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Introduction

Abstract: Achieving 21st century skills is anticipated by managing learning based on
scientific literacy. This literacy is the life skills of students, so they can solve existing
problems by collaborating in thinking scientifically. Scientific literacy is defined as an
understanding of the characteristics of science as a form of knowledge, awareness,
intellect, and culture that involves science. Low science learning can be indicated by
students' low scientific literacy. To increase students' scientific literacy, a learning model
that supports this is needed. One learning model that can be used is the cognitive conflict-
based learning model. Considering the phenomena and demands of students,
researchers want to develop an e-module based on cognitive conflict integrated with
augmented reality to increase students' physical literacy in physics materials. The type
of research conducted was Design Research (Design Research). The development model
used in this study was the Plomp model. The data analysis technique used a validation
sheet questionnaire, analyzed using presentation techniques, and the V-Aiken formula.
The results of data analysis obtained a validity value of 0.93 with the valid category, this
was obtained because the e-module developed was in accordance with material
substance, learning design, visual communication display, and software utilization.

Keywords: Augmented Reality; Cognitive Conflict; E-Module; Scientific Literacy;
Teaching Materials.

they have learned. The development of pupils' scientific
literacy skills through education is necessary. (F. Mufit

For students to become great human resources (HR)
and become competitive in the workforce in the twenty-
first century, they must master a variety of abilities. A
balance between knowledge and skills and the ability to
collaborate with technology is key to becoming a human
being who is ready to face the era of revolution leading
to the era of society 5.0. (Muliaman et al., 2022)

The management of learning based on scientific
literacy anticipates the acquisition of 21st century
capabilities. Scientific literacy is the capacity of pupils to
work together to solve scientific issues. (Muliaman et al.,
2022). According to the National Science Education
Standard, scientific literacy is defined as the capacity to
apply science to real-world situations. Students must be
literate in science to identify and apply the knowledge
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Students with scientific literacy skills will be able to
develop thought patterns and behaviors, as well as
personalities that are caring and responsible for
themselves, society, and the universe. (Mukti, 2018)
Apart from that, scientific literacy can build a new
generation that has scientific views and attitudes and
can share knowledge and research results with the
community (Febrianti, 2021). Thus, scientific literacy
skills play a role in preparing a generation that is able to
solve challenges and problems in society scientifically
and responsibly. (Dirman & Mufit, 2022)

Low scientific literacy abilities can indicate low
science learning (Rusilowati et al., 2016). The scientific
literacy ability of students in Indonesia has always been
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low since 2000, and in 2015, it was ranked 62nd out of 70
countries. Difficulty in learning science in some physics
materials causes many students to lack understanding
and make conceptual errors (Sari et al., 2013). Students
have an initial conception in the form of daily
experiences and knowledge that they have received, and
then bring them into the classroom. Students' initial
conceptions that are not in accordance with theories
formulated by scientists are referred to as
misconceptions. As long as they are not disproven or
challenged by other ideas, misconceptions constitute a
severe problem in science that must be addressed.

The results of preliminary research carried out by
researchers by distributing questionnaires to physics
teachers in senior high schools 2 and 7 Padang show that
only 50% of teachers have used a learning model that
focuses on students or student centres, while the rest still
use lecture or teacher-centred learning models. The
minimal use of learning models that focus on students in
schools results in learning being centred on teachers,
resulting in students being inactive. Apart from that,
educators see that many students experience
misconceptions in the learning process.

After analyzing the results of the researcher's
interviews with teachers and students, several problems
were found: 1) lack of a variety of teaching materials in
physics subjects, 2) insufficient existing teaching
materials to help students understand the lessons, 3) the
need for IT-based teaching materials, and 4) low student
literacy. Judging from existing problems, researchers
feel that there is a need for improvements in the physics
learning process. Improvements can start from 1) adding
to the skills that teachers already have in planning and
implementing physics learning, and 2) using more
diverse teaching materials to create or foster students'
interest in learning so that they can motivate them to be
more diligent in learning physics, one of which is with
materials. IT-based teaching.

