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ABSTRACT

Algebra has long been recognized as a fundamental component of mathematics education for K-12
students and has been identified as a subject with which students continually struggle. Researchers
have utilized various methods across contexts and conditions at the classroom level to improve
algebra learning. This systematic review and meta-research (i.e., meta-analysis and meta-synthesis)
aims to elucidate which of these efforts are effective, along with the conditions and populations for
which they are most effective. In this article, we present our framing for the study under a modified
version of the conceptual framework for learning progression, justify selected moderators, and
detail our anticipated research process. Conducting meta-research on this topic is essential for pro-
viding policymakers, instructors, and researchers with an adequate understanding of the historical
landscape of effective practices in algebra instruction.

Keywords: grades K-12; Algebraic teaching interventions; systematic review; meta-
analysis; meta-synthesis

Introduction

Research has demonstrated that a foundational understanding of algebraic content
is the gateway to pursuing careers in the science, technology, engineering, and math-
ematics (STEM) fields (Hughes et al., 2014). More specifically, an understanding
of algebraic content is crucial for excelling in higher-level mathematics and STEM-
based courses, completing high school, and gaining admission into college (National
Mathematics Advisory Panel, 2008; Vogel, 2008). However, many students lack the
algebraic skills needed to be successful in STEM courses and subsequent careers
(Booth et al., 2014). Given the importance of algebra to students’ success with
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mathematics content, this article describes a research protocol intended to identify
which algebraic teaching interventions are effective, for whom, and under what con-
ditions. We aim to do this by conducting a systematic review and meta-research (i.e.,
meta-analysis and meta-synthesis) of research across 40 years of algebra literature
spanning Grades K-12. We define Algebraic Teaching Interventions as processes by
which the teacher/researcher implements strategies in the classroom designed with
the goal of improving the teaching and learning of algebraic content.

Algebra Difficulties Across the K-12 Spectrum

While arithmetic typically precedes algebra in traditional mathematics instruction,
this approach has not been successful (Blanton et al., 2018; Filloy & Rojano, 1989;
Sharpe, 2019), and there is evidence that students continue to have difficulty with
algebra using this approach (Bednarz, 2001; Booth, 1984; Kieran, 2007; MacGregor,
1996; National Center for Educational Statistics, 2022). Students’ difficulties with
algebra and algebraic thinking have been well documented and are rooted in mis-
understandings of the following algebraic skills: (a) Using the equal sign as a bal-
ancing point (Booth, 1984; Kieran, 1981, 1985; Vergnaud, 1985, 1988); (b) Using
mathematical symbols to show the relationships between quantities (Bednarz, 2001;
Bednarz & Janvier, 1996; Vergnaud, 1985; Wagner, 1981); (¢) Applying the commu-
tative and distributive properties (Boulton-Lewis et al., 2001; Demana & Leitzel,
1988; MacGregor, 1996); (d) Using letters as generalized numbers or as variables
(Booth, 1984; Ely & Adams, 2012; Kiichemann, 1981; Vergnaud, 1985); (e) Working
with unknowns and applying equivalent transformations to both sides of an equa-
tion (Bednarz, 2001; Bednarz & Janvier, 1996; Filloy & Rojano, 1989; Kieran, 1985,
1989; Steinberg et al., 1990); and (f) Generating equations and solving algebra prob-
lems (Kieran, 2007).

One means by which these misunderstandings can be addressed is through the
incorporation of algebraic skills into earlier mathematics instruction. Specifically,
students who are introduced to algebraic thinking in elementary grades have a bet-
ter understanding of algebraic content (Blanton et al., 2018; Carraher et al., 2008).
Since the early incorporation of algebraic skills can positively influence students’
algebra learning, standards documents (e.g., Principles and Standards for School
Mathematics [National Council of Teachers of Mathematics (NCTM), 2000],
Common Core State Standards [National Governors Association Center for Best
Practices & Council of Chief State School Officers INGA & CCSSO), 2010]) now
incorporate algebraic thinking and algebra standards across K-12 grades, instead of
restricting algebra instruction to the secondary grades.

Given this integration of algebraic content into the K-12 curricula, it is important
to understand the ways in which algebra has been incorporated into these classrooms
and the impacts this content has had on students’ understanding. Our study aims to
provide such an understanding by qualitatively and quantitatively synthesizing the
existing literature on this topic.
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Algebraic Teaching Framework

In order to conceptualize the linkages between algebraic curriculum, algebraic
instruction, and K-12 students’ mathematical learning, we will implement a mod-
ified version of the conceptual framework for learning progression (Blanton et al.,
2018; Fonger et al., 2018). This conceptual framework for learning progression was
initially developed from empirical research coupled with national and state stan-
dards. The authors of the conceptual framework for learning progression developed
and implemented an instructional sequence for the elementary grades in order to
determine levels of sophistication in children’s thinking. The authors address the
following components as children progress through the early algebra curriculum:
“(a) A curricular framework and progression of learning goals across big ideas and
thinking practices; (b) An instructional sequence; (c) Assessments; and (d) Levels
of sophistication in children’s thinking” (Fonger et al., 2018, p. 35). Blanton et al.
(2018) found that the algebraic big ideas for students in elementary grades are:
(1) Equivalence, expressions, equations, and inequality (EEEI); (2) Functional think-
ing; and (3) Generalized arithmetic. Thinking practices included generalizing, rep-
resenting, justifying, and reasoning with math structure and relationships (Blanton
et al., 2018; Kaput, 2008).These algebraic big ideas and thinking practices categories
will be integrated into our algebraic teaching framework.

