Constructivist Pedagogical Mediation and Student Retention in Higher
Education: A Systematic Mapping Study with an Emphasis on
STEAM Programs in Costa Rica

Abstract. This study analyzes the relationship between constructivist pedagogical mediation and
student retention in higher education, with a focus on STEAM programs in Costa Rica. To this end, a
systematic mapping study was conducted to identify, classify, and analyze relevant research published
in methodologically indexed databases. The results of the 29 selected articles show that constructivist
principles, —particularly active learning, social interaction, and self-regulation— are associated with
improvements in academic performance and student retention. Furthermore, pedagogical mediation
strategies such as collaborative learning, problem-based learning, and the use of educational
technologies are identified as key supporting factors for retention in higher education.
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Mediacion pedagogica constructivista y permanencia estudiantil en la
educacion superior: un estudio de mapeo sistematico con énfasis en
carreras STEAM en Costa Rica

Resumen. El presente estudio analiza la relacion entre la mediacion pedagdgica constructivista y la
permanencia estudiantil en la educacion superior, con énfasis en carreras STEAM en Costa Rica, para
lo cual, se realiz6 un estudio de mapeo sistematico para identificar, clasificar y analizar investigaciones
relevantes publicadas en bases de datos indexadas a nivel metodologico. Los resultados de los 29
articulos seleccionados muestran que los principios constructivistas —particularmente el aprendizaje
activo, la interaccion social y la autorregulacion— estan asociados con mejoras en el rendimiento
académico y la permanencia estudiantil. Por otra parte, se identifican estrategias de mediacion
pedagogica como el aprendizaje colaborativo, el aprendizaje basado en problemas y el uso de
tecnologias educativas como factores de apoyo claves para la permanencia en la educacion superior.

Palabras clave: constructivismo, mediacion pedagdgica, permanencia estudiantil, educacion
superior, STEAM.

1 Introduction

Higher education at the national level faces multiple economic, social, and pedagogical challenges that
directly affect the quality, retention, and graduation of students. In the current context—2026 in Costa
Rica—these tensions are evident in the negotiations surrounding the Special Fund for Higher Education
(FEES) led by the State, where metrics related to equity, employability, and, above all, the efficiency of the
university system have been proposed.

The current negotiation has emphasized the need to reduce time-to-degree, which introduces a significant
tension between comprehensive education and the system’s efficiency demands. As highlighted in public
debate, university funding is increasingly linked to outcome- and performance-based indicators (El
Guardian CR, 2026), reflecting a transformation in expectations toward higher education.

However, attributing responsibility for graduation timelines exclusively to universities represents a
reductionist perspective, as the educational process responds to a broader trajectory that includes primary
and secondary education. In this regard, the issue should be addressed from a holistic perspective that
considers pedagogical, academic, and socio-educational factors.

Student retention and success in higher education constitute multifactorial phenomena that cannot be
attributed solely to institutional factors; rather, they emerge from the interaction between prior educational
trajectories and students’ economic, social, and academic conditions (Cabrera et al., 1993; Tinto, 1993;
Yorke & Longden, 2008; UNESCO, 2021).



Student dropout in higher education remains a persistent challenge, particularly in STEAM fields, where
academic demands tend to be higher. Within this context, constructivism stands out as a key pedagogical
approach by promoting student-centered, active, and meaningful learning.

Based on this, the present study aims to analyze the role of pedagogical practices—particularly from a
constructivist perspective—in student retention and graduation in STEAM programs.

2 Theoretical Framework

Teaching in STEAM programs is predominantly grounded in constructivist theory. From a critical
standpoint, Carretero (1997) conceptualizes constructivism as an ongoing, individual process of knowledge
construction rooted in both cognitive and social dimensions of behavior. Similarly, Trenas (2009) defines
it as the process through which individuals construct their understanding of how the world operates and,
pedagogically, how learning is developed. Furthermore, Benitez-Vargas (2023) characterizes
constructivism as an interactive process between teacher and student, wherein content is revisited to
promote meaningful learning.

2.1  Cognitive Constructivism

Piaget (1970) argues that knowledge is not merely a reflection of reality, but rather a construction of the
human mind—referred to as cognitive constructivism—where each individual reorganizes their cognitive
structures through interactions with the environment, thereby generating learning.

According to Piaget, intellectual development requires exposure to change—an unfamiliar event that
generates uncertainty and cognitive conflict—challenging existing paradigms and leading to the
development of new ideas or functional schemas.

Through his theory, Piaget emphasizes individual principles for knowledge construction via the concept
of equilibration, which conceptualizes intelligence as a sequence of states of disequilibrium and
equilibrium. Disequilibrium is triggered by external changes, whereas equilibrium represents the
individual’s activity in compensating for such disruptions, ultimately establishing a new cognitive balance
(Piaget, 1969).

Within his body of work, it is possible to identify key principles that must be implicit for the development
of meaningful learning, as illustrated in Figure 1.
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Figure 1. Key principles of constructivism according to Jean Piaget.

With reference to what is presented in Figure 1—Key principles of constructivism according to Jean
Piaget—it is necessary to describe their specific characteristics, as follows:

e  Uncertain scenario: The individual must be exposed to a situation different from what is familiar—
one that challenges them and generates cognitive conflict beyond routine contexts.

e Schema: When encountering a new experience, the organizational structures of thought are
reorganized.

e Assimilation: This is the process through which new information from the scenario is incorporated
into existing schemas, allowing for the organization and integration of new knowledge



e Equilibrium: A state of balance between prior and new knowledge, in which previous
understanding is harmonized with newly acquired knowledge, resolving disequilibrium and
achieving cognitive congruence.

