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Abstract

Background: The rapid development of digital technology requires students to possess digital
literacy skills. However, previous studies indicate the integration of Augmented Reality (AR) in
biology learning, particularly on virus material, remains limited and has not extensively

examined its impact on students’ digital literacy. Virus concepts are often considered difficult to
understand because they are microscopic, abstract, and cannot be directly observed. Therefore,

this study aimed to develop a Constructivist Teaching Sequence (CTS)-based teaching module
assisted by Augmented Reality (AR) to improve students’ digital literacy and learning outcomes
on virus material. Methodology: This study employed a Research and Development (R&D)
approach using the ADDIE model, limited to the implementation stage. The participants
consisted of 34 tenth-grade. Data were collected using module validation sheets, implementation

observation sheets, teacher and student response questionnaires, digital literacy tests, and learning
outcome tests. Data were analyzed descriptively using validity, practicality, reliability, and N-
gain analyses. Findings: The developed module achieved a validity score of 96% from media

experts and 93% from material experts, both categorized as very valid. The practicality evaluation

showed excellent results, indicated by an average implementation score of 96%, teacher responses
of 100%, and student responses of 88%. Students’ digital literacy improved significantly, as

reflected by the increase in average scores from 58% in the pretest to 80% in the posttest. The
research test instrument meets the validity and reliability criteria, with a reliability coefficient of
0.63 (moderate reliability). Learning outcomes also increased, with an N-gain value of 0.69 in the
moderate category. The integration of CTS and AR facilitated students in visualizing virus
structures and replication processes, thereby reducing the abstractness of the material and
supporting more meaningful learning experiences. Contribution: This study contributes
empirical evidence that CTS-based modules assisted by AR can effectively enhance students’
digital literacy and learning outcomes while providing an innovative learning resource for
teaching abstract biological concepts such as viruses.
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INTRODUCTION

Education in Indonesia is undergoing substantial evolution in response to the rapid
advancement of digital technology (Judijanto, 2024). The phenomenon of
digitalization has transformed conventional instructional paradigms into a more
dynamic, accessible, and adaptable system that meets the essential demands of a
generation growing up in the digital age (Subroto et al., 2023). Thus, digital literacy is
no longer viewed as a complementary option but as an inherent competency absolutely
necessary for every individual.

Digital literacy is a crucial competency for students facing the challenges of the
21st century and the era of Society 5.0 (Islamia & Arif, 2024). This concept of digital
literacy goes beyond mere technical mastery of technological devices and also
encompasses fundamental aspects such as the ability to acquire, critically evaluate, and
responsibly apply information (Kusumaningrum & Hafida, 2021).

Constructivism theory states that students actively construct knowledge through
experience and social interaction (Piaget; Vygotsky). Consequently, the Independent
Curriculum (Kurikulum Merdeka) is a form of educational transformation in
Indonesia that promotes smooth learning and focuses on students, supporting
student development according to their needs and learning context
(Rizki & Fahkrunisa, 2022).

Digital literacy can improve the quality of learning because it encourages
students to be more active and independent in the learning process, as well as
developing excellent thinking skills (Akhyar et al., 2024). Digital literacy
competencies, which include internet searching, hypertextual navigation, content
evaluation, and knowledge assembly, are essential aspects to support the 21st-century
learning process.

Several studies have reported that Augmented Reality (AR) can improve
students' motivation, conceptual understanding, and engagement in biology learning.
However, most previous studies focused primarily on learning motivation and
conceptual understanding, while limited attention has been given to the integration of
AR with Constructivist Teaching Sequence (CTS) to enhance students' digital literacy
skills. Furthermore, studies that simultaneously examine the validity, practicality, and
effectiveness of CTS-based teaching modules assisted by AR on virus material remain
limited.

Virus material is considered difficult because viruses cannot be directly observed
with the naked eye and involve abstract concepts such as structure, replication
mechanisms, and interactions with host cells (Ruron et al., 2020; Wahyuni et al., 2022;
Firmanshah et al., 2020; Warouw et al., 2025). These characteristics often lead
students to experience misconceptions and difficulties in understanding the concepts.

Interviews at SMA Negeri 1 Marisa Senior High School revealed that learning
had not been implemented effectively. Students tended to be passive and had difficulty
understanding abstract material, particularly the concept of viruses, because the
learning process still focused on conventional approaches. Furthermore, the teaching
modules did not include digital technology or a constructivist approach, and only
presented text and images. Furthermore, interviews indicated that students still lacked
digital literacy. This was evident in their limitations in effectively searching for
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information (internet searching), evaluating information sources (content evaluation),
and integrating information into new knowledge (knowledge assembly). Furthermore,
learning outcomes were low, with most grades in biology lessons on viruses not
reaching the minimum passing grade (KKM) of 70 for grade 10. These problems were
also influenced by teachers' suboptimal understanding of implementing constructivist
learning models and utilizing technology in the learning process.

Therefore, this study offers a novel contribution by integrating Constructivist
Teaching Sequence (CTS) and Augmented Reality (AR) into a teaching module
specifically designed to train students’ digital literacy skills and improve learning
outcomes on virus material. Unlike previous studies, this research combines
constructivist learning stages with AR visualization to address both conceptual
abstraction and digital literacy development. This study aims to analyze the validity,
practicality, and effectiveness of an AR-assisted CTS-based teaching module
developed for virus characteristics, structure, replication, and the role of viruses in
human life. Furthermore, this study also aims to determine how the AR-supported
CTS-based teaching module helps students practice digital literacy skills and improves
their learning outcomes on viruses. It is hoped that combining the CTS model with
AR technology will enable more interactive, contextual, and learner-centered learning.

