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Abstract: Learning in Stereochemistry still tends to lack contextualization and 
the integration of technology and ethnosciences. This study aims to develop 
and evaluate Smart Ethno-STEM (System of Mobile Augmented Reality 
Technology) as an innovative learning medium in organic chemistry, 
particularly on stereochemistry topics, to enhance students’ metacognitive 
skills and scientific literacy. The research employed a Research and 
Development (R&D) design using the ADDIE model, involving validation, 
practicality, and effectiveness testing. The data were analyzed using 
descriptive validation and practicality scores, N-Gain, and MANOVA 
analysis. Validation results from one media expert and two material experts 
indicated that the media was categorized as highly valid (average score 4.46). 
Practicality tests conducted with 16 students showed a very practical use 
(average score of 4.75). The effectiveness test showed significant 
improvements in both metacognitive skills and scientific literacy, with N-Gain 
scores in the high category in the experimental group (metacognition 0.75; 
literacy 0.72) and in the medium category in the control group (metacognition 
0.59; literacy 0.57). MANOVA results confirmed a significant influence of the 
class factor on both variables simultaneously (Sig. Hotelling’s Trace = 0.013). 
These findings demonstrate that Smart Ethno-STEM effectively enhances 
students’ higher-order thinking skills and connects scientific concepts with 
socio-cultural contexts, offering a contextual and technology-based solution 
for organic chemistry learning. 
 
Keywords: Augmented reality; Metacognition; Organic chemistry; Scientific 
literacy; Smart ethno-STEM 

  

Introduction  
 
Higher education during the Industrial Revolution 

4.0 and Society 5.0 must cultivate graduates who 
perform academically and possess 21st-century 
competencies, including critical thinking, creativity, 
collaboration, and effective communication (Klaharn et 
al., 2025; Mingaleva & Vukovic, 2020; Şenyiğit & Bakırcı, 
2025). Graduates need to be able to adapt to 
technological developments (Rodríguez-Abitia & 

Bribiesca-Correa, 2021) as well as understand the socio-
cultural context (Harjono et al., 2025). These challenges 
are increasingly complex in chemistry education 
because of the abstract, symbolic, and demanding nature 
of chemistry (Erlina et al., 2023). One topic that requires 
a high mastery of spatial visualization skills is 
stereochemistry in organic chemistry. 

Stereochemistry studies the spatial configuration of 
molecules and three-dimensional isomerization that 
cannot be represented through two-dimensional text or 
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images alone (Wong et al., 2025). The absence of 
interactive visual teaching media causes students to 
have difficulty understanding the orientation of 
molecular space and the relationship between the shape 
of molecules and their physical properties and biological 
activities (Echeverri-Jimenez & Oliver-Hoyo, 2023). This 
difficulty often leads to misconceptions and low 
learning outcomes among students, especially in aspects 
of higher-level thinking (Azid et al., 2022) such as 
metacognition and scientific literacy. Good mastery of 
stereochemistry is crucial because many real 
applications, for example in the pharmaceutical, 
cosmetics, and biotechnology industries, depend on a 
precise understanding of stereoisomers (Casselman et 
al., 2021). 

Chemistry learning in higher education today still 
tends to be textual, less contextual, and has not fully 
utilized the potential of local wisdom as a learning 
resource (Sumarni, 2023; Wahyudiati & Fitriani, 2021). 
Traditional Indonesian practices such as the 
fermentation of natural ingredients, essential oil 
extraction, and natural coloring processes are rich with 
authentic and relevant organic chemistry concepts. The 
use of local wisdom in learning not only serves as a 
bridge between science and culture, but also strengthens 
students' identities as learners rooted in local values 
(Andayani et al., 2021; Foa et al., 2024). The integration 
of ethnoscience into chemistry learning enriches the 
student learning context (Fahrozy et al., 2022; Prasetyo 
et al., 2023), increasing their emotional and cultural 
involvement in the learning process (Hidayati & 
Julianto, 2024), as well as fostering an appreciation for 
the nation's cultural heritage as an integral part of 
science (Kamaludin et al., 2024). 

The significance of this research stems from the 
pressing necessity for a contextual, collaborative, and 
technology-driven approach to organic chemistry 
education while preserving local cultural foundations. 
Smart Ethno STEM or System of Mobile Augmented 
Reality Technology is offered as an innovative solution 
that combines the Ethno STEM approach, namely the 
integration of arts, culture, science, technology, 
engineering, and mathematics with the value of local 
wisdom (Sari et al., 2022) with a mobile system-based 
augmented reality. This medium allows students to 
explore the shape of stereochemical molecules 
interactively and intuitively (Levy et al., 2024). Spatial 
visualization of molecules through augmented reality 
encourages conceptual learning while providing a more 
immersive, active, and reflective learning experience 
(Parinussa et al., 2024). The use of augmented reality also 
facilitates the representation of three-dimensional 
molecular objects (Elford et al., 2021) and supports 
independent and distance learning (Prasetyo et al., 
2025). 

The novelty of this research lies in the integration of 
three main components, namely ethno-STEM, 
augmented reality, and stereochemical concepts, in one 
digital technology-based learning media. The use of 
local wisdom as a context for organic chemistry learning, 
not only as a complement, but as a major part of the 
scientific exploration process. Strengthening 
metacognitive competencies and scientific literacy are 
the main indicators in 21st-century education and are 
one of the focuses in the indicators of higher education 
graduate achievement (Chestnut & Johnson, 2025; 
Shagraуеva et al., 2025). 

The Smart Ethno STEM approach is directed at 
strengthening students' metacognition skills, namely the 
ability to plan, monitor, and evaluate their own thought 
processes, which is a very important competency in 
mastering complex organic chemistry (Prasetyo et al., 
2023). Strengthening sciemntific literacy is also the main 
target because students need to be able to relate scientific 
concepts to social and cultural contexts, understand 
scientific processes holistically, and participate in 
science-based decision-making in real life (D. Eliza et al., 
2025). The findings of this study are expected to yield a 
learning paradigm that is not only novel and contextual, 
but also applicable to global and local concerns. Smart 
Ethno STEM is intended to serve as a bridge between the 
intricacies of modern science and traditional knowledge, 
as well as between digital technology and human values, 
aligning with the path of higher education 
transformation in Indonesia. 

 

Method  
 
This study was conducted between July and 

September 2025 in the Chemistry Education Study 
Program, Universitas Lambung Mangkurat. The sample 
of this study was students enrolled in the Organic 
Chemsitry course, whereas the development phase 
involved expert lecturers and students who had already 
completed the subject. 

This research is a Research and Development 
(R&D) model that is intended to be carried out for a 
period of one year with the purpose of evaluating the 
efficacy of a product that has been developed (Rothwell 
et al., 2015). The product that is generated as a result of 
this research is in the form of Smart Ethno-STEM 
learning media. This learning method is intended to 
assist in the preservation of cultural traditions as a 
component of the study of chemistry. Branch (2009) 
states that the ADDIE model, which stands for Analysis, 
Design, Development, Implementation, and Evaluation, 
is the model that is referred to as the development 
process. According Antoñanzas et al. (2023) this 
particular development model is deemed suitable and 
pertinent for the purpose of developing tools and 
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resources for learning. All of the students who are 
enrolled in the Chemistry Education Study Program at 
Lambung Mangkurat University and are attending 
Organic Chemistry classes are included in the research 
population.  

