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Abstract
Undergraduate mathematics education is essential for building a foundation for suc-
cess in various scientific disciplines. Curriculum reforms in mathematics education 
have emphasized the need for cultivating learning skills that depend on effective 
student engagement (SE). Consequently, there has been growing research on the 
mechanisms that facilitate SE and promote its development. To gain insights into the 
state of SE research in undergraduate mathematics, the current systematic review 
addresses the varied research by examining four key aspects: a) theoretical ground-
ing and research aims, b) definitions, c) measurement, and d) learning outcomes. 
Following the PRISMA guidelines, a literature search identified 1,584 records, with 
48 papers meeting the inclusion criteria. The findings reveal three primary research 
aims and three approaches to grounding SE research, with most studies using an 
instruction-focused framework to evaluate instructional methods. Nearly half of the 
papers provided a definition of SE, with analysis showing varied uses of elements 
like psychological investment and multidimensionality. Studies that used multi-
ple elements offered more concise definitions. Measurement of SE predominantly 
focused on online learning through log files or course participation via self-reports, 
with behavioral engagement being the most commonly examined dimension. Less 
than half of the studies explored the relationship between SE and learning outcomes, 
using both variable-oriented and person-oriented approaches to examine this con-
nection. Based on the current findings, the review offers recommendations for align-
ing conceptualizations, definitions, measurement, and context in future research to 
foster a shared understanding and guide interventions.
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Measurement · Learning outcomes
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Introduction

Student engagement (SE) is viewed as a multifaceted fundamental educational 
construct comprising affective, behavioral, and cognitive components (Fredricks 
et  al., 2016a). Studies provide unequivocal support for the positive association 
between SE and learning outcomes, such as grades and performance, course com-
pletion, and persistence in one’s studies (Fredricks et  al., 2016a; Tinto, 2022). 
Consequently, SE has been extensively researched in education to understand 
how and why instruction can be effective (Lowe & Hakim, 2020). While there 
is a general agreement among researchers about SE’s multidimensionality, prior 
systematic reviews have shown that the construct’s conceptualizations and meas-
urement methods are vastly diverse (e.g., Bond et  al., 2020; Martin, 2023). At 
the same time, the theoretical grounding and definitions are often unclear (Bond 
et  al., 2023; Henrie et  al., 2015). This heterogeneity and lack of transparency 
hinder a greater understanding among researchers of what is meant by the term 
“engagement” in a certain research context and how this engagement can be sup-
ported and in turn, support learning outcomes (Azevedo, 2015). Wong and Liem 
(2022) identified two main perspectives of SE: learning engagement entails stu-
dents’ active involvement in learning and school engagement encompasses inter-
personal involvement in the school community. Given that the current review 
focuses on undergraduate mathematics, the perspective of SE as learning engage-
ment is used in the paper. For the rest of the paper, the terms SE and learning 
engagement are used synonymously.

A crucial characteristic of SE is that it always involves an object, i.e., the 
learning activity in which SE occurs (Sinatra et  al., 2015). Learning activities 
refer to “any tasks, actions, or experiences—in lectures, homework, self-readings, 
etc.—that lead to learning” (Wong & Liem, 2022, p. 121). The subject domain 
and the type of learning activities can significantly influence how students engage 
during learning (Bergdahl, 2022; Sinatra et  al., 2015; Wang & Hofkens, 2020). 
For example, how SE is manifested in mathematics tasks, such as problem-solv-
ing, is expected to differ from SE in language learning tasks, such as vocabulary 
learning (Fredricks et al., 2016b).

However, few systematic reviews have investigated SE within specific subject 
domains. For example, Hiver et al. (2024) focused on SE conceptualization and 
measurement in language learning activities, highlighting the need for clear defi-
nitions and assessment methods, but did not examine links to learning outcomes. 
In medical education, Kassab et al. (2022) found that cognitive engagement pre-
dicted academic achievement, yet behavioral engagement was most studied. How-
ever, SE conceptualization and definition were not explicitly addressed. These 
examples point to the need for more holistic, domain-specific investigations of 
SE. In undergraduate mathematics courses, there is an emphasis on the devel-
opment of mathematical competencies, such as reasoning, modelling, and use 
of tools, through cognitively challenging tasks (Niss & Højgaard, 2019). Even 
though supporting and scaffolding meaningful engagement in such tasks has been 
at the center of attention in mathematics education (Smith et al., 2021), there is 
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still growing evidence of low achievement associated with poor engagement in 
mathematics contexts (Murphy & Ingram, 2023). In mathematics education, such 
reviews remain particularly scarce (e.g., Fredricks et  al., 2016b). We identified 
four systematic reviews that focused on the impact of specific instructional meth-
ods, such as educational technology (Ali et  al., 2023; Kuncoro et  al., 2024; Ní 
Shé et al., 2023) and flipped classrooms (Lo & Hew, 2021). Moreover, while they 
identified various indicators of SE, they did not examine their conceptual basis or 
connections to academic achievement. The current review addresses these gaps 
by examining how SE has been conceptualized, defined, and measured in a broad 
context of undergraduate mathematics learning activities, and how it is linked 
to learning outcomes. Drawing on the notion of SE as activity-specific (Sinatra 
et  al., 2015; Wong & Liem, 2022), we build on the contextualized approach of 
Hiver et al. (2024) by further exploring the connections between learning context, 
SE-related theoretical frameworks, data types, and learning outcomes. Specifi-
cally, we focus on: a) research aims and theoretical grounding, b) definitions, c) 
measurement approaches, and d) associations with learning outcomes. Our syn-
thesis of the various research practices aims to offer actionable insights and prac-
tical guidance for both researchers and educators.

Conceptualizing and Defining Student Engagement

SE has three main conceptual elements. First, SE is malleable and therefore is 
responsive to variations in student and instructional factors (Reschly & Christen-
son, 2022). How these factors influence SE has been examined via various theoreti-
cal and conceptual frameworks (Wong & Liem, 2022). Frameworks drawing from 
motivational theories have emphasized the role of student factors in explaining SE 
development. For example, expectancy-value-cost theories (Gladstone et al., 2022) 
and the Self-System Model of Motivational Development (SSMMD) (Skinner et al., 
2008) have attempted to answer the question of what gets students moving toward 
what activities or tasks (Martin, 2023). Similarly, frameworks drawing from meta-
cognitive theories, such as self-regulated learning (SRL) models, have been used to 
answer the question of how students get what they want by focusing on the means by 
which students translate their needs, beliefs, and goals into action (Cleary & Zim-
merman, 2012). Frameworks drawing from instructional theories (e.g., cognitive 
load theory) have focused on examining how instructional factors (e.g., scaffolding 
or feedback provision) can improve SE (e.g., Martin, 2023).

Second, SE is perceived as a multidimensional construct comprising various 
facets and components. Even though SE components have been examined by var-
ious frameworks, research has shown that the most common perspective among 
researchers is that SE comprises three main dimensions, i.e., affective (or emo-
tional), behavioral, and cognitive, that correspond to the extent to which students 
are enthusiastic, productive, and focused in learning activities (Wong & Liem, 
2022). However, there is significant heterogeneity in how researchers define 
SE and its components (Reschly & Christenson, 2022). Therefore, a clear and 
explicit definition of the term “engagement” is needed in each study to support 
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conceptual coherence and cumulative understanding (Sinatra et al., 2015). In this 
review, affective engagement refers to positive (interest, alertness) or negative 
feelings of activation (tiredness, boredom), behavioral engagement refers to the 
effort students intentionally exert, and cognitive engagement refer to the degree 
to which students concentrate and think strategically about specific activities 
(Wong & Liem, 2022). Prior research found that the social component combined 
with the three main dimensions, i.e., social-affective (e.g., caring about others’ 
ideas), social-behavioral (e.g., helping others), and social-cognitive (e.g., build-
ing on others’ ideas) engagement, was important for learning mathematics (Fre-
dricks et al., 2016b; Jansen et al., 2023). Researchers have also introduced agen-
tic engagement, which refers to students’ constructive and proactive contribution 
to shaping their learning conditions (Reeve, 2013), and productive disciplinary 
engagement, which refers to the extent to which students make intellectual pro-
gress in the context of specific disciplinary practices and norms (Engle & Conant, 
2002). Third, SE is a dynamic construct characterized by changes over time 
(Symonds et al., 2024). Recent studies have adopted this perspective and have uti-
lized the framework of complex dynamical systems to examine the longitudinal 
dynamics and evolution of SE (e.g., Järvinen et al., 2022; Saqr et al., 2023).

Measuring Student Engagement

The multiple facets of SE have resulted in a plethora of measurement methods and 
instruments (Betts, 2022). To ensure that the appropriate measurement approach 
will be selected, researchers should be guided by their SE conceptualization and 
research questions and accordingly specify the level of granularity, data types and 
methods (Sinatra et  al., 2015). Selecting the appropriate level of granularity is 
crucial for understanding the role, triggers, emergence, and development of a par-
ticular engagement process during learning (Azevedo, 2015). Researchers need to 
decide the unit-of-analysis of a) time, which ranges from very fine-grained (e.g., 
seconds, minutes) to more coarse-grained forms (e.g., weeks), b) task, which 
ranges from a single task to multiple activities, and c) agent, which ranges from 
the level of the  individual to the whole classroom (Symonds et al., 2024). Con-
cerning the data types and methods, prior domain-general reviews show the vari-
ety of approaches that can be used to measure SE (e.g., Henrie et al., 2015; Wied-
busch et  al., 2023). The most popular approaches include the use of a) process 
data, i.e., SE processes during learning, via log files, think-aloud protocols, phys-
iological measures, and observations, b) product data, representing knowledge 
and mastery through test scores, task outcomes, and successful task completion 
and c) self-reports via surveys and interviews (Azevedo, 2015; Wiedbusch et al., 
2023). Other measures include teacher ratings and administrative records (Man-
dernach, 2015). Provided that each channel captures only specific components of 
SE and that each method has strengths and weaknesses, current approaches to SE 
measurement propose the convergence of data channels and methods (Wiedbusch 
et al., 2023).
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The Association Between Student Engagement and Learning Outcomes

SE is broadly considered one of the strongest predictors of positive learning out-
comes, such as performance scores, skill development, retention, and transfer of 
knowledge (Reschly & Christenson, 2022). While an extensive amount of evidence 
suggests that SE positively predicts achievement (Fredricks et  al., 2016a), some 
studies found weak or no correlation (e.g., Appleton et al., 2006; Saqr et al., 2023; 
Shernoff & Schmidt, 2008), indicating the need for further research on the rela-
tionship between the two constructs. Two recent meta-analyses in domain-general 
contexts (e.g., Lei et al., 2018; Wong et al., 2024) showed that overall SE and the 
three SE dimensions (i.e., affective, behavioral, cognitive) were positively correlated 
with academic achievement. When looking at each dimension separately, behavio-
ral engagement showed the strongest association, followed by cognitive and affec-
tive engagement. However, when examining the relationship between SE and sub-
jective well-being, affective engagement showed the strongest association followed 
by cognitive engagement, suggesting that the significance of each SE dimension in 
learning depends on the type of learning outcomes under investigation (Wong et al., 
2024). Moreover, the meta-analyses revealed that the measurement of SE moderates 
the relationship between SE and achievement, highlighting the critical role of SE 
operationalization in linking SE to achievement within specific learning activities 
(Lei et al., 2018; Wong et al., 2024).