METHOD

This research will be conducted at SMA Negeri 1 Marisa Senior High School
in class X (tenth-grade) with a total of 34 students, The participants were selected using
purposive sampling. Class X was chosen because students had previously studied
prerequisite biology concepts and had not yet received learning using AR-assisted
teaching modules. located at J1. Trans Sulawesi, Marisa District, Pohuwato Regency,
Gorontalo Province. This research conducted in March 2026. This research uses the
Research and Development (R&D) method with the ADDIE model which includes
the stages of analysis, design, development, implementation and evaluation. This
research is limited to limited scale testing until development.

Instruments

The measuring instruments used include interview sheets, expert validation
sheets, teacher and student response questionnaires, learning implementation sheets,
and questionnaires to assess digital literacy skills, as well as written tests in the form of
10 essay questions given at the pre-test and post-test stages as learning outcomes.

Data Collection

Data were collected from lecturers, one media expert, one material expert, one biology
teacher, and 34 tenth-grade students at SMA Negeri 1 Marisa Senior High School.
Validity data were obtained through media and material expert validation sheets to
assess the feasibility of the developed module. Practicality data were collected through
learning implementation observation sheets, teacher response questionnaires, and
student response questionnaires. The teacher response questionnaire consisted of three
aspects: practicality, readability, and wusability, while the student response
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questionnaire consisted of 20 items covering interest, material presentation, and ease
of use. Effectiveness data were obtained through a digital literacy questionnaire
consisting of 20 items covering internet search, hypertext navigation, content
evaluation, and knowledge gathering, as well as a learning outcome test consisting of
10 essay questions given during the pretest and posttest. The limited trial involved
34 tenth-grade students selected using purposive sampling and one biology teacher.

Research Procedures
Needs analysis

The analysis of teacher and student needs, materials, and infrastructure
showed that learning was still dominated by conventional teaching materials, students'
digital literacy skills were moderate, and learning outcomes were low, particularly on
abstract virus material. Furthermore, students were supported by resources such as
smartphones and adequate internet access.

Design

The design phase involved developing a Constructivist Teaching Sequence
(CTS)-based teaching module, combined with Augmented Reality (AR) technology.
The module was structured according to the CTS stages: introduction, exploration,
restructuring, concept application, and evaluation.

Development

The development stage in the ADDIE model focuses on validation, revision,
and initial product trials. The Constructivist Teaching Sequence (CTS)-based
Augmented Reality (AR)-assisted learning module was first validated by two experts,
a media expert and a material expert, using a validation sheet to assess feasibility and
obtain suggestions for improvement. Next, the module was revised based on the
validator's input to improve the content, appearance, and presentation. The revised
product was then trialed on a limited basis with 34 tenth-grade students of SMA Negeri
1 Marisa Senior High School, involving one biology teacher. The trial aimed to assess
the module's practicality through teacher and student responses. The research design
used was a One Group Pretest-Posttest, where students were given a pretest before
treatment and a posttest after learning to determine improvements in learning
outcomes. The data obtained were analyzed to determine whether learning outcomes
and digital literacy improved after using the AR-assisted CTS learning module. After
the trial, the module was further revised to obtain a more optimal product.

Data Analysis

Validation Analysis of Teaching Modules

The validity analysis of the teaching module was analyzed using a Likert scale
reference. The Likert scale criteria are presented in Table 1. There are 10 components
of the assessment aspects for constructivist teaching sequence (CTS)-based learning
modules supported by augmented reality (AR), namely the aspects of (1) cover design,
(2) identity, (3) time allocation, (4) Achievements and (5) learning objectives, (6)
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material description, (7) learning activities, (8) video message design, (9) audio
message design, (10) media/tools, materials, and supporting resources, (11) language.

Table 1. Validation criteria for teaching modules, Refers to Patmaniar et al., (2024)

Assessment Score %
Very valid 81-100
Valid 61-80
Fairly valid 40-60
Less valid 20-40
Not valid 0-20

The criteria score is determined using the following formula as referenced by Kaya

(2025),
__ X Total Score of Each Aspect

Validation of teaching module = Shighestscore X 100% covvvneeeeiiiiinnn.. (D

Practicality Analysis of Teaching Modules

This analysis aims to assess the level of conformity between teacher learning
implementation and established standards or criteria. Table 2 presents the assessment
categories used to measure learning implementation.

Table 2. Implementation of learning, Refers to Handoko (2023)

Category score Score %
Very poor 0-20
Poor 21-40
Suficient 41-60
Good 61-80
Very good 81-100

Data processing in this analysis uses calculations using the following formula as
referenced by Handoko (2023).

Learning implementation=

Score for each ASPECt & (00, o ovvereea.. )

Maximum score

The assessment of learning implementation is said to be good if the teacher’s class
management is in the good or very good criteria. The teacher response questionnaire
was given after the learning process was completed. The results of the percentage
calculation were interpreted into the following criteria.

Table 3. Teacher Response Questionnaire Score, Refers to Rantung et al., (2023)

Criteria Presentation
Very Practical 81 - 100%
Practical 61 - 80%
Quite practical 41 - 60%
Less practical 21 - 40%
Very less practical 0-20%

Data processing in this analysis uses calculations using the following
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formula as referenced by Rantung et al., (2023). The student response
questionnaire was administered after the learning process. The results of the percentage
calculation of the student response questionnaire in the limited-scale trial are presented
in Table 4.

