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Technology in education encourages more effective learning facilitation
processes. The lack of variation and innovation in the use of technology used
in the form of learning media as a means of supporting learning activities
raises many new problems for educational institutions. This research aims to
identify the need to create innovations in the implementation of science
learning, whose research focus is to analyze the needs for developing
smartphone-based innovative augmented reality (AR) learning media. This
research is descriptive qualitative. Data collection techniques are
observation, interviews, and questionnaires. Teachers and students of junior
high schools in Surakarta became the subject of this research. The results
showed that students were less focused and unmotivated when participating
in the learning process. In addition, the use of learning media is still
conventional and not interactive, even though currently all students have
smartphones. Based on field facts, the media used by teachers still tends to
be conventional, and the majority of students have technological devices
such as smartphones, there is great potential for developing innovative
technology-based learning media. Smartphone ownership and the lack of
interactive learning media are important foundations in innovating the
development of smartphone-based augmented reality.
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1. INTRODUCTION

Science is a compulsory subject that plays an important role in school education. This cannot be
underestimated because, during the science learning process, the values of scientific attitudes are instilled,
which are intrinsically linked to the national education objectives defined in Law No. 20 of 2003. “National
education aims to develop students’ potential to become human beings who believe and fear God Almighty,
have noble character, knowledge, health, competence, independence, creativity, and become responsible and

democratic citizens.”

Science is a knowledge that is widely known as a scientific product [1] with findings through a long
series of systematic studies/scientific processes [2], the scientific attitude that one has determines the success
of which is conducting this study. Science subjects are expected to provide students with opportunities to
learn about their surroundings and themselves, as well as to develop in their opportunity to implement what
they have learned in their daily lives. Science subjects aim to help students understand the relationship
between scientific concepts and everyday life [3], [4].
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A variety of factors contribute to poor student learning outcomes in science subjects. The low
science score on national exams is due to the low cognitive level of learning taught in schools, which consists
of only understanding and memorizing. In contrast, the national science exam questions are combined in with
high-level ability test questions, potentially cause students to struggle. Problems arise as a result of both
internal and external factors, leading to poor student learning outcomes [5], [6]. Internal factors include
intelligence, attitudes, talents, interests, and student motivation, while external factors are teacher role and
school facility infrastructure [7]. Internal factors, the teacher is faced with a variety of student characteristics
that vary in school-based learning activities. Some students could carry out their learning activities smoothly
and successfully, but many students faced various challenges in their learning [8], [9]. Meanwhile, in terms
of external factors, the teacher's role as the manager of learning is the most influential factor in the learning
process. As the manager of learning, the teacher must be able to organize, explore potential, and develop
strategies that contribute to increasing student motivation and learning outcomes. However, according to
several studies, the teacher's role in the learning process is still not fully appreciated; the teacher still follows
a traditional teacher center pattern, wherein the teacher first illustrates the skills and knowledge that are
taught to students as a whole, limiting students to developing their knowledge and making the learning
process less motivating and active [4], [10], [11].

Motivation as a driving force for learning activities to achieve maximum learning outcomes is
referred to as student learning motivation. This confirms that motivation plays a significant role in
determining student learning success or failure, because someone who is not motivated will not engage in
learning activities [12]. The use of interactive media in the learning process is another aspect that influences
student achievement of learning success competencies [13]-[15].

The results of preliminary observations at several Surakarta schools, including Muhammadiyah
Surakarta Junior High School 1 and Muhammadiyah Surakarta Junior High School 7, were collected through
observations of the learning process. In general, traditional learning methods are still used in science subjects.
In this case, the discussion and lecture methods are still centered on the teacher, making the learning class
emerge monotonous and less interactive because the interactions that occur are only one-way. Teachers
rarely use media because it requires considerable preparation, particularly for media based on electronics and
digital, as well as a lack of teacher training to create interactive media and knowledge of the most recent
technological developments used as interactive media.

The use of interactive media is considered very important; media as an instrument also affects the
atmosphere and conditions of the learning environment [16]. This is enhanced by the presence of "media"
technology, which has the potential of making learning less teacher-centered [17], [18]. Even though the
focus is now more on learning students (student-centered), the teacher is no longer a source in the process.
Students' prior learning, but as a facilitator who assists them in expanding their knowledge. Therefore,
technology-enabled learning will lead in more innovative teaching and learning activities [18], [19]. This is
due to the fact that technology encompasses a wide range of topics, including problems in everyday life,
current sources of information, concept simulations, and communication with professionals in their fields
[11], [20]. Furthermore, technology-assisted learning is considered to complement conventional teaching and
learning activities [21], [22].

