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Abstract:

This paper reviews literature and proposes an innovative learning model integrating ethnoscience, Problem-based Learning (PBL), and virtual technology to
enhance students’ critical thinking (CT) skills. Ethnoscience provides a culturally relevant context, making scientific concepts more relatable, while PBL
engages students in active problem-solving. Virtual technology further amplifies these methods by offering interactive environments that enable students to
visualize abstract concepts and improve analytical reasoning. Using the PRISMA methodology based on SCOPUS database, 56 studies were reviewed to
examine the potential of these three approaches. The findings suggest that individually, ethnoscience, PBL, and virtual technology contribute to CT
development, but their integration offers a more comprehensive framework. The proposed Ethnoscience-PBL model with virtual simulations embeddedl
throughout. This model not only supports the development of CT but also prepares students to solve real-world problems through a combination of cultural

context and advanced technological tools.
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Abstract — This paper reviews literature and
proposes an innovative learning model integrating
ethnoscience, Problem-based Learning (PBL), and
virtual technology to enhance students' critical thinking
(CT) skills. Ethnoscience provides a culturally relevant
context, making scientific concepts more relatable,
while PBL engages students in active problem-solving.
Virtual technology further amplifies these methods by
offering interactive environments that enable students
to visualize abstract concepts and improve analytical
reasoning. Using the PRISMA methodology based on
SCOPUS database, 56 studies were reviewed to examine
the potential of these three approaches. The findings
suggest that individually, ethnoscience, PBL, and
virtual technology contribute to CT development, but
their integration offers a more comprehensive
framework. The proposed Ethnoscience-PBL model
with virtual simulations embedded throughout. This
model not only supports the development of CT but also
prepares students to solve real-world problems through
a combination of cultural context and advanced
technological tools.
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1. Introduction

Training critical thinking (CT) skills in university
students is essential as one of the educational goals in
Indonesia. In modern higher education systems, CT is
recognized as a competency that supports students'
professional abilities in the future [1]. CT is part of
higher-order thinking, which is a primary focus of
21st-century education. This skill also serves as a
strong indicator of higher-order thinking processes. In
education, it has been studied that CT skills improve
academic performance [2] and equip learners to
handle complex situations and solve problems
effectively [3], [4]. Stimulating CT skills during the
learning process can encourage learners to build new
knowledge [5]. CT is one of the desired skills as a
result of the learning process in science education [6].

CT skills have long been a parameter of the success
of education systems in various countries and are a
core competency for graduates in the curriculum of
developed countries. Currently, Indonesia also places
CT as an integrated part of curriculum achievement at
all levels of education, including higher education,
with one of its focuses on science learning and
education [7]. For this reason, every learning effort
must be oriented toward improving students' CT
performance. However, this is not easy, as training in
CT remains a challenge [8], mainly due to the lack of
intervention through the appropriate learning models
[9]. Consequently, students' CT performance has not
met expectations.

Several previous studies have examined students'
CT performance. For example, an essay study on 38
students in Sweden showed poor analytical skills [10].
Learning experiences that do not emphasize CT with
effective pedagogy resulted in low CT performance
among students in China [11]. The study results in
Indonesia are equally concerning, as the CT of pre-
service science teachers has not developed during
learning [12]. A recent study [13] shows the tendency
of students' CT is mostly below the critical threshold.

TEM Journal —Volume 14 / Number 2 / 2025.


https://doi.org/10.18421/TEM142-84
mailto:veyra@unram.ac.id
https://www.temjournal.com/

TEM Journal. Volume 14, Issue 2, pages 1878-1894, ISSN 2217-8309, DOI: 10.18421/TEM142-84, May 2025.

Moreover, in science education, students are often
confronted with highly abstract material, increasing
learning difficulties and hindering the development of
their thinking skills [14].

A serious and well-planned effort is recommended
to address the issue of low CT skills among pre-
service science teachers, especially in Indonesia [12].

The development of an appropriate learning model
to support CT skills is a necessity, where the learning
model must be designed not only as a teaching
instrument but also as a framework that effectively
guides the learning process. The learning model is
expected to optimally stimulate the development of
learners' potential, especially in terms of CT skills. CT
potential can emerge through a holistic and integrative
learning process, in which every aspect of the learning
model must align with the development and
characteristics of individual learners [15]. In the
context of science, holistic learning that supports CT
encourages the formation of a comprehensive mindset
by internalizing local wisdom, which can be achieved
through ethnoscience learning [16]. Ethnoscience
learning is also aligned with the principles of authentic
learning, where learners are engaged in real-world
contexts relevant to everyday life problems,
particularly those related to the culture in which they
grow and develop [17]. However, the challenge of
teaching ethnoscience to cultivate CT lies in the
difficulty of harmoniously integrating traditional
knowledge with modern scientific concepts [18]. A
learning process must be able to bridge these two
contexts without sacrificing scientific accuracy or
neglecting the value of local culture. Additionally,
students are often unfamiliar with the relevance of
ethnoscience knowledge in a scientific context, so a
contextual and interactive learning model must be
created as one that utilizes technology to enable
students to develop CT skills [19].

Education in the modern era increasingly demands
active  learner involvement, prompting the
development of a science learning model that enables
learners to collaborate effectively in the exploration
process, as reflected in Problem-based Learning
(PBL) [20]. PBL is also seen as the basis for an
exploratory learning process that can support learners'
potential to think critically [21]. Although PBL is
widely accepted as an effective way to cultivate
thinking skills, challenges remain in fostering CT
among learners. Previous study [22] identified several
issues in implementing PBL, including learners'
difficulties in problem formulation, high costs of
learning environments, and challenges in monitoring
the assessment process.