The analysis phase was conducted to ascertain the 
learning requirements and attributes of pupils as 
prospective media users. The requirements analysis 
encompasses the delineation of course learning 
outcomes pertinent to stereochemistry content. This 
phase also assesses students' learning challenges, 
including inadequate comprehension of spatial 
representation and the correlation between 
stereochemical ideas and cultural contexts. 

The design phase encompasses the organization of 
the media's structure and content based on the findings 
of the needs assessment. Design efforts encompass the 
production of materials and the aggregation of textual, 
visual, and audiovisual content, along with the 
preliminary design of augmented reality (Smart Ethno-
STEM) media.  

The development phase commences with the 
creation of AR (Smart Ethno-STEM) media in 
accordance with the established design. The media 
production approach utilizes Chem3D, Blender, Open 
Babel UI, and Unity tools to create a three-dimensional 
model of stereoisomers that is more realistic, interactive, 
and navigable. The original product was subsequently 
validated by three evaluators: one media expert from a 
computer science education background and two 
material experts from a chemical education background. 

The implementation phase is conducted through 
multiple trial stages to assess the efficacy of media 
within the framework of actual learning. A small group 
experiment engaged 8 fifth-semester chemistry 
education students to evaluate the comprehension and 
applicability of the media. Additionally, a field trial was 
conducted utilizing an experimental design, comprising 
16 students in the experimental group and 16 students 
in the control group from the third semester.  

The evaluation phase is conducted both formatively 
and summatively, informed by the trial outcomes and 
students feedback as users. Formative review occurs at 
each revision stage to enhance the content and 
presentation of the media, and summative evaluation is 
conducted post-completion to evaluate overall viability. 
The examination of the merits and demerits of media 
pertains to student feedback about the utilization of 
augmented reality and the integration of ethnoscience.  

Data were gathered utilizing questionnaire 
methodologies and testing approaches. The 
questionnaire method was employed to gather data 
concerning the validity of the media and the practicality 
of Smart Ethno-STEM media. The media is endorsed by 
three specialists: one media expert and two educational 

professionals. The validated aspects are content 
feasibility, language utilization, instructional design, 
and media quality. The efficacy of Smart Ethno-STEM 
media products is assessed using data from student 
response questionnaires, the application of teaching 
materials, and feedback from lecturers. We conducted 
the evaluation thrice, specifically during small group 
trials, field tests, and operational trials, using a Likert 
scale ranging from 1 to 5. The testing method was 
employed to gather data on media effectiveness, 
specifically for metacognitive skills and scientific 
literacy. 

Metacognitive skills were assessed using 
descriptive problem-based assessments (Antoñanzas & 
Salavera, 2023; Prasetyo et al., 2023). The measurement 
concentrates on five facets of metacognitive skills: 
representation, planning, monitoring, evaluation, and 
transfer skills (Syahmani et al., 2020). The scientific 
literacy instrument was created by modifying the OECD 
PISA 2018 framework, encompassing three primary 
dimensions: scientific knowledge (conceptual, 
procedural, and epistemic), scientific competence (the 
capacity to elucidate phenomena, assess investigations, 
and interpret data), and the application of science in real-
world contexts (OECD, 2019). This instrument also 
considers the characteristics of scientific attitudes, 
including curiosity, openness to evidence, and 
knowledge of socio-science challenges (Sadler & Zeidler, 
2009). This instrument was created as questionnaires 
and problem-based assessments, adapted to the 
educational setting of organic chemistry and 
ethnoscience practices rooted in local knowledge. 
 
Table 1. Validity and Practicality Criteria of Smart 
Ethno-STEM Media 

Validity Interval Practicality Interval 

Highly Valid 4.25 ≤ V < 5.00 Very Practical 4.25 ≤ P < 5.00 
Valid 3.50 ≤ V < 4.25 Practical 3.50 ≤ P< 4.25 
Quite Valid 2.75 ≤ V < 3.50 Quite Practical 2.75 ≤ P< 3.50 
Less Valid 1.75 ≤ V < 2.50 Less Practical 1.75 ≤ P < 2.50 
Invalid 1.00 ≤ V < 1.75 Impractical 1.00 ≤ P<1.75 

   
This study employs a data analysis technique that 

integrates qualitative and quantitative descriptive 
methods. Descriptive statistical analysis is employed to 
evaluate data from the product validation process, 
conducted via expert judgment to characterize the 
quality of learning outcomes, referencing adapted 
criteria from (Nieveen, 1999), which encompasses 
relevance (content validity), consistency (construct 
validity), and practicality (ease of use). The validation of 
developmental products encompasses several elements, 
including Smart Ethno-STEM media, instructional 
materials, Semester Learning Plans, and assessment 
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tools. The validity and practicality of the product were 
assessed descriptively (Syahmani et al., 2017) and are 
presented in Table 1. 

The effectiveness of Smart Ethno-STEM was 
analyzed using descriptive statistical analysis 
techniques in the form of percentages, as well as 
normalized gain score tests (Hake, 1998). Improvements 
in each skill are analyzed based on specific criteria 
detailed in Table 2. 
 
Table 2. Criteria for Improving Metacognitive Skills and 
Scientific Literacy 

N-gain Category 

(g) > 0.7 High 
0.3 < (g) ≤ 0.7 Middle 
(g) ≤ 0.3 Low 

 
The effectiveness data were subsequently 

evaluated using inferential statistics through a one-
tailed test to evaluate the impact on enhancing creativity 
and literacy within the educational setting. The testing 
phases comprise: a) a normality assessment conducted 
via SPSS software utilizing the Mahalanobis test; b) a 
homogeneity of variance examination to ascertain the 
equivalence of variance among group pairs, analyzed 
through Box's M test; and c) a MANOVA test to evaluate 
the enhancement in N-gain of metacognitive skills and 
scientific literacy among students in both the 
experimental and control groups. 
 

Result and Discussion 
 

The development process employs the ADDIE 
model, encompassing the stages of analysis, design, 
development, implementation, and evaluation. This 
model was selected for its capacity to offer a systematic 
framework for the design, validation, and testing of 
learning media in stages, ensuring that the final 
products align with user requirements and academic 
standards.  

The analysis phase was conducted to ascertain the 
learning requirements and attributes of pupils as 
prospective media users. The requirements analysis 
encompasses the delineation of course learning 
outcomes pertinent to stereochemistry content. This 
phase also assesses students' learning challenges, 
including inadequate comprehension of spatial 
representation and the correlation between 
stereochemical ideas and cultural contexts. The findings 
of this investigation inform the construction of 
augmented reality-based Smart Ethno-STEM media, 
anticipated to deliver interactive, contextual, and 
competency-based learning experiences. 