The aim of the algebraic teaching framework is to articulate the links found in the
conceptual framework for learning progression, specifically for algebraic curriculum,
algebraic instruction, and students’ mathematical learning, across a wide grade span
(K-12). Our algebraic teaching framework will serve as an analytic guide to under-
stand and represent the links between algebraic curriculum, algebraic instruction,
and K-12 students’ mathematical learning from 1980 to the present in the meta-
synthesis. Furthermore, this research will use the algebraic big ideas and thinking prac-
tices from the conceptual framework for learning progression to classify and describe
the different types of algebraic teaching interventions, learning goals, and impacts on
student learning over the K-12 grades across 40 years of research. More specifically,
we will focus on algebraic big ideas and thinking practices as a proxy for curriculum,
algebraic teaching interventions and learning goals as a proxy for instruction, and stu-
dent mathematical thinking as a proxy for student learning (see Figure 1).

Prior Systematic Reviews on Mathematics and Algebraic Interventions

Since 1980, there have been many systematic reviews that have examined interven-
tions for improving mathematics achievement at the K-12 level. Here we provide an
overview of systematic reviews that have addressed mathematics interventions in gen-
eral, highlighting literature focused on algebra interventions, and review their impact
on mathematical achievement.We do this to contextualize our intended meta-research
project within a broader body of work that draws inferences for mathematics learning
across contexts. In what follows, we present these previous systematic reviews by the
type(s) of interventions they analyzed and the populations they targeted. We also
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Figure 1. Algebraic Teaching Framework

provide relevant effect size data for the meta-analyses that are closely aligned with the
goals of our study (algebraic teaching interventions spanning Grades K-12 and their
impact on mathematics achievement).

Several meta-analyses have addressed specific types of math interventions based
on their content. Ran et al. (2021, 2022) found statistically significant positive effects
for computer and technology interventions, respectively. Sercenia and Prudente
(2023) looked at metacognitive strategies for improving mathematics and found a
large positive effect (¢ = 1.358). This indicates that content-targeted mathematics
interventions can have large impacts on mathematics achievement.

Meta-analyses that focus on students in special education or those with learn-
ing difficulties in mathematics span a variety of topics and age groups. Lein et al.
(2020) and Myers et al. (2022) analyzed studies with word problem-solving interven-
tions for K-12 students in special education (¢ = .56 ) and mathematical difficulties
(g = .71), respectively. Gersten et al. (2009) analyzed studies pertaining to students
with learning disabilities and identified peer-assisted learning, explicit instruction
with ongoing feedback, and opportunities for deliberate practice as effective prac-
tices. In contrast, computer-assisted instruction and general teaching practices were
not effective (Gersten et al., 2009). Kroesbergen and Van Luit (2003) focused on
elementary education students in special education and found basic skills to be the
most effective intervention. Overall, interventions targeted at students with special
education needs and students with mathematical difficulties can have large impacts
on their mathematical achievement.
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There are several meta-analyses that have analyzed general mathematical knowl-
edge. Pellegrini et al. (2021) analyzed elementary school programs targeted at
increasing mathematical achievement and found that computer-assisted instruction
and tutoring were the most promising (g = .2). Williams et al. (2022) conducted a
meta-analysis reviewing randomized experimental studies with mathematics inter-
ventions from 1991 to 2017. They found a small positive (¢ = .24) average effect
size for algebra interventions during this period. Notably, the authors considered
pre-K-12 mathematics interventions that were labeled algebra and pre-algebra inter-
ventions, and did not classify any of the interventions as early algebra interventions.

A number of previous meta-analyses have focused on categorizing and analyz-
ing interventions or strategies targeting students’ algebra achievement. For example,
Haas (2005) identified six instructional intervention categories: Direct instruction,
cooperative learning, communication and study skills, multiple representations,
problem-based learning, and technology. Rakes et al. (2010) suggested five new
categories of algebra instructional improvement strategies: Technology curricula,
non-technology curricula, instructional strategies, manipulatives, and technology
tools. Hughes et al. (2014) focused specifically on interventions aimed at improving
algebra achievement targeted at students with disabilities or at risk of having disa-
bilities. Some of these included guided practice, mastery learning, assessment, self-
monitoring, and use of visual representations (Hughes et al., 2014). Other reviews
(e.g., Impecoven-Lind & Foegen, 2010; Maccini et al., 1999) also identified spe-
cific interventions, strategies, or elements of instruction that increased the algebra
achievement of students with specific learning disabilities.

