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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], as it is 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: 

 
 

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 use 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. 

 

 
 

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. 

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. 

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. 

 
 

 

 
 

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 • Preparing students for learning and describing the learning process and objectives. 
Phase 2. Presentation of 
Authentic Phenomena 

• Presenting authentic phenomena related to the ethnoscience context and eliciting 
students’ responses.  

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

context (process control). 
Phase 3. Hypothesis 
Formulation and Testing 

• Encouraging students to formulate hypotheses regarding the previously stated 
ethnoscientific problems.  

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

• 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 
Formulation 

• Asking students to formulate explanations and make generalizations (process control).  
• Confirming each explanation provided (performance evaluation). 

Phase 5. Reflection • 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 V-3 V-4 V-5 V-6 V-7 

a. There is an urgent need (urgency factor) to develop a pedagogical 
model (based on empirical and theoretical studies) aimed at 
improving students’ critical thinking skills. 

5 4 5 5 5 5 4 

b. The model development framework specifically targets the 
improvement of students’ critical thinking as a 21st-century skill. 

4 5 4 5 4 5 5 

c. The model development aligns with the needs of modern science 
learning that emphasizes knowledge acquisition through 
exploration of contextual and authentic problems based on local 
wisdom values. 

5 5 5 5 4 5 5 

d. The model development aligns with the interests in modern 
science education that coherently integrates digital technology 
advancements. 

4 4 5 4 4 4 5 

e. The model provides an opportunity to bridge the gap between the 
expected need for students capable of critical thinking and the 
reality of insufficient performance. 

4 4 4 4 5 5 5 

Average score 4,40 4,40 4,60 4,60 4,40 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 
 

Aspect Validation score 
V-1 V-2 V-3 V-4 V-5 V-6 V-7 

a. The pedagogical model development introduces a novel idea in 
science education to enhance students’ critical thinking. 

4 4 4 4 4 4 5 

b. The model serves as a recommendation for improving inquiry-
based learning by specifically integrating ethnoscientific contexts, 
utilizing assistive technology, and implementing hybrid 
pedagogy. 

5 4 5 5 4 4 5 

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

5 5 4 4 4 5 5 

d. The pedagogical model is grounded in a theoretical and empirical 
literature base that describes each integrated variable 
(ethnoscience, reflective inquiry, simulation technology, hybrid 
learning) and its relationship to critical thinking.  

5 4 5 5 5 5 5 

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

4 5 4 5 4 4 5 

Average score 4,60 4,40 4,40 4,60 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 
V-1 V-2 V-3 V-4 V-5 V-6 V-7 

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

5 5 4 5 4 5 4 

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

5 4 5 5 4 5 5 

c. The phases or syntax of the pedagogical model reflect coherent 
learning activities that integrate ethnoscience, reflective inquiry, 
and simulation technology. 

4 4 5 5 4 5 5 

d. The instructional process corresponds to the model's phases or 
syntax and shows logical activities that support critical thinking. 

5 5 4 4 4 5 5 

e. The digital hybrid learning system conceptually supports the 
Reflective-Inquiry-Based Ethnoscience Learning Model using 
Virtual Simulation Technology. 

4 5 5 4 5 4 5 

Average score 4,60 4,60 4,60 4,60 4,40 4,80 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.  

 

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.  

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.
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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. 

Furthermore, the use 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.  

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. 

Acknowledgements 

This research was funded by the Ministry of 
Higher Education, Science and Technology 
(Kemdiktisaintek) of the Republic of Indonesia, 
through the 2025 Regular Fundamental Research 
scheme, under master contract number: 129/C3/
DT.05.00/PL/2025; and derivative contracts: 
2166/LL8/AL.04/2025, 037/L1/PP/UNDIKMA/2025.  