Score of Each Aspect

Assessment criteria= X100 % coovveeeiviiiiiieeeeennne. 3

Maximum score

Table 4. Interpretation of Student Response Questionnaire Scores, Refers to Putri &
Soeparno (2024)

Criteria Score %
Very Eligible 86-100
Eligible 71-85
Quite Eligible 56-70
Less Eligible 41-55
Not Eligible <40

To calculate the percentage of each answer, use the following formula as
referenced by Putri & Soeparno (2024),

Student answer score
: X L00%6 oo )
Maximum Score

Digital Literacy Skills Analysis

Analysis was performed on each component based on questionnaire assessment
scores using a Likert scale of 1-4, with assessment categories including Very Aware
(ST), Know (T), Don't Know (TT), and Very Unaware (STT). The following formula,
as referenced by Suherlan & Halida (2024). The digital literacy range categories
established as referenced by Suherlan & Halida (2024), which found in Table 5.

Total Student Score

Score = X 100%0 oo (5)

Maximum Score

Table 5. Digital Literacy Range Category, Refers to Suherlan & Halida (2024)

Score % Categori

67-100 High

34 - 66 Medium
0-33 Low

Analysis of Learning Results
According to Anshari et al., (2024) the management and analysis stages are as
follows. Calculating the correlation between the score of each item and the total score
using the Pearson product moment formula.
LA C A7 2 (6)
JnEx?2-(3x)2}{n.2y? - (Zy)?}

Xy =
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Description:
rxy: calculated correlation coefficient
N: number of test participants
X: score on variable X (item score)
Y: score on variable Y (total score)

The test was conducted at a significance level of «a=0.05 with degrees of
freedom (dk=n - 2). The basis for decision-making in the validity test is as follows, If
the calculated r value > r_table, then the item is declared valid. If the calculated r value
< r_table, then the item is declared invalid.

Reliability
The procedure for determining instrument reliability is described as referenced by

Ghozali (2018),

r- [ﬁ] L= e 7

Description:
r11: instrument reliability coefficient
k: number of test items
XSi: total variance per item
St: total variance of test items

The criteria for decision-making in reliability testing are as follows: A test
instrument is deemed reliable if the Cronbach's Alpha value > 0.60. Conversely, a test
instrument is considered unreliable if the Cronbach's Alpha value is < 0.60. The testing
criteria employing the Cronbach's Alpha formula are detailed in Table 6.

Table 6. Interpretation of Instrument Reliability, Refers to Ghozali (2018)

Cronbach's Alpha Score Description
<0.50 Low Reliability
<0.70 Reliabilitas Sedang
>0.70 Reliabilitas Mencukupi

A research instrument is considered reliable if the Cronbach's alpha value is
greater than 0.60. Therefore, the basis for decision-making in reliability testing is that if
the Cronbach's alpha value is > 0.60, the questionnaire items are considered reliable.
Conversely, if the Cronbach's alpha value is < 0.60, the questionnaire items are
considered unreliable (Forester et al., 2024).

N-gain Analysis

Earning outcome analysis is obtained by determining the student's learning
achievement, which can be calculated using the following formula as referenced by
Muthmainnah et al., (2023),

Total Score Obtained by the Participant

Learning Outcomes = X100 ..., )

Total Maximum Score
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Student learning outcomes were measured using the developed learning
modules through pretest and posttest data collection. The data was then analyzed using
the N-Gain test. The N-Gain level categories are presented in Table 7. The N-Gain
formula as referenced by Muthmainnah et al., (2023) is as follows:

Score Pos tes—Pretest

N-Gain= e 9

100— Pretest Score

Description:

S post = final test score
S pre = initial test score
S maks = maximum score

Table 7. Level Category N-Gain, Refers to Muthmainnah et al., (2023)

Limits Category

g>0,7 High

0,3<g=<0,7 Moderate

g<0,3 Low
RESULTS AND DISCUSSION

This research resulted in a constructivist teaching sequence (CTS)-based teaching
module with augmented reality (AR) support on viruses. The development process was
conducted using the ADDIE model up to the development stage, with limited trials.

Validation of teaching modules

The purpose of validation in this study was to assess the feasibility of the
developed learning module so that it can be used in the learning process. According to
Kaya et al., (2025) assessing the feasibility of a learning module through expert
validators is crucial to ensure the appropriateness of the material presented and the
effectiveness of its presentation format in learning. Therefore, the learning module
developed in this study was validated by two expert lecturers: a material expert and a
media expert, to obtain a comprehensive assessment of the content and presentation
of the learning media. The results of the media expert validation of the AR-assisted
CTS-based virus learning module are shown in Figure 1.

100%  100%  100% 100% 100% 93%  100% 100%  100%

90% 90%

90% 80%
80%
70%
60%
50%
40%
30%
20%
10%

0%

1 2 3 4 5 6 7 8 9 10 11

B The Aspect

Figure 1. Media expert validation results graph
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Based on the assessment of media experts, the constructivist teaching sequence
(CTS)-based teaching module assisted by augmented reality (AR) obtained a very valid
category in almost all components, aspects of (1) cover design, (2) identity, (4)
achievements and (5) learning objectives, (7) learning activities, (8) video and audio
message design, and (9) assessment with a score of 100% (Very valid). In addition, (3)
time allocation and (11) language obtained a score of 90%, (6) material description
93%, and aspects (10) media/tools, materials and supporting sources 80% with a valid
category. This is because the learning resources used are not yet diverse enough.

However, these aspects still meet the requirements that allow them to be used
in learning. According to Setiawan (2022) which states that a variety of learning
resources is very important to support the learning process because it can improve
students' understanding and increase their desire to learn. Overall, the module
obtained an average score of 96% and was included in the very valid category, which
means that it is suitable for use in learning. Other research Taib et al., (2025) which
found that teaching modules with a validity of 80% to 100% fall into the valid category,
meaning they are highly valid and suitable for use in learning. According to
Khatimah et al., (2023), these criteria indicate that the teaching modules developed are
in accordance with the Independent Curriculum and meet students’ needs.
Furthermore, teaching modules must meet established requirements, particularly
regarding minimal compliance with the applicable curriculum. The results of the
media expert validation on the AR-assisted CTS-based virus material teaching module
can be seen in Figure 2.

