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During the COVID-19 pandemic, almost all regions of Indonesia, including Sikka, East Nusa Tenggara, and Indonesia, have
implemented e-learning. However, this method has not been conducted in all schools due to the problem of uneven Internet
access. Disconnection from the Internet makes it difficult to conduct this process effectively even though students have
smartphones. Furthermore, the expectation of education quality improvement in sciences also gets higher with the development
of today’s world technology, and this cannot be avoided. Augmented reality (AR) gives a variety of opportunities to be utilized as
science learning media embedded on smartphones even without an Internet connection. Therefore, this study aims at conducting
an intervention towards the teachers through the training and workshops on the use of augmented reality for science learning on
the topic of Global Warming. This research was an action research approach. While considering this problem, the intervention of
teachers’ behavior and perception was conducted through training and workshops on the use of augmented reality for science
learning using a one-shot case study research design. This program had four stages: need identification, strengthening the
understanding of using AR, training and workshop implementation, and evaluation. The participants of this program were 24
science teachers from 10 schools at junior high schools in Sikka Regency, Indonesia (17 females, 7 males). The marker-based AR
was developed based on learning media need assessment provided by teachers. Teacher optimism was measured using a
questionnaire with a Likert scale. The program’s implementation led teachers to understand the use of AR in learning, significantly
to develop HOTs (higher-order thinking skills) in science learning. After experiencing training and workshops, the teachers
showed high optimism to use AR in science learning. The results of this study imply for the development of school policies to
establish digital learning media used without the Internet on various learning issues in rural areas.

1. Introduction

e COVID-19 pandemic is having a different impact on
learning practig§in Indonesia. Besides, the need to improve
their reaction in the teaching and learning process-related
factors is also essential. In rural areas with little Internet
access, a conducive situation for online learning is relatively
limited [1]. Furthermore, the demands foftompetence
development that meet the needs of living in the era of

Industrial Revolution 4.0 cannot be simply ignored in
learning.

Industrial Revolution 4.0 may help to overcome the
obstacles related to online learning in pandemic to limit the
direct ?raction. The themes of artificial intelligence, ro-
botics, cloud computing, big data, Internet of Things (IoT),
augmented reality (AR), and virtual reality (VR) give a lot of
opportunities for learning following the goals of new skills in
this era. The use of a variety of learning media based on
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competence requirements will support innovative and
creative learning as a part of HOTs (higher-order thinking
skills) [2, 3]. This expectation corresponds to the educational
objectives set in the 2013 curriculum. 25

AR is one of the newest technologies in the era of In-
dustrial Revolution 4.0 and has offered various possibilities
to bridge the gap in the quality of education [4-6]. It is used
as a science learning medium to support a variety of per-

ances in the sciences [7, 8]. Furthermore, it can also be
embedded on smartphones without an Internet connection;
therefore, the utilization can be a solution in learning in-
cluding in Sikka, particularly when there is no Internet
access.

Global learning development has also been anticipated by
the government through the Curriculum 2013. The provision
mentions a variety of learning models and strategies used to
achieve learning goals. Meanwhile, the three models used are
project-based, problem-solving, and discovery learning, and
they can also be used by utilizing AR in science learning. These
can be supporting factors in the implementation of AR to
improve the quality of education in rural areas. However, in
particular rural s including Sikka, many teachers experi-
ence obstacles in the teaching and learning process. Developing
the skills of the teacher in the era of the industrial revolution is
an essential element for successful learning [9]. The charac-
teristics of learners related to the ability to learn independently
should also be considered to optimize the use of the media [10].