The design phase encompasses the organization of 
the media's structure and content based on the findings 

of the needs assessment. Design efforts encompass the 
production of materials and the aggregation of textual, 
visual, and audiovisual content, along with the 
preliminary design of augmented reality (Smart Ethno-
STEM) media. The incorporation of ethnoscience aspects 
involves linking the chemical culture of the Banjar 
people, as shown by the practice of batimung bathing 
with spices that contain chiral flavonoid chemicals. 
Students participate in projects aimed at identifying 
compounds rooted in Banjar culture, assessing their 
chiral qualities, and producing pertinent visual 
representations (Ranuharja et al., 2021). 

The development phase commences with the 
creation of AR (Smart Ethno-STEM) media in 
accordance with the established design. The media 
production approach utilizes Chem3D, Blender, Open 
Babel UI, and Unity tools to create a three-dimensional 
model of stereoisomers that is more realistic, interactive, 
and navigable. The original product was subsequently 
validated by three evaluators: one media expert from a 
computer science education background and two 
material experts from a chemical education background. 
The validation results serve as a foundation for revision, 
ensuring the medium possesses high validity prior to 
student testing (Ding & Toran, 2025).  

The implementation phase is conducted through 
multiple trial stages to assess the efficacy of the media 
within the framework of actual learning. A small group 
experiment engaged 20 fifth-semester chemistry 
education students to evaluate the comprehension and 
applicability of the media. Additionally, a field trial was 
conducted utilizing a quasi-experimental design with a 
non-equivalent control group design, comprising 16 
students in the experimental group (using Smart Ethno-
STEM learning media) and 16 students in the control 
group (using direct instruction) from the third semester. 
Changes occur after each phase of the trial: the 
preliminary post-test, the principal trial, and the 
operational test. This implementation method ensures 
the medium's technical operation and its successful 
enhancement of students' metacognition and scientific 
literacy skills. 

The evaluation phase is conducted both formatively 
and summatively, informed by the trial outcomes and 
students’ feedback as users. Formative review occurs at 
each revision stage to enhance the content and 
presentation of the media, and summative evaluation is 
conducted post-completion to evaluate overall viability. 
The examination of the merits and demerits of the media 
pertains to student feedback about the utilization of 
augmented reality and the integration of ethnoscience. 
This assessment ascertains whether Smart Ethno-STEM 
has successfully enhanced students' metacognition and 
scientific literacy and evaluates its feasibility for broader 
implementation in organic chemistry education. 
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Smart Ethno-STEM learning media was developed 
to provide an interactive, contextual, and three-
dimensional visualization-based learning experience. 
The app helps students explore stereochemical models 
directly through mobile devices, so abstract concepts can 
be visualized more clearly. The appearance of several 
media pages is presented in Figure 1. 

 

 

 
Figure 1. Display of Smart Ethno-STEM learning media 

interface for stereochemistry visualization 

 
The integration of ethnoscience into 

stereochemistry highlights how molecular structures are 
embedded in cultural practices and local traditions 
(Ardyansyah, 2024). In the context of Banjar culture, for 
instance, the traditional "mandi batimung" ritual employs 
herbs and spices such as kaffir lime leaves, cloves, 
lemongrass, and turmeric, many of which contain chiral 
compounds like limonene, menthol, and citronellal 
(Almubarak et al., 2024; Prasetyo et al., 2023). These 
compounds exhibit stereochemical properties that 
determine their aroma, physiological effects, and 
cultural significance. By linking stereochemistry to 
traditional practices, students can appreciate how chiral 
molecules function both as scientific entities and as part 
of cultural heritage. This ethno-perspective situates 
stereochemistry as a discipline that connects molecular 
theory with the lived experiences and wisdom of local 
communities (Junaidi et al., 2025).  

The Smart Ethno-STEM augmented reality (AR) 
media embeds the STEM process within stereochemistry 
learning, allowing students to engage in scientific 
inquiry, technological application, engineering design, 
and mathematical reasoning simultaneously (Amanah 
et al., 2025; Zan & Asrizal, 2024). In the science aspect, 
students analyze stereochemical concepts such as 
chirality, R/S configuration, and optical activity. 
Through technology, they utilize AR platforms and 

molecular modeling software to visualize and 
manipulate three-dimensional molecular structures. The 
engineering dimension is emphasized when students 
design and construct models, whether digitally or 
physically, by selecting appropriate materials, colors, 
and spatial orientations to represent chiral centers 
(Rasyid et al., 2024; Zan & Asrizal, 2024). The 
mathematics component is integrated through 
quantitative analysis, such as determining the number of 
stereoisomers, calculating bond angles, or interpreting 
optical rotation data. Together, these STEM components 
ensure that learning stereochemistry through AR media 
is comprehensive, contextual, and reflective of authentic 
scientific practices (Reyes & Villanueva, 2024).  

This study's results reveal conclusions derived from 
a sequence of development procedures and the 
implementation of Smart Ethno-STEM learning media 
concerning stereochemistry materials. The study centers 
on three primary aspects: validity, practicality, and 
effectiveness, which serve as the criteria for assessing the 
quality of a learning product. The three characteristics 
are methodically presented to offer a full picture of the 
feasibility, use, and influence of the media on enhancing 
students' metacognitive skills and scientific literacy. 
 
Validity of Smart Ethno-STEM media 

The validity of Smart Ethno-STEM learning media 
was assessed by three validators consisting of two 
material experts and one media expert. The validation 
process is carried out to ensure the suitability of content, 
display quality, and the feasibility of media used in 
stereochemical learning. The assessment covers four 
main aspects, namely learning design (content), 
software functionality and engineering, visual and 
aesthetic communication, and interactivity. The results 
of the assessment of these experts are presented in Table 
3.  
 
Table 3. Expert Validation Results of Smart Ethno-STEM 
Learning Media 
Aspects Value Category 

Learning Design (Content) 4.53 Highly Valid 
Functionality & Software Engineering 4.33 Highly Valid 
Visual & Aesthetic Communication 
Aspects 

4.42 Highly Valid 

Interactivity 4.56 Highly Valid 
Average 4.46 Highly Valid 

 
The Learning Design (Content) aspect obtained an 

average score of 4.53 with a very valid category. The 
assessment shows that the content of stereochemical 
material is in accordance with the set competencies, 
including basic concepts, molecular representations, and 
real applications in the fields of pharmaceuticals, 
cosmetics, and biotechnology. The accuracy of the 
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material and the integration between theory and practice 
are considered very good by material experts.  

The Functionality and Software Engineering aspect 
obtained a score of 4.33 in the very valid category. The 
media is considered stable on mobile devices, the 
navigation feature is responsive, and the system can be 
run without significant interruptions. The performance 
of the software supports the student learning process, 
especially since the application allows quick access to 
stereochemical 3D models. This makes the learning 
experience more efficient and supports optimal visual 
exploration of molecules (Habibi & Agustini, 2022).  