Continuing within the framework of cognitive constructivism, David Ausubel highlights the
fundamental role of prior knowledge in the construction of new understanding, arguing that the teaching—
learning process must be grounded in the learner’s cognitive structure. In this regard, Ausubel states that
“the most important factor influencing learning is what the learner already knows. Ascertain this and teach
accordingly” (Ausubel, 1968, p. 6). This underscores the need to design pedagogical strategies that activate
and integrate prior knowledge, thereby promoting deep and lasting understanding through structured
instructional organization and pedagogical mediation.

2.2 Social Constructivism

Beyond the cognitive dimension, it is essential to incorporate the social dimension of constructivism as a
foundational basis for knowledge construction. Vygotsky (1978) posits that “human learning presupposes
a specific social nature and a process by which children grow into the intellectual life of those around them”
(p. 88), thereby emphasizing the inherently social character of learning processes.

A central concept within social constructivism is the zone of proximal development (ZPD), defined as
the distance between what a learner can accomplish independently and what can be achieved with the
guidance of a more knowledgeable other, such as a teacher or tutor. In this regard, Vygotsky (1978) asserts
that “what a child can do today with help, they will be able to do independently tomorrow” (p. 87),
highlighting the progressive nature of learning through guided interaction.

Furthermore, sociocultural constructivism conceptualizes learning as an inherently social and culturally
mediated process, in which cognitive development does not occur in isolation but emerges through
interaction with others within specific historical and social contexts. Consequently, the context in which
individuals operate plays a determining role in shaping their cognitive processes, behaviors, and forms of
socialization.

Moreover, Vygotsky (1986) argues that “the development of higher psychological processes occurs first
on the social level and then on the individual level” (p. 57). This perspective extends the primarily cognitive
focus proposed by Piaget by introducing a dual-level framework that integrates both social and individual
dimensions in the construction of knowledge, thereby reinforcing the need for a comprehensive
understanding of learning as a socially mediated process.

2.3  Sociocognitive Constructivism

Sociocognitive constructivism builds upon cognitive constructivism while evolving toward a sociocultural
perspective. One of its most prominent proponents is Jerome Bruner, who shares Piaget’s principle that
learning is actively constructed, particularly through processes of discovery.

Under this premise, Bruner (1960) posits that learning constitutes an active process in which learners
construct new ideas or concepts based on their prior knowledge. This perspective aligns closely with
Vygotsky’s theoretical framework, wherein knowledge is shaped through social and cultural experiences.

Furthermore, Bruner (1966) argues that instruction should be organized in such a way that content is
easily comprehensible for learners and structured to facilitate retention. In this regard, the teacher plays a
critical role in providing an initial framework for knowledge construction and progressively organizing the
complexity of learning tasks, thereby functioning as a guide within the pedagogical process.

The contributions of Piaget, Vygotsky, Ausubel, and Bruner collectively allow for the understanding of
constructivism as a broad and complementary theoretical framework. While Piaget focuses on internal
cognitive processes related to development, Vygotsky expands this view by incorporating social and
cultural interaction. Similarly, Ausubel emphasizes the foundational role of prior knowledge in meaningful
learning, moving beyond an exclusive reliance on discovery. Finally, Bruner integrates these perspectives
by proposing guided instruction that articulates both individual and social dimensions through scaffolding.

Taken together, these perspectives complement and enrich one another in a holistic manner, providing a
robust theoretical foundation for understanding learning as an active, contextualized, and mediated
process—particularly relevant in contemporary educational environments.



2.4  Pedagogical Mediation

According to Mejia (2020), pedagogical mediation is conceived as an intentional process in which the
teacher creates the conditions for students to construct knowledge in a critical, contextualized, and
meaningful manner. This perspective is directly aligned with Coll (2001), who reinforces the guiding role
of the teacher in shaping learning experiences.

Linking the concept of pedagogical mediation to constructivism, based on the theoretical perspectives
previously discussed in this study, several key principles emerge. These include educational intentionality,
whereby the teacher deliberately plans learning scenarios with specific objectives; scaffolding, in which
the teacher supports the initial stages of knowledge construction and gradually withdraws assistance; the
zone of proximal development, social interaction, and contextualization, through which learning is
connected to the individual’s environment, social interactions, and the level of support received.

Beyond the defining characteristics of pedagogical mediation within the constructivist framework, a set
of functions can also be identified in relation to the roles of both teachers and students within the teaching—
learning process (Bruner, 1960; Vygotsky, 1978; Bruning et al., 1999; Diaz Barriga, 2002; Sesento Garcia,
2017), as illustrated in Figure 2.

Teacher Role (Mediator) Student Role (Learner)

Guides the learning process Active participation
Designs challenging learning scenarios  Meaningful learning
Promotes critical thinking Collaborates
Stimulates metacognition Reflects

Figure 2. Role of the teacher and the student in constructivist pedagogical mediation.



As illustrated in Figure 2—Role of the teacher and the student in constructivist pedagogical mediation—
effective pedagogical mediation requires a harmonization of the functions performed by each actor,
resulting in learning environments that enable meaningful learning for individuals within their specific
contexts.

This form of pedagogical mediation highlights significant contributions of constructivism in addressing
contemporary social and educational challenges, particularly in the following aspects:

e Emphasis on meaningful learning: Rather than focusing on information retention or memorization,
constructivist mediation prioritizes the understanding and application of knowledge through
critical thinking and contextual problem analysis.

e Inclusive education: Learning is adapted to the individual’s pace and context, recognizing that
knowledge construction is mediated through interaction, thereby fostering more collaborative
practices.

e [ earner adaptability: Meaningful learning enables individuals to apply knowledge in dynamic and
changing environments, as constructivism promotes key competencies such as autonomy and
metacognition.

e Humanistic orientation: Constructivism places the learner at the center of the educational process,
ultimately contributing to the development of reflective professionals.