Student Engagement Investigation in Mathematics Contexts: Insights from Prior 
Reviews

Mathematics learning is an incremental process that requires students to integrate 
new with previous knowledge by working on tasks that involve intricate operations 
and abstract concepts (Wang et al., 2021). This process often entails increasing com-
plexity, setbacks, and struggles, and for many students, it might lead to SE decline, 
failing grades, and even drop out (e.g., Bigotte de Almeida et al., 2021; Schoenfeld, 
2022). Consequently, promoting SE with mathematics learning activities has gained 
increasing focus (Cevikbas & Kaiser, 2022).

Even though the role of SE in mathematics is vital, systematic reviews of SE in 
the mathematics domain are still scarce. We identified four reviews that examined 
the influence of educational technology and instructional approaches on SE (Ali 
et al., 2023; Kuncoro et al., 2024; Lo & Hew, 2021; Ní Shé et al., 2023). Ali et al. 
(2023) examined remote and online learning environments, analyzing 15 papers, and 
found that multimedia, e-books, tablets, mobile apps, video lectures, and augmented 
reality positively impacted SE and achievement. Kuncoro et  al., (2024) examined 
the use of AR for promoting SE. Results from 18 papers showed that AR increased 
interaction with the learning content, and provided opportunities for collaboration 
and immersive learning. Ní Shé et al. (2023) explored SE with technology-enhanced 
resources in undergraduate mathematics education, finding that technology affor-
dances, pedagogy, and student goals impacted SE. Since only 14 studies were identi-
fied in the domain of undergraduate mathematics, the scope was expanded to general 



	 Educational Psychology Review           (2025) 37:66    66   Page 6 of 39

higher education. Despite the insights, these three reviews did not address how SE 
aspects were conceptualized, operationalized, and measured.

Lo and Hew (2021) reviewed 33 papers to examine the effects of the flipped class-
room approach on SE in mathematics compared to traditional lecturing across all 
educational levels. They found that the use of the flipped classroom approach could 
increase certain aspects of behavioral engagement (i.e., interaction and attention/par-
ticipation), emotional engagement (i.e., satisfaction), and cognitive engagement (i.e., 
understanding of mathematics and preference for challenges). Moreover, self-reports 
were the most commonly used measurement method. The four  reviews suggest an 
increased interest in using active learning practices to enhance SE in mathematics 
classrooms. However, the identified reviews employed a limited pool of papers (e.g., 
Ní Shé et al., 2023) or adopted the lens of a specific instructional approach, i.e., the 
flipped classroom (Lo & Hew, 2021), suggesting the need for a broader investiga-
tion of SE in mathematics contexts. Moreover, despite the extended evidence on the 
association between SE and learning outcomes, prior systematic reviews have rarely 
addressed this relationship, suggesting an important gap in the literature.

The Current Study

Mathematical skills taught in higher education are essential for societal progress, 
making mathematics courses vital across STEM and other fields (Hochmuth, 2020). 
Student learning experiences and performance in gateway mathematics courses have 
been considered important predictors of successful study paths (Cohen & Kelly, 
2020). Despite its significance, undergraduate mathematics education has been fac-
ing challenges related to high dropout rates and failing grades (Geisler et al., 2023; 
Heusel et al., 2023). Mathematics education has tackled these challenges by adopt-
ing student-centered practices, encouraging students to develop their own strategies 
and build an understanding of mathematical concepts (Cabo & Klaassen, 2018; 
Capone, 2022; Slavich & Zimbardo, 2012).

Considering that SE in mathematics subjects declines over the years (e.g., Col-
lie et al., 2019) and that instructional reforms in undergraduate mathematics courses 
require students’ effective engagement with the learning materials (Cevikbas & 
Kaiser, 2022), a systematic review of SE research within the field is critical. Under-
standing how students engage effectively in various learning activities and how this 
engagement affects achievement is essential for designing and implementing efficient 
curricula and interventions (Kahu & Nelson, 2018). By adopting a contextualized (i.e., 
activity-specific) view (Wong & Liem, 2022) on SE, this systematic review aims to 
provide a comprehensive understanding of SE in undergraduate mathematics learning 
activities by addressing the following research questions (RQ):

RQ1: What are the aims and the theoretical grounding for student engagement 
investigation?
RQ2: How is student engagement defined?
RQ3: How is student engagement measured across learning activities?
RQ4: How is student engagement related to learning outcomes?



Educational Psychology Review           (2025) 37:66 	 Page 7 of 39     66 

Method

The systematic literature review followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009) and was 
conducted in three phases: a) search strategy and inclusion criteria development, b) 
identification and quality appraisal of relevant publications, and c) data analysis and 
synthesis. Figure 1 provides an overview of the paper selection process.

Phase One: Search Strategy and Criteria for Inclusion

Based on previous reviews on student engagement (Fredricks et  al., 2004) and 
mathematics (Lo & Hew, 2021), we developed a search query comprising rel-
evant terms and synonyms for the three main concepts of the study: a) student 
engagement, b) mathematics, and c) higher education (see Fig.  2). The search 
was performed in September 2024 using four high-coverage databases, three 
of which were selected for their multidisciplinary character (SCOPUS, Sci-
ence Direct, and Web of Science) and one for its breadth in educational research 
(Education Resources Information Center – ERIC). No time limits were imposed 
in our search.

Paper management and screening were performed with the use of Rayyan soft-
ware (Ouzzani et al., 2016). Four screening criteria were implemented on the search 
results: 1) the publication should be an empirical study, 2) written in the English 
language, 3) with full access available, and 4) references to student engagement and 
mathematics in an undergraduate context in the title or abstract. Searching in the 
three databases resulted in 1,579 papers. Five papers were also identified from addi-
tional sources.

Fig. 1   PRISMA flowchart
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Phase Two: Identification and Quality Appraisal of Relevant Publications

First, we conducted a screening of titles, abstracts, and keywords. After removing 
duplicate publications and papers that did not meet the first-phase screening criteria, 
we obtained 182 papers. Then, we carried out a full-text screening to assess the rel-
evance of the 182 papers with regard to the PICo (Population, Interest, Context) ele-
ments of the research questions (Cumpston et al., 2021). In particular, the following 
inclusion criteria were applied:

1.	 Population: Undergraduate students or people who are involved in undergraduate 
teaching.

2.	 Interest: The study must explicitly investigate, measure, or track SE. To ensure 
conceptual clarity and consistency, inclusion was limited to papers that explicitly 
used the term “engagement” in their framework or analysis. Studies that referred 
only to related but distinct terms, such as participation, involvement, or inter-
est, without referencing “engagement”, were excluded. This decision reflects our 
aim to synthesize how engagement is specifically conceptualized, defined, and 
operationalized in undergraduate mathematics research.

3.	 Context: SE should be observed and measured in the context of a specific mathemat-
ics learning activity (e.g., class groupwork or self-study). The study should explicitly 
state the learning activity on which SE focuses (object of student engagement).

At this stage, 130 papers did not meet the criteria and therefore, were excluded. 
The remaining 52 papers were included for quality appraisal (see Fig.  1). The 
quality of the studies was appraised using a set of seven criteria based on Criti-
cal Appraisal Skills Checklist (Galdas et  al., 2015) as adapted by Liu and Khalil 
(2023) (see Fig. 2). For each criterion, each study was scored using “yes”, “no” or 
“unclear”. When a study scored “no” or “unclear” in at least one of the criteria, 
it was excluded. Of the 52 papers, 48 met the quality criteria and therefore, were 
included in the analysis (see Supplementary Material).

Fig. 2   The 7-item quality appraisal checklist. Adapted from Liu and Khalil (2023)
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Phase Three: Data Analysis and Synthesis

To analyze the included publications, we performed a content analy-
sis (Hsieh & Shannon, 2005). In RQ1, RQ2, and RQ4, we aimed to examine 
researchers’interpretations of SE and therefore we applied an inductive analysis. For 
RQ1, we analyzed the research questions and objectives presented in the reviewed 
papers to identify the research aims of each study. We further analyzed the theoreti-
cal or conceptual frameworks used to conceptualize SE to understand how research-
ers approached and investigated their stated research aims. For RQ2, we explored 
whether researchers provided an SE definition. Definitions could be “explicit”, 
including a clear statement about how SE is defined in a given study by the research-
ers, or “implicit”, including more general descriptions and interpretations of the 
construct. We further coded the identified definitions to examine which definitional 
elements were used by the researchers. For RQ4, we explored whether the rela-
tionship between SE and learning outcomes was examined. Variables that denoted 
anticipated positive results of a learning activity were coded as learning outcomes. 
Moreover, we examined the types of analysis and the reported effect sizes.

In RQ3, we applied a combination of deductive with inductive analysis. In particu-
lar, we explored which SE dimensions were reported by the authors, in which learn-
ing context SE was observed and measured (i.e., the object of the investigated SE 
aspect), which grain size of measurement was applied, and what types and channels of 
engagement data were reported for SE measurement. To address the heterogeneity of 
SE operationalization and measurement methods, we used representative and general-
ized models that would provide sufficient insights for coding the majority of the studies 
(Azevedo, 2015; Fredricks et al., 2004; Wong & Liem, 2022). For example, to main-
tain the authors’ perspectives on SE conceptualization and operationalization, we fol-
lowed their provided categorization of the investigated SE indicator into a particular SE 
dimension (see Supplementary Material). When papers did not provide a clear align-
ment between the investigated SE indicator and an SE dimension, we used the reported 
operationalization to infer the appropriate dimension based on Wong and Liem’s (2022) 
comprehensive definitions (see Section on Conceptualization and Measurement).

We assessed inter-coder reliability between two coders using Cohen’s Kappa 
method (Cohen, 1960). To establish agreement and mutual understanding on the 
coding framework, a random sample of six papers (representing approximately 
12.5% of the full dataset) was selected and independently coded by two coders. This 
proportion aligns with recommended practices (Campbell et al., 2013; O’Connor & 
Joffe, 2020) and prior related research (Banihashem et al., 2022; Jansen et al., 2019), 
suggesting that 10–25% of the data is typically sufficient to establish inter-coder reli-
ability. The Kappa results indicated very good agreement (κ = 0.89, p < 0.001), dem-
onstrating high reliability and consistency in the coding process (Gisev et al., 2013). 
Following this, the first author coded the remaining papers. Throughout this process, 
coding was continuously calibrated through discussion among the authors to resolve 
ambiguities, refine the application of the coding framework, and ensure consistent 
interpretation across all studies (O’Connor & Joffe, 2020; Banihashem et al., 2022). 
The results of the content analysis were further synthesized into larger groups so 
that each group contains papers that follow a similar approach in investigating SE.
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Results

Overview of the Selected Papers

The year of publication of the 48 included papers ranged from 2009 to 2024, but 
the majority (n = 30, 63%) of the papers were published after 2019. Regarding the 
document type, 85% of the papers are journal articles (n = 41) and the rest are con-
ference papers (n = 7). These papers were set in 23 different counties. The majority 
of the papers (n = 37) were located in 14 Western countries, especially the United 
States (n = 13), followed by three each from Portugal, Germany, and The Nether-
lands. Papers from nine countries/regions in the global south such as Malaysia, Fiji, 
Uzbekistan, Oman, Taiwan, Kenya, Indonesia, and Hong Kong, represented 23% 
of the total sample. As for the type of study, the papers mainly used quantitative 
(n = 35, 73%) and mixed methods (n = 10, 21%), with qualitative papers representing 
only 6% (n = 3).

