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Abstract —This study aims to develop and validate a
digital hybrid reflective-inquiry pedagogical model
based on ethnoscience by utilizing virtual simulation
technology to enhance students' critical thinking skills.
The model was designed using an Educational Design
Research (EDR) approach at the preliminary design
stage, synthesizing theoretical foundations and
empirical findings as the basis for constructing the
conceptual framework. The model comprises five
instructional phases: orientation, presentation of
authentic phenomena, hypothesis formulation and
testing, explanation formulation, and reflection.
Validation was conducted by seven experts through
assessments of content validity and construct validity
using a Likert scale instrument and thematic analysis of
open-ended comments. The results indicate a very high
level of validity (average score > 4.5), with the model
being considered logical, relevant, and adaptive to 21st-
century pedagogical challenges. The integration of
ethnoscience, reflective processes, and simulation
technology within a hybrid system positions this model
as a promising approach for contextual and
transformative science education in higher education.
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1. Introduction

Modern education systems in developed countries
have established critical thinking as a key curricular
goal [1], asitis recognized as an essential 21st-century
skill that supports students’ future professional
competence [2]. Critical thinking is also a benchmark
for the success of higher education [3]. The systemic
implication is clear: Pedagogical systems in
universities must be oriented toward enhancing
students’ critical thinking skills. However, teaching
critical thinking to university students remains a
challenging task in practice [4]. A major issue is the
inadequacy of pedagogical interventions, which leads
to unpromising outcomes in critical thinking training
[5].

Several studies have reported the problem of
students’ poor critical thinking performance. For
example, an experimental study revealed that science
students demonstrated low levels of critical thinking
when instruction relied heavily on expository methods
[6]. Similar findings were reported in descriptive
studies, where science students’ critical thinking
failed to develop [7]. Comparable cases were also
found in developed countries; for instance, essay
studies among science students in Sweden indicated
poor analytical and critical skills [8]. In China,
findings showed that learning experiences lacking an
emphasis on critical thinking through effective
pedagogy resulted in low student performance in
critical thinking [9].

Efforts to enhance critical thinking skills have been
undertaken, such as through active learning,
particularly via inquiry-based learning [10]. However,
these instructional mechanisms often neglect the core
of the critical thinking process itself - reflective
thinking.
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As a result, field findings indicate that several
critical thinking indicators (analysis, inference,
evaluation) remain low when implementing inquiry
models [11]. Another study found that when students
are presented with highly abstract science material, it
increases learning difficulty and hampers critical
thinking development [12]. Furthermore, science
instruction that does not connect content with real-
world (authentic) contexts is perceived as meaningless
and ineffective in fostering students’ critical thinking
[13].

The low level of critical thinking among university
students in science education is thus a pressing issue
that requires immediate resolution. A strategic effort
is to develop a pedagogical model specifically
designed to enhance students’ critical thinking skills.
In response to this issue, modernizing pedagogical
models that directly promote critical thinking is
essential [14]. Therefore, this study proposes the
development of a digital hybrid reflective-inquiry
pedagogical model based on ethnoscience and
supported by virtual simulation technology to enhance
students’ critical thinking abilities. The proposed
model is supported by the following foundations:
First, reflective processes are positioned as core
elements in each inquiry activity phase, with strong
potential to foster critical thinking [15]. Second,
embedding authentic science pedagogy by linking
science content to real-world contexts is achieved
through internalizing and enculturating local wisdom
values, known as ethnoscience [16], [17]. Third,
abstract science content delivery is facilitated using
virtual simulation technology [12], which aligns with
current trends in education technology. Fourth, the
pedagogical model is delivered in a hybrid system that
supports adaptive, flexible, and inclusive learning
[18]. Based on this problem-solving rationale, the
pedagogical model was developed. According to the
literature reviewed, no prior study has integrated a
hybrid reflective-inquiry model with ethnoscience and
virtual simulation technology to enhance students’
critical thinking within a digital pedagogical
framework.

1.1. Research Objectives and Questions

The specific aim of this study is to develop a digital
hybrid reflective-inquiry pedagogical model based on
ethnoscience by utilizing virtual simulation
technology to enhance students’ critical thinking
skills. As a pilot study, the current research focuses on
developing the conceptual framework of the
pedagogical model and assessing its validity to
support critical thinking. The research questions
addressed are:
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1. What is the conceptual framework of the digital
hybrid reflective-inquiry pedagogical model based
on ethnoscience utilizing virtual simulation
technology to enhance students’ critical thinking
skills?