While there have been many meta-analyses examining algebra and mathematics
interventions, there have been a limited number of meta-syntheses on these topics.
Those that exist are mostly focused on specialized topics or specific populations.
Dibbs et al. (2020) conducted a meta-synthesis looking at how students combine
like terms, a core topic in algebra. They found journaling, multiple representa-
tions, direct instruction, and group work to be effective methods for helping stu-
dents learn how to combine like terms. Korkmaz and Morali (2022) investigated
the impact of augmented reality (AR) on mathematics education from 2010 to
2021. They found that AR had a positive impact on students’ understanding of
mathematics. While these meta-syntheses identified practices, they did not provide
an in-depth description of each practice and explore why those practices were
effective.

Our work extends the previous meta-analysis and meta-synthesis studies in a vari-
ety of ways. First, we examine algebraic teaching interventions spanning Grades
K-12 for a general population over a 40-year period. We consider not only algebraic
teaching interventions that took place during an algebra class, but also early alge-
bra and pre-algebra interventions. Additionally, we consider non-randomized exper-
imental studies as well as randomized experimental studies, provide a categorization
of interventions, and develop a rich description of effective interventions through a
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meta-synthesis (qualitative analysis). The scope of this study in terms of time, pop-
ulation, and research type distinguishes us from previous studies like Williams et al.
(2022).

The field of mathematics education has produced many qualitative and quantita-
tive studies over the last 40 years, yet there are currently no studies that include both
a meta-analysis and meta-synthesis on the same research topic. This study includes
both aspects and applies them to a wide swath of literature across several decades and
settings. Meta-analysis and meta-synthesis each address different kinds of research
questions, extract different types of data from studies, employ different methods of
analysis, and deliver different characteristics in results. Our rationale for conducting
a mixed-methods synthesis is to provide a richer understanding of algebraic teach-
ing interventions by producing a holistic picture that can inform future research,
policy, and practice in the teaching and learning of school algebra. The aim of the
meta-analysis is to quantitatively analyze the effectiveness of algebraic teaching inter-
ventions, while the meta-synthesis complements this by providing a detailed picture
of the characteristics of effective algebraic teaching interventions. The meta-analysis
results will establish intervention efficacy, whereas the meta-synthesis will describe
the relationships between algebraic curriculum, algebraic instruction, and student
mathematical learning in K-12 school algebra.

Research on Potential Moderators

As we explore the effects of algebraic teaching interventions on student learning in
the meta-analysis, we will also analyze the moderators that may explain the different
effects of these algebraic teaching interventions.

Demographic Moderators: We plan to consider race/ethnicity, gender, socioeco-
nomic status (SES), location (within the U.S.), and student grade level as demo-
graphic moderators since each of these have been previously identified as significant
moderators in analyses of students’ mathematics outcomes. The National Center for
Educational Statistics (INCES) issued a report evidencing significant differences in
mathematical achievement in relation to race/ethnicity, gender, and SES as part of its
National Report Card (National Center for Educational Statistics, 2022). Sharpe and
Marsh (2022) conducted a systematic review of algebra teaching and learning and
found that race/ethnicity, SES, and gender each play a role in students’ achievements.
Voyer and Voyer (2014) conducted a meta-analysis looking at school achievement
including mathematics and found that race and gender were significant moderators.
Ran et al. (2021) and Cheung and Slavin (2013) conducted meta-analyses examin-
ing technology’s impact on mathematics achievement and found that grade level was
a significant modifier. Grade level is an important moderator in the current study,
since changes like presenting algebra in 8th grade tend to impact on mathematical
success differently when compared with the traditional introduction of algebra in 9th
grade (Domina, 2014; Rickles, 2013).
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Algebraic Teaching Intervention Moderators: We will investigate the impact of
algebraic teaching interventions as categorized by the length of the intervention, who
delivered the intervention (technology, teacher, researcher), the amount of teacher
training used to implement the intervention (not reported, none, one-time training,
multiple training/ongoing training), and the type of intervention. We consider these
factors because Williams et al. (2022) found that intervention delivery was a signifi-
cant moderator in their meta-analysis of mathematics interventions for grades pre-K-
12. Additionally, a meta-analysis conducted by Blank and de las Alas (2009) found
that teacher professional development/training had a significant effect on student
mathematical achievement.

Algebraic Content Moderators: In concert with our algebraic teaching frame-
work, we will be considering the algebraic big ideas (i.e., EEEI, functional thinking,
generalized arithmetic) as potential moderators. We have already highlighted the dif-
ficulties that students face in each of these areas in our Algebra Difficulties section.
By conducting a moderator analysis on the big ideas we hope to identify which ones
contributed most to the heterogeneity of algebraic teaching intervention effects. This
will contextualize and inform the meta-synthesis by providing a focus for analysis on
the intervention types and algebra topics that explain most of the heterogeneity.

Study Characteristic Moderators: Williams et al. (2022) found that the type
of outcome measure recorded (researcher-developed versus standardized achieve-
ment) and the publication decade were significant moderators. Since our study spans
40 years, we will look at both as potential moderators, in addition to publication type.

Purpose and Research Questions

In light of the previously discussed nature of algebra as being simultaneously essen-
tial to mathematics education and difficult for students to understand, the purpose of
this research is to identify what types of algebraic teaching interventions are effective,
for whom, and under what conditions.