In summary, these elements support the understanding of constructivism not merely as a theory of
learning, but as a relevant response to current social and educational challenges. Its approach provides a
robust framework for addressing contemporary demands in a comprehensive manner, recognizing that
learning involves far more than the acquisition of content—it entails the integration of knowledge with
context, experience, and social interaction.

Finally, within the context of STEAM programs, pedagogical mediation becomes particularly relevant
due to its practical orientation, student-centered focus, and emphasis on meaningful learning, all of which
contribute positively to the development of skills and knowledge in learners.

3 Methodology

3.1  Research Design

As a methodological approach, this study adopts the Systematic Mapping Study (SMS), a strategy aimed
at comprehensively organizing a research field through the identification, classification, and analysis of
existing scientific evidence (Petersen et al., 2015). Unlike traditional systematic reviews, which address
specific research questions, SMS provides a broader overview of the available body of knowledge.

Within the context of this study, the SMS approach is employed to analyze constructivism and its
relationship with student retention in higher education, with a particular emphasis on STEAM programs.
This approach allows for a comprehensive examination of its pedagogical implications as well as the
identification of existing gaps within the field.

3.2  Research Questions

To guide the mapping process, the following research questions were defined:

RQ1. What are the most commonly applied constructivist principles in higher education, and which authors
support their pedagogical use?

RQ2. What constructivist-based pedagogical mediation strategies are reported in higher education studies?

RQ3. What empirical evidence exists regarding the relationship between constructivist practices and
student retention or dropout?

RQ4. What contextual, institutional, or teaching-related factors influence the effectiveness of
constructivism in higher education environments?

RQS5. How does constructivist pedagogical mediation influence student retention in STEAM programs
within Costa Rican higher education?



3.3  Search Strategy

The search strategy was designed to gather relevant scientific evidence on the critical examination of
constructivism in higher education and student retention in STEAM programs. To identify pertinent studies,
a search string based on keywords and Boolean operators was defined as follows: ("constructivismo" OR
"constructivism") AND ("educacion superior" OR "higher education") AND ("permanencia estudiantil”
OR "student retention" OR "desercion" OR "dropout") AND ("mediacion pedagogica" OR "pedagogical
mediation" OR "aprendizaje activo" OR "active learning"), with searches conducted between April 1 and
April 12, 2026.

The bibliographic search was carried out across multiple information sources. Scopus and Web of
Science were used to ensure coverage of high-impact global literature; IEEE Xplore was included for
specialized technical content; ScienceDirect was used to expand access to high-impact full-text articles;
and Dialnet was incorporated to provide a regional perspective on the topic. Additionally, Google Scholar
was used as an initial exploratory support tool.

Search terms were applied in both Spanish and English to broaden the scope of the results. The selected
time frame included publications from 2015 to 2026, with the aim of capturing both well-established
theoretical developments and the most recent trends in the field.

3.4 Inclusion and exclusion criteria

To ensure the quality and relevance of the selected studies, the following criteria were applied:

Inclusion criteria: a) Peer-reviewed journal articles and conference proceedings; b) empirical studies,
systematic literature reviews, or Latin American studies related to the defined search strings; c¢) studies
focused on constructivism applied to higher education; d) research addressing pedagogical mediation,
active learning, or student retention; e) availability of full-text access; f) publications in Spanish or English.

Exclusion criteria: a) Duplicate studies across databases; b) opinion-based publications lacking empirical
or theoretical support; ¢) studies focused on primary or secondary education without explicit connection to
higher education; d) research addressing constructivism only tangentially or without analytical depth; e)
publications outside the 2015-2026 time frame.

3.5 Data Extraction

For each selected study, structured information was extracted. To facilitate comparative analysis, specific
extraction criteria were established. The main data extracted included:
e  Author(s) and year of publication
Title of the article or conference paper
Database source
Type of study
Country of the study
Main contribution related to student retention or reported pedagogical mediation strategy
e  Access link
These criteria enabled the systematic organization of the evidence and supported the process of addressing
the defined research questions.

3.6  Study Classification Framework

The study selection process followed the PRISMA guidelines. In accordance with the methodological
guidelines proposed by Kitchenham (2004) and Petersen et al. (2015) for conducting systematic mapping
studies, the process was structured into three phases: planning, execution, and reporting of results. During
the planning phase, the research gap was identified, the research questions were defined, and the search
strategy was designed, including the specification of inclusion and exclusion criteria.

During the execution phase, the search for studies was conducted. First, duplicate records across the
selected databases were removed. Subsequently, titles and abstracts were reviewed to exclude studies that
were not relevant to the research. Finally, full-text screening was carried out to further refine the selection
of studies.In the results phase, the selected studies were classified according to the established criteria.



Following the methodological recommendations of Kitchenham (2004), Kitchenham et al. (2010), and
Petersen et al. (2015), the process yielded the following results:

1. The initial search identified 176 potential studies, of which 38 were removed as duplicates across
databases, leaving 138 studies for further analysis.

2. From these 138 studies, titles, abstracts, and keywords were reviewed, and additional exclusion
criteria were applied (e.g., lack of full-text access, publication year outside the defined range, non-
verifiable links, opinion-based articles, or non-representative samples), resulting in the exclusion
of 95 studies, leaving 43 studies.

3. A full-text review of the remaining 43 studies was conducted, leading to the exclusion of those
not focused on higher education or lacking alignment with the inclusion criteria. As a result, 14
studies were excluded, yielding a final sample of 29 studies included in the systematic mapping
study.

