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Abstract—This study aimed to develop an Android learning media on the
concept of redox and evaluate the quality and usability of the app. The approach
used in this research was a quantitative deployed as development research, while
the model used was the Hannafin and Peck (1988). The data of this study were
collected from the process of development, expert evaluations (expert reviews),
and small group evaluation. 20 students of the chemistry education study pro-
gram at a university in Indonesia volunteered to use and evaluate the app, Data
were collected by using questionnaires. The results indicate that the quality of
the application obtained from expert review was 94.7%. Furthermore, the small
group evaluation shows that the usability of RedoksPro version 1.1 scored 86.7.
The Android-based learning media of redox concept (RedoksPro application
version 1.1) could be utilized as a mobile learning resource in learning the spe-
cific concept of reduction and oxydation reactions.
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1 Introduction

Chemistry topics usually consists of specific terms and its complexity has promoted
difficulties for students to fully comprehend the entire concepts of chemistry, and the
redox concept is included. Some problems encountered by students in mastering the
concept of redox are contributed by large number of definitions and terms used by both
teachers and chemistry textbooks. In addition, numerous rules in determining the oxy-
dation states of subtances in molecules would be chalengging for students. Therefore, a
unique strategy and alternative learning resources are crucial and demanded in modern
class rooms.

To better comprehending the concept of redox, students need to master prerequisite
concepts such as chemical subtances, molecules, chemical reactions, balanced chemi-
cal reactions, and the concept of oxidation states of many substances. Those concepts
are somehow abstract and thus quite challenging for students. Therefore, technological
approach like mobile learning is very promising to help them learn better. By using a
mobile device for learning, students not only engaged to the learning matters due to
their interest of using gadget but they also capable of maintaining the time and place
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to learn since the mobile learning is flexible and handy. Mobile learning by definition
is the learning process that takes place anywhere and anytime through utilization of
mobile devices like smartphone, tablet and so forth [1]. Mobile learning is considered
by many teachers and researchers to be an effective and efficient way to learn a com-
plexed concept because it is sustainable, mobile and cheap [2].

Android apps are very powerful and sustainable as learning media, it is flexible,
economic, and in a top that, the android app can be repeatedly and simultanously used
by students in learning activities [3]. Frequent learning and repeat use of learning
resources could enhance students’ academic performance [4]. Furthermore, Android
platform provides opportunity for teachers to combine all types of media i.e visual,
audio, text, and evaluation tools that activate multiple recognitions of students [5].
They could practically activate most of their five senses at the same time, which is very
useful for students in mastering challenging course like chemistry.

Despite of great availability of android app about chemistry on the Google Play
developed by community and programmers, only several apps were developed for aca-
demic purposes and went through a Research and Development process. Most apps
were only built for commercial use and contained ads, some apps were not properly
designed for learning, thus didn’t meet the criteria of proper learning resources and
most of them were developed without need analysis. Moreover, most developers and
researchers are more interested in making app for popular topics in Chemistry like 3D
molecule, periodic table, atom and molecule, and chemistry animation. But it is barely
hard to find apps for specific concepts such as redox, colloids, and chemical reactions.
But some works related to chemistry has been conducted. For example, ChemDic [6] a
chemistry dictionary app, ARChem [4], an Augmented Reality app, and AVALIMA [5]
an Android app designed to enhance chemical literacy among students.

In this work, we developed a learning module in the topic of redox reaction contain-
ing important components including content knowledge, tutorial, and quiz. The app
was designed to be useful for students in independent learning beyond the class room.
Independent learning skills is very important for students in this situation because
after Covid-19 outbreak about a year ago, most of the primary educational institutions
and higher education considered to conduct the online learning process. Students are
required to mostly use the online learning resources to avoid physical contact. There-
fore, integrated app like RedoksPro could benefitial for both university and high school
students in mastering the specific concept of redox reactions. The research questions for
this research therefore are: 1) How valid is the the RedoksPro app in terms of learning
media and content knowledge, and 2) How ease the RedoksPro app to be utilised as
learning resource in supporting the distance learning?.