Methodologically, this purpose is addressed through systematic review and meta-
research of empirical studies examining algebraic teaching interventions in the US
in Grades K-12 between 1980 and the present. We define meta-research as a mixed
methods study with quantitative (meta-analysis) and qualitative (meta-synthesis)
analyses of primary studies. The time frame for research inclusion was determined by
the systemic changes in the field that included the release of several seminal pieces,
including An Agenda for Action in 1980 (NCTM, 1980), Principles and Standards for
School Mathematics in 2000 (NCTM, 2000), and Common Core State Standards for
Mathematics NGA & CCSSO, 2010) in 2010. These systemic changes in mathemat-
ics pedagogy warrant not only an overview of the research around algebraic teach-
ing interventions, but also a synthesis that analyzes the effect of these changes on
the field. The goal of the meta-analysis is to provide quantitative results and inform
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the focus of the meta-synthesis. We will conduct this systematic review and meta-re-
search with the aim of answering the following research questions in regard to US
elementary and secondary school students from 1980 to the present.

Meta-Analysis Research Question:

1. (a) What is the effectiveness of algebraic teaching interventions?

(b) How heterogeneous are algebraic teaching intervention effects for US ele-
mentary and secondary school students since 1980?

(c) What moderators (e.g., grade level/algebra level, algebraic big ideas, gender,
socioeconomic status, race/ethnicity, location in US, intervention type, inter-
vention delivery, intervention length, implementation training, publication
year, publication type, assessment type) contribute to the heterogeneity of
algebraic teaching intervention effects?

Meta-Synthesis Research Questions:

2. What are the characteristics of algebraic teaching interventions that have facili-
tated US elementary and secondary school students’ mathematics learning across
algebraic big ideas and grade levels since 1980?

(a) What are the characteristics of effective algebraic teaching interventions and
their learning goals (instruction) that have facilitated students’ mathematics
learning across algebraic big ideas and thinking practices (curriculum) and
grade levels?

(b) What are the levels of sophistication in students’ mathematical thinking
across algebraic big ideas, thinking practices, and grade levels?

(¢) How does mathematics learning differ across algebraic big ideas, thinking
practices, and grade levels for students with diverse backgrounds?

3. What recommendations for algebraic teaching interventions that facilitate student
mathematics learning across grade levels are derived from empirical studies?

Mixed Methods Research Question:

4. To what extent and in what ways does the meta-synthesis of algebraic teaching
intervention characteristics contribute to a more comprehensive and nuanced un-
derstanding of the effect sizes from meta-analyses?

Methods

In this section, we describe the inclusion/exclusion criteria for selecting studies, the
research process, the search strategy, the multi-stage screening process, full-text
retrieval, data extraction, data coding, data management, and handling of missing
data. The PRISMA-P checklist was used for items included in this systematic review
protocol (Moher et al., 2015).
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Inclusion and Exclusion Criteria

A primary goal of our meta-synthesis is to inform policy and practice by synthesiz-
ing the recommendation sections from a broad set of primary studies. Given the
differences in policy and practice across countries, we have restricted ourselves to
US-based research and excluded studies using data from other countries. A sec-
ondary goal of this study is to examine the impact of US standards documents in
mathematics education since 1980, further leading us to exclusively consider studies
from the US. We will use the Methods, Units, Treatments, QOutcomes, and Settings
(MUTOS) framework (Williams et al., 2022) to establish the study eligibility criteria
for the systematic review. The methods will be Randomized Control Trial (RCT),
Quasi-Experimental Design (QED) with baseline equivalence, empirical qualitative
research, or mixed methods studies that include RCT, QED, and/or empirical quali-
tative research. The units will be K-12 students in the US or its territories. The treat-
ments will be Algebraic Teaching Intervention and a business-as-usual control group.
The business-as-usual control group is a comparison group that did not receive the
intervention. The outcome will be measures of mathematics learning, thinking, or
knowledge. The settings will be published (books, journal articles, etc.) and unpub-
lished studies (dissertations, conference papers, independent reports, etc.) written in
English and issued between 1980 and the present, conducted within the US or its
territories. Given that studies with statistically significant results have a higher prob-
ability of being published, we will include both published and unpublished studies to
address publication bias.

The aim of this systematic review is to include empirical studies, hence the fol-
lowing type of studies will be excluded from this analysis: Reviews of literature or
summaries of research, meta-analyses, meta-syntheses, policy documents, calls
for research, book reviews, op-ed pieces, and pedagogical or practitioners’ articles
describing implementation of teaching, tools, and/or practice with learners.

We will search for studies based on the first eight systematic review eligibility
criteria below. Eligibility criteria 9 to 11 will come into consideration during the
screening.

Table 1. Systematic review eligibility criteria for included studies

Type of Criteria Eligibility Criteria

1. Intervention Included at least one algebraic teaching intervention that
occurred in the classroom different from business-as-usual.

2. Location Study occurred in the US or one of its territories.

3. Sample Included a sample of students in elementary or secondary
grades (Grades K-12 only).

4. Outcome Evaluated at least one measure of mathematics learning,
thinking, or knowledge.
5. Language Written in English.
(Continued)

215



S.T. Sharpe et al.