During the initial discussion with the chief of the Science
Teacher Association and two junior high school science
teachers in Sikka, several obstacles in science learning for
adaptation in the pandemic era were discussed. Generally,
learners have gadgets that enable the use of digital materials,
and this is related to students’ perception in electronic-based
learning [11,12], including students in Sikka, Indonesia [13].
However, in online learning, there are several obstacles in
terms of Internet network availability. One of the alternative
solutions is providing digital learning sources accessed
without the Internet (embedded on the gadget). The partner
problem in this situation is that junior high school science
teachers have no adequate skills in using digital learning
media with particular strategies. This problem encouraged
the implementation of a behavior and perception inter-
vention focusing on science learning at junior high schools
in Sikka, East Nusa Tenggara. This is conducted as a solution
in partnership between the Department of Education,
Culture and Sports, Science Teacher Association, Institute of
Teacher Training and Education, ammadiyah Mau-
mere, and Ahmad Dahlan University to improve the quality
of science learning at junior high schools. The program
implementation resulted in the teachers with AR under-
standing, developing HOTs i ence learning as the output
as well as several copyrights i the form of videos and the
AR-based application.

2. Literature Review

2.1. Online Learning Obstacles and Opportunities during
Pandemic. During the pandemic, almost all schools have
implemented online learning either on their consciousness
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or because of government policies. However, not all sch
can implement this policy well due to variou@pbstacles.
results of the study stated three obstacles to online learning
during the pandnlic: the lack of capabilities to commu-
nicate remotely, weak Internet speed, and the difficulty of
students’ understanding of some subjects in the absence of
classroom interaction [14]. In comparison, the study con-
ducted by Reference [15] stated that limited quotas and
Internet networks caused inefficiencies during online
learning. It can be understood that it becomes an obstacle in
mitigating learning during a pandemic in areas where In-
ternet networks are limited. Likewise, quotas are relatively
expensive for people with limited economic levels. In
Indonesia, there isa tendency for teachers not to implement
learning strategies following the concept of good online
learning. The platform and the learning activities mainly use
WhatsApp [15]; it indicates a lack of teacher skill to arrange
online learning. Research Reference [16] adds that a critical
constraint in online learning in Indonesia is teachers’ skill in
implementing appropriate strategies and low learning mo-
gation. Other studies corroborate the findings regarding
e obstacles to online learning during the pandemic. It is in
terms of both technical aspects and the skills of teachers and
students. There are at least three main obstacles to good
online learning: limited Internet access, not all students
having gadgets, and teaching skills in managing online
learning. The aspect of teacher limitations in managing
learning includes skills in using online learning platforms,
developing learning media, and managing online
interactions.

Educational policymakers and school administrators
have been trying to find various solutions so that online
learning can run smoothly. This effort cannot immedi-
ately solve problems, especially those related to sudden
changes in learning, and these problems cannot be re-
solved quickly. Some of the efforts made are providing
learning platforms, training and workshops for teachers,
and digital learning content, and increasing Internet
access [17-19]. The Indonesian government also applies
these policies to schools [20]. The participation of higher
education in supporting government policies is signifi-
cant for teachers, especially for rural areas and islands,
which are relatively limited in resources [21, 22].

This pandemic sitmon has provided vast opportunities
for the penetration of information and communication
technology in rural schools. The awareness of education
managers so that learning continues to run well has become
a driving force for teachers to increase competence in
managing digital-based learning both online and offline
[23-25]. Internet access constraints need to be anticipated
and resolved by providing various digital learning contents
accessed through gadgets owned by students. This effort was
to continue implementing social distancing and because of
the red nin direct interaction at schools. In line with the
issue of Industrial Revolution 4.0, augmented reality is one
alternative to digital-based learning [3, 5, 26]. It does not
have to use the Internet. Adjusting this technology in ed-
ucation can also be related to various global issues that are
important to students.
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2.2. The Used AR for Learning. As mentioned before, in the
environment of students who cannot get Internet access,
providing learning resources that can improve learning
performance with independent and group learning becomes
very important [10, 13, 27]. However, the media in science
learning, especially about Global Warming, have limitations
in explaining a phenomenon [6, 7, 28]. Augmented reality
can enrich existing media by adding various deeper and
more complete activities available on smartphones [29]. This
feature will be activated when obtaining a trigger from the
material contained in the AR marker [30]. With these ad-
vantages, these learning media are more practical and ef-
fective for developing new competencies in this era [31-33].
The learning material embedded, for example, module by
augmented reality, can be designed to improve students’
competencies. However, research developing this module is
still relatively little developed as an alternative learning
medium during the pandemic, especially in areas where
Internet access is not covered.