References: 

[1]. Santos-Meneses, L. F., & Drugova, E. A. (2023). 
Trends in critical thinking instruction in 21st-century 
research and practice: Upgrading instruction in digital 
environments. Thinking Skills and Creativity, 49, 
101383. Doi: 10.1016/j.tsc.2023.101383 

[2]. Erikson, M. G., & Erikson, M. (2019). Learning 
outcomes and critical thinking–good intentions in 
conflict. Studies in higher education, 44(12), 2293-
2303. Doi: 10.1080/03075079.2018.1486813 

[3]. Sukriyadi, S., et al. (2025). Analisis Keterampilan 
Berpikir Kritis Siswa di Sekolah Menengah Kejuruan 
(SMK) Menggunakan Metode Ekspositori dalam mata 
Pelajaran Sanitasi, Hygiene, dan Keselamatan Kerja 
(SHKK). Lensa: Jurnal Kependidikan Fisika, 13(1), 
231-242. Doi: 10.33394/j-lkf.v13i1.16946 

[4]. Lee, N. Y., Wang, Z., & Lim, B. (2024). The 
development of critical thinking: What university 
students have to say. Teaching in Higher 
Education, 29(1), 286-299.  
Doi: 10.1080/13562517.2021.1973412 

[5]. Gilmanshina, S., et al. (2021). The assessment of 
critical thinking skills of gifted children before and after 
taking a critical thinking development course. Thinking 
Skills and Creativity, 39, 100780.  
Doi: 10.1016/j.tsc.2020.100780 

[6]. Gummah, S., et al. (2023). The Effects of Ethnoscience 
Integrated Problem-Based Learning Models on 
Students' Critical Thinking Skills. Lensa: Jurnal 
Kependidikan Fisika, 11(2), 54-62.  
Doi: 10.33394/j-lkf.v11i2.10447 



TEM Journal. Volume 15, Issue 2, pages 1851-1862, ISSN 2217-8309, DOI: 10.18421/TEM152-75, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1861 

[7]. Fitriani, H., et al. (2019). Exploring the Prospective 
Teachers’ Critical Thinking and Critical Analysis 
Skills. Jurnal Pendidikan IPA Indonesia, 8(3), 379-390.  
Doi: 10.15294/jpii.v8i3.19434 

[8]. Trostek, J. R. (2020). Between the modelling and the 
engineering of learning: Preservice teachers’ 
performance in course essays. Journal of Further and 
Higher Education, 44(6), 781-794.  
Doi: 10.1080/0309877X.2019.1600665 

[9]. Ma, L., & Luo, H. (2021). Chinese pre-service 
teachers’ cognitions about cultivating critical thinking in 
teaching English as a foreign language. Asia Pacific 
Journal of Education, 41(3), 543-557. 
Doi: 10.1080/02188791.2020.1793733 

[10]. Prayogi, S., & Yuanita, L. (2018). Critical Inquiry 
Based Learning: A Model of Learning to Promote 
Critical Thinking among Prospective Teachers of 
Physic. Journal of Turkish Science Education, 15(1), 
43-56. 

[11]. Rodiah, S., et al. (2025). Development of 
Ethnoscience-Based Physics Teaching Materials on the 
Topic of Motion Dynamics to Enhance Students’ 
Critical Thinking Skills. International Journal of 
Ethnoscience and Technology in Education, 2(2), 223-
242. Doi: 10.33394/ijete.v2i2.16997 

[12]. El Kharki, K., Berrada, K., & Burgos, D. (2021). 
Design and implementation of a virtual laboratory for 
physics subjects in Moroccan 
universities. Sustainability, 13(7), 3711.  
Doi: 10.3390/su13073711 

[13]. Wahyudi, W., Harjono, A., & Pangga, D. (2025). 
Implementing a Hybrid Ethnoscience Project-Based 
Learning (E-PjBL) Model Integrated with Virtual 
Assistive Technology to Enhance Critical Thinking 
Performance of Science Teacher 
Candidates. International Journal of Ethnoscience and 
Technology in Education, 2(1), 90-107. 
Doi: 10.33394/ijete.v2i1.14106 