From the results of the interviews, teachers and
students stated that they were happy with the
development of teaching materials, especially IT-based
teaching materials in physics learning. IT-based teaching
materials can explain learning material in more detail to
students and can make learning centered on students, so
that students are more active and motivated in learning.

The next data pertain to the use of teaching
materials used by educators in the learning process.
Judging from the table, it is stated that 75% of educators
still use printed teaching materials and only 25% of
educators use ICT- or non-printed teaching materials
based on learning models. Regarding the use of
augmented reality in learning, educators said they had
never used it. This is not in accordance with the
demands of the 21st century; namely, that learning must
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involve technology. Solutions to the above problems
must be found so that students can meet the demands of
the 21st century and better understand concepts, thereby
reducing misconceptions.

Teaching resources in the form of augmented
reality-enhanced cognitive conflict-based e-modules is
one way to address this issue. The term "e-module"
refers to a method of presenting independent teaching
materials that are organized systematically into the
smallest learning units to achieve specific learning
objectives. These materials are presented in an electronic
format, with each learning activity connected by links,
such as navigation, forcing students to engage with the
program and enhancing their learning experience.
(Hakim et al., 2020)

The use of e-modules in learning has many
advantages, including being able to motivate students,
being able to determine the extent of their knowledge of
certain subject matter, being able to study the
chronology of each subject by looking at and studying
descriptions and examples, students being able to
determine the results of their own learning by answering
questions, matching the results of their work with the
answers provided in the module and reflecting, and
students being able to master the learning material
optimally, namely with a mastery level of 80%.
(Suparyanto & Rosad, 2020)

The learning models were added to the e-module.
The first is a learning model that is based on cognitive
conflict. A cognitive conflict-based learning model is a
learning activity carried out to prevent a mismatch in
students' perceptions between the initial knowledge
obtained in the surrounding environment and the actual
knowledge. Cognitive conflict is defined as a conflict
that arises in a person's mind when phenomena are
observed to find the correct concept (Fatni Mufit & Fitri,
2022). The cognitive conflict learning model has many
advantages, one of which is that it can increase student
understanding (Atmam & Mufit, 2023). In previous
research conducted by Mufit, it was found that cognitive
conflict-based teaching materials are valid and practical
to use in learning because they can help eliminate
misconceptions in students, both in the form of e-books
and learning media. (F. Mufit et al., 2022)

Making physics teaching materials using cognitive
conflict has been developed by (Aini & Mufit, 2022;
Arifin et al., 2021; Atmam & Mufit, 2023; Dhanil & Mufit,
2021) and the results of this research state that the
teaching materials developed are valid and practical for
use in the learning process. From previous research, it
can be seen that there is no cognitive conflict-based e-
module integrated with augmented reality. Augmented
reality (AR) is a technology that combines virtual and
real worlds by projecting virtual objects into 3D objects
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in real time using a camera (Wahid et al, 2017).
According to authoritative organizations, such as the
American Times Weekly, AR is one of the top ten most
promising technologies for the future. (Chen et al., 2019)

AR has significant potential as a teaching tool. An
increasing understanding of the object being studied is
an advantage that can be attained by using AR
applications for educational reasons. AR is more
effective than conventional learning. One benefit of
augmented reality is that it can more naturally visualize
abstract subjects to increase pupils' understanding..
(Pangestu et al., 2017)

Syifa Nabila Basyir had previously created an
augmented reality e-module for physics classes with the
title "Development of an Augmented Reality-Based
Marine Physics Enrichment Book to Improve Critical
Thinking Abilities." According to the study's findings,
teachers and students can utilize this e-module with
confidence, because it is reliable and useful. (Basyir et al.,
2020) Considering the phenomena and problems above,
researchers want to develop and assess the level of
validity of a cognitive conflict-based e-module
integrating augmented reality to increase students'
physical literacy.