The findings of a recent study [23] indicate that
PBL is less effective in training CT when applied as a
standalone model.

TEM Journal = Volume 14 / Number 2 / 2025.

Previous study [24] also identified evidence of low
CT skills among students during PBL implementation,
for example, in the inference indicator. Additionally,
the CT improvement parameters were found not
categorized as high post-PBL intervention in the
classroom [24]. Research needs to be intensified to
adapt PBL to be more oriented towards learner CT,
which can yield positive results and enhance learners'
CT [25]. A literature review on PBL interventions
concerning various factors that influence students’
effectiveness has been conducted [26]. In conclusion,
although PBL can generally encourage the acquisition
of CT (both skills and dispositions) in students, further
research is needed to explore the effectiveness of PBL
in various learning strategies, environments, and
authentic problem-based tasks [26].

Innovative learning plays a crucial role in creating
a dynamic and adaptive learning environment that
supports exploration, especially for modern learners
who grow up in a digital era familiar with technology.
Therefore, dynamic, flexible, and adaptive learning
processes must utilize technology to enhance
engaging learning experiences [27]. Interactive
learning environments can be presented through
digital systems that motivate students in their learning
[28]. This aligns with advances in digital technology,
interest in the internet, and the trend of virtual
learning, which has brought changes to technology-
based learning environments. It is predicted that by
2025, online systems will be used extensively in all
modes of education and learning worldwide [29]. This
poses a challenge to ensure that pedagogical models
are built with digital systems [30], while also
providing a great opportunity to continue supporting
the achievement of students' CT skills [18].

Several previous study have highlighted the use of
virtual technology in science teaching, which impacts
better concept mastery, preference for science
theories, and improved thinking skills [14]. Virtual
technology can visualize abstract science concepts,
thus broadening students' thinking, which positively
impacts their critical analytical abilities [31]. Students
have also shown a high level of acceptance of
technology application, which has proven to
positively impact knowledge acquisition, skills, and
attitudes [32]. The clear advantage of virtual
technology is its ability to address learning challenges,
especially related to accessibility [33]. Another
advantage is that virtual technology can be developed
in spaces and designs where students can manipulate
science experiment parameters as needed [34]. While
virtual technology offers many benefits in the learning
process, there is still a lack of empirical evidence on
how simulation technology can train students' CT
skills, according to the current literature.
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An innovative science learning model must also
adapt to the dynamics of curriculum changes and
global education goals and align with the needs and
developments of the times, especially in facing the
challenges of modern education, which emphasize
21st-century skills such as CT [35]. Therefore, the
development of learning models must be innovative
and futuristic, forward-looking to support learners'
mastery of CT. The development of CT in science
education requires stimulation through a well-
designed learning process [36]. A structured learning
process stimulus greatly determines learning success
[37]. A study [36] highlights that a lack of
comprehensive learning process design hinders the
teaching of CT. Several scholars contend that critical-
thinking instruction ought to begin in university-level
teacher-education programs [36], [38], so that
prospective teachers are well prepared to cultivate
these skills in their future students [39].

Highlighting the challenges in science learning
processes that accommodate holistic, authentic, and
modern contexts, which result in low CT skills among
students, it is essential to conduct in-depth analysis
and review of the existing literature on how learning
can train students' CT. Learning based on the context
of ethnoscience, PBL, and the use of virtual
technology has been studied separately for various
learning outcomes. The strengths of these three
approaches offer opportunities for creating an
integrative learning model that can train students' CT
skills.

SCOPUS Database: Records identified
through SCOPUS database searching.
o Domain (all field)
o Keywords: Ethnoscience vs CT, PBL vs CT, -
and Virtual Technology vs CT

: !

s Records identification:
4
3 o Ethnoscience vs CT (n = 327)
= o PBLvs CT (n = 4.433)
= o Virtual Technology vs CT (n =
e 48.605)
¥
w Records screened:
= o Ethnoscience vs CT (n = 116)
o o PBLvs CT (n = 359)
e o Virtual Technology vs CT (n =
125)
¥
z Records assessed for eligibility:
= o Ethnoscience vs CT (n = 25)
B0 o PBLvs CT (n=293)
i o Virtual Technology vs CT (n = 60)
¥
c Records included in the analysis:
-g o Ethnoscience vs CT (n=7)
% o PBLvs CT (n=35)
= o Virtual Technology vs CT (n = 14)

Therefore, the current study also proposes a
learning model design that can train CT by integrating
ethnoscience concepts, PBL, and virtual simulation
technology. Specifically, the objectives of this study
are as follows:

a. Reviewing the literature on the potential of
ethnoscience, PBL, and virtual technology-based
learning in enhancing students' CT skills.
Designing an innovative learning model
framework that integrates ethnoscience concepts,
PBL, and virtual technology to support the
development of students' CT skills.

Methodology

This literature review follows the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) methodology, which provides a
transparent and replicable process for identifying,
selecting, and evaluating relevant research studies
[40]. The review focuses on the potential of
integrating ethnoscience, Problem-based Learning
(PBL), and virtual simulation technology to enhance
students' CT skills. The process is divided into four
main stages: identification, screening, eligibility, and
inclusion. The data source used for the review is the

SCOPUS  database  (https://www.scopus.com),
applying specific Boolean search strings. The
PRISMA framework and the results of the

identification, screening, eligibility, and inclusion are
illustrated in Figure 1.