100% 93% 100% 100%

90% 80%
80%
70%
60%
50%
40%
30%
20%
10%
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Content Eligibility =~ Presentation Language CTS Based
Components Assessment Module

®  Material Expert Validation

Figure 2. Graphic of material expert validation results

Based on the results of the material expert assessment, the linguistic aspects and
conformity with the constructivist teaching sequence (CTS) model received the highest
score of 100% (very valid), indicating that the module uses clear language and
conforms to CTS syntax. The presentation aspect received a score of 93% (very valid)
because the material is presented coherently and interestingly. Meanwhile, the content
aspect received a score of 80% (valid) because there are still several parts of the virus
material that need to be improved, such as the explanation of the structure, virus
replication, and the use of scientific terms. According to Afriliska & Zulyusri (2021)
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conceptual accuracy, completeness of material, and the use of appropriate scientific
terms are very important in teaching materials to avoid misconceptions among
students. Therefore, improvements in the content aspect are needed so that the module
can provide a deeper understanding of concepts and comply with scientific principles.

Overall, the module achieved an average score of 93%, categorized as highly
valid, and is therefore deemed suitable for use in the learning process. According to
Latjompoh (2018) A learning device is said to have a good level of validity if all its
components are relevant to the scientific substance and support each other in achieving
learning objectives.

Practicality of Teaching Modules

In this study, three main elements were reviewed to assess the practicality of the
teaching module: learning implementation, teacher response, and student response. In
a 1999 journal on learning devices, Yakop et al., (2024) stated that learning devices are
considered practical if they are easy to use by both teachers and students during the
learning process. The practicality of the developed learning devices can be determined
through user responses, both teachers and students, obtained from the results of
completing the response questionnaire. Furthermore Rahayu et al., (2019) stated that
the practicality of learning tools is determined by clarity of use, appropriate time
allocation, and their benefits for teachers and students. The results of the
implementation of learning in the AR-assisted CTS-based virus teaching module can
be seen in Figure 3.

110% o 999
100% 92% 7% ’
90%
80%
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Figure 3. Learning implementation graph

Learning implementation is an indicator that shows the suitability between
planning and implementation of learning in the classroom. Based on the observation
results, the percentage of learning implementation showed an increase in each
meeting, namely 92% in the first meeting, then increasing to 97% in the second
meeting, and reaching 99% in the third meeting, with an overall average of 96% which
is included in the very good category. This high implementation value indicates that
the AR-assisted CTS-based teaching module can be implemented very well in
accordance with the designed learning syntax. According Hakim et al., (2021) the
percentage of learning processes at each meeting that falls into the good to excellent
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category indicates that learning has been carried out optimally. The learning process
itself is a form of interaction between teachers and students, as well as between
students, in an effort to achieve learning objectives. The results of teachers' responses
to the AR-assisted CTS-based virus material teaching module can be seen in Figure 4.

100% 100% 100% 100%
80%
60%
40%
20%
0%
Practicality Readability Benefits

Figure 4. Teacher response graph

Teacher responses to the teaching module achieved a 100% rating, categorized
as very practical. This high rating indicates that the module has been systematically
designed, making it easier for teachers to implement learning, from understanding the
flow of activities, using AR media, to implementing the constructivist teaching
sequence (CTS) model. Furthermore, the teachers’ experience and competence in
managing learning contributed to this high rating. In line with Anas et al., (2025)
opinion, the results of the practicality test by teachers, which received a very practical
category, indicate that the material, construction, and language aspects met the
eligibility criteria as a learning instrument. Teachers also assessed that the module's
instructions were clearly structured, the language used was easy to understand, and the
module could be implemented effectively without requiring revision. The results of
student responses to the AR-assisted CTS-based virus teaching module can be found
in Figure 5.
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Figure 5. Graph of student responses

The results of the student response questionnaire assessment involving 34
respondents regarding the developed teaching module showed that in the interest
aspect, the percentage was 90% (very appropriate), the material aspect was 87% (very
appropriate), and the ease aspect was 88% (very appropriate). Obtaining an average
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percentage of 88% with a very appropriate category. The percentage illustrates
that the teaching module has met the criteria of practicality. According to
Wahfiudin et al. (2023) a learning tool can be declared practical if it obtains a positive
response from students during the process of using it in learning.

The percentage doesn't reach 100% because it's influenced by several factors.
Not all students have the same digital literacy skills, so some still experience difficulties
using AR technology at the beginning of the lesson. Furthermore, students need time
to adjust to the learning process implemented through the CTS-based learning flow,
which emphasizes active student development in independently constructing
knowledge. Therefore, differences in digital literacy skills, device availability, and
student readiness for CTS-based learning influence the response rate. According to the
constructivist theory proposed by Piaget (1957) students actively construct knowledge
through experiences and interactions during the learning process (Iskandar et al.,
2023). Research by Ristiani et al., (2025) also states that the use of augmented reality
technology in learning can strengthen digital literacy and increase student learning
motivation. However, its implementation is greatly influenced by user readiness and
students' ability to operate digital technology. Students with low digital skills tend to
require more intensive guidance in the initial stages of using AR media.

Literacy Digital

The results of the digital literacy pretest and posttest on the AR-assisted CTS-
based virus material teaching module can be seen in Figure 6. The indicator for internet
information search ability increased from 64% (moderate) to 89% (high), indicating
that students are increasingly able to access digital information in a more targeted
manner. This aligns with Amri (2024) that using appropriate keywords helps students
find relevant and reliable information sources, thereby increasing search efficiency.