Table 1. (Continued)

Type of Criteria Eligibility Criteria
6. Study Year Published and unpublished studies issued between January
1980 and the present.
7. Study Type — Qual Qualitative studies: Empirical qualitative research.
8. Study Type — Quan (RCT/QED) Quantitative studies: Conducted either Quasi-Experimental

Design (baseline equivalence) or Randomized Control Trials.

9. Study Type — Quan (Control Group) Quantitative studies: Included a business-as-usual control group.

10. Study Type — Quan (Sufficient Info) Quantitative studies: Study provided sufficient information to

calculate an effect size and its variance.

Systematic Review and Meta-Research Process

The process for conducting this systematic review and meta-research is: (1) Data
collection of initial studies (literature search); (2) Quality appraisal of the initial
studies (screening); (3) Data extraction; and (4) Data analysis (meta-analysis and
meta-synthesis) (Ong et al., 2020; Williams et al., 2022). Figure 2 is a visual repre-
sentation of the project’s systematic review and meta-research process. We will use
the Covidence platform to store and screen the studies. Note that Covidence has two

Database Search Google Scholar Search

Gray Literature,
Import Into Covidence PME-NA

Proceeding, and
WWC Search
& Screening

1980 - Present + Algebraic Topic
Stage 1: Title and English * Algebraic Teaching Intervention
United States * Math Outcome Measure

Abstract Screening K12

I Upload PDFs to Covidence

Stage 2: « 1980-Present o+ K-12

English * Algebraic Teaching Intervention
. * Englisi * Algebraic Topic « Math Out M
Full Text Screening « United States < 5 o ome Mo

. i H - - Qualitative (include Data, Thematic Analysis)
Stage 3: crltlcal Appralsal screenlng *  Quantitative (RCT/QED, include Effect Size Data)

+ Study Setting * Algebraic Teaching Intervention : =
General s i Qualitative Memos

Data Extraction * AlgebraContent ~ * Methods « Effect Size Data Data Extraction

Meta-Analysis )
(Mixed-Effects Meta-Regression) Meta -Synthe5|s
(Thematic Analysis)

Figure 2. Systematic Review and Meta-Research Process
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levels of screening: title/abstract and full-text. We will conduct the full-text and crit-
ical appraisal screening at the second level of Covidence screening. We will also use
Covidence platform for data extraction, the R software for our meta-analysis and the
NVivo software for our meta-synthesis.

Search Strategy

The systematic search strategy will include searches of electronic databases, Google
Scholar, gray literature websites, What Works Clearinghouse (WWC) website, and
the North American Chapter of the International Group for the Psychology of
Mathematics Education (PME-NA) Annual Conference Proceedings.

The database and Google Scholar search results will be uploaded to the Zotero pro-
gram and combined into one file. We will use Zotero’s automated duplicate feature for
duplicate detection and removal. A combined file will then be exported to the Covidence
platform for title and abstract screening (Stage 1). We will then conduct a second round
of duplication removal using Covidence. As shown in Figure 2, gray literature, WWC,
and PME-NA searches and screening will be first conducted on the different websites
(Stage 1 screening) and then the PDFs of the studies that pass the Stage 1 screening will
be uploaded to the Covidence platform for full-text screening (Stage 2). After the upload,
duplicates will again be removed using Covidence’s automated duplicate removal feature.

The searches will utilize search terms that focus on the eligible criteria discussed
above (Williams et al., 2022). For example, within these searches, we will use a com-
bination of keywords that refer to (1) Algebra; (2) K-12 grades; (3) Outcomes; and
(4) Methods. We will filter our searches based on date (1980—present), language of
writing (English), and location of the studies (US or its territories). See Figure 3
below for an example of a detailed search string.

(Algebra* OR Equation* OR “Pre-algebra*” OR “functions” OR teaching algebra*) AND

(“elementary education” OR elementary school OR elementary OR secondary OR “primary
education” OR primary school OR middle school OR secondary school OR “secondary education” OR
high school OR junior high OR children OR adolescen* OR teen* OR grade* OR classroom OR K12
OR K-12 OR school age OR school based OR school system OR school district OR school) AND

(ability* OR Achievement OR Acquisition OR Attainment OR Fluency OR Mastery OR Maintenance
OR Outcome* OR Performance OR Proficiency OR Retention OR Skill* OR Understanding OR
application®* OR computation* OR word problem*) AND

(RCT OR experiment* OR randomize* OR QED OR “Quasi-Experiment*”” OR “non-randomized”
OR non-experimental OR effectiveness study OR efficacy study OR effectiveness trial OR efficacy
trial* OR qualitative OR Qualitative Empirical Studies OR Empirical*)

Filters: 1980 — present; English Language; U.S.

Figure 3. Detailed Search String for APA PsycINFO on EBSCO
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Database Searches: We will first conduct separate electronic database searches of
ERIC, Education Source, PsycINFO, SocINDEX, Sociological Abstracts, Academic
Search Ultimate, JSTOR, WorldCat FirstSearch, and ProQuest. We will also conduct
a search of Google Scholar using a shorter version of the above search terms, since
Google Scholar has a limit on the length of its search strings.

