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Abstract—ArabEasy is an application to learn and understand basic concepts
of Arabic. This app has a problem with the user interface (Ul); based on the
comment from users, Ul this app is confusing to use. This research focuses on
measuring, testing, and improving Ul usability using the PACMAD model. First,
data collection was obtained from the Performance Measurement, SUS Ques-
tionnaire, NASA-TLX Questionnaire, and RTA Questionnaire. The result from
this process is measured using usability metrics, statistical testing, and calcula-
tion from the questionnaire, respectively. The following process, developing a
new UI to improve the app, became easy for users from a prototype based on
The four Golden Rules of User Interface Design. This process showed increased
effectiveness 37.22%, efficiency 46.08%, satisfaction 24.25. Furthermore, the
aspect of the error decreased 13.4%, and the cognitive load 18.54, so that an
improvement using the PACMAD model is effective in this case.

Keywords—ArabEasy application, PACMAD usability model, the four golden
rules of user interface design, usability evaluation

1 Introduction

Arabic is one of the official languages approved by the United Nation’s in 1974
because Arabic has unique language characteristics, and many science books are writ-
ten using the Arabic language [1]. Based on data from the https://worldpopulationre-
view.com/countries/indonesia-population, Indonesia has the most Muslim population
in 2021, which is 231 million people [2]. In Indonesia, Arabic is applied in formal and
non-formal education institutions, and this language is taught from elementary school
to university. However, this does not guarantee success in learning Arabic because
Arabic focuses on textbooks, which is difficult to understand, so that developing a
mobile app is needed to increase interest in users in studying the Arabic language.

The increasing emergence of mobile applications makes many people think that
smart mobile devices (mobile apps) can be one way to provide learning services for
preschools and schools based on their age [3][4][5]. Many research uses mobile apps
because this technology grows faster and helps humans in all aspects [6]. In 2011,
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more than 300 million apps were developed based on Android and iOS [7]. Mobile
apps can be implemented in digital learning to give a new user experience and sim-
plify teaching and learning processes. Many opportunities for the younger generation
to develop knowledge and perspectives to increase learning outside of school in the
digital world [8][9][10]. This technology is called mobile learning [11]. Mobile learn-
ing develops using resources by mobile devices and mobile apps. They are specifically
designed and adapted to education [12]. Which mobile learning impacts students to
improve access to learning anytime and anywhere [13].

This research improves mobile apps, namely ArabEasy. ArabEasy is a mobile app
used to learn the Arabic language. This app was released on Jul. 21, 2020, and can be a
free download via Google Playstore based on Android. ArabEasy is more effective than
conventional learning. However, users still have suggestions, especially UI, which is
still confusing, so usability testing needs to be done.

Usability testing in the application is essential because usability measures require-
ments and success apps based on user recognition [14]. Because when apps fail to show
the user expected, the app is left by the user [15]. The usability level not only mea-
sures the satisfaction and learnability of users but also can identify hidden problems
in the application, which can prevent potential the app [16][17]. The Nielsen and ISO
model are typical for desktop-based applications. Mobile technology brings challenges
in terms of usability testing. Mobile apps have many features and menu levels that are
a measurement aspect more detailed and spacious. Therefore People At The Center
Mobile Application Development (PACMAD) Model is suitable for usability testing in
this research [18].

The PACMAD model aims to extend existing usability models, such as Nielsen and
ISO, into the context of mobile applications. With the addition of aspects of cognitive
load as an essential contribution of this model [18]. This model has seven aspects in
testing. Aspects of effectiveness, efficiency, learnability, memorability, errors and cog-
nitive load were tested using performance measurement techniques [19]. Aspects of
cognitive load were tested subjectively using the NASA-TLX questionnaire [20]. This
aspect was also tested using a Retrospective Think Aloud (RTA) questionnaire to record
the cognitive load experienced by users during the test [21]. The satisfaction aspect was
tested using the System Usability Scale (SUS) questionnaire [22].

This research aims usability testing in login, creating an account, learning, hearing,
writing, and practice questions. The training feature consists of two steps: 1. Pre, and 2.
Post-Evaluation. Step 1 to measure effectiveness, efficiency, errors, and cognitive load
aspect.