2. How valid is the digital hybrid reflective-inquiry
pedagogical model based on ethnoscience utilizing
virtual simulation technology in enhancing
students’ critical thinking skills?

1.2. Novelty of the Current Study

Critical thinking is widely acknowledged as an
essential 21st-century skill that plays a central role in
preparing university students for future professional
challenges. Despite efforts to cultivate student talents
in critical thinking, a major challenge remains in the
implementation of effective pedagogy. Several studies
have shown that the use of expository methods and the
lack of emphasis on critical thinking in science
instruction result in students’ inadequate critical
thinking skills [7]. This issue is not unique to
Indonesia but has also been observed in developed
countries [8], [9].

This study proposes an innovative approach by
developing a digital hybrid reflective-inquiry
pedagogical model based on ethnoscience and
supported by virtual simulation technology. The
novelty of this study is illustrated in Figure 1. Previous
research has investigated ethnoscience, inquiry-based
learning, reflective processes, and virtual simulation
technology, but in isolated contexts. Ethnoscience is a
knowledge system that encompasses explanations
about nature, with practical applications, particularly
in science education contexts [19]. In developing
countries, ethnoscience is integrated into curricula to
teach scientific skills and knowledge [20]. The
integration of ethnoscience into instruction has been
shown to improve students’ scientific literacy and
influence logical thinking patterns [21], [22].
Ethnoscience instruction combined with inquiry-
based learning has the potential to enhance students’
critical thinking development [23].

Prior studies have revealed that inquiry learning
supported by technological tools such as simulation
devices can enhance scientific experimentation skills
[24]. Mobile-assisted inquiry has been proven to
improve conceptual understanding and science
process skills [25], [26]. The wuse of virtual
experiments in inquiry also deepens students’
understanding of science content [27]. Technological
simulations are capable of visualizing abstract
scientific concepts, broadening students’ cognitive
reach, and positively impacting their analytical
thinking abilities.
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Technology intervention in science learning has
been shown to improve concept mastery, overcome
accessibility barriers, and enhance thinking skills [12].
Recent studies have also revealed that digital learning
environments, such as blended learning to support
science experiments, have a positive impact on
students” critical thinking skills and academic
achievement [28].

The novelty of the model developed in this study
lies in the combination of key elements: emphasis on
reflective processes in the inquiry phase, the use of
authentic pedagogy based on ethnoscience, the
application of virtual simulation technology, and a
hybrid system that supports adaptive and inclusive
learning. As such, this model development study fills
a gap in the literature by introducing a digital
pedagogical model that has not been previously
explored, namely, a hybrid reflective-inquiry
approach based on ethnoscience utilizing virtual
simulation technology to enhance students’ critical
thinking skills.

Previous studies
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Figure 1. Novelty of the study
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2. Methodology

This section outlines the research and development
(R&D) for developing a digital hybrid reflective-
inquiry pedagogical model based on ethnoscience
utilizing virtual simulation technology, describes the
study setting and expert validators, summarizes the
two-stage procedure (conceptualization and expert
validation), specifies the validation instrument and
five-point rubric, and notes the quantitative and
qualitative analyses used to judge initial feasibility
before classroom implementation.

2.1. Design

This study employed a research and development
(R&D) approach focusing on the initial stage of model
development, which includes the construction of the
conceptual framework and preliminary validation.
The primary objective was to develop a digital hybrid
reflective-inquiry pedagogical model based on
ethnoscience utilizing virtual simulation technology,
specifically designed to enhance students’ critical
thinking skills. This approach followed the
Educational Design Research (EDR) framework [29],
particularly at the initial design phase. This phase
served as the theoretical foundation for the
pedagogical model’s development and validation
prior to implementation in real-world educational
settings.

2.2. Setting and Participants

The study was conducted in the physics science
education program at the University of Education
Mandalika, which has adopted a hybrid learning
system. The validation phase involved purposively
selected experts in learning development. A total of
seven validators participated in evaluating the model.
These experts had relevant backgrounds in science
pedagogy, educational technology, and instructional
model development. Their involvement aimed to
provide in-depth and constructive feedback on the
comprehensiveness and feasibility of the developed
pedagogical model.