2 Research method

2.1 Development framework

The app was designed by R&D reseach methodology by adopting the Hannafin &
Peck model (1988). R&D is defined as a research method used to produce a specific
product integrated with evaluation or assessment of the product prior to mass production.
Development procedures as refers to the Model suggested by Hannafin & Peck (1988)
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consisted of three stages: the need analysis phase, the design phase, and the develop-
ment phase [7]. The development model of Hannafin & Peck integrates the develop-
ment of a product and evaluation processes involving the three levels simultanously.
The development design utilized for this work is depicted by Figure 1.
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Fig. 1. Development phases of RedoksPro App as modified from the model of Hannafin & Pack

Small group
evaluation

The system requirement analysis which is the crucial part of development process
was initiated and relied on the activity theory [8]. The activity theoretical framework
allows developers to analyse the basic criteria of app development based on the activity
that prefered by users [9]. The next stage was conceptual design which combined with
the body knowledge content and app life circle. These three components were subjected
to evaluation as shown by Figure 1. Each stage of the development process undergoes
proper evaluation including expert judgement, and small group evaluation.

iJIM - Vol. 16, No. 03, 2022 125



The evaluation data was collected by using questionaires i.e validating question-
aires and System Usability Scale (SUS) questionaires which was translated from the
model developed by Brooke (1996). SUS is a powerful surveying tool frequently and
originally used to evaluate the usability of a website and other computer programs [8].
Moreover, SUS questionnaire is among valid and reliable instruments for evaluating a
small group testing [10]-[13]. SUS was designed based on Likert scale. Pyae et al. [14]
stated that SUS is developed based on a 5 poin Likert scale with qualitative criteria of
strongly disagree, disagree, neutral, agree, and strongly agree.

SUS is commonly used to measure the usability of websites but it is also popular
among computer practitioners as a measuring tool of any systems and applications of
digital products such as computer software, and mobile apps [11]. Even though other
templates of questionnaire are also available to measure usability [15], SUS is still
preferred because of the following reasions 1) SUS is quick, and the template is readily
available, thus rephrasing is not required; 2) SUS is inexpensive because the question-
naire can be administered easily without much effort, and most importantly 3) SUS is
simple but reliable [16]. Thausands of studies involving SUS in computer and mobile
system evaluation have been reported. Although the a ten-item scale of SUS looks
simple, it has been continously validated and tested by many researchers and practio-
tioners. The SUS questionnaire is given by Figure 2.

System Usability Scale

For each of the following statements, please mark one box that best describes your reactions to
Android App today.

1. Ithink that | would like to use Android App frequently.
2. |found Android App unnecessarily complex.
3. |thought Android App was easyto use.

4. |think that | would need the support of a technical person to be able to use
Android App.

5. Ifound the various fundtions in Android App were well integrated.
6. Ithought there was too much inconsistency in Android App.

7. lwould imagine that most people would learn to use Android App very
quickly.

8. I found Android App very cumbersome (awkward) to use.

9. Ifeltvery confident using Android App.

OO0 Ooo ooo/ds
HEE D& &E(EE
CEE BHE &EEE
Dod oo oggo
) | e e e e | % 4

10. I needed tolearn a lot of things before | could get going with Android App.

Fig. 2. The SUS questionnaire sample generated online from:
https://www.usabilitest.com/sus-pdf-generator
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SUS is not diagnostic thus unable to detect the specific problem with a program or
product, but it can assess whether the product is accaptable by users or not. The ques-
tionnaire of SUS contains ten statements devided to five odd statements (positive) and
five even statemets (negative). The users will have ranked every single question (See
Figure 2) from 1 to 5 according to the level of agreement. To calculate the result of
SUS, the following rules have to be considered:

e Subtracting 1 from the score for each of the odd numbered questions (1, 3, 5, 7,
and 9)

e Subtracting the value from 5 for every even numbered questions (2, 4, 6, 8, and 10)

e Adding up the total score, and then multiply the obtaining value by 2.5. [17]

A small group students (N=20) who enrolled in the Class of General Chemistry at
the Department of Chemistry Education, Syiah Kuala University volunteered in the
evaluation of the app. While for validating the app, four lecturers were involved in
testing the app and commenting on software design, contents, language, and visual
communications. The validation questionnaire was developed as a 10 question instru-
ments with four sub-indicators as mentioned above including software desain (3 items),
content knowledge (4 items), language (1 item), and visual communication (2 items).