Gray Literature Searches: Similar to Williams et al. (2022), we will conduct search
and screening of the gray (or unpublished) literature websites by searching the U.S.
Department of Education websites and websites of research organizations known to
fund or research mathematics interventions. We will search the following websites
for citations or reports related to algebraic interventions: Abt Associates, American
Institutes for Research, Bill & Melinda Gates Foundation, Campbell Collaboration,
Center for Teaching Quality, Center on Great Teachers and Leaders, Charles A.
Dana Center, Consortium for Policy Research in Education, Institute of Education
Sciences (National Center for Education Research [NCER], and National Center
for Education Evaluation and Regional Assistance [NCEE]), Mathematica Policy
Research, MDRC, National Center for Analysis of Longitudinal Data in Education
Research (CALDER), National Center on Intensive Intervention, National Research
and Development Center on Cognition and Mathematics Instruction, National
Research Council, National Science Foundation, Peabody Research Institute,
Program in Mathematics Education, RAND Corporation, Randomized Controlled
Trials Registry, Regional Educational Laboratories, Research in Cognition and
Mathematics Education, RTT International, SRI International, University of Chicago
Consortium on School Research, U.S. Department of Education’s Investing in
Innovation (i3), Westat, WestEd, and William and Ida Friday Institute for Educational
Innovation.

What Works Clearinghouse (WWC) Search & Screening: The WWC is an
investment by the U.S. Department of Education that reviews a collection of research
to determine effective high-quality educational research. We will conduct a search
and screening of this Clearinghouse for algebraic-related interventions.

The North American Chapter of the International Group for the Psychology
of Mathematics Education (PME-NA) Search & Screening: Given that
PME-NA is a North American conference representing a wide range of mathematics
education research, with proceedings representing the last 40 years, we will conduct a
search and screening of the PME-NA conference proceedings on the PME-NA web-
site for algebraic-related interventions. The titles in the proceedings will be screened
for relevant studies. A screener will then check the related abstract using the title and
abstract screening criteria, and studies that pass will be extracted from the proceed-
ings and uploaded into Covidence for full-text screening.
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Multi-Stage Screening Strategy

Plans for screening potentially eligible studies: Screening will occur in three
stages: (1) Title and abstract screening; (2) Full-text screening; and (3) Critical
appraisal screening. The research team will be trained to conduct the screening at
each stage. During training, 10 studies will be given to each team member to screen,
then the team will meet to discuss their screening decisions and resolve discrepan-
cies. This process will happen twice for each stage of screening. The principal inves-
tigator (PI) will also meet with all reviewers weekly to prevent screening drift over
time. To continuously monitor screening, all studies will be dual and independently
screened at each stage. Any discrepancies/conflicts will be discussed and resolved
by the research team in their weekly meetings and interrater reliability will be eval-
uated via Cohen’s kappa, in addition to recall, specificity, and balanced accuracy
(Syriani et al., 2023). A separate screening form will be developed for all three stages
of screening based upon the eligibility criteria. A “NO” response from the reviewers
to any of the screening questions will exclude the study from further review. If the
reviewer responds with a “YES” or “MAYBE?” to all screening questions at Stage 1,
the study will move to the next stage. In Stages 2 and 3, the reviewers will need to
respond with a “YES” to all screening questions for the study to be included, that is,
there will be no “MAYBE” option. Studies that make it through all three stages of
screening will be included and coded. In summary, screening will be completed in
the following three stages:

» Stage 1. Titles and abstracts will be screened (using the Covidence platform) for
eligibility criteria. That is, determine whether the appropriate intervention, outco-
mes, and samples (studies issued between 1980—present, written in English, con-
ducted in the US or its territories, involving students in Grades K-12) could be
present in the study. The Gray Literature Stage 1 screening will be conducted on
the different websites at this stage.

» Stage 2. Full-texts will be screened to confirm that the appropriate intervention,
outcomes, and samples were included in the studies.

e Stage 3. Full-texts will be screened again for Aigh-qualiry studies. We will conduct
a critical appraisal of the methods sections for both qualitative and quantitative
studies. The qualitative studies will be screened for the use of thematic qualitative
analysis and the use of data to support their findings. The quantitative studies will
be screened for the use of RCT or QED with equivalence baseline and sufficient
data to compute effect sizes.

Full-Text Retrieval

Full-text retrieval of PDFs will be completed between Stages 1 and 2 of screening.
The list of studies that pass title and abstract screening will be downloaded from
Covidence and uploaded into Zotero. Zotero’s automated full-text search feature

219



S.T. Sharpe et al.

will be used to search for texts on open databases and databases available from the
university library. Full-texts not found using Zotero’s automated search feature will
be manually searched in the university’s library databases and using Google Search.
Remaining full-texts not located will be requested through an interlibrary loan sys-
tem or purchased.

Data Extraction

Combination of Included Studies: Multiple studies that use the same dataset will
NOT be counted as separate studies; however, we will use all available sources to
extract the data from each study. For example, if a study includes a peer-reviewed
article, report, and conference paper/abstract, we will use all three sources to extract
the data and it will be counted as one study.