The research results [1, 34] show that Indonesian people
are among those with a higlJlevel of mobile technology-
based social media use. With the COVID-19 pandemic that
demands the strengthening of online learning, not all stu-
dents can take advantage of the potential of this technology
in education. This benefit is especially true in areas that do
not have good Internet access. One technology that can
bridge this is the use of AR.

Recent studies on Technology-Enhanced Learning have
placed AR as necessary in incrcasin?caming effectiveness.
AR is a technique in informatics that combines two-di-
mensional or three-dimensional virtual objects into three-
dimensional real space and projects these virtual objects in
real time [6, 7]. AR can stimulate the user’s perception and
senses. This technique combines modules (two dimensional)
with additional three-dimensional virtual informati
learning. This combined information can be displayed with
the help of mobile devices such as webcams, computers,
smartphones, or Google [7]. With this technique, the user
can see virtual objects with the intermediary of mobile
technology. These advantages are used in science learning to
explain various phenomena more fully. It is impossible to
write in a book to increase the immersion when under-
standing phenomena [35, 36]. Studies on AR in science
learning show promising results for improving competence
in critical thinking and collaboration skills.

3. Materials and Methods

3.1. Context of Program. %e participants of this program
were 24 science teachers at junior high schools in Sikka
Regency, where 17 were females and 7 were males; 16
teachers were 20-35 years old. Meanwhile, 7 teachers were
35-50 years old and 1 teacher was older than 5 ey were all
from 10 schools. The method used was training and
workshops on the use of AR for science learning, and the
topic used was Global Warming. The program was con-
ducted from 10 April to 20 September 2021. Furthermore,
the implementation of activitie§ggas blended and some
activities were conducted offline at the Institute of Teacher

Training and Education, Muhammadiyah Maumere, (par-
ticipants attended the event with the health protocols fol-
lowing the provision of the COVID-19 Task Force) and
online by using the Zoom meeting application. Question-
naires were distributed through Google Forms to collect data
on the participants’ responses.

3.2. Instrumentation and Analysis Techniques. There are two
kinds of research instruments: a needs analysis instrument
and an application optimism instrument. The needs analysis
instrument was a questionnaire with open-ended questions
covering the obstacles encountered, the alternative solutions’
implementation, and the implementation results’ effective-
ness. Questionnaires were shared using Google Forms
distributed before participants took part in the training and
workshops. The results were analyzed using affinity diagram
and Pareto techniques. The optimism-level questionnaire
adapted from [37] included five statements: the usefulness of
AR media that can be accessed by the Internet, experience
using AR media, belief that AR media is practical for
learning, confidence in learning media with manuals, and
belief in increasing independent skills. This questionnaire
was shared using Google Forms too. The results were
processed qualitatively based on the proportions.

3.3. Stages of Program. 'The stages to achieve the goals of the
teacher’s behavior and perception intervention program
related to AR-assisted learning are shown in Figure 1.

1st Phase: Need Identification of Learning Media. This
stage was conducted by delivering questionnaires
through Google Forms to determine a variety of ob-
stacles in science learning amidst the pandemic era. The
questionnaires were in the form of open questions, and
the results were analyzed by using the techniques of
affinity diagram and Pareto to determine the aspects of
the learning obstacles. The results were also supported
with statements from two resources (the chief of Sci-
ence Teacher Association and the principal of the junior
high school) and became fundamental for the next
stage in determining the training materials.

2nd Phase: Strengthening the Understanding of Using
AR for Developing HOTs. Following the learning ob-
stacles identified in stage I, participants attended an
online training with three speakers in this stage. The
first speaker delivered materials about AR-based media
to develop HOTs in science learning at junior high
schools. The second speaker explained the govern-
ment’s policy of school quality improvement in the era
of Industrial Revolution 4.0. Meanwhile, the third
speaker delivered the role of higher education insti-
tutions in the partnership of the online learning
implementation in Sikka. After this training, the par-
ticipants were given questionnaires to measure the rate
of teachers’ beliefs in the use of AR for learning.