Regarding student academic year, there’s a notable absence of data in 23 
instances, yet first-year students are well represented (n = 20), with subsequent 
years, such as second-year (n = 8), third-year (n = 5), and fourth-year (n = 2), pro-
gressively less so. Regarding the mathematics subject, the reviewed papers reported 
a total of 45 subject, with 16 emphasising statistics, 10 emphasizing algebra, and 
10 emphasizing calculus. The remaining nine included various subject, such as 
developmental mathematics or complex analysis courses. Lastly, 37 papers reported 
the students’ major subject, with five papers including student population coming 
from at least two major subjects. The students involved in these studies were mainly 
enrolled in programmes related to STEM disciplines (n = 23), followed by social sci-
ences and humanities (n = 10), and business/finance disciplines (n = 6), showcasing 
a diverse array of academic backgrounds. Two papers reported that students were 
non-mathematics majors, but did not specify the programme.

Research Aims and Theoretical Grounding for Student Engagement Investigation

Addressing the first research question, content analysis of the research aims 
described in the reviewed papers revealed three main categories: 1) evaluat-
ing instructional methods and tools (n = 33), 2) understanding learning behavior 
(n = 10), and 3) examining factors of academic success (n = 5). Of the 48 papers, 35 
explicitly referred to theoretical and conceptual frameworks to achieve the respec-
tive research aims. Table  1 shows the diverse set of theoretical and conceptual 
frameworks adopted for each research aim.

More than half of the included papers aimed to evaluate instructional methods 
and tools, with the majority following an instruction-focused approach (n = 15) that 
emphasized the role of teaching practices and instructional design as facilitators of 
SE. Instruction-focused frameworks included active learning models, such as Mas-
tery Learning (Paiva et  al., 2017) and Triple E Framework (Wong et  al., 2022a), 
which emphasize the development of structured learning activities that enhance 
autonomous learning, reflection, and progressive mastery. For instance, Paiva et al. 
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(2017) hypothesized that SE would be enhanced by the implementation of a mas-
tery-based tutorial system that provided personalized feedback and enabled students 
to study in small modules, self-assess, and practice until achieving mastery. Other 
papers employed cognitive models, such as cognitive load theory and the ICAP 
model (Kang et al., 2017; Li et al., 2022), to examine the effects of learning materi-
als that optimizing cognitive processing and promote understanding of mathematical 
concepts. For example, Kang et al. (2017) hypothesized that tablet-based tools, that 
allowed students to construct and manipulate visual representations, would promote 
constructive and interactive SE. Studies adopting this perspective conceptualized SE 
as the outcome of student-centred learning environments and optimized instruction.

Despite the aim of evaluating instructional design, three papers adopted a student-
focused framework that emphasized the role of student factors in driving SE (Gomes 
et al., 2023; Lee et al., 2023; Sancho-Vinuesa et al., 2013). In this category, papers 
adopted the assumption that instructional strategies that cultivate motivation are key 
to fostering meaningful engagement. For example, Gomes et al. (2023) hypothesized 
that instructors’ in-class behavior can enhance SE through practices that fulfil stu-
dents’ sense of autonomy, competence, and relatedness. Another small set of papers 
(n = 5) adopted an integrative approach, i.e., a combination of instruction- and stu-
dent-focused approaches. In these papers, motivation theories and SE frameworks 
were often combined with instructional models (e.g., Evans et al., 2022; Plak et al., 
2023). In the integrative approach applied by Evans et al. (2022), the instructional 
principles of Puzzle-Based Learning were combined with the “SE framework on the 
educational interface”. The study explored how non-routine problems could enhance 
SE. Drawing from Puzzle-Based Learning, these problems were intended to stimu-
late cognitive challenge and curiosity, while the SE framework accounted for SE 
activation through motivational mechanisms, such as self-efficacy and positive aca-
demic emotions. This integration allowed the authors to link specific instructional 
features with underlying psychological drivers of SE. Studies using the integrative 
approach reflected a growing recognition that engagement emerges from the inter-
play between instructional design and individual learner characteristics.

Papers aiming to understand how students learn adopted a student-focused frame-
work (n = 9), drawing mainly from models on motivation (expectancy-value-cost 
theory), SRL, affect (e.g., control-value theory), and growth-mindset. Papers in this 
category investigated the influence of affective, motivational, and metacognitive fac-
tors on SE, as well as the impact of SE on learning performance (e.g., González 
et  al., 2016; Sutter et  al., 2022). For example, González et  al. (2016) examined 
whether motivation (i.e., intrinsic value and self-concept) and emotion (i.e., anxiety 
in statistics) would predict SE and final grade. Papers in this category often concep-
tualized SE not just as an outcome, but as a process that mediates the relationship 
between internal learner characteristics and academic success (e.g., Hong & Chien, 
2023; Thorson et al., 2019), underscoring its dynamic role in learning.

Our analysis reveal that only five papers aimed to examine factors contributing to 
academic success and only two explicitly employed a theoretical framework for SE 
(Akimov et al., 2023; Wu, 2021). Both studies positioned SE as a potential predictor 
of achievement in mathematics courses. Akimov et  al. (2023) adopted a student-
focused perspective, drawing on Case’s (2008) “Alternative Framework on Student 
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Learning,” which emphasizes the interplay between engagement and alienation as 
influenced by students’ motivations, sense of belonging, and ability to meet course 
expectations. Wu (2021), in contrast, used an integrative approach, combining the 
Personal Learning Environment framework with self-regulated learning (SRL) the-
ory to explore how both instructional and learner-centered elements support aca-
demic success.

Student Engagement Definitions

Of the 48 papers reviewed, 48% (n = 23) provided an explicit definition of SE. A 
closer analysis of the provided definitions shows that 17 papers included a direct 
description (e.g., Capone & Lepore, 2022) and six gave indirect descriptions of the 
construct (e.g., Kang et  al., 2017). Eight definitions included the subject domain 
(i.e., STEM, statistics) (e.g., Thorson et al., 2019; Tucker et al., 2023) or the con-
text (i.e., LMS, digital textbooks, offline settings) in which SE was studied. Not sur-
prisingly, this finding indicates a lack of explicit definition of SE, and even when 
defined, the elements included in the SE definitions varied among the researchers.

We conducted a content analysis on the 23 definitions to identify and organize 
keywords denoting an engagement-related aspect (Table 2). More than half of the 
papers (n = 13) used the element of multidimensionality to define SE. These papers 
explicitly stated that SE is a construct that comprises various components (Carbon-
neau et al., 2020; González et al., 2016) and drew on Fredricks et al.’s (2004) frame-
work, which includes affective/emotional, behavioral, cognitive, and social dimen-
sions (e.g., Carbonneau et al., 2020; González et al., 2016). Despite agreement on 
the multidimensional structure of SE, these papers varied in terminology. Some 
used the broader term"student engagement"(e.g., Evans et  al., 2022), while others 
referred to"academic engagement"to emphasize engagement with learning tasks 
and processes (e.g., Hong & Chien, 2023), or"classroom engagement"to highlight 
participation and interaction within the classroom setting (e.g., Gopal et al., 2019). 
Most papers defined each dimension independently, with limited discussion of their 
interrelationships. An exception is Dibbs (2019), who proposed that affective and 
cognitive engagement act as prerequisites for behavioral engagement. The remain-
ing papers (n = 10) either defined SE in general terms without reference to specific 
dimensions (e.g., Hart et  al., 2017) or focused exclusively on a single dimension 
(e.g., Thorson et al., 2019).

In addition to multidimensionality, our analysis identified two recurring elements 
in SE definitions: psychological investment, emphasizing non-observable affec-
tive, conative, and cognitive aspects (n = 16), and observable behavior (n = 20). We 
examined how these elements were used to define various SE-related components. 
Several papers defined the term “student engagement” as general psychological 
investment in learning, drawing on earlier SE conceptualizations (e.g., Newmann, 
1992; D’Mello et  al., 2008). These papers described SE as effort directed toward 
understanding or mastering academic goals, and a willingness, need, or compul-
sion to participate (e.g., Gopal et  al., 2019; Syarifuddin & Atweh, 2021). Others 
emphasized the interaction between students and the learning context. For instance, 



	 Educational Psychology Review           (2025) 37:66    66   Page 14 of 39

Ta
bl

e 
2  

A
na

ly
si

s 
of

 s
tu

de
nt

 e
ng

ag
em

en
t d

efi
ni

tio
ns

 (n
 =

 23
) B

as
ed

 o
n 

th
e 

th
re

e 
el

em
en

ts
. A

 d
et

ai
le

d 
lis

t o
f t

he
 p

ap
er

s 
ca

te
go

riz
ed

 b
y 

de
fin

iti
on

al
 e

le
m

en
t i

s 
pr

ov
id

ed
 in

 
th

e 
su

pp
le

m
en

ta
ry

 m
at

er
ia

l

SE
 d

efi
ni

tio
n 

el
em

en
ts

N
um

be
r 

of
 k

ey
-

w
or

ds

Ex
am

pl
e 

ke
yw

or
ds

Ex
am

pl
e 

de
fin

iti
on

s
Ex

am
pl

e 
pa

pe
rs

M
ul

tid
im

en
si

on
al

ity
 (n

 =
 13

)
14

i. 
co

m
bi

ne
, e

nc
om

pa
ss

ii.
 m

ul
tid

im
en

si
on

al
, c

om
pl

ex
iii

. a
sp

ec
ts

, d
im

en
si

on
s, 

fo
rm

s

i. 
St

ud
en

t e
ng

ag
em

en
t i

s o
ne

’s
 p

sy
ch

o-
so

ci
al

 st
at

e 
th

at
 c

om
bi

ne
s b

eh
av

io
ra

l, 
em

ot
io

na
l, 

an
d 

co
gn

iti
ve

 c
on

ne
ct

io
n 

to
 le

ar
ni

ng
ii.