90%

80%
70% 64%
60%
50%
40%
30%
20%
10%
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Ability to search the  Ability to use Ability to organize Ability to evaluate
internet hypertext guides knowledge information content

83% 80%

2%
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60%

53%

M PRETES mPOSTES

Figure 6. Graph of pretest and posttest results

The hypertext usage indicator also increased from 60% to 83%, indicating
improved information navigation skills through digital links. This improvement is
supported by constructivist teaching sequence (CTS)-based learning modules equipped
with hyperlinks and QR codes, and aligns with Pratiwi & Indana (2022) who stated
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that QR code-based e-modules can improve digital literacy through integrated link
access. However, this achievement is not optimal because some students still require
assistance with digital navigation.

The knowledge organization indicator increased from 60% to 80%, indicating
students' ability to organize information more systematically. This aligns with
constructivist  theory, which emphasizes that knowledge is actively
constructed through learning experiences (Rahmawati et al., 2021). Furthermore,
Alfa & Asrizal (2023) also stated that AR-assisted constructivist-based learning
encourages students to actively and interactively construct knowledge.

The information content evaluation indicator increased from 53% to 72%,
although it remains the lowest achievement. This indicates that students' ability to
compare and verify information is developing, but is not yet consistent. This finding
aligns with Putri & Soeparno (2024) who stated that information evaluation is the
weakest aspect of digital literacy. Digital literacy itself plays a crucial role in improving
the quality of learning by strengthening critical thinking (Pratama et al., 2023).

Learning Outcomes

The validity test results indicate that all questions are valid because the
calculated r value is greater than the r table at a significance level of 5% (df = 28). This
indicates that each question has the ability to measure learning indicators correctly and
in accordance with the virus being taught. Valid questions indicate that they have been
systematically arranged and can demonstrate the abilities that students want to
achieve. This is in accordance with the opinion (Lasaiba & Lasaiba, 2024) that most
of the instrument components meet the validity criteria, as indicated by the calculated
r value being greater than the r table at a significance level of 5%. This finding indicates
that the developed has the ability to measure the constructs studied accurately and
consistently. The results of the validity test can be seen in Table 8.

Table 8. Results of Question Validity Test

Validity Test
Questions items T count Ttable Decision
1 0.405 0,361 Valid
2 0.428 0,361 Valid
3 0.473 0,361 Valid
4 0.410 0,361 Valid
5 0.387 0,361 Valid
6 0.364 0,361 Valid
7 0.482 0,361 Valid
8 0.552 0,361 Valid
9 0.693 0,361 Valid
10 0.716 0,361 Valid

The instrument, with all items declared valid, was influenced by several
conditions, including the formulation of questions that clearly referred to learning
indicators and the suitability of the material to the curriculum used. Furthermore, a
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validation process by experts prior to the pilot test also played a role in refining the
quality of each item so that it could accurately measure the intended construct. This
aligns with Ariani et al., (2026) opini validator assessments were conducted to ensure
the suitability of each item to the learning indicators, measurement objectives, and the
materials used.

Reliability test results showed that the essay test instrument on the topic of viruses
achieved a Cronbach’s Alpha value of 0.63, which falls into the moderate reliability
category. This value indicates that the instrument has sufficient consistency and can
be used accurately to measure student understanding. Forester et al., (2024) stated that
an instrument with a Cronbach’s Alpha value > 0.60 can be considered reliable
because it has good measurement consistency. The failure to achieve the high
reliability category was influenced by variations in student abilities. This is in line with
the opinion of Ary et al. In Setiyorini et al., (2022) test reliability tends to decrease if
students’ abilities are lower or more diverse.

Table 9. Reliability test results
Reliability Statistics
Cronbach’s Alpha  Number of questions
0.63 10

Student learning outcomes based on a comparison of pretest and posttest
scores indicate an improvement after the learning process was implemented. This is
evident from the average pretest score of 28.15, which increased to 77.44 in the
posttest. The low pretest score indicates that students' initial understanding of the
material is still limited. After being given the learning treatment, the posttest score
increased, indicating an increase in students' understanding and mastery of the
material. The N-gain calculation result of 0.69 indicates that the
improvement in learning outcomes is in the moderate category. According to
Muthmainnah et al., (2023) an N-gain value in the range of 0.3-0.7 is included in the
moderate category, indicating that learning can significantly improve students'
understanding.
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Figure 7. Comparison of the average pretest and posttest scores
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The variation in students' posttest scores, ranging from a lowest of 68 to a
highest of 90, with an average pretest score of 28.15 to a posttest score of 77.44,
indicates a difference in the level of mastery of the material after learning. This
condition is influenced by differences in initial abilities, speed of understanding the
material, and student involvement during the learning process. These differences in
learning outcomes can be explained through constructivism theory, which views
students as constructing understanding independently based on learning experiences
and prior knowledge. In line with the opinion of Handoyo & Ani (2025) knowledge is
not obtained directly from the teacher, but is formed through the process of active
thinking, exploration, and reflection of students. This condition is also in line with
Moha et al., (2024) that students who experience learning difficulties generally have
lower achievements than the class average, obtain learning outcomes that do not match
the efforts made, and tend to be slow in completing assignments.