4 Results

Overall, a total of 29 studies selected through the PRISMA protocol were analyzed. These studies were
classified according to their methodological approach and their main findings related to constructivism,
higher education, student retention, and STEAM education.
Table 1 (Appendix 1) summarizes the classification of the studies based on the defined criteria and search
strings, serving as the foundation for addressing the research questions. Additionally, detailed information
on the selected studies is provided to facilitate verification.

4.1 Main Constructivist Principles in Higher Education (RQ1)

The collected evidence highlights the constructivist principles that account for the majority of documented
pedagogical applications in higher education: active learning (10 studies, 34.5%), social interaction (8
studies, 27.6%), and self-regulated learning (4 studies, 13.8%). These principles do not operate in isolation;
rather, they are integrated into pedagogical practices that position the student as the central agent in the
learning process.

Active learning emerges as the most prominent principle in the literature. Students who engage in active
learning environments achieve measurably higher learning outcomes compared to those in traditional
lecture-based settings, even when their initial subjective perceptions favor traditional instruction. This
finding reveals a gap between perceived learning and actual learning outcomes (Deslauriers et al., 2019).
At a broader scale, however, active instruction remains a minority practice in STEAM classrooms in North
America, highlighting a persistent tension between available evidence and its effective implementation
(Stains et al., 2018).

Self-regulated learning (SRL) appears as the second most frequently documented principle. In digital
environments, SRL is positioned as a transversal component of contemporary constructivism (Faza &
Lestari, 2025). Training programs focused on self-regulation have been shown to improve academic
performance, learning strategies, and motivation in higher education, with an effect size of g = 0.37
(Theobald, 2021). Additionally, structured scaffolding that is progressively withdrawn significantly
enhances metacognition and student performance, in alignment with Bruner’s (1966) concept of scaffolding
and Vygotsky’s (1978) zone of proximal development (Shao et al., 2023).

Social interaction, as a core constructivist principle, is supported by empirical evidence in face-to-face
learning contexts, where inquiry-based communities grounded in peer interaction enhance student
engagement (Ariati et al., 2023). Likewise, students’ perceptions of constructivist approaches are positively
associated with the development of critical thinking and autonomy, both of which derive from socially
mediated interaction (Doan et al., 2025).

Taken together, the literature supports these three principles as the operational foundations of
constructivism in higher education—particularly within STEAM programs—and establishes a robust
empirical basis for analyzing their implementation through specific pedagogical mediation strategies.

4.2  Constructivist-Based Pedagogical Mediation Strategies (RQ2)

The review identified a set of constructivist-based pedagogical mediation strategies present in the higher
education literature. The categorized strategies include active methodologies, interactive technological



environments, and collaborative dynamics. Within these categories, approaches such as project-based
learning (PjBL/PBL), design thinking, gamification, and academic tutoring are reported. These strategies
are systematically presented in Table 1, noting that the categories are not mutually exclusive.

Table 1. Constructivist-based pedagogical mediation strategies.

Strategy Number of Studies Percentage Representation
Active methodologies 5 17.24%
Intelractlve technological 4 13.79%
environments
Collaborative dynamics 9 31.03%
Other uncategorized strategies 11 37.92%

Within the domain of active methodologies, the implementation of social constructivism in engineering
programs has been shown to improve both academic performance and student retention rates by fostering
environments in which learners collaboratively construct knowledge within the zone of proximal
development (Khalid et al., 2023). Similarly, student engagement—closely associated with collaborative
learning—has been identified as the most robust predictor of university retention in Southeast Asian
contexts (Immanuella et al., 2023).

Collaborative dynamics as a pedagogical mediation strategy are supported by empirical evidence across
multiple contexts. Constructivist problem-based learning (PBL) has been shown to enhance both
entrepreneurial competencies and academic performance in higher education students (Wiyono et al.,
2025). Likewise, the integration of design thinking with constructivist approaches has been associated with
improvements in student motivation and the ability to solve complex problems (Tsai et al., 2023).
Furthermore, design thinking as a constructivist pedagogical mediation strategy promotes creativity and
knowledge transfer from a multinational perspective (Guaman-Quintanilla et al., 2022).

Regarding the use of interactive technological environments, technology-mediated constructivist
settings have been found to generate higher levels of motivation and more effective learning strategies (Do
et al., 2023). Gamification, when aligned with constructivist active learning approaches, enhances content
retention and student engagement in higher education (James et al., 2024). Additionally, active learning in
technology-enhanced environments significantly reduces academic anxiety and fosters positive attitudes
toward learning, thereby functioning as an additional mediating factor between pedagogical strategies and
student retention (Rezai et al., 2025).

A cross-cutting finding is that none of these strategies operates effectively in the absence of intentional
pedagogical mediation. This reinforces the role of the teacher as a facilitator and scaffolder within
constructivist pedagogical mediation (Mejia, 2020).

4.3  Constructivist Practices and Student Retention (RQ3)

The reviewed evidence is largely convergent, albeit heterogeneous: approximately half of the studies
(44.8%) report direct effects on student retention, while a similar proportion (41.4%) report indirect effects
through variables associated with dropout. The remaining studies focus on dropout or do not provide
explicit evidence regarding retention.

The analyzed studies indicate that active learning reduces achievement gaps among underrepresented
groups and decreases failure rates in STEAM programs—both factors directly associated with student
dropout—as demonstrated in a meta-analysis involving 44,000 students (Theobald et al., 2020).
Additionally, constructivist pedagogical practices implemented by instructors in engineering courses have
been shown to significantly increase student retention within programs (Hempel et al., 2020).

