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Abstract 
This study presents preliminary results of a meta-analysis that examines personalized adaptive learning 
(PAL) in undergraduate mathematics using evidence gap maps. PAL has been increasingly adopted in 
the U.S. and may be particularly beneficial to students in mathematic courses such as college algebra 
and calculus as they serve as gatekeeper courses, especially for those majoring in STEM fields. 
However, the impact of PAL's use in undergraduate mathematics has yet to be fully explored with meta-
analytic methods. This project seeks to advance undergraduate STEM education research by meta-
analyzing studies related to the implementation of innovative technological advancements in instruction 
and, specifically, how PAL intervention impacts students’ success in mathematics—going beyond 
results from just one institution, one setting, one sample.  
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1 INTRODUCTION  
Personalized adaptive learning (PAL) emerges from the combination of personalized and adaptive 
learning. While personalized learning refers to the method of instruction tailored to the individual needs 
of each learner [1], Adaptive learning utilizes technologies that monitor a student’s progress and 
leverages data to enhance instruction [2]. Personalized learning systems consider learners' trajectories 
and provide learners with suitable paths and materials [3].  

Personalized learning has many different terms [4].  The U.S. National Education Technology Plan 2017 
defines personalized adaptive learning (PAL) as “instruction in which the pace of learning and the 
instructional approach are optimized for the needs of each learner. Learning objectives, instructional 
approaches, and instructional content (and its sequencing) may all vary based on learner needs. In 
addition, learning activities are meaningful and relevant to learners, driven by their interests, and often 
self-initiated” [5]. 

According to Xie et al. [6], PAL curates a unique learner path by implementing intelligent learning 
systems that incorporate learner preferences and analyze their learning data. Furthermore, PAL is an 
effective technology-driven teaching approach that dynamically adjusts instructional strategies based 
on real-time monitoring of learners’ differences and changes. This real-time monitoring considers 
individual characteristics, performance, and personal development [1]. 

PAL is used in conjunction with various course modalities (e.g., online, blended, face-to-face) and 
instructional models (e.g., supplemental instruction, asynchronous learning, synchronous learning, 
emporium model). This study will include the broad use of PAL to capture, identify and detail any models 
which succeed in improving student success in STEM.  PAL has been found to effectively enhance 
content mastery and accurately predict final course grades [e.g., 7] and may be beneficial for students 
enrolled in STEM (science, technology, engineering, or mathematics) majors offering gatekeeper 
mathematics courses like college algebra and calculus [8, 9]. 

Undergraduate mathematics courses can be roadblocks to college degree attainment. Personalized 
adaptive learning (PAL) offers the opportunity to develop mathematical skills in a personalized way, 
while enabling instructors to identify students’ struggle areas and take prompt remedial actions. Through 
PAL, unique learner paths are created through the implementation of intelligent learning systems, 
integration of learner preferences, and analyses of individual learning data [6]. Advocates argue that 
PAL provides tools which allow students to succeed [10], and researchers who have studied PAL have 
found it to be effective in increasing mastery of content and predicting final course grades [7]. As such, 
PAL may be particularly beneficial to postsecondary students enrolled in courses such as college 
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algebra and calculus, as they serve as gatekeeper courses, especially for those majoring in science, 
technology, engineering, or mathematics (STEM) fields [8, 9].   

When comparing the use of PAL in statistics courses at four-year and two-year institutions, course 
grades and passing rates, as well as statistical competency, were significantly greater for students at 
four-year institutions only, but there was no difference based on student subgroups, such as whether 
they were first-generation college students or Pell grant recipients [11]. Within content areas, PAL is 
increasingly adopted as an instructional tool for math, and specifically developmental math, to assist in 
addressing the substantial proportion of college students who are underprepared for college-level math, 
resulting in the low success rate for students placed into developmental courses [12-14]. In a 
randomized trial, researchers found that PAL students were more likely to earn one or more 
developmental math credits and complete a higher proportion of the math sequence, relative to their 
controlled counterparts [15].  In follow-up semesters, PAL students were more likely to persist to the 
second semester, enroll in a math class, and earn at least one math credit. However, there were similar 
success rates of PAL and control students who completed the first one-half of the developmental math 
sequence, who were deemed college-ready (i.e., completed the entire developmental math sequence), 
and who passed their first college-level course in math [15]. 