Furthermore, step 2 measures learnability and memorability. Questionnaire SUS was
used to measure satisfaction, and cognitive load was tested again using NASA-TLX
and RTA. Finally, all aspects tested using statistical to know significant differences all
aspects tested to a user.

Based on usability testing in pre-evaluation. Obtained the result of a user fail when
performing login, creating an account, and practice questions. Furthermore, users also
have trouble showing sound and learning, hearing, and writing features. So that rec-
ommendation to improvement and post-evaluation is necessary. This process results in
user success in logging in, creating an account, practicing questions, showing sound in
learning, hearing, and writing menu with a new UI developed.
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The benefit of this research is improving the ArabEasy apps, especially the UI, to
make it easier for users to use, especially on features that can bring up voices and prac-
tice questions. Then the UI improvements in this research can then be implemented for
UI the ArabEasy apps in the future.

This research is arranged as follows. Section II describes the related work, flowchart,
data collection and calculation techniques, and data analysis. The results and evaluation
are shown in sections III, and the discussion and conclusions we show in section I'V.

2 Material and method

This section describes a literature review of relevant previous research and explains
several retrieving and calculation data in the PACMAD usability model.

2.1 Related work

Therelated work in this research refers to some previous papers about usability testing.
Usability testing for mobile apps uses a specific usability model, namely the PACMAD
model. This model was developed to focus on mobile apps with the increased cognitive
load as an essential role. Usability PACMAD model consists of effectiveness, effi-
ciency, satisfaction, learnability, memorability, errors, and cognitive load [18].

The following research for usability testing uses the PACMAD model and the GQM
approach for evaluating mobile apps [19]. This approach is carried out in several
stages: 1) conducting a literature or journal study regarding the evaluation of mobile
apps. 2) develop usability metrics for mobile apps. 3) usability metrics for the usability
attributes of the PACMAD model will be applied to the GQM approach. 4). evaluation
experiments to ensure the model results are valid and effective. 5) The data collected is
divided into two methods: objective data by observation and subjective data using the
CSUQ questionnaire with a scale of 1-5.

References support usability testing based on the PACMAD model like health and
fitness applications [20]. Using calculation usability metrics, this app measured effec-
tiveness, efficiency, learnability, memorability, and errors. While cognitive load was
measured using the NASA-TLX questionnaire. The result in this research is that health
and fitness application has low usability because this app was developed without aspect
and usability factor considered.

The model developed to capture usability attributes in mHealth applications is a
hierarchical usability model based on the Integrated Measurement Model (IMM) and
People at the Center of Mobile Application Development (PACMAD). This model
aims to assess the usability of the mHealth application effectively, minimize resource
development, and improve usability. A literature review on usability testing using the
PACMAD model was carried out on a mobile health application to design a specific
usability model for mHealth application assessment [21].

Another literature review that uses the PACMAD model to test usability is the PSAU
mobile application [23]. This research aims to measure the extent to which the usability
attributes of effectiveness, efficiency, satisfaction, learnability, memorability, error, and
cognitive load on the PSAU application based on the point of view of students enrolled
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in the College of Business Administration (CBA) at Prince Sattam Bin Abdulaziz.
University for the 2019-2020 school year. The results obtained are that the PSAU
mobile application can be accepted with an overall high average of 2.8, which reflects
that this application is feasible to use.

Literature review on advances in Mobile Learning Education Research (AMLER):
Mobile learning as an educational reform [24]. This research aims to discuss digital
technology in the world of education, such as natural mobile devices (touch, trial, and
error) as teaching and learning media for students. Mobile devices make it easy for
students to interact directly with the system; for example, smart devices accompany-
ing apps can be helpful for effective and engaging learning processes in educational
environments.

Support for other literature reviews the use of interactive touch screen devices among
young people at this time has grown [25]. However, the role of parents is still doubtful
about the appropriateness of the apps used to deliver educational content. However,
mobile technology is increasingly becoming important in the lives of young people to
facilitate the process of remote learning because it is more effective and portable.