[14]. Dekker, T. J. (2020). Teaching critical thinking 
through engagement with multiplicity. Thinking Skills 
and Creativity, 37, 100701.  
Doi: 10.1016/j.tsc.2020.100701 

[15]. Verawati, N. N. S. P., et al. (2021). Reflective 
Practices in Inquiry Learning: Its Effectiveness in 
Training Pre-Service Teachers’ Critical Thinking 
Viewed from Cognitive Styles. Jurnal Pendidikan IPA 
Indonesia, 10(4). Doi: 10.15294/jpii.v10i4.31814 

[16]. Zidny, R., et al. (2021). Exploring indigenous science 
to identify contents and contexts for science learning in 
order to promote education for sustainable 
development. Education Sciences, 11(3), 114. 
Doi: 10.3390/educsci11030114 

[17]. Zidny, R., Sjöström, J., & Eilks, I. (2023). Indigenous 
knowledge and science and technology education. 
Contemporary issues in science and technology 
education, 165-179.  
Doi: 10.1007/978-3-031-24259-5_12 

[18]. Pavlidou, I., Dragicevic, N., & Tsui, E. (2021). A 
multi-dimensional hybrid learning environment for 
business education: A knowledge dynamics 
perspective. Sustainability, 13(7), 3889.  
Doi: 10.3390/su13073889 

[19]. Elvianasti, M., et al. (2023). Exploring Indigenous 
Knowledge of Traditional Martial Art" Silat Beksi" to 
Identify Contents and Contexts for Science Learning in 
Biology Education. Pegem Journal of Education and 
Instruction, 13(2), 371-385. 
Doi: 10.47750/pegegog.13.02.40 

[20]. Ndaipa, C. J., et al. (2023). Internationalisation of the 
curriculum in higher education: A case from a 
Mozambican university. Cogent Education, 10(1), 
2188773. Doi: 10.1080/2331186X.2023.2188773 

[21]. Dewi, C. C. A., et al. (2021). The effect of contextual 
collaborative learning based ethnoscience to ıncrease 
student’s scientific literacy ability. Journal of Turkish 
Science Education, 18(3), 525-541.  

[22]. Risdianto, E., et al. (2020). The effect of Ethno 
science-based direct instruction learning model in 
physics learning on students’ critical thinking 
skill. Universal Journal of Educational Research, 8(2), 
611-615. Doi: 10.13189/ujer.2020.080233 

[23]. Bayani, F., et al. (2025). Research trends in analytical 
thinking skills for science education: insights, 
pedagogical approaches, and future 
directions. International Journal of Ethnoscience and 
Technology in Education, 2(1), 129-157. 
Doi: 10.33394/ijete.v2i1.14142 

[24]. Fukuda, M., et al. (2022). Scientific inquiry learning 
with a simulation: Providing within-task guidance 
tailored to learners’ understanding and inquiry 
skill. International Journal of Science Education, 44(6), 
1021-1043. Doi: 10.1080/09500693.2022.2062799 

[25]. Becker, S., Klein, P., Gößling, A., & Kuhn, J. (2020). 
Using mobile devices to enhance inquiry-based learning 
processes. Learning and Instruction, 69, 101350.  
Doi: 10.1016/j.learninstruc.2020.101350 

[26]. Ekici, M., & Erdem, M. (2020). Developing science 
process skills through mobile scientific 
inquiry. Thinking Skills and Creativity, 36, 100658. 
Doi: 10.1016/j.tsc.2020.100658 

[27]. Flegr, S., Kuhn, J., & Scheiter, K. (2023). How to 
foster STEM learning during Covid-19 remote 
schooling: Combining virtual and video 
experiments. Learning and Instruction, 86, 101778. 
Doi: 10.1016/j.learninstruc.2023.101778 

