.52; Myers et al., 2021, g=0.52; Stevens et al., 2018,
g=0.85). Certain distinct features of our meta-analysis, such as the inclusion of
SCRD and a broader range of studies, may have influenced this larger observed
effect size. When excluding outliers, our findings (g =0.56) closely resembled those
from earlier meta-analyses. As per Bloom et al. (2008), the average yearly effect size
for student achievement in mathematics spans from 1.14 in kindergarten to 0.01 in
grade 12. Thus, an effect size of 0.56 can be interpreted as providing roughly half a
year of mathematical progress, despite the interventions in this study lasting an aver-
age of 17.4 h.

Intervention Characteristics

Delving deeper, our meta-regression evaluated the heterogeneity within effect sizes
based on intervention characteristics, including grade level, group size, content area,
and dosage. Contrary to Dennis et al. (2016), grade level did not emerge as a sig-
nificant moderator in our findings, perhaps attributable to the inclusion of secondary
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settings in our analysis. Previous research has indicated the importance of early
mathematics intervention, particularly in the early elementary years due to the sug-
gestion of larger effect sizes (Gersten et al., 2009a, 2009b). However, this meta-anal-
ysis’ finding that there’s not a significant difference in effect size between kindergar-
ten through grade 2 and grade 3 through grade 5 or grade 6 through 12 supports the
idea that interventions can be effective across grade levels.

In our study, group size was not a significant moderator influencing outcomes.
Although interventions with whole groups showed a slightly negative effect com-
pared to small groups in our full model (= —2.27), this difference was not statisti-
cally significant. Furthermore, this disparity diminished (8= —0.10) when outliers
were removed from the analysis. Our findings resonate with the meta-analyses of
Lein et al. (2020) and Myers et al. (2023), who also reported no substantial impact
of group size on results. This is in line with applied research by Clarke et al., (2017,
2021) and Doabler et al. (2019), where randomizing students with (MD) into differ-
ent group sizes did not yield significant variations in math outcomes. Reflecting on
Hattie’s influential 2008 study, which found a modest effect of small group instruc-
tion on student achievement (effect size =0.13), he recommended emphasizing fac-
tors like feedback, instructional quality, and teaching strategies over group size. The
results of our meta-analysis reinforce this perspective, suggesting that schools can
efficiently allocate resources for interventions for students with MD without focus-
ing on group size.

For mathematics content area, our analysis revealed that students with MD made
smaller gains in operations (= —0.34) and problem-solving (= —0.33) compared
to fractions. Interventions focused on early numeracy were approaching significance
(8= —0.43). These findings corroborate those from Stevens et al. (2018) that frac-
tion interventions yielded larger outcomes that those focusing on problem-solving
and operations. A plausible hypothesis for why interventions focused on fractions
yield higher effect sizes may be rooted in the intricate nature of fractions and the
expertise of research groups devoted to this domain. Fractions are inherently more
complex than other foundational mathematics concepts, requiring students to shift
from the discrete understanding of numbers to grasping their continuous and rela-
tional nature (Siegler et al., 2013). This added complexity might mean that effective
intervention methods are more noticeable, and students make much greater gains
than business as usual instruction. It is also worth noting that distinguished research
groups, particularly those led by Lynn Fuchs, have invested significant efforts into
understanding and teaching fractions. The concentrated efforts and expertise of
those groups have resulted in well-structured, evidence-based interventions that
cater specifically to students with MD (e.g., Fuchs et al., 2013, 2016). Thus, it may
behoove schools and teachers to reference the instructional components of these evi-
dence-based interventions when deciding what to include within their mathematics
interventions.

Intervention duration in this meta-analysis showed a trend toward a negative
effect size for shorter interventions (i.e., less than 540 min [9 h]; f= —0.18) over
longer interventions (i.e., greater than 1350 min [22.5 h]) approaching significance
(»=0.09) in the model excluding outliers. There were no differences in interventions
lasting between 541-1020 and 1020-1350 min compared to longer interventions
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lasting more than 1350 min. In the special education literature, dosage is commonly
recommended as a means of intensifying interventions for students who have not
adequately responded to high-quality instruction (Powell et al., 2022). However,
recommending duration as a means for intensification has its limitations. While
the shortest interventions (i.e., those that lasted less than 9 h) may have resulted in
smaller effect sizes, there were no discernible differences between interventions that
lasted more than 9 h from those that lasted over 22.5 h.

Study Characteristics

Next, we explored the potential moderating effect of study characteristics, includ-
ing research design, type of outcome measure, implementation fidelity, study year,
and study quality. In the model without outliers, studies employing SCRD had sig-
nificantly higher effect sizes (f=0.45) than those using RCTs. It is possible that
characteristics inherent to SCRD, such as flexibility to adapt to individual response
(Kazdin, 2011), may contribute to stronger effect sizes. Another plausible explana-
tion is the lack of psychometrically valid assessments used in SCRD, which could
inflate effect sizes (Peltier et al., 2021).