CONCLUSION

This study developed a Constructivist Teaching Sequence (CTS)-based
teaching module assisted by Augmented Reality (AR) on virus material. The results
showed that the module achieved a very high level of validity based on assessments
from media and material experts and demonstrated a high level of practicality based
on teacher and student responses. The implementation of the module also showed the
potential to improve students’ digital literacy skills across all measured indicators and
enhance learning outcomes, as indicated by the increase in pretest and posttest scores
with an N-gain value of 0.69 in the moderate category. The findings contribute
theoretically to the integration of constructivist learning and digital technology in
biology education. Practically, the developed module can serve as an alternative
teaching resource for biology teachers in implementing the Independent Curriculum,
particularly for abstract topics such as viruses. In addition, the module supports the
development of students’ digital literacy skills, which are essential competencies for
21st-century learning. This study was limited to the development stage and a limited-
scale trial involving one class. Therefore, future studies are recommended to conduct
larger-scale implementations and examine the effectiveness of similar modules on
other biology topics and educational contexts.

ACKNOWLEDGEMENTS

The author would like to express his gratitude to the school, expert validators,
biology teachers, and all students for their support and assistance in the successful
implementation of the research. Furthermore, he appreciates the suggestions,
criticisms, and input from various parties who contributed to the development of the
Constructivist Teaching Sequence (CTS)-based teaching module with the aid of
Augmented Reality (AR).

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 532



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

REFERENSI

Akhyar, M., Sesmiarni, Z., Febriani, S., & Gusli, R. A. (2024). Application of
Professional Competence of Islamic Religious Education (PAI) Teachers in
Improving Students' Critical Thinking Skills. Dirasah : Jurnal Studi Ilmu dan
Manajemen Pendidikan Islam, 7(2), 606—618. 10.58401/dirasah.v7i2.1361. [In

Indonesian language]

Anas, M., Tang, J., & Firman. (2025). Development of a Scientific-Based Teaching
Module for the Basics of Plant Agribusiness Subject for Grade 10 at SMKN 4
Sidenreng Rappang. Jurnal Pendidikan dan Pembelajaran Indonesia (JPPI), 5(4),
2000-2014. 10.53299/jppi.v5i4.2566 [In Indonesian language]

Afriliska, N., & Zulyusri, Z. (2021). Meta-analysis of Textbook Misconceptions in
High School Biology. Scientific Journal of Education, 3(1), 21-31. [In Indonesian
language]

Ariani, N, S., Yerimadesi, Gazali, Y F. Q. A. (2026). Development of a Chemical
Literacy Test Instrument for Senior High School Students on the Periodic Table
of Elements. Journal of Chemistry Education and Integration, 5(1), 68-81.

Alfa, J., & Asrizal. (2023). Sound wave digital learning material integrated augmented
reality and CTL model to promote students’ 21st century skills. Journal of
Education Technology, 7(4), 599-609. https://doi.org/10.23887/jet.v7i4.63479

Anshari, I. M., Nasution, R., Irsyad, M., Alifa Z. A., 1. A. Z. (2024). Validity and
Reliability Analysis of Odd Semester Final Summative Test Items for Islamic
Education. Edukatif: Jurnal Ilmu Pendidikan, 6(1), 965-977. [In Indonesian
language]

Amri, N. F., Anwar, C. R., & Monoarfa, M. (2024). Analysis of digital literacy in the
learning of students of the 2021 intake of the Educational Technology Study
Program, Faculty of Education, Makassar State University. Journal of Educational
Technology (JTekpend), 4(2), 16-25

Firmanshah, M. 1., Jamaluddin, J., & Hadiprayitno, G. (2020). Learning difficulties
in comprehending virus and bacteria material for senior high schools. JPBI (Jurnal
Pendidikan Biologi Indonesia), 6(1), 165—
172. https://doi.org/10.22219/jpbi.v6il.10981

Forester, B. J., Idris, A., Khater, A., Afgani, M. W., Isnaini, M., Islam, U., Raden,
N., & Palembang, F. (2024). Quantitative Research: Reliability Testing. Edu
Society: Journal of Education, Social Sciences, and Community Service, 4(3), 1812—
1820. [In Indonesian language]

Ghozali, I. (2018). Multivariate Analysis Application with IBM SPSS 25 Program, 9th
edition. Semarang: Diponegoro University Publishing Agency. [In Indonesian

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 533


https://doi.org/10.23887/jet.v7i4.63479
https://doi.org/10.22219/jpbi.v6i1.10981

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

language]

Hakim, R. N., Purba, H. S., & Kusumawati, E. (2021). Implementation of Blended
Learning with Coursesite in Mathematics Learning in Grade X-TKJ 1. SMKN 1
Pelaihari. Jurmadikta. 1(2), 82-89. 10.20527/jurmadikta.v1i2.803.

Handoko, T. A., B. S. (2023). Analysis of the Implementation of the Ethnoscience-
Based Guided Inquiry Learning Model. Pensa E-Journal: Science Education, 11(3),
288-293. [In Indonesian language]

Handoyo, T., & Ani, A. (2025). Teori Konstruktivisme. Jurnal Pendidikan dan
Kewarganegara Indonesia. 2(4). 162-171. 10.61132/jupenkei.v2i4.884.

Iskandar, A., Parnawi, A., Sagena, U., Kurdi, M. S., Fitra, D., Haryati, S., Riska, F.
M., Arianto, T., Kurdi, M. S., Putra, P., Baun, N., & Rahmi, H. (2023). Digital
Transformation in Learning. Malang: PT. Literasi Nusantara Abadi Grup. 281 page
[In Indonesian language]

Islamia, I., & Arif, A. R. (2024). Assessing Digital Literacy Skills among Indonesian
University Students in the Age of Society 5.0. Jurnal Educative Journal of
Educational Studies, 92), 182—-
194. https://doi.org/10.30983/educative.v9i2.8678

Judijanto, L. (2024). Analysis of the Influence of Teacher and Student Digital Literacy
Levels on Learning Quality in the Digital Era in Indonesia. Sanskara Education
and Teaching, 2 (02), 50-60. 8812/Spp.V2i102. [In Indonesian language]