Smartphones are one of the latest technological devices that can be integrated into the educational
process as a type of learning media [23], [24]. The increasing number of smartphone users in Indonesia
provides significant prospects for developing educational technologies. Augmented reality (AR) is one of the
most recent breakthrough technologies in education that can be used as a new medium and a complement to
current learning [24], [25]. In the world of education, augmented reality in the learning process is an attempt
to adapt to the era of the fourth industrial revolution. Therefore, both teachers and students are expected to be
familiar with and use current technology, especially Android-based media.

Some studies have been conducted on the development and use of augmented reality as a learning
media. Marta [19] mentioned that in relation to the integration of digital devices, teachers used mobile
learning during the learning process in class, indicating that the use of mobile learning technology is feasible
to be used in and its benefits disseminated for the learning process In general, secondary education is the
level of education with the most integration of technology or electronic devices in the classroom, followed by
primary education and pre-school education in third place [19], [23], [26]. Then, in other studies, augmented
reality technology was used as a medium to teach students about the butterfly life cycle [27]. Students can
observe the life cycle by using their smartphones to observe the growth of virtual caterpillars on host plants
to become butterflies. The participants were randomly selected and assigned to the experimental and control
groups after using the augmented reality system. The statistical test revealed that the experimental group's
learning effectiveness is better than the control group's [27]. Therefore, it shows that using augmented reality
media in butterfly life cycle learning can improve students' understanding. Moreover, studies on augmented
reality journal articles were examined [28]. The majority of studies reported that the learning process was
better in educational settings 53.3%, learning motivation was 28.1%, student involvement in learning was
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15.6%, learning comfort increased by 12.5%, and a positive attitude increased by 12.5%. These results
suggest that the use of augmented reality media has the potential to increase student learning performance,
foster learning motivation, positive attitudes, and a sense of comfort in learning.

At the vocational high school level, augmented reality has also been used as an instructional media.
The study revealed that the development of AR technology for productive subjects at the vocational high
school level could meet students' needs to improve skills, cognitive, and affective, and make it easier for
students to understand abstract things [29]. The use of mobile-based augmented reality in learning
implementation can increase student motivation to learn. This is based on some of the support provided by
interactive learning media for increased awareness, satisfaction, and self-confidence factors that arise within
students [30]. A review of the use of augmented reality in science, technology, engineering, and mathematics
(STEM) learning revealed that augmented reality-based learning applications provide a learning activity that
can provide a stimulus to students, because a number of features and designs are similar, allowing students to
have an influence on increasing their conceptual understanding [24], [31].

The learning process is based on some of the descriptions of field facts. This is still a barrier to
media innovation in instructional media. It is necessary to identify students' needs for innovative learning
media integrated with information and communications technology (ICT) and to motivate students
throughout the learning process. This study examines the implications of using smartphones as a learning
resource. As previously stated, there are numerous descriptions of the benefits of augmented reality, which is
commonly used as a learning medium. Then, the purpose of this research is to identify the need to produce
augmented reality-based learning media that can be used during the learning process. Identification of needs
is the first step in a series of smartphone-based augmented reality product development processes for science
learning, teachers and students become the focus of the subject for this needs analysis activity considering
that they are two core components of learning activities, so that the fulfillment of needs will be achieved both
in terms of student needs. as well as the need for teachers to optimize the learning process through innovative
learning media. Thus, the learning media innovation products developed will be in accordance with the facts
on the ground and the needs of potential users. Therefore, this study aims to identify the needs of teachers
and students in innovating in the development of digital learning media, especially smartphone-based
augmented reality for science learning. Then, the objective of this study is to identify a need in ways to
produce augmented reality-based learning media which can be used during the learning process. As a result,
the objective of this study is to identify teacher and student needs in order to innovate in the development of
digital learning media, specifically smartphone-based augmented reality for science learning.

2. RESEARCH METHOD

This research is a preliminary study or evaluation of student needs, in some terms it is included in
needs analysis research. The qualitative research method is used to select a data collection method [32]. Data
collection techniques were carried out through observation, interviews, and giving questionnaires [33]. For
research sample, namely students and teachers of Muhammadiyah 1 and 7 Junior High Schools in Surakarta
which as a whole the number of students who were the sample of the study were 120 students and four
teachers of science subjects. The data analysis technique used is descriptive analysis, using data triangulation
[32]. Data from each source is collected through research instruments such as observations, interviews and
needs analysis questionnaires described through percentages to see how students think about augmented
reality-based learning media [34].