Boolean search string on SCOPUS Database.
o [ethnoscience AND critical AND thinking]
o [problem AND based AND learning AND

critical AND thinking]
o [virtual AND technology AND critical AND
thinking]

Records removed, screening by document area,
years (last 5 year), subject area, document type,
and languange.

o Ethnoscience vs CT (n = 211)

o PBLvs CT (n = 4.074)

o Virtual Technology vs CT (n = 48.480)

Records removed, screening by inclusion criteria
(science education, empirical study, article
journal) and exclusion (non science education,
non empirical study, article review).

o Ethnoscience vs CT (n = 91)

o PBLvs CT (n = 66)

o Virtual Technology vs CT (n = 65)

Records removed, screening by document
relevance in the context of current study.
o Ethnoscience vs CT (n = 18)

o PBLvs CT (n = 258)

o Virtual Technology vs CT (n = 46)

Figure 1. The framework and the results of PRISMA
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2.1. Identification

The identification phase focused on gathering
relevant studies using SCOPUS, a comprehensive
database covering a wide range of disciplines. The
search strategy employed three core keywords:
(“ethnoscience AND critical AND thinking”™),
(“problem AND based AND learning AND critical
AND thinking”), and (“virtual AND technology AND
critical AND thinking”). These keywords were chosen
to capture studies that examine the intersection of
critical thinking (CT) skills with three key
pedagogical approaches—ethnoscience, Problem-
based Learning (PBL), and virtual technology. The
search was conducted on 30 September 2024, without
restrictions on publication year, subject area,
document type, or language. The initial search
resulted in a total of 53,365 documents: 327 records
related to "Ethnoscience vs CT," 4,433 records on
"PBL vs CT," and 48,605 records on "Virtual
Technology vs CT."

2.2. Screening

The screening process applied several filters to
refine the document pool. First, studies were screened
for relevance based on search terms in the title,
abstract, or keywords. The selection was limited to
works published between 2019-2024, focusing on
social science, specifically education and science
education. Only peer-reviewed journal articles and
conference papers in English were included to ensure
quality and accessibility. This process reduced the
search results to 600 records, of which 116 were on
ethnoscience, 359 on Problem-based Learning, and
125 on virtual technology.

2.3. Eligibility

The eligibility phase refined the study pool using
inclusion and exclusion criteria. Full texts were
examined to ensure relevance to the review’s focus on
ethnoscience, Problem-based Learning (PBL), and
virtual technology in science education and their
impact on critical thinking (CT) skills. Inclusion
criteria targeted empirical studies involving secondary
or tertiary learners or science teachers and those
presenting original research. Exclusion criteria
removed studies unrelated to CT development or
outside science education, as well as review or non-
empirical papers. This process reduced the pool to 378
articles: 25 on ethnoscience, 293 on PBL, and 60 on
virtual technology.
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2.4. Inclusion

The final inclusion phase focused on a qualitative
analysis of the selected studies. This phase involved a
detailed examination of each article to determine its
contribution to understanding the role of ethnoscience,
Problem-based Learning (PBL), and virtual
technology in fostering critical thinking (CT) skills.
The final selection included 7 studies on ethnoscience,
35 on PBL, and 14 on virtual technology, making a
total of 56 studies that met the inclusion criteria for
this review. Each included article was assessed based
on its specific focus on CT, the methodological rigor
of the study, and the relevance of its findings to the
broader objective of this review.

2.5. Data Analysis and Model design

The data extracted from the included studies were
subjected to qualitative content analysis. This
involved coding the studies based on their focus,
methodology, and findings regarding the development
of critical thinking (CT) skills. Based on this analysis,
the framework for the innovative learning model was
developed. The model integrates ethnoscience, PBL,
and virtual technology, drawing on the strengths of
each approach. This integrative model aims to provide
a comprehensive approach to developing students' CT
skills in science education.

The initial design of the model, referred to as the
preliminary form of product [41], was conceptualized
as a flexible framework adaptable to various learning
environments. This model is expected to stimulate CT
through a combination of ethnoscience, Problem-
based Learning, and virtual technology, addressing
the challenges identified in previous studies. The
proposed model offers a holistic and flexible
framework that can be adapted to different educational
contexts, particularly in science education, where the
cultivation of CT is essential.

3. Results and Discussion

In today's educational landscape, critical thinking
(CT) is increasingly recognized as essential,
particularly in higher education, where students must
navigate complex problems and generate innovative
solutions. As educational models evolve, there is a
growing interest in integrating diverse approaches to
enhance CT. Ethnoscience, Problem-based Learning
(PBL), and virtual technology have emerged as
effective strategies. Ethnoscience connects scientific
knowledge with local culture, providing a
contextualized learning experience.
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PBL promotes active problem-solving and Figure 2 illustrates the distribution of study
engagement, while virtual technology offers documents on ethnoscience, PBL, and virtual
immersive platforms that allow students to visualize technology from 2019 to 2024.
and experiment with abstract scientific concepts.
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Figure 2. Distribution of study documents meeting the inclusion criteria

PBL shows a notable rise, peaking at 12 documents
in 2023, indicating growing interest in this method.
Virtual technology also gained traction, with
increasing publications, especially in 2021 and 2023.
Ethnoscience, however, remained less explored but
consistent, with modest growth observed in 2023 and
2024. This pattern reflects the varied adoption and
research interest in these approaches, highlighting the
need for further exploration of their combined
potential to enhance CT.

Despite their individual benefits, there is a need to
investigate how integrating these methods can
holistically support CT development. This review
synthesizes the current literature to evaluate the
impact of ethnoscience, PBL, and virtual technology
on students’ CT skills. By examining empirical
studies, the aim is to propose an innovative learning
model that integrates these approaches, offering a
comprehensive framework for modermn science
education.