The Visual and Aesthetic Communication aspect 
obtained an average score of 4.42 with a very valid 
category. The graphical display is judged to be 
consistent, the color selection is aligned, and the 
information layout supports the user's focus on 
molecular visualization. Illustrations displayed through 
AR reinforce spatial understanding and maintain 
student engagement. Detailed visualization makes 
abstract stereochemical material easier to understand 
and aesthetically appealing (Halawa et al., 2022; Lutfi et 
al., 2023).  

The Interactivity aspect obtained the highest score 
of 4.56 with a very valid category. Media encourages 
active student engagement because each molecule can 

be rotated, magnified, and analyzed directly through 
AR. The app's high response rate allows students to 
explore seamlessly, resulting in a more immersive 
learning experience (Asda et al., 2022). Suggestions for 
improvement are focused on aspects of learning design 
and media display. Visual appearance is recommended 
to be refined through more adaptive layout consistency 
and color selection, so that the appeal of the media is 
more optimal. Based on the results of the overall 
assessment, the average media validity score of 4.46 is 
included in the very valid category. These findings 
confirm that Smart Ethno-STEM learning media based 
on mobile augmented reality is suitable for use as a 
means of supporting stereochemical learning. 
 
Practicality of Smart Ethno-STEM Media 

The results of the practical test of the Smart Ethno-
STEM learning media were obtained through a student 
response questionnaire. The trial was conducted in small 
groups and field tests by assessing aspects of ease of use, 
visual appearance, navigation, language, feature 
support, and feedback clarity. This assessment aims to 
find out the extent to which media can be used 
effectively by students in stereochemistry learning 
(Maasawet et al., 2023; Umamah et al., 2023). The results 
of the practicality are presented in Table 4. 

 
Table 4. Results of Practicality Test of Smart Ethno-STEM Learning Media Based on Student Responses 
Statement Small Groups Field Group 

The app is easy to use, and the navigation is clear. 4.25 4.56 
The augmented reality feature helped me understand the concept of organic chemistry better. 4.63 4.81 
The app's appearance is interesting and makes me interested in learning. 4.50 4.56 
The material presented in the app is easy to understand. 4.63 4.81 
This app improved my metacognition skills in learning chemistry. 4.38 4.81 
This app helped improve my science literacy. 4.75 4.81 
The application loading time is fast and does not interfere with the learning process. 4.75 4.88 
I feel more motivated to learn organic chemistry by using this app. 4.63 4.75 
The instructions for using the app are clear and easy to follow. 4.63 4.63 
I want to use this application as a learning medium on a regular basis. 4.75 4.88 
The app is easy to use, and the navigation is clear. 4.59 4.75 

The average score of the practicality test in the small 
group was 4.59, while in the field test it increased to 4.75. 
This value indicates that the media is in the category of 
very practical to use. Aspects that score high include 
visual display, language clarity, and accessibility on 
various devices. These results indicate that media is not 
only easy to understand, but also provides convenience 
in its use, thus encouraging student motivation to learn. 

The interactive features provided, such as quizzes 
and exercises with feedback, are quite helpful for 
students in understanding the concept of 
stereochemistry. The ease of navigation of the menu and 
the speed of access to content are important points that 
are appreciated. In addition, the presence of a feature 
that connects students with scientific information from 

various sources expands their horizons contextually (F. 
Eliza et al., 2023; Firman et al., 2024; Istyadji et al., 2022). 
The students' recommendation to use this media more 
broadly also shows positive acceptance and high 
utilization potential in learning organic chemistry. 
 
Effectiveness of Smart Ethno-STEM media 

The effectiveness of Smart Ethno-STEM learning 
media is reviewed from two main variables, 
metacognitive skills and scientific literacy. The 
instruments used are validated first before being used 
for the evaluation of the developed media (Radeswandri 
et al., 2021). Validation of the content of the instrument 
showed that all items in the metacognitive variable (5 
items) were declared to be very valid. In the scientific 
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literacy variable, five items included in the category 
were very valid and two items were considered valid, so 
that all items could be used for measurement. These 
results show that the question items are in accordance 
with the measured indicators and are relevant to the 
research objectives. 

Construct validation indicates that all items in 
metacognition are valid, however in scientific literacy, 
item number 3 is deemed invalid. The instrument's 
reliability demonstrated strong consistency, with a 
Cronbach's Alpha of 0.742 for scientific literacy and 0.768 
for metacognition. This value verifies that the 
instrument possesses a sufficient degree of 
dependability for utilization during the assessment of 
learning media efficacy. The validated instrument is 
subsequently employed for field tests (Elangovan & 
Sundaravel, 2021; Susilawati et al., 2023; Kalkbrenner, 
2021). Table 5 below presents the summary of the 
pretest-posttest for the control and experimental class. 

 
Table 5. Summary of Pretest and Posttest Results in 
Control and Experimental Classes 
Variable Test Control Experiment 

Metacognitive 
Pretest 37.00 36.75 

Posttest 74.00 84.50 

Science Literacy 
Pretest 34.88 35.25 

Posttest 71.88 81.81 

 
The efficacy test findings on metacognitive skills 

indicated a substantial enhancement in both the control 
and experimental groups. The control group's pretest 
score averaged 37.00 and rose to 74.00 on the posttest. 
The experimental group exhibited an increase in scores, 
rising from 36.75 on the pretest to 84.50 on the posttest. 
The findings on scientific literacy indicated a notable 
upward tendency, albeit it exhibited a distinct pattern 
compared to the metacognitive variable. The control 
group's pretest score was 34.88, which marginally 
climbed to 35.25 in the posttest. The experimental group 
exhibited a significant rise from 71.88 in the pretest to 
81.81 in the posttest. These results were further 

evaluated using the n-gain formula to test the 
effectiveness of the media as shown in Figure 2. 

The assessment of N-gain in metacognitive skills 
revealed that the control group achieved a score of 0.59, 
categorizing it as medium, but the experimental group 
attained a score of 0.75, placing it in the high category. 
The distinction in categories highlights the efficacy of 
Smart Ethno-STEM media in enhancing students' self-
regulation in the study of stereochemistry. Augmented 
reality-based spatial visualization enhances the learning 
experience, enabling students to cultivate cognitive 
strategies, assess their comprehension, and optimize 
their learning outcomes more effectively than those in 
the control group (Chen et al., 2023; Mostowfi et al., 
2023).  
 

 
Figure 2. N-gain test 

 
The N-gain outcomes in scientific literacy revealed 

substantial disparities between the two groups. The 
control group attained a score of 0.57 in the medium 
category, but the experimental group secured a score of 
0.72 in the high category. This accomplishment 
demonstrates that the incorporation of ethnoscience in 
Smart Ethno-STEM learning media effectively connects 
the principles of organic chemistry with social and 
cultural contexts. Students can connect it to real 
phenomena, making the development of scientific 
literacy more critical, contextual, and pertinent to 
everyday life (Asyri & Asyri, 2024; Auralia & Juliani, 
2024; Fatih et al., 2024; Saputra & Octavia, 2024). 