General Extraction (All Studies): The PI, in conjunction with the research team,
will develop a data extraction template in Covidence. All variables will be extracted as
reported in the study. All team members will be trained to extract data from the stud-
ies. During training, 10 studies will be given to each person to extract and the team
will meet to discuss decisions or discrepancies. This process will be repeated twice to
ensure agreement. The PI will meet with the team weekly to discuss any questions
and prevent extraction drift over time. To continuously monitor data extraction, all
of the studies will be extracted by two team members and checked by a third team
member. Any extraction discrepancies will be discussed by the two team members
and, if unresolved, the PI will make the final decision.

The goal for the analysis, and therefore the data extraction, is to identify the best
practices from algebraic teaching interventions that work, for whom, and under what
conditions. We will extract data involving study-level characteristics, sample charac-
teristics, algebraic content, algebraic teaching intervention, outcome measure(s), and
methods of the study. Studies that are classified with a quantitative or mixed methods
design will also be extracted for additional data to be used in the meta-analysis.

Meta-Analysis Extraction (Quantitative/Mixed Methods Studies): Information
to compute effect sizes will be extracted from each unique quantitative study. Any
calculation of effect sizes will be done separately from the reported data. Our goal is
to compute the standardized mean difference (SMD) effect size for all related math
outcomes reported in each study. We will also compute effect size by race/ethnicity,
SES, or gender (i.e., % female) if enough data is available (i.e., subgroup analyses).
In addition, the following data will be extracted for the quantitative studies: Sample
size, means, and standard deviations by group. If this data is not available, then we
will extract the t-test, F-test, regression coefficients, or effect sizes in other metrics,
that can be used to compute SMDs.

The extracted data will be downloaded from Covidence as a CSV file and the clean
file will be uploaded to the R software for quantitative analysis.
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Data Management: We will use a shared Google Drive to store all project docu-
ments. We will upload our initial list of citations to Zotero and then to Covidence for
title and abstract screening. We will upload PDFs to Covidence for full-text screening,
critical appraisal screening, and data extraction. All documents, citations, PDFs, and
data files will be stored on our shared Google Drive, as well as on the PI’s computer.

Meta-Synthesis Extraction (All Studies): All study PDFs will be downloaded
from Covidence. A qualitative memo will be developed for each unique study. A
qualitative memo includes the extracted data from a study relevant to the purpose
of the research (Jaumot-Pascual et al., 2021). Using memos allows the same data
to be analyzed across all studies and enables the removal of extraneous information
(Finfgeld-Connett, 2018). For the purpose of this research, each study will be sum-
marized as a memo, and each memo will be treated analogously as an informant for
the meta-synthesis. A qualitative memo will include descriptive data and images from
a study that are relevant to the meta-synthesis, including participants’ descriptions,
algebraic content description, description of algebraic teaching intervention, alge-
braic learning goals, main findings of the study, and any recommendations.

Handling of missing data: We expect that we will have missing data due to the
nature of empirical research. There are three types of missing data: Missing studies,
missing effect sizes, and missing moderators (Pigott, 2012). We will include both
published and unpublished studies to address missing studies. If descriptive statistics
to compute an effect size are missing, we will extract summary statistics in other
metrics to address missing effect sizes. Finally, we will use multiple imputation to
account for missing moderator data (Pigott, 2001, 2012). Pigott (2012) describes
multiple imputation as:

...a technique that generates multiple possible values for each missing observation
in the data. Each of these values is used in turn to create a complete data set. The
analyst uses standard statistical procedures to analyze each of these multiply impu-
ted data sets, and then combines the results of these analyses for statistical inference
(p. 99).

Analysis

In this section, we describe how we will assess risk of bias beyond our critical
appraisal screening (i.e., methods screening), and the data analysis plans for both
quantitative and qualitative analysis. That is, we describe the process for conducting
the meta-analysis and meta-synthesis.

Assessment of Risk of Bias for Included Studies
To address study quality at the “front end” of the review, we will conduct a third stage
of screening (i.e., the critical appraisal of the studies’ methods). In the meta-synthesis,
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this means we will include qualitative studies that provide sufficient evidence to sup-
port the findings. In the meta-analysis, this means we will include RCT and QED
(with baseline equivalence) studies with a control group. On the “back end” of the
review for the meta-analysis, two members of the research team will independently
assess the risk of bias using the Cochrane Risk of Bias Tool — RoB 2 for randomized
trials and ROBINS-I tool for non-randomized studies of interventions (Sterne et al.,
2019; Sterne et al., 2016). We will assess the following domains: (1) Bias arising from
the randomization process; (2) Bias due to deviations from intended interventions;
(3) Bias arising from baseline equivalence; (4) Bias in measurement of the outcome;
and (5) Bias in selection of the reported result. Items will be rated for risk of bias as
“low risk”, “unclear”, or “high risk” following the guidance in the Cochrane Risk of
BiasTool (Sterne et al., 2019). In regard to selective reporting bias, we will use funnel
plots to assess publication bias and use meta-regression to assess small-study effects
(Carter et al., 2019). We will also use publication type as a moderator variable.