3rd Phase: Training on Using AR in Learning. Based on
the data analysis onstage II, AR-based learning media
were developed to be embedded into gadgets on the
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» Need assessment of the
learning media

« Improving the teacher
skills on using AR and
HOTs
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4th Phase

g
+ Developing the learning
evaluation instrument

« Program evaluasion
« Next action discussion

3rd Phase

Firaure 1: Stages of program implementation.

topic of Global Warming. Therefore, teachers and
students do not need to have Internet access when
using this application. In this stage, teachers were given
training and workshops to use an AR-based application
in science learning, and the implementation was
blended. The participants attended the event in the
Institute of Teacher Training and Education,
Muhammadiyah Maumere, whereas the trainers
interacted through online platforms. The first trainer
explained a variety of instruments to measure the
success of science learning assisted with AR. The second
trainer, as an expert in AR development, gave training
on how to use KOFIN, an AR-based application, related
to the topic of Global Warming. In addition, the third
trainer explained how to arrange questions for science
learning evaluation on the topic of Global Warming,
The participants collected questionnaires related to the
follow-up plans and the success rate of the program
through Google Forms.

4th Phase: Program Evaluation. This stage was con-
ducted to obtain the success rate of the teacher’s be-
havior and perception intervention program in using
AR for learning and follow-up plans after training in
the form of classroom action. The results of this stage
will be a recommendation for the next teachers’
competence development program.

4, Results

4.1. Science Learning Obstacles. The required identification
of learning media collected through Google Forms disclosed
a variety of science learning obstacles gidst the pandemic
era in Sikka. The questionnaires were 1n the form of three
open questions. The results were analyzed by using the
techniques of affinity diagram and Pareto. Figures 2 to 4
show the results.

4.2. Optimism Level of Using AR. With the training, the
teachers gave responses in terms of their optimism for
implementation at their schools. The results of gques-
tionnaires collected using Google Forms are shown in
Figures 5 to 8.

4.3. AR on the Topic of Global Warming. Considering the
teachers’ responses, AR-based learning media was then de-
veloped to be embedded on the gadgets for the topic of Global
Warming, It uses markers to bring out the Global Warming
phenomena. The results of the media development were three
marker-based ARs. In the activities of the teachers during the
workshop, they creatively provided several alternatives to the
use of marker-based AR. Teachers can use this media as part of
either a worksheet or comic or standalone as a direct media.
Figure 9 shows AR markers that have been printed and used for
learning. Figure 10 is the AR marker pinned in the tree as an
alternative learning media.

5. Discussion

Affinity diagram and Pareto showed that the significant ob-
stacles are low Internet access, teachers’ skills in implementing
online learning strategies, and variation of learning media.
During the pandemic, teachers tried to run science learning
online following the policies of the local education office. The
two main challenges are not having a quota for Internet access
and no Internet network. These two things are essential re-
quirements to conduct online learning. Many other studies
related to online education in various countries also show that
these two issues are obstacles that need attention [14, 15].
Teachers try to apply digital-based learning online, but Internet
access is limited. Increasing access is undoubtedly an ideal
solution, but this solution requires a relatively long time be-
cause it is related to various policies at a higher level from
several ministries. The fastest solution while still paying at-
tention to the learning objectives is to develop digital learning
media used without the Internet. Many studies have shown the
effectiveness of this kind of media.

Furthermore, there should be alternative learning that
does not require Internet access but still uses technology.
Digital media install n gadgets also provides opportu-
nities to encourage various learning skills and student
competencies. The use of technology in the current era is
critical to master science materials at this secondary school
level [38-40]. Teachers can improve various competencies
relevant to the 21st century by utilizing technologies such as
critical thinking skills [41-43], creativity [44, 45], and col-
laboration [46, 47].
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L. During this pandemic, what problems are faced in the
implementation of online learning?

Lack of leaming supervision
Don't have a smartphone

Late submission of assignments
Can't practice

No internet network

Noquota

FiGgure 2: The online learning problem.