2.3. Procedure

The research procedure consisted of two main
stages. The first stage was the development of the
model’s conceptual framework. This framework was
constructed through a review of literature and relevant
empirical studies encompassing reflective-inquiry
approaches, ethnoscience integration, the use of
virtual simulation technology, and hybrid learning
systems. Synthesizing these theories and findings
formed the basis for designing the conceptual
framework, including the rationale, objectives,
instructional syntax structure, roles of instructors and
students, supporting media, and targeted learning
outcomes.
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The second stage was model validation. Validation
aimed to assess the content validity and construct
validity of the developed model. Content validity
refers to the model’s alignment with current field
needs and its coherence with the state of the art in
modern pedagogical development. Construct validity
addresses the logical consistency of the model’s
structure and elements in relation to its intended
objectives. These two aspects served as the primary
criteria for determining the model’s initial feasibility
before its application in real instructional contexts.

2.4. Instrument

The main instrument used in this study was a
model validation sheet. The sheet was designed based
on evaluation indicators referencing two key aspects:
content validity and construct validity. The indicators
included the model’s alignment with current
pedagogical  principles,  structural  coherence,
relevance of ethnoscience and simulation technology
integration, and the model’s potential to foster critical
thinking skills.

Validation was conducted using a five-point Likert
scale: 1 = not valid, 2 = less valid, 3 = moderately
valid, 4 = valid, and 5 = very valid. The validation
scores were averaged to obtain the validity value (Va),
which was then categorized according to the interval
criteria [10] outlined in Table 1.

Table 1. Validity interval and categories

No Interval Category

1 Va > 4.20 Very Valid

2 3.40<Va<4.20 Valid

3 2.60 <Va<3.40 Moderately Valid
4 1.80 <Va<2.60 Less Valid

5 Va<1.80 Not Valid

In addition to the quantitative assessment, the
validation sheet included an open-comment section
allowing validators to freely and reflectively provide
qualitative feedback. This feedback was utilized to
refine and improve aspects of the model deemed
insufficient or requiring enhancement.

2.5. Data Analysis Technique

Validation data were analyzed using both
quantitative descriptive and qualitative approaches.
The quantitative analysis involved calculating the
average scores for each indicator and assessment
aspect. These averages were then referred to the
predetermined validity categories (Table 1) to
determine the overall feasibility of the model.
Qualitative analysis was performed on the open-ended
comments provided by validators, which were
thematically analyzed to identify suggestions,
critiques, or relevant considerations for model
improvement.
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The results from both analyses served as the basis
for the final revision and refinement of the model prior
to implementation.

3. Results and Discussion

The conceptual framework developed during the
model design phase refers to four key supporting
components: reflective processes in inquiry-based
learning [15], the integration and internalization of
cultural values and local wisdom (ethnoscience) [16],
[17], the use of virtual simulation technology [12], and
the implementation of hybrid learning systems to
support adaptive, flexible, and inclusive instruction
[18]. These components were orchestrated into a
hybrid reflective-inquiry pedagogical model based on
ethnoscience utilizing virtual simulation technology to
enhance students’ critical thinking skills.

Asking students to
formulate
explanations and
generalizations

enomena

Presenting
authentic
phenomena and
monitoring
responses

The foundational phases of the model are based on
inquiry stages: orientation, presentation of authentic
(problem-based) phenomena, formulation and testing
of hypotheses through experimentation, formulation
of explanations, and reflection [15]. Reflective
attributions in each phase include process monitoring
and control, performance evaluation, and ongoing
reflection [30], [31], [32], [33], [34]. The ethnoscience
context serves as the basis for exploration within the
inquiry process, and virtual simulation technology is
used to simulate this ethnoscientific context. The
phases of the reflective-inquiry model based on
ethnoscience are presented in Figure 2, with detailed
instructional processes provided in Table 2.

Guiding students to
review and improve
their learning
process

Encouraging
students to
formulate and test
hypotheses

Orientation

Preparing students
for learning and
describing the
process

Figure 2. Phases of the model

Table 2. Learning phases and processes of the reflective-inquiry pedagogical model based on ethnoscience utilizing virtual

simulation technology

Learning Phase

Learning Process

Phase 1. Orientation e Preparing students for learning and describing the learning process and objectives.

Authentic Phenomena students’ responses.

context (process control).

Phase 2. Presentation of o Presenting authentic phenomena related to the ethnoscience context and eliciting

¢ Monitoring students’ responses to the presented phenomena (process monitoring).
e Making corrections if student responses are not aligned with the intended learning

Formulation and Testing ethnoscientific problems.