Inclusive pedagogy derived from constructivism emerges as a direct strategy for addressing retention
challenges in university STEAM programs, as it accommodates the diversity of student trajectories,
learning paces, and contextual conditions (Lagrimas & Buenaventura, 2023; Jackson-Summers et al.,
2024).

Conversely, non-active pedagogical methods have been identified as one of the institutional factors most
strongly associated with university dropout between 2020 and 2024, aligning with the literature that
critiques the predominance of traditional teaching approaches (Quincho Apumayta et al., 2024). In the Latin



American context, a strong correlation has been observed between perceived educational quality—
including the quality of pedagogical mediation—and student retention in technological institutes (Nufiez-
Silva et al., 2025). Furthermore, the gap between traditional teaching practices and contemporary
educational demands has been identified as a primary driver of student attrition in Latin American
universities (Salgado Medina et al., 2024).

Overall, the majority of the studies reveal a consistent trend: constructivist practices are associated with
lower levels of student dropout, particularly when combined with teacher support, social interaction, and
student self-regulation.

4.4  Effectiveness of Constructivism in Higher Education (RQ4)

The effectiveness of constructivism in higher education is neither uniform nor automatic; rather, its impact
is conditioned by a set of factors that the literature organizes across three levels: institutional, teaching, and
student-related.

At the institutional level, educational infrastructure, teaching quality, and accreditation processes are
identified as key pillars that determine whether the minimum conditions for a constructivist pedagogy are
present, particularly within the Latin American context (Alcaraz, 2025). Additionally, the social dimension
of institutions—understood as the set of equity policies and student support mechanisms—is crucial in
enabling students to access, persist in, and complete their studies (Iriarte et al., 2019).

At the teaching level, there is a positive and statistically significant association between teacher self-
efficacy and student academic performance, positioning teachers’ confidence and pedagogical competence
as primary mediating factors (Ma et al., 2025). Teacher training grounded in constructivism and reflective
practice is a necessary condition for the effective implementation of active learning environments (Lalor et
al., 2015). Furthermore, tutoring, mentoring, and personalized academic support have been empirically
shown to reduce student dropout rates (Ziadet Bermtdez et al., 2025).

At the student level, academic interaction with teachers and peers emerges as the individual factor most
strongly associated with academic success and student retention, particularly among underrepresented
populations (Crisp et al., 2015). Additionally, self-regulated learning, enhanced by structured constructivist
environments, is identified as the most robust predictor of academic performance in contemporary higher
education students (Faza & Lestari, 2025).

A contradictory trend emerges regarding implementation: despite the strong body of evidence supporting
constructivist approaches, most university instructors in STEAM disciplines continue to rely on traditional
lecture-based teaching. This indicates that the gap between pedagogical evidence and teaching practice
constitutes a significant and systemic institutional barrier (Stains et al., 2018).

To synthesize the main factors influencing the effectiveness of constructivism in higher education, Table
2 categorizes the reviewed studies according to key dimensions identified in the literature, this classification
enables a clearer understanding of how different variables contribute to the successful implementation of
constructivist approaches across institutional, teaching, and student-related levels.

Table 2. Effectiveness of constructivism in higher education.

Core Dimension Number of Studies Percentage Representation
Student motivation 4 13.8%
Equity and inclusion 4 13.8%
Engagement 3 10.3%
Student contextual factors 3 10.3%

As shown in Table 2, a proportion of the studies indicate that the factors associated with the effectiveness
of the constructivist approach are concentrated in four main dimensions: motivation, equity/inclusion,
engagement, and student contextual conditions.

4.5 Constructivism and Student Retention in STEAM Programs in Costa Rica (RQS5)

This research question represents the most specific focus of the study and, simultaneously, the most
significant gap in the literature identified through the review. No direct evidence was found to address this



question within the Costa Rican context; therefore, the response is partial and formulated as a theoretically
grounded inference based on international evidence, rather than as a local empirical finding.

No studies were identified that simultaneously and directly address constructivist pedagogical mediation,
STEAM programs, and student retention within the Costa Rican context. The only national study included
in the systematic mapping study analyzes factors associated with university dropout in Costa Rica using a
multinomial predictive model; however, it does not focus on constructivist pedagogical strategies nor is it
restricted to the STEAM domain (Fernandez-Martin et al., 2019).

This absence does not invalidate the relevance of the research question; rather, it justifies a cautious
extrapolation from international evidence. The impact of active learning on reducing achievement gaps in
STEAM (Theobald et al.,, 2020), the improvement of retention through constructivist practices in
engineering programs (Khalid et al., 2023; Hempel et al., 2020), the role of teacher support as a key
mediating factor (Ma et al., 2025), and the determinants of student retention in Latin American contexts
(Nufiez-Silva et al., 2025; Salgado Medina et al., 2024) collectively constitute a convergent body of
evidence. This allows for a theoretically grounded inference that constructivist pedagogical mediation has
the potential to positively influence student retention in STEAM programs. Consequently, future research
should aim to empirically validate this hypothesis within the Costa Rican context.

Table 3. Evidence map of the systematic mapping study.

Dimension Category Number of Studies Percentage
Constructivist principles Active learning 10 34.5%
(RQI)

Social interaction 8 27.6%
Self-regulation 4 13.8%
Others 7 24.1%
Pedagogical mediation Collaborative 9 31%
strategies (RQ2) dynamics
Active 5 17.2%
methodologies
Technological 4 13.8%
environments
Others 11 37.9%
Effectiveness factors Motivation 4 13.8%
(RQ3)
Inclusion 4 13.8%
Engagement 3 10.3%
Student context 3 10.3%
Geographic context Costa Rica 1 3.4%
(RQ5)
International 28 96.6%

Table 3 systematizes the evidence map of the study, illustrating the distribution of the analyzed articles
across the main dimensions. A concentration is observed in constructivist principles—particularly active
learning and social interaction—as well as a predominance of international studies compared to the limited
evidence available in the Costa Rican context.