1882

3.1. The Ethnoscience Learning to Improve Students' CT
Skills

The literature review identified a total of 7 studies
that specifically addressed the relationship between
ethnoscience learning and the development of
students' critical thinking (CT) skills. These studies
highlight how integrating local cultural knowledge
into science education can enhance students' cognitive
abilities by providing a contextual framework for
critical analysis and problem-solving. The selected
studies  demonstrate  various  strategies  for
incorporating ethnoscience into the curriculum,
showing its potential to make scientific concepts more
relatable and to stimulate higher-order thinking. Table
1 presents the details of these studies, summarizing the
key findings to the theme of ethnoscience learning and
its impact on CT skills.
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Table 1. Studies related to the theme of ethnoscience learning to improve students' CT skills

Study Findings

[42] | Ethnoscience instruction significantly enhanced CT skills in biology students, without gender differences.

[18] | The approach led to significant improvements in students' CT, particularly in analysis, inference, and evaluation.

[19] | The blend of inquiry and ethnoscience on an e-learning platform significantly enhanced CT in future science
educators.

[43] | Inquiry-creative learning with ethnoscience significantly improved CT in prospective science teachers compared
to traditional methods.

[44] | The ethno-inquiry model significantly improved CT skills in the experimental group compared to the control
group.

[45] | Ethnoscience-STEM projectbased learning significantly improved CT skills, with most students achieving
medium to high levels of CT.

[16] | The PBL based worksheets significantly improved students’ CT, with moderate gains in logical inference and
scale awareness.

Ethnoscience integrates culturally relevant content
into the curriculum, promoting deeper engagement
with scientific concepts. Studies [18], [42]
demonstrate that students engage more deeply when
the content resonates with their cultural experiences,
improving critical thinking (CT) through real-world
application of scientific reasoning.

Project-based and inquiry-based models, as
explored [19], [43], further enhance CT by fostering
higher-order thinking. These models push students to
not only recall knowledge but to apply it, improving
their analytical and problem-solving abilities.
Ethnoscience's integration into these models supports
knowledge that is both scientifically accurate and
culturally meaningful.

Additionally, digital platforms for delivering
ethnoscience content, as examined [44], provide
flexibility and accessibility, addressing diverse learner
needs and potentially expanding CT development.
Ethnoscience’s alignment with STEM, noted [45],
further supports CT by blending scientific concepts
with real-world applications, making learning more
comprehensive  and  impactful.  Incorporating
ethnoscience remains a powerful strategy for fostering
CT in diverse educational settings.
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3.2. Application of Problem-based Learning in
Enhancing Students’ CT Skills

The final selection for this review included 35
studies examining the use of Problem-based Learning
(PBL) as a method to enhance students' critical
thinking (CT) skills.

These studies emphasize PBL's effectiveness in
promoting CT by engaging students in collaborative,
inquiry-driven problem solving, which encourages
them to analyze complex issues. PBL fosters an active
learning environment where students critically engage
with real-world problems, thus improving their
reasoning and reflective thinking abilities. Table 2
presents the studies related to the application of PBL
in enhancing students' CT skills.

PBL has demonstrated significant potential in
cultivating CT skills, a key cognitive ability for
success in both academic and professional fields.
Through PBL, students engage in structured problem-
solving activities, allowing them to apply theoretical
knowledge to practical, real-world scenarios. This
model promotes higher-order thinking, such as
analysis, evaluation, and solution creation, which are
essential components of CT [23], [46]. The inquiry-
based framework of PBL encourages active learning,
enhancing cognitive engagement and reflective
thinking [47].

1883




TEM Journal. Volume 14, Issue 2, pages 1878-1894, ISSN 2217-8309, DOI: 10.18421/TEM142-84, May 2025.

Table 2. Studies related to the theme of PBL to improve students' CT skills

Study Findings

[48] | The findings reveal a statistically significant improvement in students' CT skills. The enhanced engagement and
understanding through PBL-iSpring were also positively received by students.

[49] | The findings revealed that PBL enhances teamwork, presentation skills, and notably CT in physics, while traditional learning
favors individual theoretical knowledge suitable for exams with closed-ended questions.

[50] | Significant improvements were observed in the development of CT components among participants, with increases in
information analysis, logic, and argumentation skills.

[51] | The PBGL model significantly enhanced CT in programming, with the experimental group showing marked improvements
in Python, Java, and Web programming compared to the control group.

[52] | Students typically displayed low-level CT in physics, with the highest scores in "Evaluating" and the lowest in "Synthesis,"
indicating a need for educational interventions like POPBL.

[53] | The CS-PBL model significantly improved students' CT and problem-solving skills, demonstrating effectiveness in a
controlled experimental setting.

[54] | The E-module, validated by experts, showed significant improvement in students' CT, with a high N-Gain score and better
outcomes compared to conventional methods.

[55] | The intervention revealed significant improvements in students' CT abilities and motivation towards learning physics, with
notable differences between government and private school students.

[56] | Results show significant improvement in experimental design among doctoral students, demonstrating the efficacy of the
PBL curriculum in fostering CT and applied scientific skills

[57] | Implementing the PBL model significantly bolstered students' problem-solving abilities and CT in the probability theory
course, as evidenced by qualitative observations and quantitative improvements from pretest to posttest

[58] | Findings indicate that ill-structured problems using an integrative PBL approach effectively unlock CT potentialities in adult
learners, supporting both self-learning and collaborative learning contexts.

[59] | The findings indicate no significant difference in chemistry learning outcomes between the PBL and PjBL methods, with
both effectively engaging students in critical and creative tasks.

[60] | Integrating TPS and PBL significantly improved the CT abilities of lower-ability students in biology by approximately
24.63%.