2.2 Development tools

The app was developed using Android studio, the material and components like
buttons and figures were designed and created using image processing software for
Microsoft Windows.

2.3 Limitations of research

The app was developed for specific purpose both scope and user target, so the fol-
lowing limitations of the research should be taken into account:

e The app emphasizes only on the topic of redox reaction.

e The language used was Indonesian (Bahasa) except for splash screen and couple
buttons in about app info.

e Most components of the app are text form whitout any multimedia features.

e The number of respondent who participated in the testing phase were 20, thus the
result of the testing process cannot be generalized, and further testing with wider
audience would be required.

3 Results and discussions

3.1 Need analysis

The education practitioners are coming up with new techniques to impart knowledge
every day. Some of teachers or lecturers have tried to expose students to activities that
engage them in learning through innovative ways. The ICT phenomenon has driven the
learning process through revolutionary phase and rapid transformation from traditional
learning environment to modern based learning where information and communication
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technology involved more significantly in learning environment. Therefore, assessing
the need of specific software for special purpose like chemistry is then become crucial.
In this work, Activity theory of need analysis were employed to begin building the app.

The activity theory is a conceptual framefork relies on the activity which was origi-
nally introduced by the Russian psychologist Aleksei Leontiev. Even though the theory
was developed in the field of psychology, it has been widely used interdisciplinarily,
not only in psychology, but also in diverse fields, including organizational learning,
education, and cultural studies. In addition, the activity theory has been popular as
the theoretical landscape of Human-Computer Interaction (HCI) since 1990. Figure 3
would be helpful to illustrate the implementation of activity theory on the development
of RedoksPro app as suggested by Uden, 2007 [18].

Instruments, mediating artefacts

Android OS
Subject Object — Outcomes
RedoksPro Learning resource
Rules Community Devision of labour
Android devices Students College, University

Fig. 3. Structure of activity

Nik Ahmad and Hafizuddeen [19] suggested the benefit of using activity theory in
developing android app is that the researchers are able to observe interaction between
the subjects, community and environment. The Activity theory was not implemented
only at the begining of the development but it integrated in the entire process of devel-
opment explicitely.

3.2  App design and development

Conceptual design of the app was carried out by integrating the cognitive learning
theory (CLT), deductive learning approach with the text as learning intermediaries in
prototyping the app. The CLT is a learning theory that explore how human brain work
while learning process occurred. How the informations are processed by students is
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important and crucial to be addressed to understand what kind of learning media could
positively elevate the student ability in acquiring the concept they learn.

Learning Theory
Cognitive
Teaching & Learning Learning Approach
Intermediaries |:‘|>
Toxt RedoksPro <:I Deductive

{

Prototype design

Contents
Redox concept
Oxidationstate rules

Redoxreactionbalancing

Quiz

Fig. 4. Conceptual framework for developing RedoksPro

Figure 4 depicts the conceptual frameworks used in developing the app of Redoks-
Pro. Text is the classical yet robust media of learning that cannot be avoided by learners
in the past or future. Despite of rapid and dynamic progress in deploying video and
animation for learning in this era, texts still play enermous role in delivering learning
contents and cannot completely be neglected. Numerous scientific articles, books, and
online resources are presented as texts. Therefore, utilizing texts in a learning media is
completely relevant for current time and in the future.