5 Discussion

The findings of this study indicate that pedagogical practices grounded in constructivism—particularly
active learning, social interaction, and self-regulated learning—are associated with improved academic
outcomes and more favorable conditions for student retention in higher education.

Active learning emerges as the most prominent approach identified in this study, aligning with existing
literature that challenges the predominance of traditional teaching methods in STEAM disciplines.



However, a significant gap in its implementation is observed, suggesting that the primary challenge for
educators lies not in the theoretical understanding of constructivist principles, but rather in their practical
application within the classroom. This finding is consistent with previous studies that position active
learning as a central driver in the transformation of higher education teaching practices.

Furthermore, the relationship between constructivism and student retention is not always direct. In many
studies, its impact is mediated through intermediate variables such as motivation, academic performance,
and student engagement, indicating that retention should be understood as a multifactorial phenomenon.

Similarly, the effectiveness of the constructivist approach depends on a range of factors, including
teacher training, institutional context, and student conditions. In this regard, the role of the teacher as a
mediator is fundamental for ensuring the effective implementation of these pedagogical strategies.

Finally, the absence of studies directly addressing this relationship within the Costa Rican context
highlights a significant gap in the literature. This not only reinforces the relevance of the present study but
also underscores the need for the development of empirical research at the local level, particularly within
STEAM programs.

6 Conclusions

This study provides a comprehensive overview of how constructivism has been applied in higher education

and its relationship with student retention, with a particular focus on STEAM programs.

Based on the analysis of the 29 selected studies, a consistent trend emerges: when learning is student-

centered, promotes active participation, and strengthens interaction, both academic outcomes and student

retention tend to improve.

In relation to the research questions, the following conclusions can be drawn:

(i) The most recurrent constructivist principles in higher education are active learning, social interaction,
and self-regulated learning, which are integrated into student-centered pedagogical practices;

(i1) The most frequently reported pedagogical mediation strategies include active methodologies, interactive
technological environments, and collaborative dynamics, among which problem/project-based learning,
design thinking, and gamification stand out;

(ii1) There is convergent—albeit heterogeneous—empirical evidence linking constructivist practices to
student retention, both directly and indirectly through variables such as academic performance,
motivation, and engagement;

(iv) The effectiveness of constructivism depends on institutional, teaching, and student-related factors, with
motivation, inclusion, engagement, and the quality of pedagogical mediation being particularly relevant;

(v) The absence of studies directly addressing the relationship between constructivist pedagogical
mediation, student retention, and STEAM programs in Costa Rica represents a clear opportunity for the
development of applied research within the national context.

Overall, this study contributes to a deeper understanding of the role of constructivism in higher education
within STEAM programs, suggesting that strengthening this approach may represent a robust alternative
for addressing student retention challenges.

Finally, future research should focus on conducting empirical studies that directly examine these
phenomena within the Costa Rican context—particularly in STEAM programs—by integrating
pedagogical, institutional, and social factors that influence student retention.

Author Contributions

The authors contributed to the development of this study as follows: theoretical framework development,
methodological design, systematic investigation, source verification, and manuscript writing.

Conflict of Interest

The authors declare that there are no conflicts of interest related to this research.



Statement on the Use of Artificial Intelligence and AlI-Assisted Technologies

During the preparation of this work, the authors used ChatGPT to enhance the language quality and
readability of the manuscript, as well as Gemini and Perplexity for exploratory analysis. Following the use
of these tools, the authors reviewed, analyzed, and edited the content, thereby assuming full responsibility
for the accuracy and integrity of the information presented in this publication. Al tools were used
exclusively for language refinement and exploratory support, without generating original scientific content
or influencing the study’s results.

References

Alcaraz, A. J. (2025). Evaluacion Institucional en el contexto Universitario en América Latina, ultima década. LATAM
Revista Latinoamericana De Ciencias Sociales Y Humanidades, 6(1), 3437-3454.
https://doi.org/10.56712/latam.v6i1.3583

Ariati, J., Pham, T., & Vogler, J. S. (2023). Constructivist learning environments: Validating the community of inquiry
survey for face-to-face contexts. Active Learning in Higher Education, 26(1), 41-57.
https://doi.org/10.1177/14697874231183642

Ausubel, D. P. (1968). Educational psychology: A cognitive view. Holt, Rinchart and Winston.

Benitez-Vargas, B. (2023). El constructivismo. Con-Ciencia Boletin Cientifico, 10(19), 65-66.

Bruner, J. S. (1960). The process of education. Harvard University Press.

Bruner, J. S. (1966). Toward a theory of instruction. Harvard University Press.

Bruning, R., Schraw, G., & Ronning, R. (1999). Cognitive psychology and instruction. Prentice Hall.

Cabrera, A. F., Nora, A., & Castaiieda, M. B. (1993). College persistence: Structural equations modeling test of an
integrated model of student retention. The Journal of Higher Education, 64(2), 123-139.
https://doi.org/10.1080/00221546.1993.11778419

Carretero, M. (1997). ;Qué es el constructivismo? Progreso.

Crisp, G., Taggart, A., & Nora, A. (2015). Undergraduate Latina/o Students. Review of Educational Research, 85(2),
249-274. https://doi.org/10.3102/0034654314551064

Coll, C. (2001). Constructivismo y educacion: la concepcion constructivista de la enseflanza y del aprendizaje. En C.
Coll, J. Palacios y A. Marchesi (Eds.), Desarrollo psicologico y educacion II (pp. 157—188). Alianza Editorial.