 

  
Figure 3. Normality test 
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The N-gain calculation results were further 
reinforced using inferential statistical analysis using the 
MANOVA test. The preliminary phase involves 
evaluating fundamental assumptions, specifically the 
normalcy test and the homogeneity test. The normality 
test evaluates whether the data follows a normal 
distribution, whereas the homogeneity test assesses the 
similarity of variance among groups (Hernandez, 2021; 
Zhou et al., 2023). The satisfaction of these two 
assumptions is a crucial requirement prior to conducting 
the mean difference test using an independent t-test. The 
results of the normality test are shown in Figure 3. 

The normality test results, as indicated by the 
Normal P–P Plot graph comparing the Chi-Square value 
and the Mahalanobis Distance, reveal that the data 
points in both the control and experimental groups 
predominantly align along a diagonal line. This 
indicates that the data distribution in both groups 
approximates a normal distribution. The determination 

coefficient (R²) was 0.971 for the control class and 0.982 
for the experimental class, both indicating a high degree 
of correlation that supports the conclusion of normal 
data distribution (Hernandez, 2021). The assumption of 
normality is fulfilled in both groups so that the data are 
feasible to use for the homogeneity test shown in Table 
6.  

The outcomes of the homogeneity test, employing 
Box’s Test of Equality of Covariance Matrices, indicated 
a Box’s M value of 1.000 with a significance level of 0.819 
(p > 0.05). This signifies that the covariance matrices 
among groups are equivalent and that no substantial 
difference exists. Consequently, the assumption of 
homogeneity of covariance is satisfied. The results of the 
assumption tests indicate that the data are normally 
distributed and satisfy the homogeneity assumption, 
allowing for the continuation of analysis using the 
parametric test, specifically the MANOVA test.  

 
Table 6. Homogeneity Test 
Statistical Test Value Sig. Decision 

Box's Test of Equality of Covariance Matrices M = 1,000 0.819 p > 0.05 → Homogeneity assumption is met 

The Multivariate Analysis of Variance (MANOVA) 
test results indicated a Hotelling’s Trace value of 0.352, 
an F value of 5.099 with degrees of freedom (2, 29), and 
a significance level of 0.013. A significance value below 
0.05 denotes a substantial difference between the control 
group and the experimental group regarding the 
combined variables of metacognition and scientific 
literacy. The data indicate that the intervention 
administered to the experimental group significantly 
affects learning outcomes. The disparity signifies that 
students in the experimental group undergo distinct 
skill improvement relative to those in the control group 
(Sulistina & Hasanah, 2024). These results substantiate 
the argument that the employed learning strategies 
influence the quality of student accomplishment. 

The analysis of the MANOVA results indicates that 
class factors exert a concurrent influence on the two 
dependent variables: metacognitive skills and scientific 
literacy. This indicates that the alterations are not 
confined just to metacognitive thinking abilities but also 
extend to students' competencies in comprehending and 
implementing scientific topics. The correlation between 
these two variables indicates that the learning tactics 
employed in the experimental class facilitate a more 
holistic learning experience. Students are encouraged to 
manage their cognitive processes and are also required 
to connect that understanding to pertinent scientific 
literacy (Cahyana et al., 2023). The concurrent effect 
reinforces the assertion that instructional interventions 
can enhance student learning outcomes more effectively 
than the learning implemented in the control group. 

Conclusion  

 
The development of Smart Ethno-STEM learning 

media via mobile augmented reality has been 
demonstrated to be legitimate, practical, and effective 
for organic chemistry education, especially in the area of 
stereochemistry. Expert validation affirmed that the 
medium adhered to elevated standards of content 
correctness, functionality, aesthetics, and interactivity. 
Practicality assessments revealed that students 
perceived the media as user-friendly, interesting, and 
conducive to autonomous learning. The effectiveness 
study revealed substantial enhancements in 
metacognitive skills and scientific literacy, with the 
experimental group N-gain scores in the high category, 
while the control group was in the medium category. 
MANOVA results further validated that the class factor 
significantly impacted the combined variables, 
indicating that Smart Ethno-STEM promotes the 
concurrent development of higher-order thinking skills 
and scientific literacy. These findings underscore the 
possibility of amalgamating augmented reality with 
ethnoscience contexts to develop participatory, 
culturally pertinent, and technologically enriched 
learning experiences in higher education. Therefore, 
media integrating augmented reality and ethnoscience is 
highly recommended for application in other courses to 
enhance metacognitive skills and scientific literacy, as 
well as a sense of pride in the culture that develops in 
society. 
 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 237-248  
 

245 

Acknowledgments  

Gratitude is addressed to the Direktorat Penelitian dan 
Pengabdian kepada Masyarakat, Kementerian Pendidikan 
Tinggi, Sains, dan Teknologi for providing funds of the 
research, by contract no. 075/C3/DT.05.00/PL/2025 and also 
Lembaga Penelitian dan Pengabdian Kepada Masyarakat 
(LPPM) of Universitas Lambung Mangkurat for facilitating of 
the research. 
 
Author Contribution 
Concept: YP and AK; Methodology: YP, AK, and NS; Software 
Development: YP and NS; Validation and Data Analysis: YP 
and AK; Writing Draft Preparation: YP, AK, and NS; Research 
Administration: YP, AK, and NS. 
 
Funding 

Research grant for novice lecturers of the Direktorat Penelitian 
dan Pengabdian kepada Masyarakat and Kementerian 
Pendidikan Tinggi, Sains dan Teknologi with contract no. 
075/C3/DT.05.00/PL/2025. 

 
Conflicts of Interest 
The authors declare that there are no conflicts of interest 
regarding the publication of this article. 
 
References  
 
Almubarak, A., Sriyati, S., & Liliawati, W. (2024). 

Interdependence of Science and Social Context 
Through Lens of Banjar Culture Activities 
(Batimung): Convergent Model. Journal of 
Mathematics Science and Computer Education, 4(1), 
85. https://doi.org/10.20527/jmscedu.v4i1.12387 

Amanah, P. D., Rahayu, S., & Gunawan, G. (2025). 
Validity and Reliability Analysis of Science 
Modules Using Problem-Based Learning Models 
Based on Ethno-STEM Assisted by Augmented 
Reality. Kappa Journal, 9(2), 213–222. 
https://doi.org/10.29408/kpj.v9i2.31825 

Andayani, Y., Anwar, Y. A. S., & Hadisaputra, S. (2021). 
Pendekatan Etnosains dalam Pelajaran Kimia 
Untuk Pembentukan Karakter Siswa: Tanggapan 
Guru Kimia di NTB. Jurnal Pijar Mipa, 16(1), 39–43. 
https://doi.org/10.29303/jpm.v16i1.2269 

Antoñanzas, J. L., & Salavera, C. (2023). Validation of the 
metacognitive skills questionnaire for drivers of 
vehicles (CHMC). Frontiers in Psychology, 14, 
1054279. 
https://doi.org/10.3389/fpsyg.2023.1054279 