Method

Research and development (R&D) techniques were
employed in this study. The Plomp model development
methodology was employed in this study and consisted
of three stages: basic research, development,
prototyping, and assessment (Plomp, 2013). The
procedures in this study were completed only up to the
second phase, which evaluated the e-module's degree of
validity. The instructor's completed validation sheet
served as the main instrument of the research. Aiken's
formula was employed by researchers for the validity
analysis. The flowchart of this study is shown in Figure
1.
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Figure 1. Flowchart (Plomp, 2013)
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Result and Discussion

The results of the preliminary research stage show
that students need teaching materials that can increase
their scientific literacy and achieve 21st century learning
goals. Based on this, the researcher developed an e-
module based on cognitive conflict-integrated
augmented reality to improve students' physics literacy.
The researcher created an emodule that was developed
at this point. The Unity program was used to create an
instructional tool. The material is intended for offline
usage on android-powered devices. The display pages,
which comprise this medium, are characterized as
follows on Figure 2 and 3.

The first page that will appear after the unity logo
is the cover of the e-module being developed. This cover
page can be seen in Figure 2. Then after the cover page,
the next page that appears is the foreword page, this
page contains the researcher's foreword. This page can
be seen in Figure 3.
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Figure 4. Instructions Page

After that the instructions page will appear. The
instructions page contains brief instructions for using
the electronics of this module. The instructions page can
be seen in Figure 4. The page that appears after the
instructions page is the main menu page. This main
menu page contains 4 buttons, namely, competency
button, material button, augmented reality button, and
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profile button. The main menu page can be seen in
Figure 5. When the user clicks the competency button,
the page will immediately move to the learning
objectives page. This page contains the learning
objectives that students will study. The competency
page is illustrated in Figure 6.
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Figure 7. Material Menu Page

If the material button is clicked, the user will be
taken to the material menu page. The material menu
contains 3 buttons, namely the material button for
energy and work, impulse and momentum, Newton's
law. The material page is illustrated in Figure 7. On the
material page, if one of the buttons is clicked, the user is
taken to the material page. can be seen in Figure 8 when
the user clicks the energy and effort buttons. On this
page, there are four sub-menu options: “konsep usaha
dan energi, hubungan usaha dan energi, hukum
kekekalan energi dan praktikum usaha dan energi.”

—
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Figure 8. Submaterial Page
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When the sub-material button was clicked, the user
was directed to the material description page. The
material description was delivered using cognitive
conflict, as shown in Figure 9.
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If you click the augmented reality button on the
main menu, you will be directed to the camera display,
which is useful for scanning the markers that have been
provided. If the camera is pointed at the marker, a 3D

image of the scanned image will appear. This is
illustrated in Figure. 10. The profile button was the last

w
® -

Figure 9. Learning Material Page
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button on the main menu. The profile button contained
a brief profile of the researcher, as shown in Figure 11.

Figure 10. Augmented Reality
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Figure 11. Profil Page

After completing the e-module design, the
researcher entered the next stage: conducting an
assessment. First, the assessment was performed
independently. This self-evaluation is important before
entering the validity stage with the aim of checking
completeness, identifying product deficiencies, and
correcting weaknesses. (Haviz, 2016) This assessment
aims to reevaluate the e-module that has been
developed. This is in accordance with the self-evaluation
who repaired and added parts that they felt needed to
be repaired or added by rechecking the product that had
been made previously (Ina & Mufit, 2022). The result of
this self-assessment was that the researcher revised
several aspects, namely, improving the writing system,
changing several designs, and adding several materials.
An assessment of the cognitive conflict model in the e-
module is also conducted. After the assessment, the e-
module was found to be in accordance with cognitive
conflict syntax. (Fatni Mufit & Fauzan, 2019)

The next stage was the assessment of the validators,
and there were four validators to assess the level of
validation of the e-module being developed. Validity is
an assessment of the product design that has been
created. A product is said to be valid if the instrument
measures what it should measure (Sukardi, 2012: 121).
Product validity was assessed by the lecturer. Several
experts or experienced experts can carry out product
validity assessments of the weaknesses and strengths of
the products produced. A product was considered valid
if the average score of the assessed aspects was 0.667
(Sugiyono, 2014). The assessment was carried out on
four aspects: material substance, learning design, visual
communication display, and use of software. The
assessment results can be described as follows:
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The material substance aspect consists of 11
assessment components that contain assessment items
regarding the material, from the suitability of the e-
module to the curriculum to the concept of the material.
Writing equations and terms in physics, as well as the
display of images, videos, and animations, is also one of
the assessments in this component. The results of the 4
validators' assessment of these components by the four
validators are shown in Figure 12.