Kaya, V., Yusuf, F. M., Nusantari, E., Husain, I. H., & Jannah, M. (2025). Validitas
Perangkat Pembelajaran Menggunakan Model Pembelajaran Inkuiri Terbimbing
Pada Materi Pewarisan Sifat. Jurnal Review Pendidikan Dan Pengajaran, 8(2), 4240—
4248. https://doi.org/10.31004/jrpp.v8i2.44517

Khasanah, U., Alanur, S. N., Sulistyowati, R., Isma, A., Agustina, E., Dewantara, H.,
Fajariah, N., Azis, F., Fauziah, M., Tahir, M. I. T., Mamu, H. D., Mardin, H.,
Waldi, A., Syahfitri, D., Arafat, M. Y., Darodjat, Khaedir, M., Firdaus, R.,
Hasan, M., Ridhoh, Y., & Hamsar, 1. (2025). Deep learning in education. In Hasan
(Ed.). Tahta Media Group. [In Indonesian language]

Khatimah, H., Darussyamsu, R., Fadilah, M., & Anggriyani, R. (2023). Validity of
the Development of Character-Based Biology Teaching Modules on Biodiversity.
Journal of Biology Education, 3(3), 29-37. [In Indonesian language]

Kusumaningrum, H, & Hafida S. H. N. (2021). Analysis of Digital Literacy on
Students' Honesty During Online Learning. Pedagogia Journal of Educational
Sciences, 19(01), 24-35. http://Ejournal.Upi.Edu/Index.Php/Pedagogia [In
Indonesian language]

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 534


https://doi.org/10.30983/educative.v9i2.8678
http://ejournal.upi.edu/Index.Php/Pedagogia

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

Lasaiba, M. A., & Lasaiba, D. (2024). Enhancing Academic Achievement Through
The Application Of The 5E Learning Cycle Model. INSECTA Integrative Science
Education and Teaching Activity Journal, 5(1), 71—
86. https://doi.org/10.21154/insecta.v5i1.8518

Latjompoh, M. (2018, September). Validity of Science Process Skills-Oriented
Learning Tools to Train Thinking Skills and Instill Character for High School
Students in Gorontalo City. In Prosiding Seminar Nasional Hayati (Vol. 477).
Https://Doi.0Org/10.29407/Hayati.V6il.6076 [In Indonesian language]

Muthmainnah, M., Ramlawati, R., Hasanuddin, H., & Makassar, U. N. (2023). The
Effect of a Science, Technology, and Society Approach on the Scientific Literacy
of Grade VII Students at Mts Ympi Rappang. Celebes Science Education — Cse, 2(1),
70-717.

Moha, S.N., Uno, W.D., Mardin, H., Hasan, A.M., Latjompoh, M., & Kumaji, S.
(2024). Development of e-modules based on Project Based Learning on the
material of biological technology innovation for class X at SMA Negeri 3 North
Gorontalo. Jurnal Review Pendidikan Dan Pengajaran, 7(4), 14980-14989.
https://doi.org/10.31004/jrpp.v7i4.36165

Patmaniar, P., Jumarniati, J., Hardiana, H., Taufiq, T., & Baharuddin, M. R. (2024).
Development of Augmented Reality-Based Digital Teaching Modules Integrated
with Pancasila Student Profiles. Journal of Learning Research and Innovation, 4(3),
2056-2071. https://Doi.0Org/10.51574/ Jrip.V4i3.2134. [In Indonesian language]

Pratama, S., Ashari, M., Zulkarnain, S. A. B., & Sabrina, E. (2023). The importance
of digital literacy in the world of education: Learning transformation in the digital
era. JKIP: Journal of Educational Science Studies, 6(2), 554-561. http://journal.al-
matani.com/index.php/jkip/index. [In Indonesian language]

Pratiwi, M. K., & Indana, S. (2022). Development of a QR-code-based e-module to
train students' digital literacy skills on environmental change. Scientific Periodical
of Biology Education (BioEdu), 11(2), 457—468. [In Indonesian language]

Putri, N. S., & Soeparno, S. (2024). Analysis of the Implementation of Independent
Curriculum-Based Teaching Modules on Building Modeling Design Elements at
SMKN 1 Sidoarjo. Jurnal Kajian Pendidikan Teknik Bangunan, 10(1), 93-100.
https://doi.org/10.26740/jkptb.v10i1.61614

Rahman, In. I. & A. A. (2024). Assessing Digital Literacy Skills Among Indonesian
University Students in the Age of Society 5.0. Journal of Educational Studies Vol.
9(2), 182-194. https://Doi.Org/10.3390/Sul14052483.

Rantung, D. A., Mulyanto, A., Kadim, A. A., & Ashari, S. A. (2023). Development of
Interactive Learning Media for E-Book Management Material for Grade X TKJ at SMK
Negeri 1 Bulango Selatan. 3(2), 153-166.

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 535


https://doi.org/10.21154/insecta.v5i1.8518
https://doi.org/10.29407/Hayati.V6i1.6076
http://journal.al-matani.com/index.php/jkip/index
http://journal.al-matani.com/index.php/jkip/index
https://doi.org/10.3390/Su14052483

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

https://doi.org/10.37905/inverted.v3i2.20296 [In Indonesian language]

Rahayu, C., Eliyarti., & Festiyed. (2019). Practicality of Generative Learning Model-
Based Learning Tools with an Open-Ended Problem Approach. Scientific
Periodical of Physics Education, 7(3), 164-176.
https://Do0i.Org/10.20527/Bipf.V7i3.6139. [In Indonesian language]

Rahmawati, S., Masykuri, M., & Sarwanto. (2021). The effectiveness of the discovery
learning module classification of materials and its changes to enhance critical
thinking skills. Journal of Science Education Innovation, 7(1), 74-84.