Based on the literature review, the research that has been carried out can be used as
a reference to show that touch screen mobile devices have an essential role in young
people’s learning process in the educational environment. Mobile devices such as the
ArabEasy apps make it easy for young people to understand basic Arabic concepts.
These apps need to be tested for usability using the PACMAD model. Then make
recommendations to improve the Ul, becoming a prototype based on The Four Golden
Rules of User Interface Design. This research used performance measurement, SUS
questionnaire, RTA questionnaire, and NASA-TLX questionnaire for data collection and
measured using a usability matrix with questionnaire calculations and statistical tests.

2.2 Flowchart this research

Flowchart this research explains preparation, data collection, calculation tech-
niques, data analysis, design recommendations for improvement, post-evaluation, con-
clusions, and suggestions. Figure 1 shows the flowchart as follow:
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Fig. 1. The flowchart in this research

2.3 Research data collection

Data collection in this research begins with determining the population and sample.
The people used are high school students and undergraduate students aged 15-24 years
who are in the scope of Surabaya city. In determining the amount, the sample usability
testing of this study refers to the research entitled “Beyond the five-user assumption:
Benefits of increased sample sizes in usability testing.” The researchers assume that to
do usability testing with five users only can produce problems at a usability level of
55%. To achieve usability problems, 80% needed ten users later to reach the problem
usability 95% required as many as 20 users [26]. So in this research uses a sample of 20
samples divided into two groups, namely high school student respondents and under-
graduate student respondents.

The Pre-valuation process for users is carried out using four techniques. The tests are
Performance Measurement, SUS Questionnaire, RTA Questionnaire, and Questionnaire
NASA-TLX. The PM technique collects data on the number of successful tasks per-
formed, the number of clicks, the duration of time worked, and the number of user
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errors during testing via a screen recorder. This technique was carried out two times
(PM Phase 1 and PM Phase 2). PM Phase 1 collects data on the number of tasks suc-
cessfully executed, the number of clicks, duration of processing time, and user errors
during testing. PM Phase 1 assesses the effectiveness, efficiency, errors, and cognitive
load. PM Phase 2 testing is the same as PM Phase 1 but only used to collect data on
the number of completed tasks and the time duration quality compared to PM Phase 1.
So this is to obtain an assessment on aspects of learnability and memorability. Each PM
Phase 1 and 2 contains 27 tasks based on frequently used application features in the
same scenario.

Meanwhile, the SUS, RTA, and NASA-TLX questionnaires were distributed after
completing the performance measurement technique. Users are requested to fill in dis-
tributed questionnaires. The SUS and NASA-TLX questionnaires were used to obtain
quantitative data on satisfaction and cognitive load after using the application. Further-
more, the RTA questionnaire was used to obtain qualitative data regarding the experi-
ence felt by the respondent during the test, so this is related to cognitive load or aspects
of cognitive load. In addition, the RTA questionnaire was used to get criticism, sug-
gestions, and input from users whose results are used as a reference in designing user
interface improvement design recommendations.

2.4  Calculation techniques and data analysis

This stage is carried out to assess each aspect of the model PACMAD with each
formula whose data is obtained from quantitative data (performance measurement,
SUS questionnaire, and NASA-TLX questionnaire) and qualitative data (RTA
questionnaire).

Quantitative Data This method uses usability testing with performance techniques
measurement. There are seven aspects to model usability: 1) Effectiveness is calculated
in two methods. A) the data is measured using SPSS software to determine the calcula-
tion of the nonparametric statistical test of the Mann Whitney U test. B) collects metrics
for the number of tasks completed in PM Phase 1 (Completion Rate). The equation
process is as the following:

f task: 1 h full
Completion Rate = Number of tasks completed the successfully 100% (1)
total number of tasks undertaken

The result of this process completing a minimum task on usability testing is 78%, but
if the test result is below 49%, it can be placed in the lower quartile [29]. 2) Efficiency
is calculated in two methods. A) the data is measured using SPSS software to determine
the Independent T-Test parametric statistical test. B) collect the duration metric for the
time a task is completed in PM Phase 1 (Overall Relative Efficiency). The equation
process is as the following:

R N
nijtij
22
R N
tij
PRI

Where N is the total number of assignments, and R is the total number of respondents.
Then nij is the result of respondent j’s task. If the respondent completes the job, the

Overall Relative Efficiency = x100% 2)
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value is one, and if it fails, it means 0. While the time will be completed by respondent
J to complete the task, if the job is completed, the time will be counted until the respon-
dent quits the task.