 A
s a

 m
ul

ti-
fa

ce
te

d 
co

ns
tru

ct
 in

vo
lv

-
in

g 
stu

de
nt

s’
 e

m
ot

io
n,

 b
eh

av
io

r, 
an

d 
co

gn
iti

on
, e

ng
ag

em
en

t i
s u

su
al

ly
 

m
an

ife
ste

d 
th

ro
ug

h 
th

re
e 

di
sti

nc
t y

et
 

co
nn

ec
te

d 
di

m
en

si
on

s v
iz

. b
eh

av
io

ra
l, 

em
ot

io
na

l (
aff

ec
tiv

e)
, a

nd
 c

og
ni

tiv
e 

en
ga

ge
m

en
t

Ev
an

s e
t a

l.,
 (2

02
2)

; G
op

al
 e

t a
l.,

 (2
01

9)
; 

G
om

es
 e

t a
l.,

 (2
02

3)
; H

ar
t e

t a
l.,

 (2
01

7)
; 

H
on

g 
an

d 
C

hi
en

, (
20

23
); 

Su
tte

r e
t a

l.,
 

(2
02

2)

Ps
yc

ho
lo

gi
ca

l i
nv

es
tm

en
t

(n
 =

 16
)

55
i. 

th
in

ki
ng

, f
ee

lin
g,

 b
ei

ng
 in

te
re

ste
d

ii.
 e

ffo
rt,

 p
er

si
ste

nc
e,

 w
ill

in
gn

es
s, 

en
er

gy
, c

om
m

itm
en

t, 
qu

al
ity

 o
f m

en
ta

l 
re

so
ur

ce
s

i. 
A

ffe
ct

iv
e 

en
ga

ge
m

en
t i

nv
ol

ve
s p

os
i-

tiv
e 

an
d 

ne
ga

tiv
e 

re
ac

tio
ns

 to
 c

on
te

nt
, 

cl
as

sm
at

es
, a

nd
 te

ac
he

rs
ii.

 B
eh

av
io

ra
l e

ng
ag

em
en

t i
s o

ne
 

co
m

po
ne

nt
 o

f s
tu

de
nt

 e
ng

ag
em

en
t t

ha
t 

ex
am

in
es

 th
e 

am
ou

nt
 o

f e
ffo

rt 
an

d 
pe

r-
se

ve
ra

nc
e 

a 
stu

de
nt

 e
xe

rts
 in

 le
ar

ni
ng

ii.
 C

og
ni

tiv
e 

en
ga

ge
m

en
t i

s c
on

ne
ct

ed
 to

 
th

e 
in

ve
stm

en
t i

n 
le

ar
ni

ng
, s

el
f-

re
gu

-
la

tio
n,

 b
ei

ng
 st

ra
te

gi
c,

 d
es

iri
ng

 to
 g

o 
be

yo
nd

 th
e 

re
qu

ire
m

en
ts

, a
nd

 v
al

ui
ng

 
ch

al
le

ng
e

C
ar

bo
nn

ea
u 

et
 a

l.,
 (2

02
0)

; C
ap

on
e 

&
 

Le
po

re
, (

20
22

); 
Ev

an
s e

t a
l.,

 (2
02

1)
; 

Ev
an

s e
t a

l.,
 (2

02
2)

; G
om

es
 e

t a
l.,

 
(2

02
3)

; R
ac

h 
(2

02
3)



Educational Psychology Review           (2025) 37:66 	 Page 15 of 39     66 

Ta
bl

e 
2  

(c
on

tin
ue

d)

SE
 d

efi
ni

tio
n 

el
em

en
ts

N
um

be
r 

of
 k

ey
-

w
or

ds

Ex
am

pl
e 

ke
yw

or
ds

Ex
am

pl
e 

de
fin

iti
on

s
Ex

am
pl

e 
pa

pe
rs

O
bs

er
va

bl
e 

be
ha

vi
or

(n
 =

 20
)

60
i. 

vi
ew

in
g,

 p
ar

tic
ip

at
in

g,
 q

ue
sti

on
in

g,
 

co
m

m
un

ic
at

in
g,

 a
tte

nd
in

g
ii.

 ti
m

e,
 c

lic
ks

, p
ol

ic
ie

s, 
co

nd
uc

t, 
in

te
r-

ac
tio

n,
 in

vo
lv

em
en

t

i. 
In

 th
is

 st
ud

y 
w

e 
de

fin
e 

en
ga

ge
m

en
t 

w
ith

 d
ig

ita
l t

ex
tb

oo
ks

 a
s e

nc
om

pa
ss

-
in

g 
tw

o 
as

pe
ct

s, 
vi

ew
in

g 
of

 th
e 

di
gi

ta
l 

te
xt

bo
ok

s (
th

at
 c

an
 b

e 
do

ne
 w

ith
 

au
to

m
at

ic
 tr

ac
ki

ng
) a

nd
 se

lf-
re

po
rte

d 
us

e 
of

 th
at

 te
xt

bo
ok

 a
t t

he
 ti

m
es

 o
f 

vi
ew

in
g

ii.
 B

eh
av

io
ra

l e
ng

ag
em

en
t i

s c
lo

se
ly

 
re

la
te

d 
to

 st
ud

en
t p

ar
tic

ip
at

io
n 

in
 th

e 
cl

as
sr

oo
m

. A
ct

iv
e 

pa
rti

ci
pa

tio
n 

in
 

th
e 

cl
as

sr
oo

m
 is

 d
em

on
str

at
ed

 b
y 

co
m

-
pl

ia
nc

e 
w

ith
 c

la
ss

ro
om

 p
ro

ce
du

re
s, 

ta
ki

ng
 in

iti
at

iv
e 

in
 th

e 
gr

ou
p 

an
d 

cl
as

s-
ro

om
, b

ec
om

in
g 

in
vo

lv
ed

 in
 c

la
ss

ro
om

 
ac

tiv
iti

es
, a

sk
in

g 
qu

es
tio

ns
, r

eg
ul

ar
ly

 
at

te
nd

in
g 

cl
as

s, 
an

d 
co

m
pr

eh
en

si
ve

ly
 

co
m

pl
et

in
g 

as
si

gn
m

en
ts

C
as

tro
-R

od
ríg

ue
z 

et
 a

l.,
 (2

02
2)

; G
on

zá
le

z 
(2

01
6)

; H
ar

t e
t a

l.,
 (2

01
7)

; H
on

g 
an

d 
C

hi
en

, (
20

23
); 

K
an

g 
et

 a
l.,

 (2
01

7)
; 

La
vi

da
s e

t a
l.,

 (2
02

0)
; P

la
k 

(2
02

3)
; 

R
ac

h 
(2

02
3)

; R
ie

nt
ie

s e
t a

l.,
 (2

01
9)

; 
Sy

ar
ifu

dd
in

 a
nd

 A
tw

eh
, (

20
21

); 
Th

or
-

so
n 

et
 a

l.,
 (2

01
9)



	 Educational Psychology Review           (2025) 37:66    66   Page 16 of 39

Capone and Lepore (2022), drawing on Kuh (2003), defined SE as the time and 
effort devoted to educationally purposeful activities, while Evans et  al. (2022), 
influenced by Kahu and Nelson (2018), framed SE as an active process within an 
“educational interface”. Definitions based on observable behavior described SE as 
active involvement in learning, time investment, or learner-content interaction (e.g., 
Castro-Rodríguez et al., 2022; Hart et al., 2017). Some papers presented SE along 
a continuum—from disengagement (e.g., talking to a friend during a lecture about 
a topic non-related to the lecture) and passive engagement (e.g., listening to a lec-
ture without taking notes), to active (e.g., listening to a lecture and taking notes) 
and interactive engagement (e.g., asking questions during the lecture) (Capone & 
Lepore, 2022; Kang et al., 2017). Notably, Gomes et al. (2023) were among the few 
to bridge psychological and behavioral perspectives, defining SE as encompassing 
both observable actions and subjective experiences.

Similarly, the reviewed papers defined behavioral engagement through varied 
conceptual lenses (n = 13). Definitions based on psychological investment described 
this dimension as mental effort, including perseverance, concentration, and attention 
(e.g., Carbonneau et al., 2020; Sancho-Vinuesa et al., 2013). In contrast, definitions 
emphasizing observable behavior conceptualized behavioral engagement as general 
participation and adherence to academic expectations, such as positive conduct and 
completion of school tasks (e.g., Hong & Chien, 2023; Lavidas et al., 2020). Some 
papers adopted a more contextualized approach, describing behavioral engagement 
as actions during learning—such as time on task, number of clicks, or asking ques-
tions (e.g., Sancho-Vinuesa et al., 2013; Sutter et al., 2022). González et al. (2016) 
argued that not all actions qualify as behavioral engagement; rather, only those that 
are active, goal-directed, flexible, constructive, and persistent. In addition, papers 
addressed social-behavioral engagement, defined as interactions that support collab-
orative learning, particularly in small groups or open idea exchanges (e.g., Gomes 
et al., 2023; Gopal et al., 2019; Thorson et al., 2019; Ting et al., 2020). Ting et al. 
(2020) introduced the term interactive engagement to capture the extent to which 
flipped classroom activities promote learner interaction and idea sharing.

Cognitive and affective engagement were less frequently defined in the cor-
pus. Definitions of cognitive engagement (n = 7) were largely based on Fre-
dricks et al. (2004) and emphasized psychological investment and effort beyond 
routine learning, aimed at mastering difficult skills (e.g., Dibbs, 2019; Gopal 
et  al., 2019; Li et  al., 2022). Some papers also highlighted the use of learning 
strategies and self-regulation (Gomes et  al., 2023). Two studies described the 
dimension as a spectrum of strategies, from shallow (e.g., memorization, test-
taking) to deep and self-regulatory (e.g., summarizing, connecting knowledge) 
(González et  al., 2016; Syarifuddin & Atweh, 2021). Affective or emotional 
engagement was defined in six papers, most drawing on Fredricks et al. (2004) 
and academic emotion research. They described it as students’ positive or nega-
tive reactions to content, peers, and teachers, influencing their willingness to 
participate in school activities (e.g., Dibbs, 2019; Gomes et al., 2023; Li et al., 
2022). Only Syarifuddin and Atweh (2021) contextualized affective engagement 
within mathematics, focusing on interest, achievement orientation, anxiety, and 
frustration. Gopal et  al. (2019) offered a broader classroom-based definition, 
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combining emotional reactions with students’ sense of belonging and perceived 
value, drawing from Finn’s (1989) Identification Model. Two additional SE 
components were defined by Gomes et  al. (2023): agentic engagement as con-
structive contributions to the flow of instruction, and volitional engagement as 
the enactment of intentions.

The findings indicate that incorporating psychological investment allowed 
researchers to link their SE definitions to theorized aspects of the construct. 
However, some definitions show overlap in how SE is conceptualized as a broad 
concept, and in how behavioral and cognitive engagement are defined, often 
all being described in terms of energy and effort. Providing clearer definitions 
to establish the conceptual boundaries between overall SE and its dimensions 
is needed to advance our understanding of SE in undergraduate mathematics. 
Moreover, the results reveal that observable behavior was defined in diverse 
ways, reflecting how SE manifests across specific learning contexts. Some 
papers addressed this diversity by highlighting in their definitions what aspects 
of SE are associated with anticipated learning outcomes. For example, authors 
defined SE as a continuum (Capone & Lepore, 2022; González et  al., 2016; 
Kang et  al., 2017), emphasizing that SE is not merely the presence of activ-
ity but a form of involvement characterized by qualities necessary for achieving 
desired outcomes.