0.98

0.96 0.95

0.94
0.92
0.9
0.88
0.86

Figure 12. Material Substance

This component obtained a validation value of 0.94
with a valid category. a product is said to be valid if the
average score of the aspects assessed is 0.667. (Sugiyono,
2019) This is achieved because the material in the e-
module is in accordance with the independent
curriculum (Hidayati et al., 2022). which is in accordance
with developments in science, the use of symbols and
terms is correct, the writing is in accordance with
Indonesian language rules, and the images are useful for
accommodating students' weak level of understanding
and slow to accept and understand the content of the
lesson. (Dahar & Faize, 2011)

The second aspect assessed was the learning
design. In this aspect, there are 15 components were
assessed by the validator, including the use of the
cognitive conflict learning model in the e-module.
Another item concerned augmented reality in e-
modules, which can help students learn. The results of
the 4 validators' assessment of these components by the
four validators are shown in Figure 13.

The second component is learning design, in which
the developed e-module received a score of 0.87 in the
valid category. This assessment was obtained from an e-
module that has implemented the cognitive conflict
learning model correctly in accordance with the syntax
which can help increase students' scientific literacy and
attractive augmented reality presentation so that it can
motivate students to learn and select questions.
appropriate and easy for the students to understand.
(Fatni Mufit & Fauzan, 2019)
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0.88
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Figure 13. Learning Design

Cognitive conflict aims to make it easier for
students to change concepts (Puspitasari, 2022).who
stated that cognitive conflict has an effect on increasing
understanding of concepts and reducing misconceptions
in physics material. Therefore, the ease of syntax of the
learning model must always be considered. (Mufit,
2018). The third aspect assessed is the visual
communication display of the e-module. Eight
components must be assessed by the validator,
including the ease of use, grammar, and design used in
the e-module. of the four validators' assessment of these
components are shown in Figure 14.

100 1.00
0.98 [——i
0.96
0.94
0.92
0.90
0.88
0.86

0.84

|
,1

1 2 3 4
Figure 14. Visual Communication Display

The next assessment component was the visual
communication display. For this component, the
validator gives a value of 0.94 in the valid category. This
level of validity was obtained because the e-module
developed has instructions for use that are easy to
understand. In terms of navigation, which functions
well, it is very helpful to move between pages, making it
easier to use. Choosing the correct font makes the e-
module more attractive. A good layout can create a
special attraction for student interest in learning. (Zahro,
2017)

The final aspect to be assessed was software
utilization. There are 3 components were assessed in
terms of the interaction effect between the e-module and
the user. The results of the 4 validators' assessment of
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these components by the four validators are shown in
Figure 15.

1.00

Figure 15. Use of Software

1.00 0.98
0.95 0.94
0.90

0.85

0.80

Material
Substance

Visual
Communication
Display

Learning Design Use of Software

Figure 16. validation Level

The last component assessed by the validator is the
utilization software. In this assessment, a value of 0.98
was obtained in the valid category. This high validation
value was obtained from the nature of the e-module,
which can generate feedback from students because the
e-module is interactive. In addition, the use of good
supporting software and the authenticity of the work in
the form of e-modules add value to the e-modules being
developed. From the assessment of the four aspects by
the four validators, data were obtained, as shown in
Figure 16. It can be seen that the values for the four
aspects range from 0.84-0.98, with an average value of
0.93 in the valid category. From this value, it can be
concluded that the developed e-module is valid.

Conclusion

An e-module based on cognitive conflict integrated
with augmented reality has been produced to increase
students' physical science literacy, with a validity value
of 0.93.
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