Plans for data analysis and synthesis

The goal for the meta-analysis and the meta-synthesis is to identify the best practices
from the algebraic teaching intervention that are effective, for whom, and under what
conditions. A “meta-analysis uses a statistical procedure that aggregates and con-
denses a body of quantitative research studies to a common standard metric, such
as a mean effect size” (Finlayson & Dixon, 2008; Thunder & Berry, 2016, p. 319).
In contrast, a meta-synthesis uses a “deliberate process of selecting studies with an
emphasis on synthesizing, analyzing, and interpreting findings across the selected
studies” (Thunder & Berry, 2016, p. 319). All stages of the analysis will be discussed
with the research team.

Meta-Analysis: The analyses will be completed by the PI using R software. Data
cleaning will occur in the Excel spreadsheet before uploading to the R software.

Effect Sizes — The goal is to compute the standardized mean difference (SMD)
effect size for all related math outcomes reported in each study. If descriptive statis-
tics are not available, then reported summary statistics in other metrics will be used
to compute the SMDs. The Hedges’ g effect size will be used to adjust for small-
sample bias and the PI will adjust the effect size variances for clustering when the
level of random assignment is at the cluster level (i.e., teacher, school; Williams et al.,
2022). Effect sizes will be generated from independent samples; if a single study
contains multiple independent samples, effect size will be calculated for each sample.
Given the inclusion of non-randomized studies, pretest-adjusted effect sizes will be
calculated (Hedges et al., 2023).

The PI will use mixed-effects meta-regression models to investigate sources of
effect size heterogeneity. The PI will conduct both multilevel model (hierarchical
structure of data) and multivariate model (interdependencies of variables) analyses
(Pustejovsky & Tipton, 2022; Williams et al., 2022). The PI will estimate models
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using a restricted maximum likelihood with the metafor package in the R software.
To account for effect-size dependencies (i.e., multiple effects per study), the PI will
use a robust variance estimation to adjust the standard errors and degrees of free-
dom for the regression coefficients, using the small-sample correction based on the
Satterthwaite approximation and the clubSandwich R package (Tipton, 2015).

The goal of the meta-analysis is not only to explain the heterogeneity of the alge-
braic teaching intervention, but also to inform the focus of the meta-synthesis. That
is, the meta-analysis will report which moderators significantly explain the variability
across algebraic teaching interventions, and the meta-synthesis will provide a rich
description of the differences in algebraic teaching interventions for these significant
moderators.

Meta-Synthesis: The meta-synthesis will be completed by the research team using
NVivo software. Qualitative memos will be written in a Microsoft Word document
before being uploaded to the NVivo software.

Synthesize findings — A qualitative memo addressing participants’ backgrounds,
curriculum, instruction, student learning, and the study’s recommendations will be
developed for each unique study in a single Microsoft Word document to be uploaded
to NVivo and coded. A thematic analysis (Braun & Clarke, 2006) will be used to
code, categorize, and constantly compare data to develop a general theory of best
practices from algebraic teaching interventions. The research team will be trained
to independently open code the memos and then negotiate their independent open
codes to reach a shared set of initial codes and definitions to be used consistently
throughout the analysis of the data. The initial codes will be categorized and recon-
ciled between at least two coders. The data will then be sorted by codes and reread,
looking for themes within each code to see if there are dimensions that require the
data to be further discriminated. Through this process, themes will be derived from
the data through the shared inquiry of multiple researchers about the characteristics
of algebraic teaching interventions that can facilitate US students’ learning.

Summary

The purpose of the protocol is to identify which algebraic teaching interventions are
effective, for whom, and under what conditions. Algebraic teaching interventions are
categorized by length, type, and the role of the deliverer of the intervention. The first
step of the protocol is a systematic search through databases, gray literature, WWGC,
and PME-NA proceedings. The next step is a multi-stage screening strategy using the
MUTOS framework, including a title and abstract screening, a full-text screening,
and a critical appraisal. The third step is extraction. Information from quantitative
and mixed methods studies will be coded to compute effect sizes for a meta-analysis.
Qualitative memos will be created for all studies for a meta-synthesis. The meta-
analysis will explain heterogeneity in the algebraic teaching intervention’s effect sizes
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and inform the focus of the meta-synthesis. Using the algebraic teaching framework,
the meta-synthesis will work toward a general theory of best practices in teaching
algebra, by describing the relationship between algebraic curriculum, algebraic
instruction, and student mathematical learning in K-12 school algebra.

Significance of Research

The results of this research will inform future research, policy, and practice in the
teaching and learning of algebra across the K-12 spectrum. The descriptive study
will highlight gaps in algebra research literature related to algebraic teaching inter-
ventions and algebraic big ideas across grade levels and/or systemic changes in the
field. The meta-analysis will explain the variability in algebraic teaching interventions
across the selected studies as it pertains to our moderators. The meta-synthesis will
explore the connections between students’ backgrounds, algebraic curriculum, alge-
braic instruction, and mathematical learning.

The results of this research will also inform politicians who develop legislation con-
cerning reforms in education, researchers who develop interventions, and teachers
who establish best practices with regard to school algebra. In addition, results will
connect research across multiple developmental areas — early algebra, pre-algebra,
and algebra — across different demographic groups, and across grade level bands. Our
work will provide teachers and educators with information to help students from all
different backgrounds, and increase the information available to stakeholders inter-
ested in improving algebra skills for all K-12 students and educators.
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