Other papers combined multiple definitional elements to bridge the gap 
between theory and the learning context of the targeted SE aspect. For exam-
ple, Carbonneau et  al. (2020) used their definition to connect theorized aspects 
of behavioral engagement with the specific learning activity under investigation. 
They defined behavioral engagement as the effort and perseverance a student 
exerts in learning. Because the study focused on the use of manipulatives in prob-
lem-solving, the authors argued that perseverance—completing a task despite 
challenges—was the most appropriate indicator. In another example, Thorson 
et  al. (2019) emphasized discipline-specific considerations in their definition of 
SE. They defined socio-behavioral engagement in STEM activities as students’ 
attention to individuals who are useful sources of information and their inter-
actions with others. In the study context, attention and interaction were further 
specified as listening carefully to a professor’s lecture or asking STEM-related 
clarification questions. These examples illustrate how definitional elements can 
be used to connect theorized psychological aspects of SE with context-specific 
observable behaviors.

Student Engagement Measurement

As shown in Fig. 3, SE was measured using four main data channels—process data, 
self-reports, product data, and attendance records—to capture behavioral (including 
social-behavioral), cognitive, and affective dimensions of SE.

Process data captured engagement as it unfolded during learning, employing log 
files, classroom observations, knowledge construction traces, and physiological meas-
ures (n = 26). A strong pattern emerged around the use of log files (n = 17), primarily 
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to assess behavioral engagement in online self-study or homework contexts (e.g., 
Azevedo et al., 2019). These data captured (a) frequency of student actions, such as 
problem attempts or discussion posts (Hart et al., 2017; O’Sullivan et al., 2021; Rien-
ties et al., 2019), (b) duration of activity (Wong et al., 2022b), and (c) regularity of 
access patterns, such as consistency in engagement over time (Akimov et al., 2023). 
Cognitive engagement was far less frequently measured via process data and appeared 
in only two studies using textual analysis (Tucker et al., 2023; Wu, 2021). For instance, 
Wu (2021) applied supervised machine learning to Facebook interactions, classifying 
posts by relevance to statistics learning to infer cognitive involvement.

Classroom observations used momentary time sampling to monitor both behav-
ioral (on-task behavior) and cognitive (strategy use) engagement in response to 
instructional practices (Evans et  al., 2022; Gomes et  al., 2023; Hora & Holden, 
2013) (n = 3). These studies highlighted engagement as responsive to environmen-
tal cues—for example, Gomes et  al. (2023) found that instructor behaviors (e.g., 
guiding, waiting) and student actions (e.g., group work) predicted higher collective 
behavioral engagement. Two papers focused on single in-class activities. Knowledge 
construction data, as used by Carbonneau et al. (2020), offered a more fine-grained 
look at behavioral engagement, defined as perseverance, during problem-solving. 
Engagement was inferred from students’ willingness to revise and retry, such as 
drawing new representations after failed attempts. Finally, physiological data were 
used to assess cognitive engagement in proof comprehension activities (Hodds et al., 
2014). Eye-tracking revealed depth of processing through fixation duration, with 
longer fixations suggesting more sustained attention.

Fig. 3   Overview of the data channels and methods for measuring each SE dimension across the three 
learning contexts
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Self-reports, primarily using questionnaires (e.g., Büchele et al., 2021; Hong & 
Chien, 2023; Lavidas et al., 2020; Sidekerskienė & Damaševičius, 2023) and, less 
frequently, semi-structured interviews (Dibbs, 2019), were also commonly employed 
(n = 21) to assess SE. These tools captured various dimensions, including (socio-)
behavioral (e.g., participation, effort), cognitive (e.g., strategy use), and affective 
(e.g., enjoyment, interest) (see Table 3 for a detailed presentation of the items and 
scales reported). The majority of studies administered self-reports at a single time 
point, typically at the end of the course, to measure students’ overall engagement 
levels. One study applied a pre–post design to examine changes in SE across the 
semester  (Syarifuddin &  Atweh, 2021).  The authors  found increases in most SE 
indicators, though no change was observed for attentiveness and achievement orien-
tation, suggesting differentiated patterns of development across SE dimensions.

Self-reports were also used to examine SE in the context of single-classroom 
activities, particularly to evaluate the implementation of active learning inter-
ventions. These studies employed tailored measures reflecting the nature of the 
instructional tool. For example, SE with augmented reality was assessed via per-
ceived behavioral activation and focus (Wong et al., 2022a); SE during tablet-based 
graphing tasks was measured through perceived cognitive load, mental effort, and 
usability (Kang et al., 2017); and SE with manipulatives and prompts was captured 
through perceived absorption and interest (Belenky & Nokes, 2009). These findings 
suggest that the operationalization of SE was closely aligned with the affordances of 
the instructional context.

Product data captured SE outcomes related to task completion and participation 
(n = 9). Product data focused on students’ completion of online quizzes and forma-
tive assessments as indicators of behavioral engagement (e.g., Evans et  al., 2021; 
Jack et al., 2024; Sancho-Vinuesa et al., 2013). Other papers assessed the average 
score on online quizzes, homework, and formative assessment (e.g., Gleason, 2012; 
Juma et al., 2022; Shaker et al., 2023), which can be perceived as an indicator of 
cognitive engagement (Azevedo, 2015). Notably, while most of the reported behav-
ioral indicators were explicitly connected to the behavioral dimension of SE, this 
was rarely the case for the cognitive indicators (see Wu, 2021, for an example). This 
finding shows that when using process (e.g., time spent) and product (e.g., score) 
data, SE in online learning can take various forms (Hart et al., 2017). However, it 
is important that researchers establish a connection between these forms and exist-
ing SE frameworks. Administrative data, specifically attendance records for lectures, 
tutorials, and seminars, were used in a small number of studies (n = 3) to assess 
behavioral engagement in face-to-face contexts (Akimov et  al., 2023; Arjomandi 
et al., 2023; Burke et al., 2013).

A few papers combined multiple data channels to enhance the understanding 
of student engagement. For instance, Rienties et  al. (2019) combined behavio-
ral engagement measures (e.g., number of attempts and solutions) with a mas-
tery variable, offering insights into cognitive engagement. Similarly, Yu et  al. 
(2021) combined log files with physiological measures, using facial expressions 
and head pose to assess cognitive and affective engagement during online prob-
lem-solving. Other studies integrated self-reports with log files and task scores 
to measure behavioral engagement (e.g., Castro-Rodríguez et  al., 2022; Evans 



	 Educational Psychology Review           (2025) 37:66    66   Page 20 of 39

Ta
bl

e 
3  

S
ur

ve
y 

ite
m

s a
nd

 sc
al

es
 u

se
d 

in
 th

e 
re

vi
ew

ed
 st

ud
ie

s t
o 

m
ea

su
re

 st
ud

en
t e

ng
ag

em
en

t. 
A

 d
et

ai
le

d 
lis

t o
f t

he
 p

ap
er

s u
si

ng
 su

rv
ey

 in
str

um
en

ts
 is

 p
ro

vi
de

d 
in

 th
e 

su
p-

pl
em

en
ta

ry
 m

at
er

ia
l

D
im

en
si

on
In

di
ca

to
rs

M
et

ho
d

Ex
am

pl
e 

pa
pe

rs

A
ffe

ct
iv

e
In

te
re

st,
 a

ch
ie

ve
m

en
t, 

an
xi

et
y,

 fr
us

tra
tio

n,
 

en
jo

ym
en

t
Sc

al
es

: S
tu

de
nt

 E
ng

ag
em

en
t i

n 
th

e 
M

at
he

m
at

ic
s 

C
la

ss
ro

om
 (S

EM
C

), 
M

at
h 

an
d 

Sc
ie

nc
e 

En
ga

ge
m

en
t 

Sc
al

e,
 B

er
gd

ah
l e

t a
l.’

s s
ca

le
 o

n 
SE

 w
ith

 te
ch

no
lo

gy
 

(2
02

0)
Su

rv
ey

 It
em

s:
 "I

 th
in

k 
th

e 
“Y

um
m

y 
M

at
he

m
at

ic
s”

 
cl

as
s i

s f
un

."

(G
op

al
 e

t a
l.,

 2
01

9;
 L

i e
t a

l.,
 2

02
2;

 S
ya

ri-
fu

dd
in

 &
 A

tw
eh

, 2
02

1)

(S
oc

ia
l-)

 B
eh

av
io

ra
l

Pe
rs

ist
en

ce
, o

n-
ta

sk
 a

nd
 o

ff-
ta

sk
 b

eh
av

io
r, 

no
te

-
ta

ki
ng

, e
ffo

rt,
 u

se
 o

f m
at

er
ia

l, 
tim

e 
sp

en
t

Sc
al

es
: S

tu
de

nt
 E

ng
ag

em
en

t s
ub

sc
al

e 
(α

 =
 0.

89
7)

 fr
om

 
M

at
he

m
at

ic
s C

la
ss

ro
om

 O
bs

er
va

tio
n 

Pr
ot

oc
ol

 fo
r 

Pr
ac

tic
es

/M
CO

P2
, A

tti
tu

de
 to

w
ar

d 
M

at
he

m
at

ic
s 

Su
rv

ey
 (α

 =
 0.

85
), 

M
at

h 
an

d 
Sc

ie
nc

e 
En

ga
ge

m
en

t 
Sc

al
e

Su
rv

ey
 It

em
s:

 "T
o 

w
ha

t e
xt

en
t w

er
e 

stu
de

nt
s e

ng
ag

ed
 

w
ith

 th
e 

no
n-

ro
ut

in
e 

pr
ob

le
m

s?
 W

as
 th

er
e 

an
y 

ev
id

en
ce

 o
f e

ng
ag

em
en

t?
","

D
id

 st
ud

en
ts’

 e
ng

ag
e-

m
en

t c
ha

ng
e 

ov
er

 ti
m

e?
","

H
ow

 o
fte

n 
di

d 
yo

u 
ta

ke
 

se
le

ct
iv

e 
no

te
s f

ro
m

 th
e 

le
ct

ur
es

 o
f t

he
 S

ta
tis

tic
s 

co
ur

se
?"