2. What efforts have been made to solve this problem?

Raising donations to buy quota

Using government funds to buy quota

The teacher visits the students at home
One cellphone with quota is used
together

Students use the hotspot from the
teacher’s cellphone

Teaching materials are printed and taken
by students at school

Frgure 3: Teachers’ initiative to solve the learning problem.

3. How is the success rate in solving the problem related to the
learning objectives?

High

Low

1]
—

Ficure 4: The effectiveness of the initiative implementation.

The data obtained show that almost all efforts are ac-
tivities to provide an Internet quota. Seven respondents
changed online learning by providing printed materials. This
result is undoubtedly beyond expectations for the devel-
opment of various alternative digital learning solutions.
There are relatively no teachers who have tried to develop or
use digital learning media installed on gadgets. Applications
that can be accessed offline and embedded in devices have
not been set. This situation will undoubtedly affect the level
of efficiency and effectiveness of learning. Several possibil-
ities need to be revealed further why teachers have not tried
this alternative. Several opportunities are due to the skills of
teachers in rural areas in developing digital learning media.
Several other researchers have studied this indication. This

1. If there is a learning media with ICT that can be
applied without the internet, is it useful for the task?

Benefit
0%

Vv

Figure 5: The intention of ICT-based media without Internet.

2. Have you ever tried/used/read
media with Augmented Reality?

v

Ficure 6: Teachers’ experiences with using AR.

3. Are you sure l!al the use of Augmented
Reality will increase the effectiveness of learning?

NotSure

(4

Figure 7: Teachers’ optimism on using AR.

situation leads to the need to improve the skills of teachers to
use digital media installed on gadgets and develop relevant
learning stages using these media [48, 49].

Meanwhile, the development of applications directly on
the device becomes a new opportunity to provide learning
resources [50, 51]. Several teacher responses in dealing with
obstacles showed negative results for the alternatives. This
finding is an opportunity for the application of AR em-
bedded in gadgets as a learning alternative. The observation
reported by the chief of the Science Teacher Association also




4. Can you use Augmented Reality-based media
if you are given a manual (teacher's book)?

ot sure b
learn
0%

Firaure 8: Teachers’ responses to their skills to use AR.

Ficure 9: Products of AR card markers.

Figure 10: AR pinned on the tree.

showed similar findings of science learning obstacles. It is
also supported by the principal of junior high school SMP
Negeri I, who mentioned the science learning and
barriers of online learning implementation. The obstacles 1
terms of supporting facilities for online learning influence
the learning performance [10, 11]. The follow-up to this
result is to provide learning media installed on the gadget
and provide training and workshops on its use in learning.
In the needs analysis, the teacher explains that the
provision of digital learning media installed on gadgets can
encourage better learning during this pandemic. AR was also
responded positively as an alternative in teaching science
following current technological developments. The teachers
were given training on using AR to develop HOTs to
transform the good perceptions of technology-based science
learning (AR). This understanding also refers to educational
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policies from the government and the partnership with other
stakeholders. With the training, the teachers gave responses
in terms of their optimism for implementation at their
schools. The actual findings showed a high opportunity in
the use of AR in science learning. After training on AR,
teachers (79%) stated that ICT-based applications running
without Internet access could complete understanding
during this pandemic. The teacher uses an AR-based ap-
plication embedded in smartphones during the training.

Furthermore, this experience is their reason for opening
up opportunities for AR in science learning. The expected
result of this utilization is an increase in students’ compe-
tence following the needs as in other studies. Teachers’
optimism to apply AR in learning certainly needs to be
supported by good skills. Other studies related to education
in Indonesia, especially in rural areas, indicate the teachers’
feeling. Many teachers do not have the opportunity to
improve their skills in using digital technology. These results
are the same as the results in this research, which shows that
teachers need training and workshops on using this tech-
nology. These results form the basis for the development of
AR and provide related training to teachers.