Ardyansyah, A. (2024). Enhancing Chemistry Education 
Through The Integration of Rote Ndao Cultural 
Practices: An Ethnographic Exploration of 
Ethnochemistry. Journal of Educational Chemistry 
(JEC), 6(2), 111–126. 
https://doi.org/10.21580/jec.2024.6.2.22321 

Asda, E. F., Effendi, E., Maaruf, A., Fathony, H., & 
Hidayati, I. (2022). The Validity of E-Learning 

Chemistry Learning in SMA / MA Project Based 
Learning on Hydrocarbons Using the Flipped 
Classroom Approach in Class XI Senior High 
School. International Journal of High Information, 
Computerization, Engineering and Applied Science 
(JHICE), 2(01), 1–9. 
https://doi.org/10.24036/jhice/vol2-iss01/20 

Asyri, D., & Asyri, D. (2024). Efektivitas Augmented 
Reality Berbasis Steam Meningkatkan 
Kemampuan Literasi Sains Mahasiswa. JKTP: 
Jurnal Kajian Teknologi Pendidikan, 7(4), 229–237. 
https://doi.org/10.17977/um038v7i42024p229 

Auralia, A., & Juliani, D. A. (2024). Improving 
Elementary School Students’ Science Literacy 
Abilities in Augment Reality-Based Science 
Learning. International Journal of Elementary 
Education, 8(4), 679–687. 
https://doi.org/10.23887/ijee.v8i4.78569 

Azid, N., Ali, R. M., El Khuluqo, I., Purwanto, S. E., & 
Susanti, E. N. (2022). Higher order thinking skills, 
school-based assessment and students’ 
mathematics achievement: Understanding 
teachers’ thoughts. International Journal of 
Evaluation and Research in Education (IJERE), 11(1), 
290–302. 
https://doi.org/10.11591/ijere.v11i1.22030 

Branch, R. M. (2009). Instructional Design: The ADDIE 
Approach. Springer US. 
https://doi.org/10.1007/978-0-387-09506-6 

Cahyana, U., Luhukay, J. R., Lestari, I., Irwanto, I., & 
Suroso, J. S. (2023). Improving Students’ Literacy 
and Numeracy Using Mobile Game-Based 
Learning with Augmented Reality in Chemistry 
and Biology. International Journal of Interactive 
Mobile Technologies (IJIM), 17(16), 4–15. 
https://doi.org/10.3991/ijim.v17i16.42377 

Casselman, M. D., Eichler, J. F., & Atit, K. (2021). 
Advancing multimedia learning for science: 
Comparing the effect of virtual versus physical 
models on student learning about stereochemistry. 
Science Education, 105(6), 1285–1314. 
https://doi.org/10.1002/sce.21675 

Chen, C.-H., Chan, W.-P., Huang, K., & Liao, C.-W. 
(2023). Supporting informal science learning with 
metacognitive scaffolding and augmented reality: 
effects on science knowledge, intrinsic motivation, 
and cognitive load. Research in Science & 
Technological Education, 41(4), 1480–1495. 
https://doi.org/10.1080/02635143.2022.2032629 

Chestnut, J., & Johnson, C. C. (2025). Factors Influencing 
Students’ Academic Success in Introductory 
Chemistry: A Systematic Literature Review. 
Education Sciences, 15(4), 413. 
https://doi.org/10.3390/educsci15040413 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 237-248  
 

246 

Ding, Y., & Toran, H. (2025). Application of ADDIE as an 
Instructional Design Model in the Teaching and 
Rehabilitation of Children with Autism: A Review. 
International Journal of Learning, Teaching and 
Educational Research, 24(1), 87–115. 
https://doi.org/10.26803/ijlter.24.1.5 

Echeverri-Jimenez, E., & Oliver-Hoyo, M. (2023). Visual-
Spatial Skills, Strategies, and Challenges to Extract, 
Represent, and Predict Stereochemical Outcomes 
of Cycloadditions Using a Hexagonal Prism 
Reference Frame. Journal of Chemical Education, 
100(7), 2483–2494. 
https://doi.org/10.1021/acs.jchemed.2c00398 

Elangovan, N., & Sundaravel, E. (2021). Method of 
preparing a document for survey instrument 
validation by experts. MethodsX, 8, 101326. 
https://doi.org/10.1016/j.mex.2021.101326 

Elford, D., Lancaster, S. J., & Jones, G. A. (2021). 
Stereoisomers, Not Stereo Enigmas: A 
Stereochemistry Escape Activity Incorporating 
Augmented and Immersive Virtual Reality. Journal 
of Chemical Education, 98(5), 1691–1704. 
https://doi.org/10.1021/acs.jchemed.0c01283 

Eliza, D., Mulyeni, T., Yulsyofriend, Y., Mahyuddin, N., 
Erita, Y., & Dhanil, M. (2025). Implementation of 
Project-Based Learning in Improving Scientific 
Literacy in Early Childhood Education: Systematic 
Literature Review. Journal of Baltic Science 
Education, 24(1), 71–91. 
https://doi.org/10.33225/jbse/25.24.71 

Eliza, F., Fadli, R., Hakiki, M., Trisnawati, W., Abdulah, 
Putra, Y. I., Fauziah, Marind, G., & Hidayah, Y. 
(2023). Revolution in Engineering Education 
through Android-Based Learning Media for 
Mobile Learning: Practicality of Mobile Learning 
Media to Improve Electrical Measuring Skills in the 
Industrial Age 4.0. International Journal of Interactive 
Mobile Technologies (IJIM), 17(20), 60–75. 
https://doi.org/10.3991/ijim.v17i20.42093 

Erlina, E., Enawaty, E., Melati, H. A., & Lestari, I. (2023). 
Video with multiple representations approach to 
promote students’ conceptual understanding of 
intermolecular forces. International Journal of 
Evaluation and Research in Education (IJERE), 12(4), 
1994–2002. 
https://doi.org/10.11591/ijere.v12i4.25243 

Fahrozy, F. P. N., Irianto, D. M., & Kurniawan, D. T. 
(2022). Etnosains sebagai Upaya Belajar secara 
Kontekstual dan Lingkungan pada Peserta Didik 
di Sekolah Dasar. Edukatif: Jurnal Ilmu Pendidikan, 
4(3), 4337–4345. 
https://doi.org/10.31004/edukatif.v4i3.2843 

Fatih, M., Alfi, C., & Muqtafa, M. A. (2024). Science 
Learning Game (SLG) Based on Augmented 
Reality Enhances Science Literacy and Critical 

Thinking Students Skills. Jurnal Penelitian 
Pendidikan IPA, 10(2), 973–981. 
https://doi.org/10.29303/jppipa.v10i2.6107 

Firman, A. B. P. D. A., Rachmawati, L., & Siswanto, D. 
H. (2024). Validity and practicality of the game-
based learning media for mathematical logic using 
the quiz whizzer application. JOELI: Journal of 
Educational and Learning Innovation, 1(2), 107–118. 