Deslauriers, L., McCarty, L. S., Miller, K., Callaghan, K., & Kestin, G. (2019). Measuring actual learning versus feeling
of learning in response to being actively engaged in the classroom. Proceedings of the National Academy of
Sciences, 116(39), 19251-19257. https://doi.org/10.1073/pnas.1821936116

Diaz Barriga, F. (2002). Aportaciones de las perspectivas constructivista y reflexiva en la formacion docente. Perfiles
Educativos, 24(97-98), 6-25.

Do, H., Ngoc, B., & Nguyen, M. H. (2023). How do constructivism learning environments generate better motivation
and  learning  strategies? The  Design Science  Approach. Heliyon, 9(12), €22862.
https://doi.org/10.1016/j.heliyon.2023.22862

Doan, C. T., Van Vu, T., & Nguyen, A. N. (2025). University students’ perceptions on developing constructivist
learning approach in classroom settings. International Journal of Evaluation and Research in Education (IJERE),
14(6), 4264. https://doi.org/10.11591/ijere.v14i6.35117

El Guardian CR. (2026). Gobierno condiciona el FEES 2027 a resultados, equidad y empleabilidad.
https://elguardian.cr/gobierno-fees-2027-resultados-equidad-empleabilidad/

Faza, A., & Lestari, 1. A. (2025). Self-Regulated Learning in the Digital Age: A Systematic Review of Strategies,
Technologies, Benefits, and Challenges. The International Review of Research in Open and Distributed Learning,
26(2), 23-58. https://doi.org/10.19173/irrodl.v26i2.8119

Fernandez-Martin, T., Solis-Salazar, M., Hernandez-Jiménez, M. T., & Moreira-Mora, T. E. (2019). A Multinomial
and Predictive Analysis of Factors Associated with University Dropout. Revista Electronica Educare, 23(1), 1-25.
https://doi.org/10.15359/ree.23-1.5

Guaman-Quintanilla, S., Everaert, P., Chiluiza, K., & Valcke, M. (2022). Impact of design thinking in higher education:
a multi-actor perspective on problem solving and creativity. International Journal of Technology and Design
Education, 33(1), 217-240. https://doi.org/10.1007/s10798-021-09724-z

Hempel, B., Kiehlbaugh, K., & Blowers, P. (2020). Scalable and practical teaching practices faculty can deploy to
increase retention: A faculty cookbook for increasing student success. Education for Chemical Engineers, 33, 45—
65. https://doi.org/10.1016/j.ece.2020.07.004

Immanuella, B., Kurniawati, F., & Rifameutia, T. (2023). Student Engagement Among Undergraduate Students in
Southeast Asia: Systematic Literature Review. Journal of Innovation in Educational and Cultural Research, 4(4),
602-615. https://doi.org/10.46843/jiecr.v4i4.961



Iriarte, C. R., Morales, R., Cruz, L., Malta, J., Paz, C., Medina, M., Castro, O., & Tamashiro, R. (2019). La dimension
social en la educacion superior para las instituciones formadoras de docentes: una mirada desde Latinoamérica.
Revista de Sociologia de la Educacion-RASE, 12(2), 237-257. https://doi.org/10.7203/RASE.12.2.14751

Jackson-Summers, A. G., Mrakovcich, K. L., Gray, J. P., Fleischmann, C. M., Emami, T., & Page, E. J. (2024). A
systematic review of inclusive pedagogical research using the CIRTL inclusive pedagogy framework: Multi-
disciplinary and STEM perspectives, current trends and a research agenda. Discover Education, 3, 30.
https://doi.org/10.1007/s44217-024-00093-y

James, W., Oates, G., & Schonfeldt, N. (2024). Improving retention while enhancing student engagement and learning
outcomes  using  gamified mobile  technology.  Accounting  Education,  34(3), 366-386.
https://doi.org/10.1080/09639284.2024.2326009

Khalid, A., Kazim, T., Diaz, K. R. V., & Igbal, J. (2023). Breaking barriers in higher education: Implementation of
cost-effective social constructivism in engineering education. International Journal of Mechanical Engineering
Education. https://doi.org/10.1177/03064190231218123

Kitchenham, B. (2004). Procedures for Performing Systematic Reviews, Version 1.0. Empirical Software Engineering,
33(2004), 1-26.

Kitchenham, B., Pretorius, R., Budgen, D., Brereton, O. P., Turner, M., Niazi, M., & Linkman, S. (2010). Systematic
literature reviews in software engineering - A tertiary study. Information and Software Technology, 52(8), 792—805.
https://doi.org/10.1016/j.infso0f.2010.03.006

Lagrimas, E., & Buenaventura, V. (2023). The mediating effect of constructivist learning environment on the
relationship between school culture and student engagement in technology and livelihood education. European
Journal of Education Studies, 10(1). http://dx.doi.org/10.46827/ejes.v10i1.4620

Lalor, J., Lorenzi, F., & Rami, J. (2015). Developing Professional Competence through Assessment: Constructivist and
Reflective  Practice in  Teacher-Training. Eurasian Journal of Educational Research, 15(58).
https://doi.org/10.14689/¢jer.2015.58.6

Ma, K., Cavanagh, M., Zhang, J., & Chutiyami, M. (2025). The association between teacher self-efficacy and student
academic performance: A systematic review and meta-analysis. Educational Research Review, 48, 100701.
https://doi.org/10.1016/j.edurev.2025.100701

Mejia, M. R. (2020). Educacion y pedagogias criticas desde el sur. Ediciones Desde Abajo.