3) Satisfaction is calculated in two methods. A) the data is measured using SPSS
software to determine the size of the Independent T-Test parametric statistical test.
B) collect the SUS metric total score questionnaire. For each odd-numbered question
(1,3,5,7,9), the value of the respondent is reduced by 1.

odd SUS value = Z Px—1 3)

For each question with an even number (2,4,6,8,10), the respondent’s score is used
to subtract 5.

SUS value even =5— ZPx 4)

Furthermore, the results of each question in each respondent are added up and then
divided by 2.5.

(Z odd value + Z even value) x 2.5 (5)

The last step is to average the results of all respondents. Add up all scores, then
divide by the total number of respondents.

X =Yxn (6)

The minimum value of SUS to produce competent usability is 68 [30].

4) Learnability is calculated in two methods. A) the data is measured using SPSS
software to determine the calculation of the nonparametric statistical test of the Mann
Whitney U test. B) compare the effectiveness values observed from PM Phase 1 and
PM Phase 2. If there is an increase in the comparison value, then the level of learnabil-
ity aspect can be said to be good. 5) Aspect Memorability is calculated in two meth-
ods. A) the data is measured using SPSS software to determine the Independent T-Test
parametric statistical test calculation. B) compare the overall relative effectiveness and
efficiency values obtained from PM Phase 1 and PM Phase 2. If both values increase,
then the memory level can be good, but if one of the two values or both decreases, it
could be less good.

6) Errors are calculated in two methods. A) measured using SPSS software to deter-
mine the calculation of the nonparametric statistical test of the Mann Whitney U test.
B) collect the number of user error metrics in PM Phase 1 (Error rate). The equation
process is as the following:

Total Defects
Total Opportunities

Error Rate =

(7

Where: Error Rate = Number of error rates, Total Defects = The total number of
wrong tasks, and Total Opportunities = Total job opportunities. 7) Cognitive Load is
calculated in two methods. A) measured using SPSS software to determine the Indepen-
dent T-Test parametric statistical test calculation. B) collect the number of NASA-TLX
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questionnaire values based on the six aspects. Namely, the user has perceived mental
need, and the user has perceived physical condition, the user is essential for the amount
of time, the user’s performance, the level of effort made by the user, and the level of
frustration felt.

The mental workload of each respondent is calculated based on the six aspects. The
equation process is as the following:

Z (weight x rating)
15

Workload = )]

Where X(weight X rating)is the number of selected indicators. Then the average final
result of the respondents’ mental workload is as the following:

Total final | Zmental work load of each user
otalfinal result =

)

number of Users

Where X the mental workload of each user is the total mental workload per user.
Obtaining a mental workload score can be shown as follow [31], And the pseudocode
of this process is as follow:

1. Score value > 80, which is to state that the workload
is heavy.

2. A score of 50-70 states that the workload is moderate

3. , and a score of <50 indicates that the workload is
relatively light.

Qualitative Data is carried out by collecting data specifically from the RTA ques-
tionnaire regarding suggestions, input, feelings, and any obstacles respondents face
when using the ArabEasy application during the testing process and as a reference for
designing recommendations for improvement.

3 Material and method

This research is based on seven aspects of the PACMAD model. This aspect
depends on statistical nonparametric test results that the Mann Whitney U Test shows
in Tables 1-3. Furthermore, this aspect also depends on the statistical parametric test
result Independent T-Test shown in Tables 4-7.

Table 1 shows the result from the statistical test Mann Whitney U test analy-
sis on the effectiveness aspect. Before testing, first, determine the hypothesis with
the equation HO: (p-value > 0.05) there is no difference in the number of completed
tasks and H1: (p-value < 0.05) there is a difference in the number of completed tasks
in PM Phase 1. Based on this hypothesis, the p-value is .075, which means that the
p-value > 0.05 decides to reject H1. So it can be concluded that there is no significant
difference in the number of tasks completed in PM Phase 1 to respondents.
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Table 1. Statistical test results Mann Whitney U Test