Foa, A. J., Dinatha, N. M., Itu, K. E., & Moza, M. A. 
(2024). Nilai kearifan lokal dalam pembelajaran 
IPA SMP. Jurnal Citra Pendidikan, 4(2), 1735–1745. 
https://doi.org/10.38048/jcp.v4i2.3484 

Habibi, A. R., & Agustini, R. (2022). Validity of learning 
media in reaction rate material. JCER (Journal of 
Chemistry Education Research), 6(1), 8–13. 
https://doi.org/10.26740/jcer.v6n1.p8-13 

Hake, R. R. (1998). Interactive-engagement versus 
traditional methods: A six-thousand-student 
survey of mechanics test data for introductory 
physics courses. American Journal of Physics, 66(1), 
64–74. https://doi.org/10.1119/1.18809 

Halawa, A. A., Yulita, I., & Adriani, N. (2022). The 
development of Acid-Base Electronic Chemistry 
Comic Learning Media for High School Students. 
Journal of Science Education Research, 6(1), 24–30. 
https://doi.org/10.21831/jser.v6i1.44997 

Harjono, A., Verawati, N. N. S. P., Wahyudi, W., 
Gummah, S., & Prayogi, S. (2025). Integrating 
ethnoscience in inquiry-creative learning: a new 
breakthrough in enhancing critical thinking. 
International Journal of Evaluation and Research in 
Education (IJERE), 14(1), 636–647. 
https://doi.org/10.11591/ijere.v14i1.29259 

Hernandez, H. (2021). Testing for normality: What is the 
best method. ForsChem Research Reports, 6(5), 1–38. 
https://doi.org/10.13140/RG.2.2.13926.14406 

Hidayati, F., & Julianto, J. (2024). Integrasi Etnosains 
Dalam Kurikulum Merdeka Sekolah Dasar Untuk 
Meningkatkan Keterampilan Berpikir Kritis Dan 
Problem Solving. DIDAKTIKA: Jurnal Pemikiran 
Pendidikan, 30(2), 306–320. 
https://doi.org/10.30587/didaktika.v30i2.9581 

Istyadji, M., Yulinda, R., Amalina, D., & Fahmi, F. (2022). 
Validity and Practicality of Articulate Storyline 
Learning Media on Environmental Pollution 
Materials for Junior High School Students. Jurnal 
Penelitian Pendidikan IPA, 8(6), 2599–2604. 
https://doi.org/10.29303/jppipa.v8i6.1639 

Junaidi, E., Sudatha, I. G. W., Suartama, I. K., & Santosa, 
M. H. (2025). Ethnochemistry In Chemistry 
Learning: Insights from Indonesian Local Wisdom. 
Jurnal Pendidikan MIPA, 26(3), 1642–1658. 
https://doi.org/10.23960/jpmipa.v26i3.pp1642-
1658 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 237-248  
 

247 

Kalkbrenner, M. T. (2021). A Practical Guide to 
Instrument Development and Score Validation in 
the Social Sciences: The MEASURE Approach. 
Practical Assessment, Research & Evaluation, 26(1), 1–
18. https://doi.org/10.7275/svg4-e671 

Kamaludin, A., Sriyati, S., & Liliawati, W. (2024). Study 
of the Ethnoscience Learning Approach About the 
Keris Yogyakarta for Chemistry Learning in High 
School. Journal of Educational Chemistry (JEC), 6(1), 
17–26. 
https://doi.org/10.21580/jec.2024.6.1.20961 

Klaharn, R., Chaleoykitti, S., & Chakchaichon, C. (2025). 
Developing an active learning model using 
problem-based learning to enhance the 21st 
century skills. Humanities and Social Sciences Letters, 
13(1), 187–199. 
https://doi.org/10.18488/73.v13i1.4046 

Levy, J., Chagunda, I. C., Iosub, V., Leitch, D. C., & 
McIndoe, J. S. (2024). MoleculAR: An Augmented 
Reality Application for Understanding 3D 
Geometry. Journal of Chemical Education, 101(6), 
2533–2539. 
https://doi.org/10.1021/acs.jchemed.3c01045 

Lutfi, A., Aftinia, F., & Eka Permani, B. (2023). 
Gamification: Game as a medium for learning 
chemistry to motivate and increase retention of 
student learning outcomes. Journal of Technology 
and Science Education, 13(1), 193. 
https://doi.org/10.3926/jotse.1842 

Maasawet, E. T., Candra, K. P., Putra, H. P., & Kolow, J. 
C. (2023). Practicality and Effectiveness of Student 
Learning Using Smart Apps Creator Media to 
Improve Critical Thinking Abilities and Student 
Learning Outcomes. Jurnal Penelitian Pendidikan 
IPA, 9(SpecialIssue), 136–142. 
https://doi.org/10.29303/jppipa.v9iSpecialIssue.
6358 

Mingaleva, Z., & Vukovic, N. (2020). Development of 
Engineering Students Competencies Based on 
Cognitive Technologies in Conditions of Industry 
4.0. International Journal of Cognitive Research in 
Science Engineering and Education, 8(Special issue), 
93–101. https://doi.org/10.23947/2334-8496-2020-
8-SI-93-101 

Mostowfi, S., Kim, J. H., Yu, C.-Y., Seo, K., Wang, F., & 
Oprean, D. (2023). The Effect of Metacognitive 
Judgments on Metacognitive Awareness in an 
Augmented Reality Environment. In Augmented 
Cognition (Vol. 14019, pp. 347–358). Springer. 
https://doi.org/10.1007/978-3-031-35017-7_22 

Nieveen, N. (1999). Prototyping to Reach Product 
Quality. In Design Approaches and Tools in Education 
and Training (pp. 125–135). Springer Netherlands. 
https://doi.org/10.1007/978-94-011-4255-7_10 

OECD. (2019). PISA 2018 Assessment and Analytical 
Framework. OECD Publishing. 
https://doi.org/10.1787/b25efab8-en 

Parinussa, J. D., Rachman, R. S., Wiliyanti, V., Jasiah, J., 
& Tumiwa, J. (2024). Implementasi Teknologi 
Augmented Reality dalam Pembelajaran: Dampak 
Terhadap Hasil Belajar Mahasiswa. Jurnal Review 
Pendidikan Dan Pengajaran, 7(4), 16198–16204. 
https://doi.org/10.31004/jrpp.v7i4.37348 

Prasetyo, Y. D., Syahmani, S., & Dalu, Z. C. A. (2023). 
Development of Ethnoscience-Based Organic 
Chemistry Practicum e-Module to Improve 
Students’ Problem Solving Ability. Jurnal 
Pendidikan Sains (JPS), 11(2), 21–29. 
https://doi.org/10.26714/jps.11.2.2023.21-29 

Prasetyo, Y. D., Syahmani, S., & Rusmansyah, R. (2025). 
Efektivitas, Tantangan, dan Peluang Pembelajaran 
Jarak Jauh pada Kurikulum Pendidikan Kimia 
Pasca-Pandemi Covid-19: Kajian Sistematis. JCAE 
(Journal of Chemistry And Education), 8(2), 64–73. 
https://doi.org/10.20527/jcae.v8i2.3096 