The development of AR and interventions for teachers in
the form of training and workshops responded to the
condition of teacher skills. The majority of teachers (75%)
have never used AR, and their experience using and inte-
grating with learning strategies is valuable. This media is
engaging for teachers to organize more varied learning
Training is given to teachers to master three critical com-
petencies: the operation of AR-based learning media, de-
velopment of learning strategies, and measurement of
HOTs-oriented learning outcomes. While at the workshop,
the teacher experienced project-based group learning with
the output of learning strategies for the issue of Global
Warming using AR media and HOTs-based learning out-
comes measurement instruments.

Furthermore, AR media that provide a high level of
immersion with suitable learning strategies can increase
students’ competence. This result can be explained by
motivation theory, and a good learning environment (me-
dia, methods, materials) will encourage better learning
motivation. The impact of good motivation is to ask for high
learning and boost good performance [29, 52]. Teachers
practice using marker-based AR as an appropriate learning
strategy. In terms of optimism, some feel unsure about
applying it in their learning (4%), and this optimism is
essential to ensure the success of its implementation. Several
other studies support this finding that teacher optimism will
increase the chances of success in applying both technology
strategies and learning media [27, 53-55]. Therefore, it is
necessary to examine the factors that make teachers feel
optimistic about their application. AR-assisted learning
media have several formats that can be used flexibly, such as
cards, worksheets, and comics. The creativity in using these
various forms is an indication of their optimism.

Part of this teachers’ optimism is shown in the level of
independence to learn AR-assisted media. All teachers stated
that they can learn to use AR and apply it either manually
(54%) or studying with friends (46%). These results showed
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high opportunities to apply an AR-based applica to
support science learning due to several benefits and do not
need Internet access to use. The immersion aspect of AR also
becomes the excellence of this technology [38, 43]. Besides,
teachers also tend to have a strong belief in its utilization,
even though some do not believe in the media effectiveness.
The results of the analysis recommend the use of AR for
science learning. Following the analysis on the character-
istics of science learning and the broader interest, an AR-
based application on the topic of Global Warming was
agreed to be developed. This application is directly em-
bedded in the gadget and does not need Internet access.

Considering the teachers’ responses, AR-based learning
media were then developed to be embedded on the gadgets
for the topic of Global Warming. It uses markers to bring out
the global warming phenomena. To make sure teachers’
ability to use AR is developed, the teachers, as a group or
individual task, have created learning strategies assisted with
AR test items to find out the learning effectiveness, and
questionnaires to measure the students’ responses. Fur-
thermore, it was disclosed that AR products can be used in a
variety of learning strategies and developing HOTs following
@rcsults ofa study by References [51, 52]. The combination
of virtual and real objects is the benefit of this digital media
to increase motivation and learning outcomes [56, 57]. There
are several techniques of using AR for learning developed by
the teachers in this training and workshop. The teachers’
ideas of using AR in various strategies are believed to in-
crease some stud@Pl skills, such as the results of other
studies. This belief is also in line with similar research related
to the use of AR in various forms [43, 58].

This study implies that there is a need for policies from
schools to facilitate teachers in their implementation. This
policy is mainly because not all teachers have sufficient skills
in the use of these media. The continuous training reaching
all teachers using AR that integrates various learning
strategies enables more engaging and effective learning. In
addition, AR media with the theme of Global Warming can
be used in science learning and other knowledge. The global
warming phenomenon impacts various sectors of life, so
studies from multiple scientific perspectives will provide
good insights for students. Success in this broader study
requires support from school administrators and the min-
istry of education.

6. Conclusion

The training conducted with partici]ﬁs of science teachers
at junior high schools in Sikka gives a positive impact on the
implementation of digital technology-based learning.
Meanwhile, the AR-based application on the topic of Global
Warming can be used with a variety of strategies. The in-
struments to measure tf learning outcomes that meet the
expected competencies 1n the era of Industrial Revolution
4.0 can also be developed. Furthermore, the AR applications
should be implemented in a variety of formats to support
more meaningful learning. This will broaden the benefits
and strengthen the partnership that has been built during the
training. ‘The partnership is particularly for the

implementation of the classroom action study as the follow-
up of the program. Mentoring from higher education in-
stitutions in the implementation of classroom action is also
required to improve the quality of the output.
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