Outcomes based on type of measure were also examined as potential modera-
tors of the effect size. Standardized measures were statistically significantly lower
(= —0.13) than researcher-developed measures. Vaughn and Swanson (2015)
noted that standardized measures are less likely to be aligned with intervention con-
tent, making it more challenging to observe changes at posttest. For instance, Myers
et al. (2021) found that secondary students scored significantly lower on standard-
ized measures after mathematics interventions (= —0.50; p=0.04) compared to
researcher-developed measures, while Jitendra et al.’s (2021) reported that students
receiving tier two interventions scored lower on standardized measures (= —0.27;
p <0.05) than researcher developed measures.

Concerning implementation fidelity, we evaluated how fidelity was reported by
researchers and whether there was a moderating effect based on that approach. We
categorized each study based on the presence of one, two, or three of the CEC (Cook
et al., 2015) criteria for assessing treatment fidelity. These criteria include whether
the studies reported: (1) dosage, (2) adherence to the intervention, and (3) regular-
ity of tracking either dosage or adherence throughout the study. Our meta-analysis
revealed that effect sizes did not differ based on whether the researcher reported
zero, one, two, or all three criteria. These results may suggest that the inherent effec-
tiveness of the interventions are robust to variations in implementation fidelity, or
that current fidelity measures may not capture the subtle nuances that significantly
impact outcomes.

Finally, we considered the potential moderating effect of year and study quality on
the effectiveness of mathematics interventions. Our findings suggest that interven-
tion effects did not differ based on either of these two moderators. Studies conducted
after 2013 (with outliers, #=0.57; without outliers, f=0.10) were as efficacious as
those conducted prior to 2013, before common state standards had been established.
Researchers, such as Williams et al. (2022), have posited that the counterfactual (i.e.,
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typical classroom instruction or business-as-usual) has improved due to improved
instructional practices or adoption of innovative programs in schools. If that is the
case, our results suggest that intervention research has equally improved over time.
In addition, there were no differences in effect sizes based on the quality of the
study. That is, effect sizes did not vary from those that might be considered of lesser
rigor to those of higher methodological quality.

Impact of Outliers

Given the large difference in effects between the models with and without outli-
ers, we explored possible trends in outlier effects. To first understand this influence,
consider the differences in heterogeneity across the samples. For the full model, the
between study variance (z2) was 1.80. For the model excluding outliers, the 72 was
reduced to 0.34. Such a change signals that the full model includes significant vari-
ation across studies, which is likely to influence the overall impact of some stud-
ies, an underlying reason for why we found it important to include both models.
Furthermore, results from our meta-regressions revealed differences in the follow-
ing moderators: (a) mathematical content area, (b) research design, and (c) measure
standardization. In each of these cases, the meta-regression that excluded major out-
lier effects revealed significant covariates. These findings indicate that there may be
study-level patterns in our outlier data.

To explore these patterns, we inspected our raw data for each moderator. First,
regarding mathematical content, an examination of our data demonstrates that
a disproportionate number of problem-solving interventions had inflated effects
(35.9%, relative to the 27.4% of studies focused on problem-solving included in the
full sample). Furthermore, all studies that focused on geometry had inflated effects
that were excluded from the reduced model. Second, regarding research design, we
found that a disproportionate number of effects from SCRDs were outliers. Spe-
cifically, of the 39.5% of effects from SCRDs in our full model, 45.7% of outliers
implemented SCRDs. Furthermore, extremely large effects (i.e., studies with effects
greater than g=4.0) were more likely to be from SCRDs (70.4%). Also of interest,
all inflated negative effects (g< —1.2) were from group designs (RCTs or QED).
Lastly, we found no pattern in the outliers regarding whether the measure was
researcher-developed.

Together, these data suggest that both research design and specific content area
may be related to overall effect size. While content area data is difficult to interpret,
save for few studies have focused on geometry skills specifically, representing an
area of continued need for research, we believe that the findings related to research
design may have specific implications for future studies. Specifically, this meta-anal-
ysis represents a novel, yet growing, approach to meta-analyses by including both
group and SCRDs within the same meta-regression. While we argue this approach
has many benefits to the field of mathematics intervention research, we hypothesize
that this finding, both of inflated and larger effects, may replicate into other fields of
education, such as reading or behavior. While as a construct, the BC-SMD is theo-
retically the same as the Hedges’ g (Chen et al., 2023); BC-SMD data can be more
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sensitive to the measures used and participant samples, given the small sample size.
Thus, the field is in need of more interpretable benchmark effects to fully understand
the impact of SCRD relative to group design research in mathematical interventions.

Limitations

Our results should be interpreted in light of several limitations. First, in the cur-
rent meta-analysis, we used a broad term for defining MD, and the participants were
grouped based on author-specified criteria for being MD or at-risk for MD. This
approach limits the ability to determine the effectiveness of the intervention for spe-
cific groups of students. Nevertheless, employing a broad definition, especially con-
sidering the number of students who may be experiencing MD due to the impact
of COVID-19, allows for a comprehensive analysis of the overall impact of inter-
ventions, providing valuable understanding of their efficacy across a larger range of
students.

