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Abstract: 21st-century learning presents chemistry teachers with new challenges in
teaching abstract chemistry concepts with various technologies that continue to develop.
One of the media that can visualize abstract chemical concepts is Augmented Reality (AR).
AR media developed in chemistry learning needs to be valid so that it can be used
properly. Therefore, this study aims to examine the validity of the Android-based AR
media developed. Four education practitioners carried out the validation as experts, and 13
students participated as respondents. The instrument used is a questionnaire with a Likert
scale. The data obtained were analyzed quantitatively with the Rasch model using the facet
software. The results of the analysis show that the Exact Agreements are 41.10%, and the
Expected Agreements are 42.20%. The most challenging aspect to achieve is media design,
while profit is the most easily agreed-upon aspect. Based on this assessment, in the
development of augmented reality media, it is necessary to pay attention to display aspects
and 3D objects suitable for viewing a material so that it is easier for users to understand the
material.
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Introduction However, representation and visualization of
molecular mental models that are less clear can often
Teaching abstract chemistry concepts is make it difficult for students to understand chemistry

challenging for chemistry teachers (Abdinejad, et al.,
2020; Crandall, et al., 2015; Yamtinah, et al., 2019). In
addition, many students and even university students
find chemistry difficult and complex (Herga, et al.,
2016; Woldeamanuel, et al., 2014). One of the abstract
and challenging topics for students is the 3-dimensional
visualization of molecular structure, chemical reactions,
stereochemistry, chemical bonds, and sub-microscopic
representations (Abdinejad, et al., 2020; Battle, et al.,
2010; Gilbert & Treagust, 2009). In chemistry learning,
teachers and students need to represent mental models
on a molecular scale (Chittleborough & Treagust, 2007).

*Email: jengtina@staff.uns.ac.id

and see its relevance in their lives in society
(Venkataraman, 2009). Therefore, represent and
visualize 2D images in student textbooks into actual 3D
structures for today's chemistry learning (Abdinejad, et
al., 2020; Othman, et al., 2008; Venkataraman, 2009).
Based on the challenges of learning chemistry,
there is a need to develop learning materials that can
help students understand chemical concepts as well as
promote motivation of students to study chemistry
(Sari, et al., 2014). Media by applying science and
technology can increase the effectiveness and efficiency
of the learning process, as it can help students
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understand the subject (Arifin, ar al., 2018; Shidiq, et al.,
2021). Augmented reality (AR) is a technology that can
be used to visualize an abstract concept that is difficult
to understand (Elisa & Wiratmaja, 2019; Kesim &
Ozarslan, 2012; Abdinejad, et al., 2020). Augmented
reality combines the real world and the virtual world
where three-dimensional virtual objects are projected
into the real environment (Cai, et al., 2014; Salmi, et al.,
2012).

One of the advantages of AR is that it can
provide 3D visualization and can be used on Android
smartphones (Irwansyah, et al.,, 2017). Several studies
have shown that augmented reality can support
chemistry learning because it can improve students'
spatial visualization (Fitriani, et al., 2019; Abdinejad, et
al., 2020). In this study, augmented reality media is
packaged as an Android-based application. Based on
the results of the initial analysis, the selection of
Android-based media is due to the fact that most of the
students are already using Android-based mobile
phones. It is therefore hoped that with this medium, the
students will be able to easily access this medium and
will be able to help the students to understand the
chemical concepts.

In the development of augmented reality media,
tests are needed to determine whether the media is
workable or not and can find out which aspects are
difficult to achieve and easy to achieve. Validity is a
method that can be used to determine the feasibility of
the developed media. In this study, content validity
was performed to determine the feasibility of content
presented in developed media. The aim of this study
was to test the wvalidity of the Android-based
augmented reality media that was developed. There
have been many studies on the analysis of validity in
various ways (Tasrif, et al, 2020; Muzyanah, et al.,
2018). This study focuses on analysis with Rasch model
using Facet software. Analysis with Rasch's model can
find out how the interaction between the evaluators

Validity test > Product test
F 3 S
4 education
- 13 students
practibioners

and the elements is at the same time (Muntazhimabh, et
al., 2020). In addition, Rasch's model also provides
information related to rater reliability, item reliability,
and information related to the rater's unexpected
response (Fahmina, et al., 2019).

Method

This study uses a quantitative method, where
data processing and analysis uses the Rasch model with
Facets software. The data used was obtained from the
results of the validation of the evaluation of the product
by 4 educational practitioners and 13 students who had
received chemical binding material, namely the
students of class XII of SMA Negeri 1 Sukoharjo. The
instrument used is a questionnaire with a Likert scale
with a score of 1 to 5 for each aspect measured. The
aspects measured in the validation test are presented in
Table 1.