Ristiani, R., Rusli, S. T., & Hidayah. (2025). Analysis of the Use of Augmented Reality
Technology as a Strengthening of Digital Literacy in Science Learning on Student
Learning Motivation at Skow Sae Elementary School. Scientific Journal of
Elementary Education, 10(4), 630-647, https://doi.org/10.23969/jp.v10i4.34048.
[In Indonesian language]

Rifgiawati, 1., Eka, D., Fitriana, N., Sari, I. J., Fadilah, Y., & Intakanok, C. (2025).
Mapping The Digital Literacy Of Pre-Service Biology Teachers As A Needs
Analysis In Developing Of Stem-Based Liveworksheets. Jipi (Jurnal Ipa Dan
Pembelajaran Ipa), 9(4), 1308-1318.

Rizki, R. A., & Fahkrunisa, L. (2022). Evaluation Of Implementation Of Independent
Curriculum. Journal Of Curriculum And Pedagogic Studies (Jeps), 1(4), 32—41.

Ruron, M. N., Situmorang, R. P., & Hastuti, S. P. (2020). The Development Of
Crossword Game Media On Virus Material. EDUSAINS, 12(2), 188-
195. https://doi.org/10.15408/es.v12i2.15095

Setiyorini, T. J., Jaelani, Z. R., & Ngafif, A. (2022). Analisis Faktor-Faktor Yang
Mempengaruhi Reliabilitas Tes Tata Bahasa Inggris Di Universitas Di
Indonesia. Didaktis Jurnal Pendidikan dan Ilmu Pengetahuan, 22(3), 367-
367. https://doi.org/10.30651/didaktis.v22i3.11286

Setiawan, T. Y. (2022). The Environment as a Learning Resource for Students in the
Era of Independent Learning at School. Journal of Elementary Education, 3(2), 70—
75. [In Indonesian language]

Subroto, D. E., Supriandi ., Wirawan, R., & Rukmana, A. Y. (2023). Implementation
of Technology in Learning in the Digital Era: Challenges and Opportunities for
Education in Indonesia. Jurnal Pendidikan West Science, 01(07), 473-480.
10.58812/jpdws.v1i07.542.

Suherlan, A., & Halida, A. N. (2024). Student Digital Literacy Through an Integrated
Mobile Augmented Reality Stem Learning Model. Report of Biological Education,
5(2), 61-70.

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 536


https://doi.org/10.37905/inverted.v3i2.20296
https://doi.org/10.20527/Bipf.V7i3.6139
https://doi.org/10.23969/jp.v10i4.34048
https://doi.org/10.15408/es.v12i2.15095
https://doi.org/10.30651/didaktis.v22i3.11286

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

Taib, R. H., Yusuf, F. M., Solang., M., Ibrahim., M., & Nusantari., E. (2025). Validity
of a Teaching Module on the Movement System Using a Cognitive Awareness-
Based PBL Learning Model at State Senior High School 2 Gorontalo. Journal of
Education and Teaching Review, 8(2), 4233-4239.
https://doi.org/10.31004/jrpp.v8i2.44518 [In Indonesian language]

Wahfiudin, M., Asmayani Salimi, D. A. V. G., Halidjah, S., & Pranata, R. (2023).
Development of Google Sites-Assisted Learning Media in Thematic Learning,
Theme 4, Subtheme 1, Grade V, Sdn 11 Pontianak City. Journal of Elementary
Education, 7(2), 406—423. [In Indonesian language]

Wahyuni, Y., Rufi’i, R., & Wiyarno, Y. (2022). The Development of a Virtual
Laboratory as a Virus Learning Media to Improve Student Learning Outcomes
in Biology Subjects. Zenodo (CERN European Organization for Nuclear
Research). https://doi.org/10.5281/zenodo.6087293

Warouw, Z. W. M., Karo, N. A. B., & Nanlohy, F. N. (2025). Kesulitan Belajar Siswa
dalam Memahami Konsep Virus di SMA Negeri 1 Tondano. Edu Cendikia Jurnal
llmiah Kependidikan, 5(2), 577-
590. https://doi.org/10.47709/educendikia.v5i02.6684

Yakop, S, S., Yusuf, M., & Buhungo, T.J. (2024). Analysis of the Practicality of Using
a Phet Simulation-Based Problem-Based Learning Model to Improve Conceptual
Physics Knowledge on Elasticity and Hooke's Law. Jurnal Jendela Pendidikan,
4(03), 257-265. [In Indonesian language]

How To Cite This Article, with APA style :
Asmarani, W., Husain, I. H., Kumaji, S. S., Latjompoh, M., & Uno, W. D. (2026).

Development of a Constructivist Teaching Sequence-Based Teaching Module
Assisted by Augmented Reality to Train Digital Literacy Skills and Improve
Learning Outcomes Jurnal Pembelajaran dan Biologi Nukleus, 12(2), 518-537.
https://doi.org/10.36987/jpbn.v12i2.9332

Asmarani et al., (2026). Development of a Constructivist Teaching Sequence-Based Teaching ... | 537


https://doi.org/10.31004/jrpp.v8i2.44518
https://doi.org/10.5281/zenodo.6087293
https://doi.org/10.47709/educendikia.v5i02.6684

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (2): 518 - 537, June 2026 e-ISSN: 2685-7332

Conflict of interest

Author contributions

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

All authors contributed to the study's conception and design. Material
preparation, data collection and analysis were performed by all
authors. The first draft of the manuscript was submited by [Winda
Asmarani]. All authors contributed on previous version and revisions
process of the manuscript. All authors read and approved the final
manuscript.