[61] | The findings indicate that students developed enhanced cognitive skills, enabling them to analyze and infer correct solutions
in physics problems through PBL.

[62] | The PBL intervention significantly improved problem-solving; however, enhancements in CT, logical reasoning, and
decision-making were less pronounced, indicating a nuanced effect of PBL on different cognitive skills.

[63] | PBL with environmental content significantly improved students' CT, demonstrating moderate gains in the experimental
group compared to the control.

[64] | While academic achievements were similar between groups, the PBL approach significantly enhanced students' CT skills
regarding magnetism topics compared to traditional methods.

[65] | The study revealed a significant improvement in students' self-regulation skills using the CPBL method compared to the
PBCL method, highlighting the efficacy of CPBL in fostering critical cognitive abilities in a controlled educational setting.

[23] | PBL combined with PhET assistive virtual simulations effectively improved students' CT, as demonstrated by significant
gains in pretest-posttest comparisons and n-gain scores.

[66] | The findings indicate that the PBL model enhances CT and concept mastery, contributing to a 65.3% improvement in
problem-solving skills among students.

[67] | The integration of PBL and inquiry significantly enhanced CT in youth by encouraging solution-oriented investigations,
hypothesis testing, and data collection through collaborative efforts.

[68] | Students exposed to metacognitive prompts in PBL settings showed significantly enhanced argumentation and CT skills
compared to those in high and low-intensity PBL.

[69] | The PBL model with argumentation scaffolding significantly improved CT levels from "less critical" to "critically sufficient"
among teacher candidates, with moderate n-gain scores across different personality types and genders.

[70] | Both PBL and Digital Mind Maps-Integrated PBL significantly improved students' CT, although no significant difference
was found between the two methods in their effectiveness.

[71] | The study found that the PBL approach supported by Web 2.0 tools significantly enhanced the CT skills and academic
achievement of teacher candidates compared to those using traditional methods.

[72] | The experimental group, using PBL with an analytical rubric, showed increased, albeit not statistically significant, scores
from pre-test to post-test, suggesting a potential improvement in CT skills.

[73] | The study indicated a significant improvement in CT tendencies among prospective science teachers, particularly in areas
like inquisitiveness, self-confidence, and systematicity, following a PBL approach.

[74] | The experimental group, utilizing the PBL model, demonstrated significant improvements in CT, outperforming the control
group, which suggests that PBL effectively enhances these skills in education.

[75] | PBL with character emphasis significantly improved students' CT skills, irrespective of their naturalist intelligence levels.

[76] | The study found that PBL significantly enhanced both the self-efficacy and CT abilities of pre-service elementary teachers
compared to traditional teaching methods.

[47] | The study found a significant correlation between CT and knowledge acquisition with a correlation coefficient of 0.861,
indicating that enhancements in one could foster improvements in the other.

[46] | PBL significantly enhances CT skills among high school students with varying cognitive styles, compared to the multimedia-
assisted Direct Instruction approach.

[77] | The study found that the PhET simulation-assisted PBL model significantly improved students' CT skills, evidenced by
substantial gains in standard scores in the implementation and modeling classes.

[78] | Significant increases were observed in the number of Learning Issues reports that incorporated collaborative CT, alongside
more time spent on CT activities, enhancing both self-direction and expert identity fluidity in participants.

[79] | The study identified a significant relationship between CT and creativity, evidenced by the regression equation,
demonstrating the efficacy of the integrated PBL model in enhancing both attributes in students.
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A core strength of PBL is its student-centered
approach, which contrasts with traditional, passive
learning models. In PBL, learners take an active role
in identifying, exploring, and solving problems. The
iterative nature of this model, which involves
continuous reassessment of information to generate
solutions, hones CT skills by fostering deeper
reasoning. PBL often presents ill-structured problems,
pushing students to collaborate and engage in critical
inquiry to find viable solutions [50], [78]. Research
consistently shows that students participating in PBL
develop stronger problem-solving and critical analysis
abilities [48].

Collaboration is another key element of PBL that
enhances CT. Working in groups, students are
encouraged to articulate, defend their ideas, and
consider alternative viewpoints. This process fosters
critical dialogue, enabling learners to refine their
arguments and approach problems from multiple
perspectives [49], [52]. Such peer interactions play a
pivotal role in advancing CT, as learners critically
engage with diverse opinions, enhancing their
individual analysis skills [58], [73].

PBL also aligns with authentic learning
experiences, motivating students to engage in more
critical, real-world problem-solving. This connection
to practical challenges increases students' motivation
to apply CT in various academic disciplines and
professional contexts [53], [76]. The model’s
emphasis on authenticity helps students develop
transferable skills that are essential for real-world
problem-solving, making PBL a valuable tool for
preparing learners for future challenges [61].

Despite its benefits, PBL faces challenges in
implementation, such as the need for well-designed
problems and effective facilitation. Poorly structured
problems or unbalanced group dynamics can limit CT
development [55]. Facilitators play a crucial role in
ensuring meaningful student participation and guiding
critical discussions. Additionally, scalability and
assessment remain challenges, particularly in
resource-constrained environments.

Alternative assessment methods like open-ended
questions or peer evaluations are more suited to PBL
but can be difficult to implement widely [22].
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However, the integration of technology, such as
virtual simulations, offers promising solutions,
enhancing engagement and scalability in PBL
contexts [77].