Second, future research should further explore the effectiveness of interventions
wherein the content area of the interventions is aligned with the participants’ grade
level curricular standards. Although the current study analyzed grade-level as a
moderator for both elementary and secondary, the study did not evaluate if interven-
tions were more or less effective when aligned with the curriculum and sequence
of the state mathematics standards for the grade level. Understanding the impact of
curricular alignment may provide important insight for the successful development
and implementation of mathematics intervention studies, as has been recommended
and identified as a need in intervention research (Jitendra et al., 2013).

Third, while our analysis includes various potential moderators, it is important
to clarify that the statistical insignificance of certain factors like dosage level or
group size does not denote an absence of effect. Rather, such findings often indicate
inconclusive results, attributable to limitations such as a smaller number of studies
or methodological differences (Gurevitch et al., 2018). This distinction is vital for
accurately interpreting the impact of these moderators on educational outcomes.

Implications for Future Research and Practice

The results of this meta-analysis draw attention to several implications for future
research. First, to develop a comprehensive picture of the impact of mathematics
interventions for students with MD, the evidence-base must reflect a robust under-
standing of all mathematics content areas. Unfortunately, due to the limited number
of geometry studies (k=4), along with the large effect sizes, geometry studies were
excluded from the analysis without outliers. Thus, the results of the model without
outliers reflect a portion of extant research on mathematics interventions for stu-
dents with MD and cannot be viewed as all encompassing. There were also too few
measurement studies (k=3) to have reliable outcomes in either model. Additional
empirical research that evaluates geometry and measurement outcomes for students
with MD is warranted to ensure comprehensive evaluations of the evidence base are
possible.
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Second, it is imperative for researchers to focus on developing effective multi-com-
ponent interventions for other critical mathematics domains such as problem solving
and early numeracy. This expansion is as crucial as the progress made in interventions
for fractions. By doing so, we ensure that we are crafting robust interventions that can
significantly influence the trajectory of mathematical learning and outcomes for stu-
dents with MD, setting a strong foundation for their future academic achievements in
mathematics.

Third, the development of valid and reliable measures for SCRD studies is neces-
sary to improve the trustworthiness of results of studies that utilize this type of research
design. Although our findings suggest that SCRD studies led to higher mathematics
outcomes, an evaluation of results with and without outliers suggests possible effect
size inflation. One possible reason for inflation may be the limited psychometric evi-
dence available for selected measures. Thus, it is necessary for researchers to continue
to develop reliable and valid assessment measures that can be used in SCRD.

In addition to implications for future research, it is necessary to address implica-
tions for practice related to implementation of mathematics interventions for stu-
dents with MD. The findings of this study underscore the necessity of incorporat-
ing research-based interventions, such as “Fraction Face-Off” (e.g., Fuchs et al.,
2013), in the mathematics curriculum for students with MD. These interventions
have shown to significantly improve student performance focused on critical founda-
tional fraction concepts essential for their success in more advanced stages of educa-
tion like middle and high school (Siegler et al., 2013). Moreover, implementing the
evidence-based practices found within these effective interventions, which include
systematic instruction and the use of multiple, visual representations (Fuchs et al.,
2021), can be beneficial not only for teaching fractions but also when applied to
other mathematical content areas, such as early numeracy.

Lastly, factors such as grade level and group size did not have discernable effects on
mathematics outcomes. Consequently, it is advisable for teachers to prioritize employ-
ing effective instructional strategies, such as providing systematic instruction, using
clear and concise mathematics language, and incorporating timed activities (See Fuchs
et al., 2021) over decisions about group size for mastery of foundational skills asso-
ciated with mathematics proficiency at all grade levels. The concept of diminishing
returns was evident in relation to instructional minutes, highlighting the importance
of balancing sufficient time for content mastery with the efficiency of instruction. It
appears that allocating over 9 h for instruction or until mastery is achieved might be
optimal. Beyond this point, the benefits of additional instruction on the same content
start to wane. Instead, it may be more advantageous to progress to new content, revisit-
ing previous concepts through instructional review (Gersten et al., 2009a, 2009b).

Conclusion
In conclusion, this meta-analysis of mathematics interventions for students with MD
provides valuable insights into the literature prior to the COVID-19 pandemic, offer-

ing a solid foundation for implementing effective interventions in schools to address
the learning disruptions experienced during the most recent school years. The results
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demonstrate that interventions targeting mathematics can yield significant positive
effects on students’ mathematics outcomes, offering a glimmer of hope. As schools
navigate the challenges brought on by the COVID-19 pandemic, it is essential to
adapt and refine interventions to meet the needs of the students and to target content
that builds pre-algebraic readiness. Continuous collaborative efforts by researchers
and teachers to strengthen students’ mathematics proficiency, aiming not only to meet
but surpass pre-COVID-19 pandemic levels, will help build a brighter future for all.
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