Statistics Test

Number of Completed Tasks in PM Phase 1

Mann-Whitney U 31.000
Wilcoxon W 86.000
Z -1.782
Asymp. Sig. (2-tailed) .075
Exact Sig. [2*(1-tailed Sig.)] .165

Table 2. Statistical test results Mann Whitney U Test

Statistics Test

Number of Completed Tasks in PM Phase 2

Mann-Whitney U 37.500
Wilcoxon W 92.500
Z -1.129
Asymp. Sig. (2-tailed) 259
Exact Sig. [2*(1-tailed Sig.)] 353

Table 3. Statistical test results Mann Whitney U Test

Statistics Test

Number of Mistakes Tasks in PM Phase 1

Mann-Whitney U 31.000
Wilcoxon W 86.000
zZ —-1.782
Asymp. Sig. (2-tailed) .075
Exact Sig. [2*(1-tailed Sig.)] .165

Table 4. Statistical test results independent t-test

Independent Samples Test

t-test for Equality of Means

Sig. (2-tailed)

Mean Difference

Std. Error Difference

Total time Equal variances .019 320.60000 124.86844
duration assumed
completed in [ gy,a1 variances 020 320.60000 124.86844
PM Phase 1 not assumed
12 http://www.i-jim.org



Table 5. Statistical test results independent t-test

Independent Samples Test

t-test for Equality of Means

Sig. (2-tailed) Mean Difference Std. Error Difference
The total Equal variances 011 11.00000 3.87657
score of SUS | assumed
Questionnaire | gy, variances 014 11.00000 3.87657
not assumed

Table 6. Statistical test results independent t-test

Independent Samples Test

t-test for Equality of Means
Sig. (2-tailed) Mean Difference Std. Error Difference

Total time Equal variances .018 293.80000 113.17781
duration assumed

completedin [ gya1 variances 021 293.80000 113.17781
PM Phase 2 not assumed

Table 7. Statistical test results independent t-test

Independent Samples Test

t-test for Equality of Means

Sig. (2-tailed) Mean Difference Std. Error Difference
Cognitive Equal variances 019 107.66667 41.97772
Load assumed
Equal variances .020 107.66667 41.97772
not assumed

Table 2 shows the Mann Whitney u test analysis on the learnability aspect. Before
testing, first, determine the hypothesis with the equation HO: (p-value > 0.05) there
is no difference in the number of completed tasks and H1: (p-value < 0.05) there is a
difference in the number of completed tasks in PM Phase 2. Based on this hypothesis,
the p-value is .259, which means that the p-value > 0.05 decides to reject H1. So it can
be concluded that there is no significant difference in the number of tasks completed in
PM Phase 2 to respondents.

Table 3 shows the statistical test Mann Whitney u test analysis on errors aspect.
Before testing, first, determine the hypothesis with the equation HO: (p-value > 0.05)
there is no difference in the number of mistakes tasks and H1: (p-value < 0.05) there is
a difference in the number of mistakes tasks in PM Phase 1. Based on this hypothesis,
the p-value is .075, which means that the p-value > 0.05 decides to reject H1. So it can
be concluded that there is no significant difference in the number of mistakes tasks in
PM Phase 1 to respondents.

Table 4 shows the result from the statistical test independent t-test analysis on the
efficiency aspect. Before an independent t-test was conducted, the main requirement
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was to test for normality and homogeneity because it is a parametric statistical test.
After testing, the normality test results were .524, and the homogeneity test was .632.
Based on these results, data on the efficiency aspect is normality distributed and homo-
geneity. The next step is to perform an independent t-test and perform a hypothesis
first with the equation HO: (p-value > 0.05); there is no difference in the amount of
time completed, and H1: (p-value < 0.05) there is a difference in the time completed in
PM Phase 1. Based on this hypothesis, the p-value is .019 and .020, which means the
p-value< 0.05 decides to reject HO. So it can be concluded that there is a significant
difference in the amount of time completed in PM Phase 1 to respondents.