3.3. The Learning Utilizing Virtual Technology to
Improve Students' CT Skills

The final selection included 14 studies that
explored the use of virtual technology in learning
environments to enhance students' critical thinking
(CT) skills. These studies highlight how virtual
simulations and digital platforms provide interactive
and immersive experiences that allow students to
visualize abstract concepts, manipulate variables, and
engage in problem-solving activities, all of which
contribute to the development of CT. The integration
of virtual technology creates a dynamic learning
environment where students can practice analytical
reasoning and critical evaluation in a simulated
context. Table 3 presents the studies related to the use
of virtual technology in improving students' CT skills.

The use of virtual technology in education has
proven highly effective in enhancing students' CT
skills. Virtual simulations and digital platforms enable
active engagement with abstract concepts, allowing
learners to manipulate variables and solve problems.
This transition from passive to active learning
significantly boosts CT [80], [81]. Through the
analysis of 14 studies, it is evident that virtual
technology enhances CT, overcoming traditional
educational challenges, especially in scientific
disciplines. Key features such as immersive learning
environments bridge theoretical knowledge and
practical application. For instance, spherical video-
based immersive virtual reality (SV-IVR) reduces
cognitive load and fosters critical analysis, improving
CT skills [80]. Similarly, augmented reality (AR)
helps visualize complex scientific concepts,
strengthening students’ understanding and analytical
abilities [82]. In remote learning, smartphone-based
AR also improves CT, especially in subjects like
physics [83].
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Table 3. Studies related to the utilizing virtual technology to improve students' CT skills

Study Findings

[80] | Students using SV-IVR reported lower mental effort and load, and displayed improved CT skills compared to
those undergoing traditional teaching methods.

[84] | Analysis indicated a significant enhancement in students’ future thinking skills, including problem-solving and
envisioning, highlighting the effectiveness of the digital platform in a physics enrichment context.

[85] | Teaching with AR applications significantly boosted pupils' academic success and developed their CT skills,
demonstrating enhanced understanding and application of nuclear physics concepts.

[83] | Students using smartphone-based Augmented Reality (AR) for distance learning demonstrated significantly
higher CT scores, averaging 71.4 and 69.47, compared to non-AR users who scored 51.03 and 45.67,
respectively.

[86] | The integration of virtual reality with PBL did not significantly enhance CT abilities compared to traditional
methods, though improvements were noted in problem-solving and self-efficacy.

[87] | The study found significant differences in CT skills between students using interactive web modules and those
using interactive videos, with both types of PhenoBL media proving effective in enhancing these skills.

[88] | The digital tools significantly enhance the CT skills of students, indicating a positive dynamic in rational
thinking capabilities when using such technologies.

[89] | The study demonstrated that virtual simulations on the LMS platform significantly enhanced the reasoning skills
of STEM students compared to traditional expository methods.

[90] | The study found that students utilizing VR laboratories demonstrated significantly improved CT skills compared
to those using traditional labs.

[82] | Theuse of AR in teaching Physics significantly enhanced students' CT abilities and learning gains by facilitating
better visualization of abstract concepts.

[91] | There was a noticeable improvement in students' CT skills with an overall N-gain of 0.57, categorizing it as
medium, where the "interpretation” indicator showed the highest gains.

[92] | The study revealed that Edmodo-based interactive teaching materials significantly improved the CT skills of
junior high school students, evidenced by a high average normalized gain (n-gain) of 0.71.

[81] | The virtual simulation method significantly improved the cognitive aspects of CT among students, who reported
increased satisfaction, self-confidence, and positive attitudes towards the teaching method.

[93] | Students using the 3D visualization program demonstrated enhanced CT skills, as indicated by superior
performance on chemical bonding tests compared to their peers in control groups.

Virtual simulations within learning management
systems (LMS) also support CT development,
particularly in STEM education. Previous study [89]
shows virtual simulations integrated into LMS
improved students’ reasoning skills compared to
traditional teaching methods. Virtual reality (VR) labs
have also been shown to significantly enhance CT,
providing 3D interactive environments that promote
deeper engagement and higher-order thinking [90].
However, the implementation of virtual technology
must be carefully designed to maximize its benefits. A
study by [86] reveals that although VR simulations
with PBL improved problem-solving skillsdid not
significantly enhance CT compared to conventional
methods. This suggests that effective integration of
virtual tools into educational practices is crucial for
optimal results in CT development. Virtual
technology’s flexibility also supports student
engagement with complex, abstract problems. For
example, virtual simulation systems in engineering
education improved students' CT, especially in
technical subjects like numerical control machining
[81]. Students also reported greater self-confidence
and satisfaction with their learning experiences,
emphasizing the broader benefits of virtual tools in
fostering a critical mindset.
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In digital learning, online interactive modules also
hold promise. It was found that interactive web
modules and videos in chemistry courses significantly
enhanced CT [87]. These tools allow students to
interact directly with content, fostering deeper
understanding and  analytical skills. Virtual
simulations during the COVID-19 pandemic, such as
Android-based Physics Education Technology
(PhET) simulations, also effectively promoted CT in
remote learning environments [91]. Virtual
technology has a substantial impact on CT
development by providing interactive, immersive
environments. The proper design and integration of
these technologies are critical to fully realizing the
potential in enhancing CT across disciplines. As
educational methods evolve, virtual technology will
continue to play a central role in developing CT skills
[85], [88].

3.4. Designing the Innovative Learning Model

Based on the literature review, the framework for
the innovative learning model was developed. The
model integrates ethnoscience, Problem-based
Learning (PBL), and virtual technology, drawing on
the strengths of each approach.
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This integrative model aims to provide a
comprehensive approach to developing students'
critical thinking (CT) skills in science education.