Radeswandri, R., Budiawan, A., Vebrianto, R., & Thahir, 
M. (2021). Developing instrument to measure the 
use of online comic as educational media. Journal of 
Education and Learning (EduLearn), 15(1), 119–126. 
https://doi.org/10.11591/edulearn.v15i1.18961 

Ranuharja, F., Ganefri, G., Fajri, B. R., Prasetya, F., & 
Samala, A. D. (2021). Development of interactive 
learning media edugame using ADDIE model. 
Jurnal Teknologi Informasi Dan Pendidikan, 14(1), 53–
59. https://doi.org/10.24036/tip.v14i1.412 

Rasyid, A., Hardyanto, W., Ridlo, S., & Parmin, P. (2024). 
Elaborating ethnobotanical knowledge of bael 
(Aegle marmelos (L.) Corrêa) in augmented 
reality-based learning media with a STEM 
approach to increase students’ naturalist 
intelligence. Ethnobotany Research and Applications, 
27, 1–19. https://doi.org/10.32859/era.27.37.1-19 

Reyes, R. L., & Villanueva, J. A. (2024). Narrative-Based 
Concept Representations: Fostering Visual 
Cognition in the Introductory Chemistry 
Classroom. Journal of Chemical Education, 101(3), 
1106–1119. 
https://doi.org/10.1021/acs.jchemed.3c01151 

Rodríguez-Abitia, G., & Bribiesca-Correa, G. (2021). 
Assessing Digital Transformation in Universities. 
Future Internet, 13(2), 52. 
https://doi.org/10.3390/fi13020052 

Rothwell, W. J., Benscoter, G. M., King, M., & King, S. B. 
(2015). Mastering the Instructional Design Process. 
Wiley. https://doi.org/10.1002/9781119176589 

Sadler, T. D., & Zeidler, D. L. (2009). Scientific literacy, 
PISA, and socioscientific discourse: Assessment for 
progressive aims of science education. Journal of 



Jurnal Penelitian Pendidikan IPA (JPPIPA) December 2025, Volume 11, Issue 12, 237-248  
 

248 

Research in Science Teaching, 46(8), 909–921. 
https://doi.org/10.1002/tea.20327 

Saputra, R. S., & Octavia, B. (2024). E-Module Assisted 
by Augmented Reality with a Discovery Learning 
Model on Virus Material to Increase Scientific 
Literacy and Learning Independence for Class X 
High School Students. Jurnal Penelitian Pendidikan 
IPA, 10(11), 8507–8518. 
https://doi.org/10.29303/jppipa.v10i11.8795 

Sari, N. R., Nayazik, A., & Wahyuni, A. (2022). 
Pengembangan E-Modul Berbasis Ethno-STEM 
Pada Materi Volume Benda Putar Integral. JNPM 
(Jurnal Nasional Pendidikan Matematika), 6(3), 565–
579. https://doi.org/10.33603/jnpm.v6i3.7289 

Şenyiğit, Ç., & Bakırcı, H. (2025). The Role of STEM 
Awareness and 21st Century Skills Competence 
Perceptions on Pre-Service Primary School 
Teachers’ Teacher Self-Efficacy for STEM Practices. 
International Journal of Science and Mathematics 
Education, 23(6), 1769–1791. 
https://doi.org/10.1007/s10763-024-10535-6 

Shagraуеva, B., Shertayeva, N., Zhorabekova, A., & 
Toktamys, N. (2025). Enhancing the Quality of 
Education Through the Integration of STEM 
Technology Elements in Chemistry Lessons. 
European Journal of STEM Education, 10(1), 15. 
https://doi.org/10.20897/ejsteme/17176 

Sulistina, O., & Hasanah, S. M. (2024). Improving 
Chemical Literacy Skills: Integrated Socio-
Scientific Issues Content in Augmented Reality 
Mobile. International Journal of Interactive Mobile 
Technologies (IJIM), 18(05), 135–147. 
https://doi.org/10.3991/ijim.v18i05.47923 

Sumarni, W. (2023). Pjbl-Etno-STEM: Potensi dan 
kontribusinya dalam peningkatan keterampilan 
abad 21 dan karakter konservasi mahasiswa. In 
Konservasi Pendidikan (pp. 49–80). Unnes Press. 

Susilawati, Doyan, A., Rokhmat, J., & Muliyadi, L. 
(2023). Analysis Validation of Modern Physics 
Learning Media Based on Smartphone Integrated 
Project Based Learning to Improve Studentsâ€™ 
Creativity and Scientific Literacy. Jurnal Penelitian 
Pendidikan IPA, 9(10), 7888–7892. 
https://doi.org/10.29303/jppipa.v9i10.5404 

Syahmani, S., Suyono, S., & Imam, Z. I. (2017). Validity 
of i-SMART learning model: an innovative 
learning to improve students’ metacognitive skills 
and understanding of chemistry. Proc. ICLIQE, 
283–296. https://doi.org/10.15823/p.2020.138.3 

Syahmani, S., Suyono, S., & Supardi, Z. A. I. (2020). 
Effectiveness of i-SMART Learning Model Using 
Chemistry Problems Solving in Senior High School 
to Improve Metacognitive Skills and Students’ 
Conceptual Understanding. Pedagogika, 138(2), 37–
60. https://doi.org/10.15823/p.2020.138.3 

Umamah, C., Diraya, I., & Andi, H. J. (2023). The 
Effectiveness and Practicality of Web-based 
Learning Media with Wix Platform in Vocational 
High Schools. Jurnal Pendidikan Fisika, 11(1), 115–
126. https://doi.org/10.26618/jpf.v11i1.9720 

Wahyudiati, D., & Fitriani, F. (2021). Etnokimia: 
Eksplorasi Potensi Kearifan Lokal Sasak Sebagai 
Sumber Belajar Kimia. Jurnal Pendidikan Kimia 
Indonesia, 5(2), 102–111. 
https://doi.org/10.23887/jpk.v5i2.38537 

Wong, K.-C., Ip, I., & Ng, E. W. H. (2025). Enhancing 
Stereochemistry Education through Inquiry-Based 
Learning and Concrete Molecular Models. Journal 
of Chemical Education, 102(2), 583–592. 
https://doi.org/10.1021/acs.jchemed.4c00829 

Zan, A. M., & Asrizal, A. (2024). Development of Ethno-
STEM Integrated Digital Teaching Material with 
Augmented Reality to Promote Students’ 21st 
Century Skills. Jurnal Penelitian Pendidikan IPA, 
10(9), 6798–6808. 
https://doi.org/10.29303/jppipa.v10i9.8249 

Zhou, Y., Zhu, Y., & Wong, W. K. (2023). Statistical tests 
for homogeneity of variance for clinical trials and 
recommendations. Contemporary Clinical Trials 
Communications, 33, 101119. 
https://doi.org/10.1016/j.conctc.2023.101119 

 
 