3. RESULTS AND DISCUSSION
3.1. Overview of learning activities in junior high school

Based on the results of observations, when the learning process takes place, the teacher delivers
material from textbooks. The teacher used an LCD projector with a simple power point presentation media
that was not interactive to explain the material. This is due to the fact that the explanation in Theory only
includes text and a few images as examples. Meanwhile, when the teacher asked questions, nearly all of the
students were deafeningly silent and unable to respond. Therefore, the learning that takes place is tends to be
teacher-centered. Even though interactive media development will provide innovation and a more dynamic
learning environment, teachers lack sufficient time management skills and the ability to operate learning
media based-apps.

Overall, it was discovered that several problems, among others, were discovered during the learning
process: i) Teachers continue to teach using traditional methods; ii) Students are less motivated, so they are
not actively involved in the learning process; iii) The use of interactive media in learning has not been
maximized; and iv) Facilities for developing interactive media products in schools are still confined.
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3.2. Identification of teacher’s views on the use of ICT and smartphones in learning activities

To fulfill a comprehensive analysis of needs for the development of an interactive media product for
learning, the following are the results of questions and answers with the teacher about the learning process
that has occurred thus far. The teacher's results and answers provide evidence that the teachers were found
always preparing learning tools (such as lesson plans and media) prior to carrying out learning activities. The
teacher then begins the learning process by discussing learning competencies, responding to the material, and
mastering the material. Meanwhile, the use of learning media by teachers revealed that, thus far, the media
used were insufficient and had not yet fulfilled their skills due to teachers' lack of knowledge of developing a
learning media product integrated with ICT and smartphones. Based on the results of the interviews, there are
numerous opportunities for using technology such as smartphones in the learning process, indicating that
schools have permitted the use of smartphones to support the learning process, though with notes, it must be
under the supervision and direction of the teacher. In this example, teacher assistance was required so that the
teacher could create smartphone-based interactive media. The statement stated that the teachers supported
media development, but only if it is beneficial to the learning process and has the potential to become an
innovation if used in classroom learning activities.

3.3. Needs analysis questionnaire to students

This section presents the results of the questionnaire distribution to students. The research sample
consisted of 181 students from Muhammadiyah 1 and 7 Junior High Schools in Surakarta. Table 1 shows an
accumulation table that begins with the results of a needs analysis based on a distributed questionnaire. The
table shows the student's responses to questions 1, 2, and 3. Many students do not understand the material
presented during the learning process. The teacher does not use media in interactive or up-to-date learning,
such as gadgets, when delivering material. Furthermore, in question number 4, information was obtained that
as many as 93% of students expressed their desire to use augmented reality as learning media. Furthermore,
students already have smartphones to run Android-based augmented reality media when the science learning
process is strengthened through a questionnaire. The next question was obtained 97% of the students'
answers, stating "Yes" that they have a smartphone as illustrated in the Table 2.

Table 1. The results of the student need analysis questionnaire
Answer (%) N=181

No. Questions .
Agree  Disagree
1 Do you understand the material presented by the teacher? 30% 70%
2 Do teachers use media in the learning process? 26% 74%
3 Do teachers use gadgets as media in learning? 4% 96%
4 Do you agree with using augmented reality media in science learning? ~ 93% 7%

Table 2. Student ownership of smartphones
Answer (%) N=181
Yes No

1 Do you have a smartphone? 97% 3%

No. Questions

3.4. Discussion

Based on the results of the study, the science subjects at senior high school (SMA) Muhammadiyah
Surakarta remain to lack sufficient instructional media. This is based on observations and interviews with the
teacher, which revealed that the teacher prefers to use the lecture method during the science learning process,
which is accompanied by light discussions with students. The situation of the learning media used in junior
high school (SMP) Muhammadiyah Surakarta, on the other hand, revealed that teachers' use of learning
media in the teaching and learning process is still relatively low. This result is certainly not in line with the
principle of learning which must accommodate the needs of students and the learning system, where in the
composition of the learning system apart from the material, the teacher and the environment also need the
presence of the media as an intermediary in delivering messages and facilities that provide convenience for
students to learn. about a certain material. Even more, learning science in the field requires special
consideration in terms of implementation because an efficient learning process produces the best learning
outcomes [35], [36].