[28]. Ramadhan, M. F., et al. (2023). The Effect of Interface 
Instrumentation Experiments-Supported Blended 
Learning on Students' Critical Thinking Skills and 
Academic Achievement. International Journal of 
Interactive Mobile Technologies, 17(14).  
Doi: 10.3991/ijim.v17i14.38611 

[29]. McKenney, S., & Reeves, T. (2018). Conducting 
educational design research. Routledge.  
Doi: 10.4324/9781315105642 

[30]. Choy, S. C., Yim, J. S. C., & Tan, P. L. (2017). 
Reflective thinking among preservice teachers: A 
Malaysian perspective. Issues in Educational 
Research, 27(2), 234-251. 

[31]. Choy, S. C., & San O, P. (2012). Reflective thinking 
and teaching practices: A precursor for incorporating 
critical thinking into the classroom?. International 
journal of Instruction, 5(1).  

[32]. Toplak, M. E., West, R. F., & Stanovich, K. E. (2011). 
The Cognitive Reflection Test as a predictor of 
performance on heuristics-and-biases tasks. Memory & 
cognition, 39(7), 1275-1289.  
Doi: 10.3758/s13421-011-0104-1 



TEM Journal. Volume 15, Issue 2, pages 1851-1862, ISSN 2217-8309, DOI: 10.18421/TEM152-75, May 2026. 
 

1862                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

[33]. Benade, L. (2015). Teachers’ critical reflective 
practice in the context of twenty-first century 
learning. Open Review of Educational Research, 2(1), 
42-54. Doi: 10.1080/23265507.2014.998159 

[34]. Akpur, U. (2020). Critical, reflective, creative 
thinking and their reflections on academic 
achievement. Thinking Skills and Creativity, 37, 
100683. Doi: 10.1016/j.tsc.2020.100683 

[35]. Wahyudi, W., et al. (2019). The Effect of Scientific 
Creativity in Inquiry Learning to Promote Critical 
Thinking Ability of Prospective Teachers. International 
Journal of Emerging Technologies in Learning 
(iJET), 14(14), 122–131. Doi: 10.3991/ijet.v14i14.9532 

[36]. Haulia, L. S. N., Hartati, S., & Mas' ud, A. (2022). 
Learning biology through the ethnoscience-PBL model: 
Efforts to improve students' scientific thinking 
skills. Scientiae Educatia: Jurnal Pendidikan 
Sains, 11(2), 119-129.  
Doi: 10.24235/sc.educatia.v11i2.11229 

[37]. Sarkingobir, Y., & Bello, A. (2024). Enhancing 
critical thinking through ethnoscience-integrated 
problem-based learning: A comparative study in 
secondary education. International Journal of 
Ethnoscience and Technology in Education, 1(1), 1-14.  
Doi: 10.33394/ijete.v1i1.10878 

[38]. Aliyu, H., Ebikabowei, M., & Kola, A. J. (2023). 
Problem-based learning in remote learning scenario 
utilizing climate change virtual reality video in mobile 
application to train critical thinking. International 
Journal of Essential Competencies in Education, 2(2), 
144-159. Doi: 10.36312/ijece.v2i2.1612 

[39]. Yuanita, L., & Ibrahim, M. (2019). The Validity and 
Effectiveness of the Reflective-Metacognitive Learning 
Model in Improving Students' Metacognitive Ability in 
Indonesia. Malaysian Journal of Learning and 
Instruction, 16(2), 33-73.  
Doi: 10.32890/mjli2019.16.2.2 

[40]. Facione, P. A. (2020). Critical thinking: What it is and 
why it counts. Measured Reasons LLC / Insight 
Assessment. 

[41]. Lai, E. R. (2011). Critical thinking: A literature 
review. Pearson Assessments.  