Table 5 shows the result from the statistical test independent t-test analysis on the sat-
isfaction aspect. Before an independent t-test was conducted, the main requirement was
to test for normality and homogeneity because it is a parametric statistical test. After
testing, the normality test results were .780, and the homogeneity test was .106. Based
on these results, data on the satisfaction aspect is normality distributed and homoge-
neity. The next step is to perform an independent t-test and perform a hypothesis first
with the equation HO: (p-value > 0.05). There is no difference in the total score of SUS
Questionnaire and H1: (p-value < 0.05); there is a difference in the total score of SUS
Questionnaire. Based on this hypothesis, the p-value is .011 and .014, which means the
p-value< 0.05 decides to reject HO. So it can be concluded that there is a significant
difference in the total score of SUS Questionnaire to respondents.

Table 6 shows the result from the statistical test independent t-test analysis on the
memorability aspect. Before an independent t-test was conducted, the main require-
ment was to test for normality and homogeneity because it is a parametric statistical
test. After testing, the normality test results were .273, and the homogeneity test was
.263. Based on these results, data on the memorability aspect is normality distributed
and homogeneity. The next step is to perform an independent t-test and perform a
hypothesis first with the equation HO: (p-value > 0.05); there is no difference in the
amount of time completed, and H1: (p-value < 0.05) there is a difference in the time
completed in PM Phase 2. Based on this hypothesis, the p-value is .018 and .021, which
means the p-value < 0.05 decides to reject HO. So it can be concluded that there is a
significant difference in the amount of time completed in PM Phase 2 to respondents.

Table 7 shows the statistical test independent t-test analysis on the cognitive load
aspect. Before an independent t-test was conducted, the main requirement was to test
for normality and homogeneity because it is a parametric statistical test. After testing,
the normality test results were .366, and the homogeneity test was .730. Based on these
results, data on the cognitive load aspect is normality distributed and homogeneity.
The next step is to perform an independent t-test and perform a hypothesis first with
the equation HO: (p-value > 0.05). There is no difference in the cognitive load, and
HI1: (p-value < 0.05) there is a difference in the cognitive load. Based on this hypoth-
esis, the p-value is .019 and .020, which means the p-value < 0.05 decides to reject
HO. So it can be concluded that there is a significant difference in the cognitive load to
respondents. The effectiveness, efficiency, satisfaction, learnability, memorability, and
cognitive load are shown in Figure 2.
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Fig. 2. The result of this research (a) Effectiveness, (b) Efficiency, (c) Satisfaction,
(d) Cognitive Load, (e) Learnability, (f) Memorability

Figure 2(a) shows results obtained from 20 respondents using the completion rate
calculation in 60.37%, so the effectiveness aspect is below standard [29]. Figure 2(b)
shows a result obtained from 20 respondents using the calculation of overall relative
efficiency in 52.59%. Figure 2(c) shows a result obtained from 20 respondents using the
calculation of SUS questionnaire in 58, so the satisfaction aspect is below standard [30].
Figure 2(d) shows a result obtained from 20 respondents using the calculation of
NASA-TLX questionnaire in 61.67, so the cognitive load aspect is moderate [31].
Figure 2(e) shows results obtained from 20 respondents by comparing the observed
effectiveness values of PM Phase 1 and PM Phase 2 in 60.37% and 61.48%, respec-
tively. So the learnability aspect has increased well. Figure 2(f) shows results obtained
from 20 respondents by comparing the overall relative effectiveness and efficiency
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values obtained from PM Phase 1 and PM Phase 2 in 52.59% and 54.62%, respectively.
So the memorability aspect has increased well.

Furthermore, the error aspect is calculated using the error rate equation based on the
number of errors in PM Phase 1. The results obtained from 20 respondents are 14.27%.

Based on usability testing using the PACMAD model carried out at the Pre-
Evaluation step, it can be concluded that the ArabEasy application has good values in
the aspects of learnability and memorability. However, effectiveness, efficiency, sat-
isfaction, errors, and cognitive load are still far below the standard. So based on the
results of the Pre-Evaluation, the ArabEasy application still needs Ul improvements on
some features to make it easier for users to use.

3.1 Mapping problem solved

Table 8 shows the results of the data recapitulation in the RTA questionnaire.
In general, respondents stated that several features did not work correctly: login, create
an account, learning, hearing, writing, and practice questions features. This research
conducted a mapping to overcome the existing problems based on these problems.