3.4.1. The Idea Framework of Model Development

In this study, the integration of ethnoscience and
PBL is termed Ethno-PBL. The Ethno-PBL model
integrated with assistive virtual technology represents
an innovative approach to learning, aimed at
enhancing students' CT skills. This model combines
PBL within the context of ethnoscience, utilizing
assistive virtual technology as an embedded tool to
facilitate the learning process. By merging these
elements, the model not only supports the exploration
of authentic problems rooted in local traditions and
culture but also leverages virtual simulations to
visualize complex and abstract concepts.

Problem-
based
Learning

Ethno-PBL
Integrated
Virtual
Assistive
Technology

Virtual
Assistive
Technology

Ethnosci-
ence

Figure 3. The idea framework of Ethno-PBL model
integrated with assistive virtual technology

The Ethno-PBL model, enhanced with assistive
virtual technology, is designed to address challenges
in developing students' CT skills. It stems from the
integration of three key elements: ethnoscience, PBL,
and virtual assistive technology, which have been
previously studied separately but are now brought
together in this framework (see Figure 3).
Ethnoscience offers culturally relevant, authentic
learning contexts that can enhance scientific literacy
and students’ thinking skills [17]. However, the
challenge lies in implementing ethnoscience within an
innovative, interactive learning framework that
actively cultivates students’ CT abilities.

PBL, which centers around student engagement in
solving open-ended problems, aligns well with the
goal of developing CT. This approach forces students
to think critically and reflectively as collaborating in
teams to solve complex problems [26]. While PBL is
effective, previous studies show that its effectiveness
can be limited when students encounter abstract or
difficult-to-understand content without adequate
visualization tools [14].
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To overcome this limitation, assistive virtual
technology plays a critical role by helping students
visualize abstract scientific concepts and process
information more effectively, thereby boosting their
critical analytical capabilities [31].

Previous studies also indicate that achieving high
levels of CT competence among students can be
challenging due to the lack of effective, interactive
learning models that stimulate CT in complex contexts
[94], [95]. The focus of PBL on contextual problem-
solving and active student interaction necessitates
further adaptation to maximize its effectiveness,
especially when combined with digital learning
technologies [96]. Research shows that integrating
technology with PBL enhances CT skills, allowing for
deeper cognitive engagement [97], [98]. Furthermore,
the use of virtual technologies in science education has
proven effective in enhancing concept mastery and
preference for complex scientific theories, directly
contributing to improved CT skills [31].

Assistive virtual technology, which originally
served as a tool for learners with disabilities [99], has
evolved into a critical visualization instrument within
this Ethno-PBL model. Virtual simulations are widely
used in science education to bridge the gap between
abstract  concepts and  students’  practical
understanding. These technologies have shown to be
highly effective in fostering new critical and analytical
thinking skills among students [100], [101]. By
integrating such technologies into Ethno-PBL,
students gain access to rich, interactive learning
resources that provide a more meaningful learning
experience and directly enhance their CT skills. An
example of assistive virtual technology is the Physics
Education Technology (PhET) simulation, which has
been extensively used in science education. PhET
enables students to conduct virtual experiments and
interactively explore scientific concepts, particularly
useful when physical access to laboratories is
restricted [102], [103]. The integration of PhET in the
Ethno-PBL model allows for greater flexibility in
learning, enabling students to access simulations
online at any time. This aids in their understanding of
abstract concepts while fostering the development of
CT through exploration, analysis, and inference.

The incorporation of technology into science
education not only enhances comprehension and
retention of complex scientific concepts but also
accommodates diverse learning styles and speeds,
promoting personalized learning [104], [105]. Virtual
technology’s ability to promote collaborative learning
and improve students’ cognitive and socio-emotional
aspects underscores its importance in science
education [106]. In the Ethno-PBL model, the
integration of technology creates a holistic, dynamic
learning experience where human interaction and
technology work together to provide comprehensive
learning.
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3.4.2. The Hypothetical Model of Ethno-PBL Integrated
with Assistive Virtual Technology

Comprehensively, the hypothetical model
illustrating the conceptual design of Ethno-PBL
integrated with assistive virtual technology is
presented in Figure 4.

Principles of Reaction

1. Pay attention to every student interaction and group work.

2. Observe dominant student behavior.

3. Provide academic guidance to each student in need, not by
commanding them.

4. Guide students to construct their own knowledge.

Support System

E-learning system, syllabus and TTTTTTTTT T s

learning scenarios, learning p Ethno-PBL )

modules, critical thinking test i Integrated with E

instruments. | Assistive Virtual |
i Technolo :

Main Effects \ ey ’,'

Training and improving
students’ critical thinking
skills.

Nurturant Effect Social System
The ability to identify and solve 1. The lecturer as a learning

problems, scientific awareness, facilitator.

curiosity, information 2. The lecturer as a learning
gathering, positive character, motivator.

and science process skills. 3. The lecturer as a learning guide.

The hypothetical learning model is adapted from
the learning model development framework [107].
The structure of the learning model is characterized by
its syntax (learning phases), social system, principles
of reaction, support system, and effects of the model.

Syntax

Organization of the learning
5 process and explanation the

concept and context of

ethnoscience.

Ethno-
organization

Orientation towards
authentic problems related
to ethnoscience based on
the context of learning.

-— Ethno-
orientation

Investigation to solve
__, ethnoscience problems

utilizing assistive virtual

technology.

Ethno-
investigation

Presenting the results of
ethnoscience problem- le—|

Ethno- a
solving investigation.

exhibition

Reflection on the learning
—» process related to solving
ethnoscience problems.