[42]. Kwangmuang, P., et al. (2021). The development of 
learning innovation to enhance higher order thinking 
skills for students in Thailand junior high 
schools. Heliyon, 7(6).  
Doi: 10.1016/j.heliyon.2021.e07309 

[43]. Zhou, Y., et al. (2023). Development and validation 
of a higher-order thinking skills assessment scale for 
pre-service teachers. Thinking Skills and Creativity, 48, 
101272. Doi: 10.1016/j.tsc.2023.101272 

[44]. Adam, U. A., et al. (2024). Testing the potency of 
ethnoscience instruction on biology students’ critical 
thinking ability. The Journal of Educational 
Research, 117(4), 218-227.  
Doi: 10.1080/00220671.2024.2373464 

[45]. Stewart, G. M. (2015). Ethnoscience. Encyclopedia of 
Science Education, 401–402. Springer.  
Doi: 10.1007/978-94-007-2150-0_362 

[46]. Yusof, N., et al. (2024). The integration of 
ethnoscience and technology: A review. International 
Journal of Ethnoscience and Technology in 
Education, 1(2), 131-154.  
Doi: 10.33394/ijete.v1i2.11334 

[47]. Yacoubian, H. A. (2015). A framework for guiding 
future citizens to think critically about nature of science 
and socioscientific issues. Canadian Journal of Science, 
Mathematics and Technology Education, 15(3), 248-
260. Doi: 10.1080/14926156.2015.1051671 

[48]. El Kharki, K., Berrada, K., & Burgos, D. (2021). 
Design and implementation of a virtual laboratory for 
physics subjects in Moroccan 
universities. Sustainability, 13(7), 3711. 
Doi: 10.3390/su13073711 

[49]. Suhirman, & Prayogi, S. (2023). Problem-based 
learning utilizing assistive virtual simulation in mobile 
application to improve students’ critical thinking skills. 
International Journal of Education and Practice, 11(3), 
351–364. Doi: 10.18488/61.v11i3.3380 

[50]. El Yazidi, R., & Rijal, K. (2024). Science learning in 
the context of'indigenous knowledge'for sustainable 
development. International Journal of Ethnoscience 
and Technology in Education, 1(1), 28-41.  
Doi: 10.33394/ijete.v1i1.10880 

[51]. Dewey, J. (1933). How We Think: A Restatement of 
the Relation of Reflective Thinking to the Educative 
Process. D.C. Heath & Co Publishers. 

[52]. Hrastinski, S. (2019). What do we mean by blended 
learning?. TechTrends, 63(5), 564-569.  
Doi: 10.1007/s11528-019-00375-5 

[53]. Ennis, R. H. (2018). Critical thinking across the 
curriculum: A vision. Topoi, 37(1), 165-184. 

[54]. Sharma, L., & Shree, S. (2023). Exploring the online 
and blended modes of learning for post-COVID-19: A 
study of higher education institutions. Education 
Sciences, 13(2), 142. Doi: 10.3390/educsci13020142 

[55]. Van de Pol, J., Volman, M., & Beishuizen, J. (2010). 
Scaffolding in teacher–student interaction: A decade of 
research. Educational psychology review, 22(3), 271-
296.  Doi: 10.1007/s10648-010-9127-6 

[56]. Idul, J. J. A., & Fajardo, M. T. M. (2023). 
Ethnoscience-based physical science learning and its 
effects on students’ critical thinking skills: A meta-
analysis study. Journal of Mathematics and Science 
Teacher, 3(2), 1-9.  
Doi: 10.29333/mathsciteacher/13700 

[57]. Arciénaga Morales, A. A., et al. (2018). Technology 
and innovation management in higher education—
Cases from Latin America and Europe. Administrative 
Sciences, 8(2), 11. Doi: 10.3390/admsci8020011 

[58]. Ennis, R. H. (2011). Ideal critical thinkers are 
disposed to. Inquiry: Critical Thinking Across the 
Disciplines, 26(2).  
Doi: 10.5840/inquiryctnews201126214 
 

 

 