Table 8. Mapping problem solved

No. Pages or Features Problems or Suggestions

1. Login Failure often occurs when a user inputs the password because
the login page does not have a visible eye icon.

2. Create an account The interface design looks less attractive and stiff. Can add
background color and enlarge user data entry fields for easier
understanding.

Failure often occurs when the user inputs the password
because the create account page has no visible eye icon.

3. Learning The problem lies in the font box being too small, so it is
difficult for users to understand.

Failures often occur when the user is unable to make a sound.
This failure is because when the user wants to make a sound,
the user must first click allow.

4. Hearing The problem lies in the font box being too small, so it is
difficult for users to understand.

Failures often occur when the user is unable to make a sound.
This failure is because when the user wants to make a sound,
the user must first click allow.

5. Writing The problem lies in the font box being too small, so it is
difficult for users to understand.

Failures often occur when the user is unable to make a sound.
This failure is because when the user wants to make a sound,
the user must first click allow.

6. Practice questions The problem lies in the font box being too small, so it is
difficult for users to understand.

In the practice questions feature, it is better to add the correct
answer to determine where the user’s response is wrong.
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3.2 Improvement recommendations

The UI design improvement recommendations from the login page, create an
account, learning, hearing, writing, practice questions show in Figures 3 and 4.
Figure 3(a,b) shows the login page before and after improvements in ArabEasy apps.
There was a problem on the login page with some users failing to log in because the
user entered the wrong password. This issue can waste user time on login, affect effi-
ciency and errors using the ArabEasy app. The solution that can solve this problem is
to implement the 4 Golden Rules of UI Design (rule number 1): placing the user as the
controller of the interface in providing an informative feedback section [32]. By add-
ing a visible option or an eye icon on the login page, the user is no longer entering a
password error when logging in.

Figure 3(c,d) shows creating an account page before and after improvements in
ArabEasy apps. There was a problem with the create an account page. Namely, some
users were confused because the navigation title on the create an account page was
unclear, so users did not know where they were, and the password input was not sub-
stantial. So this impacts user error and the level of efficiency in using the ArabEasy
apps. The solution that can solve this problem is to implement the 4 Golden Rules of
UI Design (rule number 1): placing the user as the controller of the interface in creating
an easy-to-navigate interface and providing an informative feedback section [32]. By
changing the navigation title on the create an account page and adding an option or eye
icon visible on the create an account page. So that users are no longer confused to fill
in data on the create an account page.

Figure 3(e.f,g,h) shows the learning and hearing pages before and after improve-
ments in ArabEasy apps. There is a problem with the learning and hearing pages.
Namely, frequent failures when the user is unable to make a sound. This failure is
because when the user wants to make a sound, the user must first click allow, and the
Arabic font box is too small. The solution that can solve this problem is implementing
the 4 Golden Rules of UI Design (rules number 2, 3, and 4): making it comfortable for
a user to interact with a product, reduce cognitive load, and create consistent user inter-
faces [32]. Changing the size of the Arabic font box to be significant makes it easier to
click. Then add audio into the application without having to click allow to bring up the
sound to make it easier for users to listen to Arabic sentences.
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Figure 4(a,b) shows the writing page before and after improvements in ArabEasy
apps. There is a problem with the writing page. Namely, frequent failures when the user
is unable to make a sound. This failure is because when the user wants to make a sound,
the user must first click allow, and the Arabic font box is too small. The solution that
can solve this problem is implementing the 4 Golden Rules of UI Design (rules number
2, 3, and 4): making it comfortable for a user to interact with a product, reducing cog-
nitive load, and making user interfaces consistent [32]. Changing the size of the Arabic
font box to be significant makes it easier to click. Then add audio into the application
without having to click allow to bring up the sound to make it easier for users to listen
to Arabic sentences. Figure 4(c,d) shows the practice questions page before and after
improvements in ArabEasy apps. There is a problem with the practice questions page.
Some users are confused because the navigation title on the practice question page is
unclear, so users do not know where they are. In addition, users recommend adding the
correct answer to determine where the user’s response is wrong in the practice ques-
tions feature. The solution that can solve this problem is to implement the 4 Golden
Rules of UI Design (rules number 1, 2, and 4): placing the user as the controller of the
interface, making it comfortable for a user to interact with a product, and create user
interfaces consistent [32]. By changing the navigation title on the practice questions
page and changing the size of the Arabic font box to be significant, it is easier to click.
Then add the correct answer to determine where the user’s response is wrong in the
practice questions feature.