Phase 3. Hypothesis e Encouraging students to formulate hypotheses regarding the previously stated

e Examining the relevance of the hypotheses to the stated ethnoscientific problems
(performance evaluation).

o Asking students to test the hypotheses through experiments using simulation
technology and to explain how they collect data to test their hypotheses (process
control, performance evaluation).

Phase 4. Explanation o Asking students to formulate explanations and make generalizations (process control).
Formulation o Confirming each explanation provided (performance evaluation).
Phase 5. Reflection e Guiding students to review the learning process they have undergone, identify any

errors, and make necessary improvements (continuous reflection).
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The pedagogical model was systematically
designed into five of instructional phases, all intended
to train and enhance students’ critical thinking skills.
The first phase, Orientation, serves to prepare students
mentally and cognitively for learning. In this phase,
the instructor explains the learning process and
objectives, while directing students’ focus toward
understanding the importance of critical thinking in
scientific inquiry. This stage forms the foundation for
developing an open and reflective mindset, which is a
prerequisite for critical thinking.

The second phase, Presentation of Authentic
Phenomena, plays a crucial role in stimulating
students’ curiosity and cognitive engagement through
ethnoscientific contexts grounded in real-life
experiences. Students are invited to respond to
presented phenomena, while the instructor monitors
and adjusts their responses to maintain relevance. This
phase allows students to develop skills in contextual
analysis, problem identification, and initial perception
formation - all of which are foundational elements of
the critical thinking process [35], [36].

In the third phase, Hypothesis Formulation and
Testing, students are asked to formulate hypotheses
based on the presented phenomena and test them
through experimentation using virtual simulation
technology. This experience trains students to
evaluate arguments, develop inferences, and make
data-driven decisions [37].

The fourth phase, Explanation Formulation,
emphasizes students’ ability to construct scientific
generalizations and articulate explanations that are
logically and empirically testable. These activities
reinforce students’ analytical and evaluative thinking
skills, which are core components of critical thinking
[38].

Finally, the Reflection phase serves as a critical
juncture for reviewing the entire process, identifying
errors in reasoning, and planning for improvement.
This ongoing reflection trains students’ metacognitive
skills and strengthens a critical scientific mindset [39].
All of these phases are implemented within a digital
hybrid learning framework, combining online and
face-to-face learning. This approach enables a more
adaptive, flexible, and inclusive learning experience,
while fostering the development of a robust ecosystem
for critical thinking among students.

Subsequently, the developed digital hybrid
reflective-inquiry pedagogical model based on
ethnoscience utilizing virtual simulation technology
was validated in terms of content and construct by
seven expert validators. Content validity refers to the
model’s alignment with actual field needs and its
coherence with the state of the art in modern
pedagogical development. Construct validity pertains
to the logical consistency of the model’s structure and
elements in relation to its intended objectives. The
results of content validation based on pedagogical
development needs are presented in Table 3.

Table 3. Content validation results based on the need for model development

Aspect Validation score
V-1|V-2|V3]|V4]|V5]|V-6]|VT7
a. There is an urgent need (urgency factor) to develop a pedagogical | 5 4 5 5 5 5 4
model (based on empirical and theoretical studies) aimed at
improving students’ critical thinking skills.
b. The model development framework specifically targets the | 4 5 4 5 4 5 5
improvement of students’ critical thinking as a 21st-century skill.
c¢. The model development aligns with the needs of modern science | 5 5 5 5 4 5 5
learning that emphasizes knowledge acquisition through
exploration of contextual and authentic problems based on local
wisdom values.
d. The model development aligns with the interests in modern | 4 4 5 4 4 4 5
science education that coherently integrates digital technology
advancements.
. The model provides an opportunity to bridge the gap between the | 4 4 4 4 5 5 5
expected need for students capable of critical thinking and the
reality of insufficient performance.
Average score 4,40 ] 4,40 | 4,60 | 4,60 | 440 | 4,80 | 4,80
Overall average 4,57 (very valid)
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Content validation based on the state of the art is
shown in Table 4, and construct validation results
reflecting the model’s logical coherence are presented
in Table 5.