Nuiiez Silva, G. B. (2025). Determinantes de la permanencia en Institutos Tecnoldgicos de la zona Norte de Ecuador:
Un analisis multifactorial desde la perspectiva de la calidad educativa. Revista Latinoamericana De Calidad
Educativa, 2(2), 60-71. https://doi.org/10.70625/rlce/162

Petersen, K., Vakkalanka, S., & Kuzniarz, L. (2015). Guidelines for conducting systematic mapping studies in software
engineering: An update. Information and Software Technology, 64, 1-18.
https://doi.org/10.1016/j.infs0f.2015.03.007

Piaget, J. (1969). Psicologia y pedagogia. Ariel.

Piaget, J. (1970). Psychology and epistemology. Penguin Books.

Quincho Apumayta, R., Carrillo Cayllahua, J., Ccencho Pari, A., Inga Choque, V., Cardenas Valverde, J. C., & Huaman
Ataypoma, D. (2024). University Dropout: A Systematic Review of the Main Determinant Factors (2020-2024).
F1000Research, 13, 942. https://doi.org/10.12688/f1000research.154263.2

Rezai, A., Ahmadi, R., Ashkani, P., & Hosseini, G. H. (2025). Implementing active learning approach to promote
motivation, reduce anxiety, and shape positive attitudes: A case study of EFL learners. Acta Psychologica, 253,
104704. https://doi.org/10.1016/j.actpsy.2025.104704

Salgado Medina, A., Lopez, A. L., Rubio Cervantes, M. A., Reyna, E., Ortega, K. M., Anota, R., Legarreta, N., Holguin,
D. V., & Loera-Valencia, R. (2024). Enhancing global competencies: Exploring the impact of collaborative online
international learning (COIL) on student well-being and academic development in Latin American universities. En
Proceedings of the 16th International Conference on Education Technology and Computers (ICETC 2024) (pp. 454—
461). ACM. https://dl.acm.org/doi/10.1145/3702163.3702455

Sesento Garcia, L. (2017). El constructivismo y su aplicacion en el aula. Revista Atlante.

Shao, J., Chen, Y., Wei, X., Li, X., & Li, Y. (2023). Effects of regulated learning scaffolding on regulation strategies
and academic  performance: A  meta-analysis.  Frontiers in  Psychology, 14, 1110086.
https://doi.org/10.3389/fpsyg.2023.1110086

Stains, M., Harshman, J., Barker, M. K., Chasteen, S. V., Cole, R., DeChenne-Peters, S. E., Eagan, M. K., Jr., Esson,
J. M., Knight, J. K., Laski, F. A., Levis-Fitzgerald, M., Lee, C. J., Lo, S. M., McDonnell, L. M., McKay, T. A.,
Michelotti, N., Musgrove, A., Palmer, M. S., Plank, K. M., ... Young, A. M. (2018). Anatomy of STEM teaching in
North American universities. Science, 359(6383), 1468—1470. https://doi.org/10.1126/science.aap8892

Theobald, E. J., Hill, M. J,, Tran, E., Agrawal, S., Arroyo, E. N., Behling, S., Chambwe, N., Cintrén, D. L., Cooper, J.
D., Dunster, G., Grummer, J. A., Hennessey, K., Hsiao, J., Iranon, N., Jones, L., Jordt, H., Keller, M., Lacey, M. E.,
Littlefield, C. E., ... Freeman, S. (2020). Active learning narrows achievement gaps for underrepresented students
in undergraduate science, technology, engineering, and math. Proceedings of the National Academy of Sciences,
117(12), 6476—6483. https://doi.org/10.1073/pnas. 1916903117


https://doi.org/10.7203/RASE.12.2.14751
https://doi.org/10.1007/s44217-024-00093-y
https://dl.acm.org/doi/10.1145/3702163.3702455
https://doi.org/10.1126/science.aap8892
https://doi.org/10.1073/pnas.1916903117

Theobald, M. (2021). Self-regulated learning training programs enhance university students’ academic performance,
self-regulated learning strategies, and motivation: A meta-analysis. Contemporary Educational Psychology, 66,
101976. https://doi.org/10.1016/j.cedpsych.2021.101976

Tinto, V. (1993). Leaving college: Rethinking the causes and cures of student attrition (2nd ed.). University of Chicago
Press.

Trenas, F. R. (2009). Aprendizaje significativo y constructivismo. Temas para la Educacion, 8, 56—60.

Tsai, C., Song, M. W., Lo, Y., & Lo, C. (2023). Design thinking with constructivist learning increases the learning
motivation and wicked problem-solving capability—An empirical research in Taiwan. Thinking Skills and
Creativity, 50, 101385. https://doi.org/10.1016/j.tsc.2023.101385

UNESCO. (2021). Reimaginar juntos nuestros futuros: Un nuevo contrato social para la educacion. Organizacion de
las Naciones Unidas para la Educacién, la Ciencia y la Cultura.

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard University Press.

Vygotsky, L. S. (1986). Thought and language. MIT Press.

Wiyono, B. B., Imron, A., Sumarsono, R. B., Musa, K., & Saat, R. B. M. (2025). The effect of constructivist learning
and project-based learning model on students’ entrepreneurial competence in higher education. Cogent Education,
12(1). https://doi.org/10.1080/2331186x.2025.2557606

Yorke, M., & Longden, B. (2008). The first-year experience of higher education in the UK. Higher Education Academy.

Ziadet Bermudez, E. 1., Illapa Caizaguano, M. C., Garcia Rodriguez, G. C., & Merchan Loor, V. M. (2025). La
evolucion del educador: Competencias clave para un mundo en constante cambio. Conexioén Cientifica Revista
Internacional, 2(2), 1-14. https://sapiensjournal.ec/index.php/ccri/article/view/295