Students are required to be able to deduct and decide the appropriate stages taken in
balancing the complexed redox reactions. Fail to fulfil several parts in balancing redox
reactions resulted in incorrect or inbalanced chemical reactions. Therefore, the main
focus of developing this app was to overcome students’ inability in balancing a redox
reaction. However, it is also important to refresh students’ mind by introducing the
concept of reduction and oxydation reactions as prerequisite concept. The full activities
of the app is illustrated by the flowchart.
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Fig. 5. Application flow chart

Figure 5 show the flow chart of the app when being operated on the Android smart-
phone. The main activities of the app consisted of four sub-subject matters including
redox concept, oxidation state rules, stages for balancing redox reactions, and an exam-
ple for redox reaction balancing. Furthermore, a ten question quiz and further informa-
tion about the app also available. The UI flow of the app determine how easy the app
is to be used by the users, and every developer should take it in to account that the user
friendly app is important [20]. Therefore, conducting a research exploring about what
users say, think and feel toward a desired app become very essential. Figure 6 shows
some screen captures of the app from different activities.
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Fig. 6. Screen captures of the RedoksPro app showing some important app activities
including a quiz

Figure 6 illustrates screen shots of the developed app showing all features of the app
from splash screen, primary contents, quiz, and detailed informations about the app
include the sources of contents and icons used in developing the app. The main screen
displays five main menus allowing users to start exploring the materials, doing step by
step exercise or quiz. Each screen of sub-menus can be scrolled down to finish reading.
Furthermore, we also include ten questions in the quiz section.

3.3  App evaluation

In order to evaluate the app, two different questionnaires were used. The first qus-
tionnaire was intended to validate the app by assessing several aspects including design,
content of knowledge, language, and visual appearance of the app. After prototyping,
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the app was delivered to four experienced evaluators. The second instrument was a
System Usability Scale consisting 10 statements (See Figure 2) which handed out to
20 students.

98

97
96 I I

Software Design Contents Language Visual

Mean (%)
[e2] (=] \le] O O O o o
(o] O o — [ %] L¥5] = wh

Evaluation Aspects

Fig. 7. Expert judgement of the RedoksPro app (% with SE)

Figure 7 revealed that the expert judgment ensure the validity of the app in four
different aspects. Software design and visual appearance of the app scored better than
the aspect of contents and language, but all aspects scored greater than 92%. The aspect
of software design assessed in this work include app effectivity, usability and main-
tainance. While the visual aspect include text readability, colors choosing and buttons
allocation. In the aspect of content, the following indicators were evaluated; conceptual
lucidity, conformity of the concept with chemistry, and the relevance of the quiz to the
content. All aspects of app contents shows lowest score comparing to other aspects as
depicted in Figure 7. However, the overall score of evaluating aspects reached 94.7
percent.

Validity of a product in a research mindset is some how very important to ensure
that the users would get what they desire and expect. By doing the early evaluation
through Expert Judgment, a developer will be able to inspect both the advantages and
disadvantages of the app which is allowing a developer to make a revision prior to final
production. Expert Judgment is a common technique used to evaluate a product or an
instrument in which judgment is provided according to specific criteria involving prac-
titioners, expertise or professional in particular field [21].
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Figure 8 shows usability score of the app based on a small group evaluation (N=20).
The score displayed as mean for each statement. The total score of SUS was found to be
86.77% which is catagorised as excellent adjective rating [22]. Similar apps developed
by [23] for elementary students shows less practical with a qualitative grade of “Good”
due to monotonous contents without any added features like a quiz. Another similar app
of e-module about nerve system developed by [24] have also shown “Eligible” criteria
with an IT-expert judgement score of 80% but was much lower when compared to the
app developed in this work (94.7%) as illustrated in Figure 7.

As stated earlier, this app was developed based on the activity theory as depicted
in Figure 3. The initiatial stage of need analysis results (based on literature search)
indicate that most of students own android smartphones [2], [25], [26]. Furthermore,
recent studies also show that most students at college levels spend more time with their
gadgets both during school time or off the campus [27]. Therefore, utilizing Android
app for learning purposes is in a great need for nowadays situation.

4 Conclusion

In this work, we developed an easy to use mobile app based on Android platform for
the particular topic of reduction and oxydation reaction balancing to help students at
primary level. The app was validated by Expert Judgment prior to the implementation,
the validation score was 94.7%. Moreover, the usability was at greatly acceptable score
of 84%. However, we suggest a further testing in the real class room at wider audience
for better result.
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