Table 1. AR Media Assessment Aspects

Assessment Indicator
Aspects
Language Clear user manual

Language use
Material Material clarity

Ease of understanding the material
Design AR media design

Text legibility

Ease of use of AR applications
Benefit The benefits of AR media

The data collection was carried out after
students and education practitioners used augmented
reality media. Additionally, data analysis was
performed by measuring faceted Rasch using faceted
software. The flow of the search procedure is illustrated
in Figure 1.

Data Analysis Conclusion

Figure 1. The flow of the research procedure

Result and Discussion

Based on the evaluation of the product by
education practitioners, improvements to the product
are made. From the results of the evaluation by

education practitioners, it was found that this product
could be tested on students after the repairs were
made. Then the data from the validation results by the
education practitioners and the student test results that
were obtained were analyzed using the Rasch Facet
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model using the Facet software. The results of graphical
measurements for elements, aspects and evaluators are

shown in Figure 2.

|Measr|+media |-Aitem | -Guru dan Siswa |Scale|
----- T T T T T e o |
| 2+ + + + (5) |
| | | | | |
| | | | | a1
| | | Desain media AR | | |
| 1+ + + + |
| | | | | |
| | | Petunjuk Penggunaan | | |
| | | Penggunaan Bahasa | | |
= e =1 * Kejelasan Materi Kemudahan memahami materi #* Siswa 13 Siswa 2 F --- =
: : : Kemudahan pengoperasian aplikasi AR : Siswa 5 : :
| | | | | |
| | | Kejelasan Gambar 3D Keterbacaan teks | Siswa 3 | |
| | | Kebermanfaatan | Guru 4 Siswa 18 | |
| -1+ + + + |
| | | | Siswa 8 | |
| | | | Siswa 9 | 3 |
| | | | | |
| -2+ + + Guru 1 + |
| | | | Siswa 1  Siswa 12 | |
| | | | | |
| | | | Siswa 11 Siswa 4 | |
: : : : Siswa 7 : :
| -3+ + + Guru 3 Siswa 6 + |
| | | | | ---1
| | | | | |
| | | | | |
| -4+ + + + |
| | | | | |
| | | | Guru 2 | |
| | | | | |
| -5+ + + + (2) |
|----- Homm e T e e +----- |
|Measr|+media |-Aitem | -Guru dan Siswa |Scale]|

Figure 2. All facet vertical

In Figure 2. the first column shows the logit scale
for all aspects, the second column shows the media
products rated, the third column shows the aspects
rated, while the fourth column contains the reviewers,
i.e., students and students’ teachers.

Based on the distribution of ratings, the location
of the aspects in Figure 2. shows the level of difficulty
faced by the reviewers in each aspect. The aspects
considered as difficult to achieve will be in the first
position, while the aspects considered to be the easiest
to achieve will be in the last position. Meanwhile, in
terms of raters, the rater who is the most difficult to rate
will be at the top in the fourth column, in contrast, the
rater who is easiest to rate is at the bottom.

In Figure 2. it can be seen that the estimated
questions ranged from questions that most satisfied the
aspects to those that did not meet the aspects ranging
from 2 to -5 logs. The design aspect of AR media is at
the highest-level logit, it shows that this aspect is at the
highest level of difficulty. In contrast, the user-
friendliness aspect is at the lowest logit level, which
means that it is the easiest to achieve (Sabah &
Hammouri, 2009). This difference in position shows
that each aspect has a different level of difficulty of
achievement. The results of the multi-faceted Rasch can
be seen in Table 2.

Table 2. Summary of multi-faceted rasch result

Strat Exact Expected
ata Reliability =~ Agreements Agreements
Value o o
(%) (%)
Rater 2.63 0.75 41.10 42.20
Item 273 0.76 - -
Rater

There are 17 reviewers used to review this
product comprised of 4 education practitioners and 13
students. The results of the evaluation in Table 1. show
that the reliability index is 0.75, while the item
reliability is 0.76, which is included in the sufficient
category (Sumintono & Wahyu, 2014). This shows that
the consistency of the evaluator's answers is quite
strong and that the quality of the items of the
instrument is quite adequate. The stratum value
obtained is 2.63 or rounded to 3, indicating that there
are 3 groups of respondents (Kristiana, et al., 2019).
Moreover, this stratum value also shows that the
expert's results are reliable.