Table 4. Content validation results based on the state of the art

Validation score

pedagogy.

based learning by specifically integrating ethnoscientific contexts,
utilizing assistive technology, and implementing hybrid

Aspect V-1 | V-2 [ V-3 [ V-4 | V-5 [ V6 | V7
a. The pedagogical model development introduces a novel idea in 4 4 4 4 4 4 5
science education to enhance students’ critical thinking.
b. The model serves as a recommendation for improving inquiry- 5 4 5 5 4 4 5

thinking.

c¢. Ethnoscience intervention in reflective inquiry pedagogy
represents a new paradigm for knowledge transfer based on
locally developed scientific entities to support students’ critical

literature base that describes each integrated variable

learning) and its relationship to critical thinking.

(ethnoscience, reflective inquiry, simulation technology, hybrid

d. The pedagogical model is grounded in a theoretical and empirical 5 4 5 5 5 5 5

e. The phase framework of the pedagogical model represents an 4 5 4 5 4 4 5
intervention that links ethnoscience, reflective inquiry, virtual
simulation technology, and hybrid learning systems as a new
paradigm to improve students’ critical thinking performance.

Average score 460 | 440 | 440 | 460 | 4,20 | 4,40 | 5,00
Overall average 4,51 (very valid)
Table 5. Construct validation results reflecting model coherence and logic
Aspect Validation score
P V-1 |V-2|V-3|V4]|V5]|V-6]|VT

critical thinking skills.

a. The pedagogical model is developed based on consistent
theoretical and empirical studies aimed at improving students’

5 5 4 5 4 5 4

instructional activities.

b. The model’s phases or syntax show a logical sequence of

and simulation technology.

¢. The phases or syntax of the pedagogical model reflect coherent 4 4 5 5 4 5 5
learning activities that integrate ethnoscience, reflective inquiry,

Virtual Simulation Technology.

Reflective-Inquiry-Based Ethnoscience Learning Model using

d. The instructional process corresponds to the model's phases or 5 5 4 4 4 5 5
syntax and shows logical activities that support critical thinking.
e. The digital hybrid learning system conceptually supports the 4 5 5 4 5 4 5

Average score

4,60 | 4,60 | 460 | 4,60 | 440 | 480 | 4,80

Overall average

4,63 (very valid)

Validation results from seven experts showed that
the digital hybrid reflective-inquiry pedagogical
model based on ethnoscience utilizing virtual
simulation technology was rated as highly valid, with
an average score of 4.57 (Table 3). This validation
confirms that the developed model responds to an
urgent need in higher education systems, particularly
for improving students’ critical thinking skills, which
have long been identified as a serious challenge in
science education across various global contexts.

TEM Journal —Volume 15 / Number 2 / 2026.

These findings are consistent with previous studies
[40], [41], which emphasize that critical thinking is
not only an academic skill but also an essential 21st-
century competency that supports professional
capability and rational decision-making in the future.

Experts assessed that the pedagogical model was
appropriately designed to address current pedagogical
demands, including the necessity for instruction that
integrates not only content but also context, processes,
and local values.
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This aligns with recommendations stating that
modern pedagogical strategies should address
cognitive, affective, and contextual dimensions to
foster higher-order thinking skills [42], [43]. In this
context, the integration of local wisdom values
through an ethnoscience approach is considered a
major strength of the model. Previous studies have
also demonstrated that ethnoscience can enhance
students’ scientific literacy and strengthen logical
thinking skills [44], [45], [46].

Beyond merely responding to educational
challenges, the developed pedagogical model is also
regarded as having high applicative potential. It
successfully integrates exploratory approaches in
science with digital technology and contextual
learning. This combination is considered highly
appropriate given the challenges posed by abstract
science content, which often lacks meaning for
students [47]. In this regard, the use of virtual
simulation technology offers significant pedagogical
advantages by enabling the visualization of abstract
concepts and the exploration of scenarios that cannot
be directly presented in the classroom [48]. Previous
research [49] has shown that virtual simulations in

science education can significantly enhance
conceptual understanding and promote critical
thinking skills.

The validation results shown in Table 4 further
reinforce the model’s position as a novel approach that
integrates four core elements: ethnoscience, reflective
inquiry, simulation technology, and hybrid learning
systems. The average score of 4.51 indicates that the
validators not only viewed the model as valid in terms
of content but also as innovative in terms of theoretical
construction and contribution to modern pedagogical
development. This novelty aligns with findings from
prior studies [13], [46], [50], which suggest that
learning models integrating cultural values and
technology are more effective in creating meaningful
learning experiences and stimulating higher-order
thinking.