,"H
ow

 m
uc

h 
tim

e 
di

d 
yo

u 
us

ua
lly

 sp
en

d 
stu

dy
in

g 
be

fo
re

 ta
ki

ng
 a

 q
ui

z?
"

(B
ow

er
s e

t a
l.,

 2
01

7;
 G

on
zá

le
z,

 2
01

6;
 

G
op

al
 e

t a
l.,

 2
01

9;
 H

on
g 

&
 C

hi
en

, 
20

23
; S

ya
rif

ud
di

n 
&

 A
tw

eh
, 2

02
1;

 T
in

g 
et

 a
l.,

 2
02

0)

Pa
rti

ci
pa

tio
n,

 a
tte

nt
iv

en
es

s, 
di

lig
en

ce
Sc

al
es

: L
ea

rn
in

g 
B

eh
av

io
r S

ca
le

 fo
r E

le
m

en
ta

ry
 

Sc
ho

ol
 S

tu
de

nt
s, 

St
ud

en
t E

ng
ag

em
en

t i
n 

th
e 

M
at

h-
em

at
ic

s C
la

ss
ro

om
 (S

EM
C

)
Su

rv
ey

 It
em

s:
 "H

ow
 re

gu
la

rly
 d

id
 y

ou
 a

tte
nd

 th
e 

le
ct

ur
es

 o
f t

he
 S

ta
tis

tic
s c

ou
rs

e?
","

H
ow

 o
fte

n 
di

d 
yo

u 
pa

rti
ci

pa
te

 in
 th

e 
liv

e-
str

ea
m

in
g 

le
ct

ur
es

?’
,"D

id
 

yo
u 

co
m

e 
to

 c
la

ss
 p

re
pa

re
d 

by
 h

av
in

g 
co

m
pl

et
ed

 th
e 

as
si

gn
m

en
ts

?"
A

ct
iv

e 
Le

ar
ni

ng
Sc

al
es

: T
rip

le
 E

 F
ra

m
ew

or
k 

(K
ol

b,
 2

02
0)

C
om

m
un

ic
at

io
n 

w
ith

 o
th

er
 st

ud
en

ts
, c

ol
la

bo
ra

-
tio

n,
 id

ea
s, 

an
d 

op
in

io
ns

 e
xp

re
ss

io
ns

Sc
al

es
: A

ct
iv

e 
En

ga
ge

m
en

t S
tu

de
nt

 P
er

ce
pt

io
n 

Su
rv

ey
 

(A
ES

PS
)



Educational Psychology Review           (2025) 37:66 	 Page 21 of 39     66 

Ta
bl

e 
3  

(c
on

tin
ue

d)

D
im

en
si

on
In

di
ca

to
rs

M
et

ho
d

Ex
am

pl
e 

pa
pe

rs

C
og

ni
tiv

e
Se

lf-
re

gu
la

to
ry

 st
ra

te
gi

es
, S

ur
fa

ce
 st

ra
te

gy
, 

de
ep

 st
ra

te
gy

, r
el

ia
nc

e,
 ta

sk
-r

el
at

ed
 th

ou
gh

ts
Sc

al
es

: A
tti

tu
de

 to
w

ar
d 

M
at

he
m

at
ic

s S
ur

ve
y 

(α
 =

 0.
85

), 
St

ud
en

t E
ng

ag
em

en
t i

n 
th

e 
M

at
he

m
at

ic
s 

C
la

ss
ro

om
 (S

EM
C

), 
M

at
h 

an
d 

Sc
ie

nc
e 

En
ga

ge
m

en
t 

Sc
al

e

(B
el

en
ky

 &
 N

ok
es

, 2
00

9;
 G

on
zá

le
z,

 
20

16
; G

op
al

 e
t a

l.,
 2

01
9;

 K
an

g 
et

 a
l.,

 
20

17
; L

i e
t a

l.,
 2

02
2;

 S
ya

rif
ud

di
n 

&
 

A
tw

eh
, 2

02
1;

 W
on

g 
et

 a
l.,

 2
02

2a
)

Pe
rc

ei
ve

d 
le

ar
ni

ng
, u

sa
bi

lit
y,

 c
og

ni
tiv

e 
lo

ad
Sc

al
es

: U
SE

 Q
ue

sti
on

na
ire

 (N
A

SA
-T

LX
, T

as
k 

Lo
ad

 
In

de
x)

Fo
cu

s, 
ab

so
rp

tio
n

Sc
al

es
: T

rip
le

 E
 F

ra
m

ew
or

k,
 B

er
gd

ah
l e

t a
l.’

s s
ca

le
 o

n 
SE

 w
ith

 te
ch

no
lo

gy
 (2

02
0)

Su
rv

ey
 It

em
s: 

“I
 w

as
 e

ng
ro

ss
ed

 in
 th

e 
m

at
er

ia
ls

 a
s I

 
w

en
t t

hr
ou

gh
 th

e 
pa

ck
et

"



	 Educational Psychology Review           (2025) 37:66    66   Page 22 of 39

et  al., 2021), while Thorson et  al. (2019) combined cardiovascular data with 
observational data to explore socio-affective engagement. The combination of 
data types served two main purposes: 1) enhancing the understanding of online 
learning behaviors (Gleason, 2012; Yu et al., 2021) and 2) identifying individual 
differences among students (Juma et al., 2022; Rienties et al., 2019).

Finally, it was observed that the majority of studies on online learning 
employed aggregated measures of SE (n = 17), with only a few using temporal 
analyses to explore changes in SE over time (n = 7). These studies measured SE 
multiple times during the course, aligning data collection with assignment dead-
lines (Shaker et al., 2023; Sutter et al., 2022; Tucker et al., 2023) or key learning 
phases, such as before tutorials, quizzes, and exams (Rienties et al., 2019). This 
approach highlights the importance of learning design in understanding how 
SE evolves. In a different approach, Rach (2023) conducted repeated measures 
of self-reported effort within individual lectures, finding substantial variability 
in effort between students, despite minimal variation between lessons or time 
points. This suggests that experience-sampling self-reports could be valuable for 
capturing individual differences in engagement during learning.

In summary, the results illustrate how studies aligned their measurement 
practices with the specific characteristics of the learning contexts they exam-
ined. As shown in Fig.  3, each context—online learning, course participation, 
and single in-class activities—was associated with distinct patterns of data 
use. While some data types appeared across multiple contexts (e.g., surveys), 
the instructional setting clearly influenced how SE was operationalized. Nota-
bly, cognitive and affective dimensions were underrepresented in process data, 
temporal approaches were rare, and few studies combined multiple data sources. 
Moreover, while single in-class activities often employed tailored engagement 
measures, broader course-level studies tended to rely on generic, post-hoc tools, 
suggesting a need for more context-sensitive instruments across all settings.

Relationship between Student Engagement and Learning Outcomes

Less than half of the reviewed papers (n = 21) examined the relationship between 
SE and learning outcomes. Our analysis shows two approaches for examining 
the relationship between these two variables:1) a variable-oriented approach 
(n = 14), and 2) a person-oriented approach (n = 7).

Variable‑oriented Approaches

Papers using a variable-oriented approach to examine the association between SE 
and learning outcomes applied various methodologies, such as regression analysis 
(e.g., Akimov et  al., 2023; Wu, 2020), correlation analysis (e.g., Hong & Chien, 
2023; Raza & Reddy, 2021), structural equation modelling (e.g., González et  al., 
2016; Lavidas et  al., 2020), and analysis of variance (ANOVA) (e.g., Belenky & 
Nokes, 2009; Derr et al., 2018).
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The majority of the papers (n = 11) focused on the impact of behavioral engage-
ment on four types of outcomes, i.e., course performance, task performance, strat-
egy use, and motivational beliefs. Indicators of course participation were found to 
be positively associated with course performance. For example, self-reported par-
ticipation in various course activities, the number of lectures attended, materials 
downloaded, and assignments submitted showed a positive and statistically signifi-
cant relationship with final grades (Akimov et al., 2023; Burke et al., 2013; Hong 
& Chien, 2023; Lavidas et al., 2020). Büchele et al. (2021) found that students who 
reported that they attended all lectures and solved all exercise sheets outperformed 
non-participating students, suggesting that supporting student levels of participation 
in course activities can enhance academic success.

Mixed results about the links between online learning indicators and course per-
formance were found. The number of attempts and completion of formative assess-
ment tests were significantly positively related to course grades in Derr et al. (2018) 
and Sancho-Vinuesa et al. (2013), but quiz attempts showed no significant relation-
ship in Hart et al. (2017). Moreover, Hart et al. (2017) found significant results for 
forum posting, but not viewing, highlighting the value of active forum participa-
tion. However, forum posting did not yield significant results in Derr et al. (2018), 
suggesting that not all SE indicators are related to academic performance and that 
more research is needed to understand how SE in online materials enhances student 
success. Hart et al. (2017) also emphasized the high positive correlation identified 
between submitting the peer review grading assignment on time and course grades. 
The authors connected this finding to time-management skills and their importance 
for successful online learning. Two papers focused on the effects of SE regularity 
(Akimov et al., 2023; Sutter et al., 2022. Activity completion at the beginning and 
the middle of the course positively predicted final grades (Sutter et al., 2022), while 
in Akimov et  al. (2023) regularity was positively but non-significantly related to 
final grades, indicating the need for more research to address the measurement of 
regularity in SE with the learning materials. Only Raza and Reddy (2021) exam-
ined the effects of behavioral engagement on both course and task performance. 
They found that interactions with online self-study activities (e.g., assignments, 
homework) significantly improved performance in the activity itself, overall forma-
tive assessment, and course grades. However, Spearman’s correlation coefficient is 
between 0 and + 0.5, suggesting that the identified relationships were weak. Nev-
ertheless, the results highlight that SE in a learning activity can have both proxi-
mal and distal learning outcomes. Despite the mixed findings, the results highlight 
the importance of sustaining behavioral engagement with homework and self-study 
materials during the course period in academic achievement.

Two papers examined the effect of behavioral engagement on strategy use and 
motivational beliefs. Self-reported socio-behavioral engagement in interactive math-
ematics videos was found to have a significant positive effect on a deep approach 
to learning, consisting of intrinsic motivation to study and use of deep learning 
strategies (Ting et  al., 2020). Sutter et  al., (2022) found that mid-course activ-
ity completion positively predicted utility value beliefs about the course content. 
These findings illustrate that SE can be a predictor (i.e., antecedent) for learning 
outcomes other than grades and scores. Only three papers examined the effects of 
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cognitive engagement on course/task performance. The number of statistics-related 
Facebook posts (Wu, 2021) and self-reported self-regulatory and deep process-
ing strategies (González et  al., 2016) positively predicted course grades. Belenky 
and Nokes (2009) found that the interaction between self-reported absorption and 
prompt type had an effect on problem-solving scores. In particular, for students 
who reported high levels of absorption, problem-focused prompts resulted in more 
correct answers. Conversely, for students who reported lower levels of absorption, 
metacognitive prompts resulted in better test results.

Given the substantial variation in undergraduate students’ cognitive and motiva-
tional characteristics, it is crucial to consider such factors when examining the rela-
tionship between SE and academic achievement. This is particularly important in 
university mathematics contexts, where differences in factors, such as prior knowl-
edge, may influence both engagement and learning outcomes. Notably, in the cur-
rent review, we identified only a few studies (n = 6) that controlled for confounding 
variables in the relationship between engagement and academic outcomes. Studies 
conducting regression analysis controlled for prior knowledge (e.g., entrance and 
diagnostic test scores, secondary school GPA), cognitive strategies (e.g., memoriz-
ing), as well as motivational factors (e.g., mathematics self-efficacy and interest) 
(Akimov et al., 2023; Büchele et al., 2021; Derr et al., 2018; Hart et al., 2017; Wu, 
2021). Using structural equation modelling, Sutter et al., (2022) also accounted for 
prior GPA and demographic factors, showing that behavioral engagement remained 
a significant predictor of final grades even after these variables were controlled. 
These findings, while limited in number, suggest the unique contribution of SE to 
academic achievement.