Based on Table 2. it can be seen that the results of
the validity of the exact agreement value obtained a
value of 41.10%, while the Rasch model predicts
42.20%. Based on these results indicate that the
empirical validation is almost the same as the predicted
value. Therefore, the resulting validation rating is
interpreted as good because the value of Exact
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Agreements and Expected Agreements is bigger than
40.00% (Sumintono & Wahyu, 2014).

Seen from the raters, it can be seen that the raters
(student 13 and student 2) are the most difficult to
grade and teacher 2 is very easy to grade. The teacher
rates almost all aspects perfectly, although, on the other
hand, many reviewers believe that there is still a lot of
room for improvement from this media product. This
can be detrimental to the development of this medium.
At this stage, the evaluator should assess the strengths
and weaknesses of the product content developed so
that a product suitable for use can be produced. On the
other hand, 13 students and 2 students tend to rate
products with high standards, this can be interpreted as
a shortcoming, but it can be used as an evaluation for
improving the product so that a decent product could
be produced later. But if there are a lot of reviewers
who are in this position, then the product will be
deemed unsuitable.

Item

The items in this study amounted to 1, namely
Android-based augmented reality media products. The
elements are evaluated on the basis of 4 aspects,
namely the linguistic aspects, the material aspects, the
design (display aspects), and the advantages aspects.
Each aspect consists of several sub-aspects. The
linguistic aspect includes the clarity of the instructions
for the use and use of the language, the material aspect
consists of the clarity of the material and the ease of
comprehension of the material. The design (display)
aspect includes AR multimedia design, text readability,
and ease of use of AR applications, while the advantage
aspect is usability. Based on Table 1. the item reliability
is 0.76 and the stratum value is 2.73. This shows that
the data collected is reliable. If seen in Figure 1. a very
difficult aspect to achieve in this media is the design of
the AR media, where this aspect resides in the 2-1 log
logit. After conducting an analysis based on

suggestions and comments, the part of AR media
design that needs to be improved is the part of 3D
object design. 3D objects on augmented reality media
are shown in Figure 2.

gt & wloria

Figure 3. The f;spect that is difficult to observe

Figure 3. shows that the 3D objects are still
difficult to understand, this is because the atomic
description is not clearly visible. In addition, the image
of the object of the isolated pair of electrons in the atom
is also not clearly visible, which can make it difficult for
students to understand the bonding process. In
addition, 3D objects are always difficult to observe in
three dimensions, to see three-dimensional objects, the
user has to move the phone to get the best position to
see the objects from another point of view. When
students rotate 3D objects to change the perspective of
3D objects, students can improve skills other than those
developed by reading and writing (Cabero & Barroso,
2016). So that the appearance of 3D objects is an
important thing to pay attention to.

In addition to the design of the AR media,
instructions for use are also included in the aspects
considered difficult, where this aspect is in the logit
between 0 and 1 log. This is reinforced by the results of
suggestions from respondents who said that the
instructions for using the media were still too general
and unclear.

Petunjuk Penggunaan

Unduh marker di link google drive yang telah diberikan

. Cetak marker dengan menggunakan kertas kemudian potong sesuai ukuran

. Untuk menampilkan objek 3D, ketuk pilihan “scan” maka secara otomatis kamera akan
terbuka

. Arahkan kamera pada marker yang sesuai maka objek 3D akan ditampilkan. Pastikan
pencahayaan cukup balk agar kamera dapat memindai marker dengan sempurna

. Untuk kembali ke halaman semula ketuk tanda (X) pada pojok kanan atas

Figure 4. Display Menu Instructions

Figure 4. shows that the instructions for use are
only described in general terms, which may make it
difficult for users to use the multimedia product.
According to Wiratama, et al., (2018) for using AR apps
someone who can explain how to use AR apps is
needed. In order for the AR app to be used by students
on their own, the instructions for use must be clearly
explained. Also, the link to download the markers is
not included in the user manual, so users may have
difficulty obtaining markers. Therefore, to overcome
this problem, a media usage guide module accessible to
users outside of this application has been created.

Conclusion

Android-based augmented reality media were
tested for feasibility using a validity assessment
instrument in the form of a questionnaire with a Likert
scale. Where in the validation process involves
education practitioners as experts and students to try
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out media products. Then, the validation results were
analyzed using the Rasch model with Facet software.
Based on the results of the analysis, the value of Exact
Agreements was 42.20%, while the Expected
Agreements were 41.10%. It can be seen that the
empirical validation is not very different from the
expected evaluation results. From an evaluation
standpoint, the hard thing to achieve is the design of
AR media, while what is easy to achieve is usability.
Meanwhile, when viewed from the rater, Student 13
and Student 2 are very difficult to grade students, while
Teacher 2 is the easiest to grade.
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