Within the United States, personalized adaptive learning (PAL) has been increasingly adopted in the 
last ten years, but arguably more attention has been paid to it as an instructional strategy since the 
passing of the Every Student Succeeds Act (ESSA), in which schools are encouraged to increase 
student access to rigorous PAL. Highlighted within ESSA is the need for educational agencies (both 
state and local) to develop innovative learning environments personalized to the needs of the students 
that utilize modern technology, adopt flexible instructional practices, and are aligned to Universal Design 
for Learning (UDL) principles [16]. This study aims to provide insight into PAL as an instructional strategy 
in undergraduate mathematics courses, including gatekeeper courses, that may inform the choice of 
tools that can be used to assist STEM pathway completion in higher education. 

2 METHODOLOGY 

2.1 Literature Search  
The search strategy adhered to PRISMA 2020 guidelines for conducting a systematic review [17, 18]. 
Key words for searching the literature were identified based on previously used terms in PAL syntheses 
as well as terms identified by the research team and terms identified on websites of PAL publishers. 
Thirteen databases were searched and included: Academic Search Premier ACM Digital Library, APA 
PsycInfo, Commended, Education Source, ERIC, IEEE Xplore, Inspec, ProQuest Dissertations & 
Theses Global, ProQuest SciTech Premium Collection, ProQuest Social Science Premium Collection, 
Science Direct, and Web of Science.  

2.2 Criteria for Included Studies 
Inclusion criteria were:  1) described a study; 2) reported in the English language; 3) conducted in the 
U.S., U.S. territories, freely associated states, or Washington DC; 4) conducted within an undergraduate 
courses; 5) conducted within an educational setting; 6) conducted within a mathematics course; 7) 
designed as a group design randomized controlled trial or quasi-experimental study; 8) included PAL as 
an intervention; 9) incorporated a student-level outcome related to mathematics (cognitive or affective). 

2.3 Evidence Gap Map  
Evidence gap maps (EGMs) are used to systematically present all relevant evidence specific to a focal 
area, sector, or sub-sector. EGMs synthesize evidence relating to a specific research question and 
organize it into primary dimensions or a framework (represented by rows and columns) and secondary 
dimensions or filters that allow for focused exploration, such as examining specific populations or study 
designs etc. As an evidence synthesis tool, EGMs utilize a deductive approach, using a pre-specified 
framework to categorize data and identify gaps in existing literature [19]. 

Evidence and gap maps (EGMs) produce visual output [20] and are systematic evidence synthesis tools 
that identify gaps where new evidence is needed, compile collections of studies for review, and enhance 
the discoverability and utilization of studies by stakeholders or decision-makers. 
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3 RESULTS 
The results include a summary of the identified studies and examination of studies using evidence gap maps. 

3.1 Included Studies 
There were 12,734 studies identified from the search, which included 2,162 duplicates. After removing 
duplicates, 10,572 studies were screened at the abstract and title stage. Based on abstract and title 
screening, 10,271 studies were excluded and 301 moved to the full text eligibility screening stage. Forty-
four of the 301 studies were identified at the full text phase as meeting all inclusion criteria. Of the 44 
studies, four studies were identified to be merged (i.e., one dissertation later published in a journal; one 
study with later follow-up). This resulted in 42 unique studies. 

3.2 Evidence Gap Map Analysis 
Over two-thirds of studies (n = 30, 71%) have been conducted within the last 15 years (i.e., 2010 or 
more recent). All but one study was conducted within the last 25 years (2000 or more recent). The 
evidence gap map in Fig. 1 presents the number of studies by research design and publication year. Of 
the 4 randomized control trials (RCT), all were conducted between 2010-2019.  

 
Figure 1. Evidence Based Gap Map of Design by Publication Year. 

Less than one-third of studies (n = 12, 29%) have been published in journals. The evidence gap map in 
Fig. 2 presents the number of studies by publication outlet and publication year. Only within the past five 
years has there been more published PAL undergraduate mathematics studies within journal outlets 
than other types of outlets (e.g., dissertations, conference proceedings). 

 
Figure 2. Evidence Based Gap Map of Publication Outlet by Publication Year. 

4 CONCLUSIONS 
As implementation of personalized adaptive learning continues to grow in undergraduate mathematics 
courses, additional research is needed to evaluate the effectiveness of this strategy as it relates to 
mathematics outcomes. Future research that applies randomized controlled designs are needed given 
the greater ability for causal inference. Although there have not been any randomized studies since 
2020, we are hopeful there are randomized studies in the pipeline and encouraged for this given that all 
the randomized studies have been conducted in the last 15 years. Authors should also consider 
submission to journal outlets which may increase dissemination of results related to examination of PAL 
in undergraduate mathematics. The uptick in journal publications of PAL since 2020 is especially 
encouraging and should benefit the dissemination of PAL effects in undergraduate mathematics.  
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