Person‑oriented Approaches

Studies in this category used a person-oriented approach based on the assump-
tion that students who differed in their engagement levels in a certain activity 
would also differ in their learning outcomes and vice versa. Analyses under this 
approach included t-test (Al Shuaily et  al., 2018), ANOVA (Evans et  al., 2021; 
Rienties et al., 2019), clustering (Juma et al., 2022; Rienties et al., 2019; Shaker 
et al., 2023), and comparison of confidence intervals (Tucker et al., 2023). Some 
papers found that groups with higher SE would demonstrate higher learning out-
comes (e.g., Al Shuaily et al., 2018; Rienties et al., 2019; Tucker et al., 2023). For 
example, Rienties et al. (2019) found four SE profiles that varied in the number 
of attempts, mastery, and time spent at problem-solving: Early Mastery, Strate-
gic, Exam-driven, and Inactive learners. Early Mastery and Strategic profiles per-
formed consistently higher than Exam-driven, and Inactive profiles. Tucker et al. 
(2023) found that students who improved their attitudes toward using R for learn-
ing statistics showed higher SE levels (e.g., more attempts, higher scores on R 
exercises, and longer chapter summaries) than those who did not.

Other findings indicate that SE and achievement were not always linearly asso-
ciated (e.g., Evans et al., 2021; Juma et al., 2022; Shaker et al., 2023; Wong et al., 
2022b). For example, Shaker et al. (2023) found that incentivizing weekly read-
ings had an effect only for students with low initial cognitive engagement and 
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assignment performance, but no effect was found for highly engaged students, 
suggesting that not all SE profiles benefit from the same interventions. Students 
who had low engagement and high performance before the intervention showed 
an increase only in their engagement, suggesting that higher engagement may not 
always be sufficient to result in higher performance. Evans et al. (2021) found that 
low-performers spent less time between attempts on pre-lecture quizzes compared 
to medium and high-performers, with significant differences in time spent before 
the second attempt between low- and high-performers and low- and medium-
performers. It is possible that medium- and high-performers differ from the low-
performers in how they used their time to process provided automated feedback 
before reattempting to solve the quiz, suggesting the importance of examining 
both the quantity and quality of SE to infer its relationship with learning out-
comes. Nevertheless, examining SE profiles was found to be a useful approach for 
understanding why students perform differently.

Discussion

The acquisition of mathematical competencies and skills is a fundamental goal of 
many higher education study programs and requires effective SE with the learning 
materials (Hochmuth, 2020; Smith et al., 2021). Considering that SE is affected 
by the learning context (e.g., discipline, learning activity), the role of context has 
been increasingly included in SE research (e.g., Bergdahl, 2022; Fredricks et al., 
2016b; Sinatra et  al., 2015; Wang & Hofkens, 2020). However, the number of 
systematic reviews that have adopted a context-specific view is still limited (e.g., 
Hiver et al., 2024; Kassab et al., 2022). Previous reviews in the domain of math-
ematics have focused on the impact of a particular instructional tool or method 
on SE (e.g., Lo & Hew, 2021), and consequently, many aspects of SE research 
have been unexplored. Therefore, the current review fills the gap by adopting a 
context-specific perspective on SE investigation by focusing on studies conducted 
in undergraduate mathematics learning activities. In the review, 48 empirical 
studies conducted within undergraduate mathematics courses were examined to 
understand a) what the prevalent research approaches to SE are in the particular 
context and how they are anchored to existing conceptual SE frameworks, and b) 
how these approaches can enhance our understanding of promoting effective SE. 
Below, we discuss our main findings and propose several recommendations for 
future research.

Research Aims and Theoretical Grounding for Student Engagement Investigation

Our results show three main research aims and three approaches for grounding SE 
research. The majority of papers examined SE as an outcome using an instruction-
focused framework when evaluating instructional methods and tools. This outcome 
is expected given the growing research focus on improving teaching and learning in 
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undergraduate mathematics (Hochmuth, 2020). In line with prior reviews on SE in 
higher education (e.g., Bond et al., 2020), many papers in this category (29%) did 
not use an explicit framework, suggesting the need for more theoretically grounded 
research to understand how instruction improves SE.

Student- and instruction-focused frameworks were almost equally represented 
in the corpus, suggesting that, in undergraduate mathematics, SE is an important 
concept from both approaches. A pattern emerged: while instruction-focused frame-
works showed a large diversity that reflects the variability of the instructional prac-
tices and tools examined, student-focused frameworks tend to converge to motiva-
tion theories, suggesting an interest in understanding motivational factors to explain 
SE in various settings. This finding is in line with prior research suggesting the 
crucial role of motivation in mathematics learning (Schukajlow et  al., 2023). Our 
results also revealed an underrepresentation of frameworks on SE and metacognitive 
and affective factors in the corpus. Finally, only a few papers used an integration of 
the two approaches. For example, even though an activity is designed using instruc-
tional theories, such as cognitive load (e.g., Tucker et al., 2023), students might not 
engage if they are not motivated or skilled enough (Evans et al., 2021; Plak et al., 
2023). These examples demonstrate the value of an integrative approach in under-
standing the connections between instructional and psychological theories.

Student Engagement Definitions

Aligned with prior reviews (e.g., Bond et  al., 2020; Henrie et  al., 2015; Hiver 
et al., 2024), we found a relatively large number of studies that did not (explicitly) 
define SE and that among the provided definitions an overlap emerged (particularly 
between behavioral and cognitive engagement) hindering our understanding of how 
each dimension was defined in the corpus. Even though the identified definitions 
were characterized by heterogeneity, our analysis showed that they contained at least 
one of the three following elements: observable behavior, psychological investment, 
and multidimensionality. The finding that most SE definitions included at least two 
elements indicates that the papers recognize SE as a multifaceted and multilevel 
construct.

The analysis of SE definitional elements identifies three main directions. First, a 
strong focus was found on observable behaviors, such as time, reactions, or asking 
questions (Capone & Lepore, 2022; González et  al., 2016; Thorson et  al., 2019). 
The specification of the observable behavior that is perceived as an indicator of SE 
in each context can be useful for the development of consistent operationalization 
and measurement (e.g., Carbonneau et al., 2020). Second, some definitions included 
aspects of SE quality and were based on the notion that not every SE indicator of 
SE is relevant for achieving the anticipated learning outcomes in a given context. 
However, only a few definitions used the element of quality (e.g., Capone & Lepore, 
2022) or specified the domain or the activity of investigation (e.g., Thorson et al., 
2019). As incorporating the context in which SE occurs in the definition can pro-
mote the conceptual clarity of the construct (Wong & Liem, 2022), future studies 
are encouraged to include this element in the definition of SE. Third, there seems to 
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be a convergence among the papers to well-established SE frameworks, such as the 
three-dimensional framework (Fredricks et al., 2004) and learning constructs, such 
as effort, persistence, and attention (González et  al., 2016; Rach, 2022; Thorson 
et al., 2019), suggesting that the use of such frameworks and constructs can enhance 
a shared understanding of SE between researchers. Consistent with prior reviews 
(e.g., Bond et  al., 2020; Hiver et  al., 2024), the findings indicated that behavioral 
engagement was most extensively defined, while other dimensions were described 
more broadly and with weaker connections to the specific learning context, high-
lighting a valuable direction for future research.

Student Engagement Measurement

The results suggest that SE measurement approaches differed across the settings, which 
highlights the critical role of the learning context in SE investigation (Wong & Liem, 
2022). In the current corpus, SE was mainly investigated in three main learning set-
tings: online learning, course participation, and in-class single activities. In online 
learning, SE was examined as study behavior and effective interaction with the online 
learning materials using mostly process (e.g., log files) and product data (e.g., activity 
scores). SE in course participation was examined as attendance, effort, on-task behav-
ior, enjoyment, and use of learning strategies in the various course activities and was 
measured using mostly self-reports. SE in single in-class activities was examined as 
active learning via various methods, such as self-reports, physiological, and knowledge 
construction data. The majority of the reviewed papers focused on SE in online learn-
ing and course participation, suggesting that how students engage in both settings is 
important for succeeding in their mathematics courses. Only a few studies investigated 
SE in single activities in class. Such investigations can enhance our understanding of 
how the characteristics of a learning activity (e.g., design, content, difficulty) can influ-
ence SE and therefore, provide useful insight into developing effective learning materi-
als. Consequently, more studies focusing on SE in single class activities are needed.

Aligned with previous findings (Bond et  al., 2020; Henrie et  al., 2015), most 
papers operationalized SE from a behavioral perspective, while cognitive and 
affective indicators were less studied. Moreover, log files were the most frequent 
measurement method. This contrasts with reviews in other fields, such as language 
learning and medical education (Hiver et  al., 2024; Kassab et  al., 2022), where 
self-reports were the most prevalent method. Log files can be a useful, unobtrusive 
method for capturing real-time learning behavior (Azevedo, 2015). However, a clear 
connection between the investigated log-type indicators and the existing SE mod-
els and dimensions is required to understand which types of engagement processes 
are investigated in each study (Wiedbusch et al., 2023). Furthermore, we found that 
only a few papers combined data types and channels to investigate SE. These studies 
focused mainly on online learning, whereas SE in course participation was exam-
ined using single methods. Multimodal data approaches were used to examine the 
interconnections between different engagement variables (e.g., Thorson et al., 2019) 
or gain a more holistic understanding of how students engage in a specific learning 
activity (e.g., Castro-Rodríguez et al., 2022; Derr et al., 2018). Provided that each 
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approach has strengths and weaknesses, employing methods that converge different 
approaches is necessary to gain a deeper understanding of SE in a particular learn-
ing context (Wiedbusch et al., 2023).

Relationship between Student Engagement and Learning Outcomes

Consistent with previous reviews (Martins et al., 2022), the relationship between SE 
and learning outcomes was addressed only in half of the corpus. Studies found that 
behavioral engagement indicators related to course participation predicted course per-
formance (e.g., Akimov et al., 2023; Hong & Chien, 2023). Yet, the low number of 
papers in this category suggests further investigation of the relationship between the 
two variables. Moreover, the effects of online indicators on performance were not clear 
in this review. It was found that regular practice and self-testing can possibly enhance 
course performance. However, not all online metrics yielded the same result. Given 
that several SE indicators with the course materials can be identified, it is important to 
determine which ones are associated with important learning outcomes and develop 
targeted instructional support or interventions (e.g., Derr et al., 2018).

While variable-oriented approach studies found a positive relationship between 
SE and achievement, person-oriented analyses revealed more complex patterns. For 
example, some student groups showed high performance despite scoring low on the 
investigated SE indicators (e.g., Shaker et  al., 2023). This discrepancy may stem 
from the chosen indicators, as students might have engaged with the material in 
unexamined ways. Consequently, measures that capture as many relevant SE aspects 
as possible are important for understanding how SE relates to learning outcomes 
(Rienties et al., 2019). Nevertheless, person-oriented analyses offer valuable insights 
into how different profiles respond to instructional interventions, aiding the develop-
ment of systems for personalized learning support (Shaker et al., 2023).