Teachers need to consider learning resources as one of the best options for creating an effective
learning environment. Textbooks, course materials, and other learning content that can be used to support
teaching, learning, and research. Textbooks, course materials, and other learning content are examples of
learning resources that can be used to promote teaching, learning, and research [37], [38]. Furthermore, one
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of the efforts that teachers can make is to use instructional media to more concretely present a series of
procedures for science learning materials [39], [40]. Misconceptions in students will be reduced by using
learning media [41], [42]. Therefore, learning media will help students better understand the subject taught
by the teacher during learning activities, considering that so far 70% of students still tend to have difficulty
understanding the subject. Essentially, learning media can be one of the teachers' efforts to help them in
delivering the subject so that it is easily accepted and understood by students; however, the learning process
used has not optimized this potential, as evidenced by student responses indicating that the teacher does not
use learning media during the learning process. Nevertheless, the use of instructional media can help students
understand abstract material [43], [44]. Besides, instructional media can explain subject delivery in a visually
appealing, innovative, and integrative way [11]. Therefore, using interactive media can improve learning
processes and outcomes. Teachers can benefit from the use of augmented reality-based learning media in all
aspects of the teaching and learning process [45]. Teachers should have the desire and need to learn how to
use instructional media effectively in the teaching and learning process [46].

There have been many emerging uses and research results from the use of AR in various educational
institutions. Augmented reality (AR)-based learning media are appropriate for vocational school students to
use in order to reduce the level of abstraction of the subject being taught [47], [48]. In addition, augmented
reality media can improve learning outcomes and student learning completion. The results of implementing
AR media in biology learning are deemed useful, with the potential to increase achievement completion by
76% [49]. In the context of the broad use of augmented reality to classroom learning, as well as independent
learning, it is well known that AR can promote collaborative learning around virtual content, which in turn
can facilitate personally meaningful experiences for each student [50]. In line with this, mobile-based
learning media could help non-technical students learn with greater motivation [51]. However, their success
in achieving learning goals or competencies will depend on proper planning and implementation, considering
their backgrounds and characteristics. The results of the questionnaire revealed that nearly all students, 97%,
already own a smartphone, indicating a potential for the use and development of learning media based on
augmented reality through smartphone devices [52]-[54].

Based on previous studies which demonstrated that augmented reality had many benefits in
promoting the learning process, this was in line with students' opinions, with nearly 97 % agreeing to develop
digital media for learning based on augmented reality. The success of developing a learning media, in this
case augmented reality for learning activities cannot be separated from needs analysis activities as a basis for
identifying various problems and formulating answers to problems [55]-[57].

Based on the prior description and discussion, teachers must be able to develop learning content that
is integrated with technology, such as smartphones, that students are now familiar with, while also taking into
account the characteristics and phases of student development. Students' learning activities are organized to
make achieving competency easier for them. Therefore, teachers should integrate learning activities with a
range of methods and media options, as well as use a development approach to help students better
understand a subject and think in harmony with their classmates. Smartphone-based learning media,
particularly AR, proves to be a promising solution for addressing the various issues that teachers and students
experience during the learning process. Teachers should develop learning media integrated with technology,
such as today's smartphones, based on the description and discussion. The AR has been familiar to students
while taking into account the characteristics and stages of student development. Learning activities are
intended to help students in achieving competence. Thus, teachers should combine learning activities with a
wide range of methods and media options, as well as use a developmental approach to make it easier for
students to understand a subject and consider in harmony with students. Smartphone-based learning media, in
this case AR, has seemed to be appropriate for mending the various issues faced by teachers and students
during the learning process.

4. CONCLUSION

Based on the results and discussion of needs analysis with a sample of teachers and junior high
school students, a conclusion can be derived that the use of instructional media in science learning has not
been implemented optimally. The lack of smartphone-based interactive media to support learning is
considered to be an impediment to achieving learning objectives, despite the fact that teachers already have
access and competencies to use smartphones as supporting media for the learning process, but this is rarely
implemented due to educators' limited abilities in developing smartphone-based learning media. Students
were found to be enthusiastic about developing learning media innovation products based on Android,
particularly augmented reality. Teachers need smartphone-based learning media to help them explain abstract
subject, especially in chemistry courses. In the case of learning resources, the learning media that should be
developed in science learning in smartphone-based media consider the characteristics and needs of students.
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The results of the study can be used to help teachers develop a dynamic learning environment by integrating
technology. For other researchers working in education, this study could be used as a fundamental basis and
input for developing other smartphone-based teaching media and augmented reality, which is exciting and
appropriate for students during the learning process.
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