3.3 Post-evaluation

Table 9 shows the results of the post-evaluation. The flow of this test is carried
out as in the pre-evaluation using the calculation technique Usability metric, SUS
questionnaire, and NASA-TLX questionnaire. After post-evaluation, there is a signifi-
cant increase in seven aspects of the PACMAD model.

Table 9. Post-evaluation

Usability Aspect Usability Calculation Data Analysis
Factor Model PACMAD Techniques Results
User Effectiveness Completion Rate 97.59%
Efficiency Overall Relative Efficiency 98.67%
Task Satisfaction SUS Questionnaire 82.25
Learnability Compare the effectiveness values Good
(PM Phase 1 and PM Phase 2)
Memorability Compare the overall relative effectiveness Good
and efficiency values (PM Phase 1 and
PM Phase 2)
Context Errors Error Rate 0.87%
of Use Cognitive Load NASA-TLX Questionnaire 43.13
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3.4  Pre-evaluation and post-evaluation comparison result

Table 10 shows the comparison between pre-evaluation and post-evaluation. This
process showed increased effectiveness 37.22%, efficiency 46.08%, satisfaction 24.25.
Furthermore, aspect error decreased 13.4%, and the cognitive load 18.54.

Table 10. Pre-evaluation and post-evaluation comparison result

Ul::lc)ti(l)i:y ﬁi[;eecltplisg;i[li‘:]y) Pre-Evaluation Post-Evaluation

User Effectiveness 60.37% (below standard) 97.59% (satisfy standard)
Efficiency 52.59% 98.67%

Task Satisfaction 58 (below standard) 82.25 (satisfy standard)
Learnability Good Good
Memorability Good Good

Context Errors 14.27% 0.87%

of Use Cognitive Load 61.67 (moderate load) 43.13 (relatively light load)

4 Discussion and conclusion

Performing a PACMAD usability model on a mobile app has an important role. This
model focuses on the importance of cognitive load as usefulness. The aspects of effec-
tiveness, efficiency, satisfaction, and error in the PACMAD model play an important
role in measuring the effectiveness and interest of users when using mobile applica-
tions. In addition, the Learnability and Memorability aspects are helpful to find out
how much the user’s ability and memory power in interacting with mobile applications.

So in this research, testing the mobile application (ArabEasy) using the PACMAD
model. This study carried out two stages to test the ArabEasy application, namely
Pre-Evaluation and Post-Evaluation. These two stages use the same data collection
techniques, calculation techniques, and data analysis. The results obtained in the
Pre-Evaluation are 60.37% effectiveness, 52.59% efficiency, 58 satisfaction, 14.27%
error, 61.67 cognitive loads, learnability and memorability are good. While the
post-evaluation effectiveness is 97.59%, efficiency is 98.67%, satisfaction is 82.25, an
error is 0.87%, cognitive load is 43.13, learnability and memorability are good.

Based on the results obtained, it can be concluded that there is a significant improve-
ment after making recommendations for Ul improvement, becoming a prototype on the
login page, creating an account, learning, hearing, writing, and practicing questions.
This process showed an increase in the effectiveness of 37.22%, efficiency 46.08%,
satisfaction 24.25%. Furthermore, the error aspect decreased by 13.4%, and cognitive
load by 18.54%.

Furthermore, in the statistical tests on pre-evaluation results, there are significant
differences between respondents regarding aspect efficiency, memorability, satisfac-
tion, and cognitive load. In addition, there is no significant difference between respon-
dents in terms of effectiveness, learnability, and errors. While in the post-evaluation,
there is no significant difference between the respondents on the seven aspects.
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Based on this explanation, after recommendations for Ul improvements were made,
becoming a prototype using The 4 Golden Rules of User Interface Design, there were
significant changes to the ArabEasy application Ul. Previously users had trouble log-
ging in, creating accounts, and clicking sounds. After the recommended Ul improve-
ments, the user has no problem logging in, creating an account, and clicking sound so
that the Ul improvement recommendations can be considered for improving the Ul of
ArabEasy apps users in the future.
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