Given that few studies focused on cognitive engagement and no study examined 
affective engagement, future studies should explore how these SE dimensions are 
related to achievement. Furthermore, more research is required to investigate how SE 
interaction with different learning materials influences student performance during 
learning activities. In this review, only Belenky and Nokes (2009) investigated this 
interaction and showed that varying levels of cognitive engagement require different 
types of prompts for succeeding in problem-solving. Future studies in undergraduate 
mathematics could enhance support tailored to students’momentary engagement dur-
ing activities. Finally, only a subset of studies in this review accounted for potential 
confounding variables such as prior knowledge and motivation. This is particularly 
relevant in undergraduate mathematics contexts, where students often differ widely in 
their prior knowledge, making it difficult to determine whether engagement leads to 
improved academic performance or vice versa. Longitudinal designs can help clarify 
the direction of this relationship. For example, Sutter et al., (2022) used latent change 
models to examine how prior GPA was related to changes in behavioral engagement 
over time, which in turn were associated with final grades. Further research using lon-
gitudinal approaches, with repeated measurements of both engagement and academic 
performance, could help clarify how these variables influence each other over time.
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Theoretical and Practical Implications

This review identifies several key areas for improvement in how SE is studied within 
undergraduate mathematics learning contexts. To support future theoretical develop-
ment and empirical research, we propose three main recommendations aimed at refin-
ing the definition, conceptualization, and measurement of SE. The first recommenda-
tion concerns working towards SE definitional clarity. Our results show that only a 
few definitions included the context of SE investigation (e.g., Thorson et  al., 2019; 
Ting et al., 2020). Moreover, not all papers provided a clear description of the learning 
activities in which SE was investigated. For example, it is not sufficient to state that 
SE was studied in statistics tasks since different activity types (e.g., homework, in-task 
problem solving) or formats (e.g., collaborative, individual) might be associated with 
different SE aspects. SE can occur in any learning activity (Boekaerts, 2016). Future 
studies can enhance definitional clarity by explicitly describing the contextual charac-
teristics in which SE is examined, such as the academic discipline, activity type, and 
activity format. Including these details can help delineate the specific SE processes 
under investigation and distinguish them from other related SE constructs.

In addition, the current review reveals that SE was often a) undefined or insuf-
ficiently conceptualized, or b) defined using general terms like active involvement or 
positive conduct, with unclear links to the investigated indicators. We propose two 
approaches to enhance SE definitional clarity. First, researchers can use models on SE 
that are specific to learning activities, such as the flow theory (Csikszentmihalyi, 1990), 
the schoolwork engagement model (Salmela-Aro & Upadaya, 2012), or the three-
dimensional framework on SE in learning activities (Ben-Eliyahu et al., 2018). Such 
models can guide researchers in selecting definitions that are more aligned with the 
specific notion of “learning engagement”. Second, researchers using general models, 
such as the school engagement framework (Fredricks et al., 2004), should clarify how 
the broad components of engagement (e.g., affective, behavioral, and cognitive) relate 
to the specific characteristics of the learning context under investigation. For example, 
if SE in collaborative problem-solving is defined as active involvement, strategic think-
ing, or positive and negative reactions, researchers should explain how these aspects 
manifest within the context of that specific activity (e.g., Carbonneau et al., 2020).

Finally, our results are aligned with prior evidence (Wong & Liem, 2022) that the 
distinction between behavioral and cognitive engagement should be better clarified in 
applied research. Some definitions showed an overlap between the two components (e.g., 
both are defined as effort). Moreover, other definitions described behavioral engagement 
as purely observable (e.g., conduct, participation) and cognitive engagement as purely 
mental (e.g., energy). It should be further investigated whether behavioral engagement is 
the enactment of cognitive engagement as suggested by some models (e.g., Wiedbusch 
et al., 2023) or if behavioral engagement is a different construct connected to volitional 
and conative processes (Wong & Liem, 2022). Therefore, to work towards SE defini-
tional clarity, future studies can explicitly describe the context of investigation, adopt 
models tailored to specific learning activities, and distinguish between different dimen-
sions of engagement, such as behavioral and cognitive processes.

The second recommendation concerns the enhancement of SE research theoreti-
cal groundings. Despite the broad agreement between the reviewed papers about the 
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importance of motivational, metacognitive, and affective factors on the development 
of SE, only a few studies examined the relationship between these factors and SE. 
These studies provided evidence of bidirectional relationships between SE and motiva-
tional constructs, such as expectancy and value beliefs (Sutter et al., 2022). However, 
the relationship between SE and SRL was not clearly established in the corpus. While 
some papers suggested that SRL-related skills (e.g., cognitive processing) were ante-
cedents of SE (Rienties et al., 2019; Wu, 2021), other papers examined SRL as part 
of SE (e.g., González et al., 2016; Kang et al., 2017). Previous research (Boekaerts, 
2016; Wiedbusch et  al., 2023) has emphasized the need to clarify the relationship 
between the two constructs to better understand the mechanisms for enhancing and 
sustaining SE over time. The use of integrated models of SE and SRL that describe 
how the various SE aspects are situated within the SRL processes could be beneficial 
(Cleary & Zimmerman, 2012). For example, in studying SE during self-study activi-
ties, SRL processes like reviewing answers might constitute SE, while processes like 
planning the activities could serve as facilitators. Relatedly, recent work by Tempelaar 
et al., (2024) suggests that integrating dispositional learning analytics with behavioral 
data from formative assessments may offer new opportunities to better understand how 
learner characteristics interact with self-regulatory processes to influence engagement.

We found that several papers examined the influence of instruction on SE with-
out using a theoretical framework or by using broad theories and models (e.g., con-
structivism) (e.g., Azevedo et al., 2019; Jin, 2023). With the growing emphasis on 
enhancing SE, interventions should be based on specific theoretical frameworks that 
allow researchers to quantify the mechanisms driving the instructional effects on SE. 
Additionally, the examination of the effects of SE on learning outcomes will advance 
our understanding of the role of SE in learning mathematics, as well as other disci-
plines, and in turn, will improve the development of instructional interventions. This 
review showed that these effects were studied only in a few papers, while findings 
from these papers suggested that not all the investigated SE variables were found to 
predict achievement. Consequently, we suggest that future research on instructional 
interventions should include the examination of the SE effects on various learning 
outcomes (e.g., performance, motivational beliefs, skills). For long-term interven-
tions, researchers should examine both proximal (e.g., activity performance) and dis-
tal (e.g., course grades) outcomes (e.g., Raza & Reddy, 2021).

The third recommendation concerns the alignment between definition and meas-
urement of SE. An extensive use of online measures was identified in the corpus. 
In some cases, we found a misalignment or an unclear connection between the pro-
vided SE definitions and the corresponding indicator. For example, some studies 
defined SE as a multidimensional or psychological construct but used a single indi-
cator without explaining the rationale behind this decision. However, such practice 
raises the question of how indicators such as on-task behavior, the completion of 
voluntary activities, or the number of assessment tests relate to psychological invest-
ment, effort, and energy. When employing log files, the use of multiple relevant 
indicators instead of a single one could result in a more meaningful representation 
of complex SE aspects (Bond et al., 2023). However, we propose that the alignment 
between such data and theorized aspects of SE should be drawn with caution and 
should be guided by the employed SE framework (Level 1).
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While the view of SE as a dynamic process is gaining traction, our review found 
limited studies examining SE’s dynamic development (e.g., Rienties et  al., 2019). 
These studies revealed that both the frequency and timing of student engagement 
impact learning. Future research could consider employing longitudinal methodolo-
gies to better capture the dynamic changes in SE. Approaches, such as growth curve 
modeling, hidden Markov models, and dynamic structural equation modelling, offer 
robust frameworks for analyzing temporal patterns, state transitions, and underlying 
mechanisms driving SE development over time (e.g., Saqr et al., 2023).

Limitations

There are several limitations in our review. First, the review was based on only 48 
papers. Despite performing our systematic search in various databases without pos-
ing any time restrictions to retrieve as many papers as possible, we could have missed 
relevant literature that was not published yet (e.g., grey literature). We also excluded 
non-English papers. Therefore, our conclusions may be limited to the published litera-
ture in English and not fully representative of all studies conducted within the domain. 
Additionally, by focusing exclusively on papers that explicitly used and defined the 
term engagement in the context of a learning activity, it is possible that some relevant 
studies, where engagement was examined under related constructs or broader learning 
processes, may not have been included in our review. Given that one of the main goals 
of this review was to examine how engagement itself has been conceptualized and 
measured in the field, our search string intentionally included various versions of the 
term’engagement’(e.g., student engagement, task engagement, academic engagement), 
but did not include broader or potentially overlapping synonyms such as’participation
’or’involvement’. This targeted approach was necessary to maintain conceptual clarity 
in addressing our research questions. Nevertheless, the number of included papers in 
this review is comparable to previous reviews on student engagement and therefore, 
can offer valuable insight into SE within the mathematics domain (e.g., Kassab et al., 
2022; Lo & Hew, 2021; Martins et al., 2022).

Another limitation concerns the heterogeneity of the papers reviewed, limit-
ing the conclusion that could possibly be drawn from a more rigorous quantitative 
method (e.g., meta-analysis). To gain insights into the field’s current state, we delib-
erately did not restrict the research designs of the studies, resulting in a diverse set 
of papers. This approach resulted in a heterogeneous pool of papers. To synthesize 
the findings, we employed a narrative approach where we used a combination of 
deductive and inductive approaches to categorize the papers. While existing SE 
frameworks informed the deductive component, certain categorizations, particularly 
in cases where SE dimensions were not explicitly defined by the authors, required 
interpretive judgment. Although these coding decisions were made collaboratively 
and guided by established definitions (e.g., Wong & Liem, 2022), we acknowledge 
the potential for subjectivity. To enhance transparency, we documented our coding 
rationale in detail and provided supporting textual evidence in the supplementary 
materials. Nonetheless, since this systematic review aims to provide a comprehen-
sive overview of SE research practices, this approach remains valuable.
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Conclusion

Despite these limitations, this systematic review reveals key aspects of SE 
research in undergraduate mathematics. It identifies and organizes research 
approaches for conceptualizing, defining, measuring SE, and examining its learn-
ing outcomes. The literature highlights SE as both an instructional outcome and 
a mediator between student factors (e.g., motivational beliefs) and academic per-
formance, underscoring SE’s crucial role in undergraduate mathematics learning. 
Our findings stress the importance of aligning theory and context in SE concep-
tualization, definition, and measurement. Additionally, the review highlights the 
value of incorporating anticipated learning outcomes into SE studies to guide 
instructional interventions. To support these efforts, this review offers key direc-
tions for SE scholars and practitioners examining SE in specific domains. In 
conclusion, despite the challenges of SE research, investigators can contribute 
meaningfully to the field by addressing foundational elements such as clear con-
ceptualizations, consistent definitions, and alignment between theoretical frame-
works and measurement (Sinatra et al., 2015).
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