5 Ethno-
reflection

Figure 4. The hypothetical model of Ethno-PBL integrated with assistive virtual technology

The Ethno-PBL model integrated with assistive
virtual technology consists of five stages: ethno-
organization, ethno-orientation, ethno-investigation,
ethno-exhibition, and ethno-reflection. It emphasizes
the lecturer's role as a facilitator, guiding students
through interactive group work and personalized
support. The model's support system includes an e-
learning platform, course outlines, modules, and CT
skill tests, all aimed at improving students' CT.
Unique features of the Ethno-PBL model include its
integration of ethnoscience at every stage and its focus
on developing students' CT abilities. This hybrid
model works across all learning modes, with assistive
virtual technology playing a crucial role in the ethno-
investigation phase, facilitating planning, execution,
and reporting of ethnoscientific investigations.

Figure 5 illustrates the phases of the Ethno-PBL
model integrated with assistive virtual technology,
starting with the first phase, ethno-organization. In
this phase, the organization of the learning process is
crucial in providing direction and explanations
regarding ethnoscience concepts. The role of the
instructor is to ensure that the learning objectives and
processes are clearly communicated, while students
are expected to pay full attention to these instructions.
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Supported by Vygotsky's constructivist theory, this
phase emphasizes that well-structured learning
facilitates the mental development of learners [108].
Empirical studies also show that proper organization
of the learning process fosters an optimal learning
environment, which helps achieve the desired learning
outcomes [109], [110]. Ethnoscience-based learning
has been proven to encourage active student
participation, enhancing scientific literacy and CT
skills [111].

(1) Ethno-
organization

(5) Ethno- i (2) Ethno-
reflection HYBRID A orientation
[ frre
OVN‘:.I‘ILE
N
(4) Ethno- (3) Ethno-
exhibition investigation

Figure 5. The phases of the Ethno-PBL model integrated
with assistive virtual technology
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The second phase, ethno-orientation, focuses on
orienting students towards authentic problems related
to ethnoscience within the context of the learning
material. Here, the instructor guides students through
authentic, culturally relevant problems and opens the
floor for discussions. This aligns with constructivist
principles, which state that learners build their
understanding through active interaction with their
environment by solving real-world problems [112].
Integrating cultural knowledge into the learning
process makes learning more meaningful and relevant
to students [17]. Empirical support for this phase
suggests that authentic learning integrated with
ethnoscience enhances learning experiences and
improves CT [44], [113].

In the ethno-investigation phase, students actively
engage in investigating and exploring ethnoscientific
problems using assistive virtual technology. The role
of the instructor here is to facilitate and encourage
students to utilize technology in solving problems.
Piaget’s constructivist theory emphasizes the
importance of learning through direct experience and
interaction with the environment, particularly in
problem investigation contexts [112]. Virtual
simulation technology plays a vital role in helping
students visualize abstract scientific concepts while
overcoming accessibility barriers [14], [33].
Moreover, using virtual technology allows students to
manipulate experimental parameters as needed, which
enhances their CT skills [34], [89].

The ethno-exhibition phase requires students to
present the results of their investigations into
ethnoscientific problem-solving. In this phase, the
instructor encourages students to share their
investigation findings, a critical part of the learning
process. Cognitive theory, as proposed by Bruner,
posits that learning occurs through cognitive
processes and the accurate processing of information
[112]. This phase of presentation allows students to
evaluate the evidence they have collected and
promotes critical analysis, which is crucial for
developing CT skills [114], [115]. Collaborative
interaction and discussions of investigation results
significantly contribute to improving students' CT
[19].

Lastly, in the ethno-reflection phase, students are
encouraged to reflect on their learning process,
particularly in relation to solving ethnoscientific
problems. This reflection phase serves as a tool for
students to revisit the learning process and the
problem-solving strategies employed. Constructivist
principles affirm that successful learners are those
who can think strategically and reflect on their
learning experiences [112]. Reflection is a key
component of CT as it involves deep and analytical
thought processes [116], [117]. Empirical evidence
supports the idea that reflection enhances learning
outcomes, fosters CT, and leads to improved academic
achievement [118].
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Each phase in the Ethno-PBL model integrated
with assistive virtual technology is grounded in solid
theoretical and empirical foundations to support the
development of CT skills. From the organization of
learning, orientation towards authentic problems, to
reflection, all are designed to facilitate the growth of
CT. This model emphasizes the importance of cultural
context in science learning and the role of technology
as a supportive tool in creating a dynamic and adaptive
learning experience, which ultimately contributes to
more effective and meaningful learning.

4. Conclusion

The systematic literature review demonstrates that
ethnoscience, problem-based learning (PBL), and
virtual technology each make distinct contributions to
developing students’ critical thinking skills in science
education. Ethnoscience embeds cultural relevance
and authentic contexts, PBL fosters collaborative
inquiry and reflective problem solving, and virtual
tools enable interactive exploration of abstract

concepts. Building on these complementary
approaches, the Ethno-PBL model integrates
authentic, culturally grounded challenges with

immersive virtual experiences across five phases—
organization, orientation, investigation, exhibition,
and reflection—anchoring learning in constructivist
principles that support students’ critical thinking.

To move from conceptual design to practical
impact, future research should rigorously test the
Ethno-PBL  model in diverse educational
environments. Mixed-methods studies that combine
quantitative measures of critical thinking gains with
qualitative insights into student experiences will
provide a comprehensive evaluation. Additional
investigations  into  implementation  fidelity,
adaptability in resource-varied settings, and
longitudinal tracking of critical thinking dispositions
are needed to establish sustained impact. Finally,
examining professional development strategies for
educators and refining ethnoscience content for local
cultural contexts will enhance relevance and
scalability. By addressing these avenues, the
Ethno-PBL framework can be refined and optimized
to cultivate robust critical thinking skills in science
learners.
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