From a theoretical foundation perspective, all
elements of the model were designed based on robust
empirical and theoretical literature. The reflective-
inquiry approach, which forms the core of the
pedagogy, is supported by theory of [51], which
emphasizes reflection as the heart of the critical
thinking process.
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Moreover, the hybrid learning system allows for
instructional flexibility and addresses the needs of
students in the digital age [52]. Thus, the pedagogical
model not only synthesizes existing approaches but
also generates an integrated and applicable new
framework.

Furthermore, Table 5 shows that the construct of
the developed pedagogical model demonstrates strong
internal coherence and logic, with an average
validation score of 4.63. Experts noted that the
instructional syntax from orientation to reflection was
systematically structured and exhibited logical
linkages across phases. This syntax is considered
capable of accommodating the critical thinking
process, from observation, testing, and analysis, to
evaluation and reflection. This process aligns with
critical thinking framework [53], which includes skills
such as argument analysis, logical inference, and
evidence evaluation.

The interrelationships among model elements were
also evaluated as mutually supportive. For instance,
ethnoscience integration strengthens the connection
between learning and students’ real-life experiences;
reflective inquiry structures deep and organized
thinking processes; and virtual simulation enhances
exploration and  visualization. These three
components are further supported by the hybrid
system, which facilitates learning in various contexts
and conditions. This assessment aligns with
perspectives suggesting that hybrid approaches can
enrich learning experiences and improve learning
outcomes, including critical thinking performance
[54].

Overall, the validation across three key aspects:
needs, state of the art, and model construct,
demonstrates that the model is not only conceptually
sound but also scientifically grounded and highly
promising for application in higher education. This
model offers a holistic and contextual digital
pedagogical alternative for fostering 21st-century
students’ critical thinking skills.

Subsequently, qualitative analysis was conducted
on the open-ended feedback from the seven validators,
who represented the fields of science pedagogy,
instructional technology, and instructional model
development. Their comments were categorized into
several major themes, as presented in Table 6.

TEM Journal — Volume 15 / Number 2 / 2026.
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Table 6. Thematic analysis of qualitative comments from validators

Theme

Representative Quotes

Interpretation

Clarity of syntax and
instructional flow

“The instructional syntax is logical, but each
phase should be accompanied by examples of
concrete activities.”

“The inquiry phases need to be reinforced with
implementation scenarios in hybrid classrooms.”

Additional examples and practical
scenarios are needed to ensure that the
model is not only conceptual but also
operational in classroom practice.

Integration of
ethnoscience

“It should be clarified where the ethnoscientific
data comes from—whether through local
literature review or field observation.”

“The role of ethnoscience as a bridge between
scientific content and local context needs to be
emphasized.”

The validity and sources of ethnoscience
need to be clarified to ensure its
integration into the learning model is
scientifically and contextually
accountable.

Suitability of virtual
simulation technology

“Consider using user-friendly simulation
technology that doesn’t require high bandwidth.”
“It would be helpful to offer alternative
simulation technologies based on different
needs.”

The technology used must align with
available infrastructure and students'
digital competencies to ensure broad
accessibility.

Feasibility of hybrid
system
implementation

“The hybrid model should provide a balanced
portion of online and offline activities.”
““Consider the supporting media for each mode
of learning.”

The hybrid design must ensure balanced
learning modes and appropriate
supporting media for each phase and
learning objective.

Assessment of critical
thinking skills

“There should be clear indicators for assessing
critical thinking skills.”

“Reflection at the end of each phase should be
supported by valid formative assessment tools.”

Explicit critical thinking assessment
indicators and formative tools are
needed to measure the effectiveness of
the learning process comprehensively.

Thematic analysis of open-ended comments from
validators provided important contributions to the
refinement of the developed pedagogical model. One
dominant theme that emerged was the need for clearer
instructional syntax and learning flow. Although the
five-phase structure of the model was considered
logical and systematic, validators recommended that
each phase be accompanied by concrete examples of
learning activities. This reflects the need for
instructional design that is not only conceptually
robust but also applicable in real classroom practice,
especially in hybrid systems, which demand technical
clarity in implementation. These findings support
recommendations from previous study [55], which
emphasize the importance of explicit scaffolding in
the implementation of inquiry-based learning models.

The second prominent theme concerns the
integration of ethnoscience as the core context for
learning. Validators appreciated the effort to connect
science with local cultural values, but also highlighted
the need for more detailed explanations regarding the
sources of ethnoscientific data and how those values
are internalized within the scientific inquiry process.
This aligns with the study [56], which stresses that the
integration of local culture into science learning must
be grounded in scientific validation, not merely
assumptions of traditional values. Such clarity is
necessary to ensure that ethnoscience functions not
merely as narrative embellishment but as a legitimate
contextual foundation for fostering students’ critical
thinking.

TEM Journal —Volume 15 / Number 2 / 2026.

Furthermore, the wuse of virtual simulation
technology also received attention. Several validators
emphasized that the selection of technology should
consider the variability of infrastructure conditions
and students’ digital competencies. This suggestion
reflects the importance of an inclusive pedagogical
approach, one that balances technological
advancement with adaptability to various levels of
access and student capabilities. This recommendation
reinforces the finding that innovation in educational
technology must be weighed against its feasibility for
implementation in higher education contexts [57].

Regarding the hybrid learning design, validators
highlighted the importance of proportional balance
between online and offline activities. The model was
seen as needing to provide flexibility while also
offering sufficient structure to maintain students’
learning direction and rhythm. Effective hybrid
learning, according to the validators, should not be
merely a combination of two modes but must deliver
a seamless and meaningful learning experience. This
statement aligns with the perspective that successful
blended learning heavily depends on integrative
instructional design focused on learning experience
[52].

Finally, the validators’ comments addressed the
aspect of assessment, particularly in evaluating
students’ critical thinking outcomes. Some validators
suggested that the model should be equipped with
concrete and valid formative assessment indicators for
each learning phase.
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Reflection-based assessments at the end of each
phase were deemed crucial for measuring the
effectiveness of learning processes and the
development of critical thinking. These suggestions
underscore the importance of aligning the pedagogical
model with an integrated evaluation system, as
emphasized in other study [58], which state that
critical thinking assessment must be embedded within
the learning process, not treated as a separate element
at the end.

In summary, the qualitative analysis reveals that
although the model is already highly valid, the
validators’ comments offer valuable strategic insights
for refining both the technical and pedagogical aspects
of the model. These suggestions emphasize that the
development of a learning model should not stop at
conceptual innovation but must also consider
implementation readiness, contextual relevance, and
assessment effectiveness as integral components of
the 21st-century learning ecosystem.

4. Conclusion

This study successfully developed a conceptual
framework for a digital hybrid reflective-inquiry
pedagogical model based on ethnoscience utilizing
virtual simulation technology, with the primary aim of
enhancing students' critical thinking skills. The model
was designed through the synthesis of recent
theoretical and empirical findings and is built upon
four foundational pillars: (1) An emphasis on
reflective processes within each stage of scientific
inquiry, (2) The integration of local wisdom values
through an ethnoscience approach to contextualize
science learning authentically, (3) The use of virtual
simulation technology to support the visualization of
abstract and complex scientific concepts, and (4) The
application of an adaptive hybrid system to facilitate
flexible and inclusive learning. The developed
instructional syntax consists of five phases:
orientation, presentation of authentic phenomena,
formulation and testing of hypotheses, formulation of
explanations, and reflection. Each phase is designed
not only to support a logical and active learning
sequence but also to specifically stimulate cognitive
dimensions of critical thinking, including analysis,
inference, evaluation, and metacognitive control.

Based on the validation conducted by seven
experts, the model was rated as highly valid in terms
of content validity and logical structure (construct
validity), with average scores exceeding 4.5 on a five-
point scale. The validation confirmed that the model
is relevant to the current needs of science education in
higher education, consistent with modern pedagogical
trends that incorporate technology and local values,
and offers an original theoretical contribution by
integrating pedagogical elements that have previously
been studied in isolation.
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Moreover, qualitative analysis of the open-ended
feedback from validators indicated that, although the
model is conceptually robust, several technical aspects
such as, clarity of instructional syntax, explicit
mechanisms for integrating ethnoscience, selection of
context-appropriate simulation technologies, balance
in hybrid learning, and critical thinking assessment
still require refinement. These inputs serve as
evidence that the model is not only theoretically
appreciated but also realistically considered for
implementation in diverse and complex educational
settings. Therefore, this study not only addresses
conceptual questions regarding the model’s structure
and foundation but also provides initial evidence, both
quantitative and qualitative, that the model is worthy
of further development towards implementation and
effectiveness testing in actual science education
practice in higher education.
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