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Advances in smartphone technology have led to the strong emergence of
mobile learning (m-learning) on the market to support foreign language
learning purposes, especially for the Japanese language. No matter what kind
of m-learning application, their goal should help learners to learn
the Japanese language independently. However, popular Japanese m-learning
applications only accommodate on enhancing reading, vocabulary and
writing ability so that user experience issues are still prevalent and may
affect the learning outcome. In the context of user experience, usability is
one of the essential factors in mobile application development to determine
the level of the application’s user experience. In this paper, we advocate for
a user experience improvement by using the mental model and A/B testing.
The mental model is used to reflect the user’s inner thinking mode.
A comparative approach was used to investigate the performance of 20 high-
grade students with homogenous backgrounds and coursework.
User experience level was measured based on the usability approach on
pragmatic quality and hedonic quality like effectiveness (success rate of task
completion), efficiency (task completion time) and satisfaction. The results
then compared with an existing Japanese m-learning to gather the insight of
improvement of our proposed method. Experimental results show that both
m-learning versions proved can enhance learner performance in pragmatic
attributes. Nevertheless, the study also reveals that an m-learning that
employs the conversational mental model in the learning process is more
valued by participants in hedonic qualities. Mean that the proposed
m-learning which is developed with the mental model consideration and
designed using A/B testing is able to provide conversational learning
experience intuitively.
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1. INTRODUCTION

The high demand in Japanese learning and the limited learning media from Indonesian has led to
the strong emergence of m-learning on the market. M-learning systems are being used to improve student
capability to learn the Japanese language independently, in addition to facilitating the learning process at any
time [1-3]. Researchers are now proposing various adaptive m-learnings which provide different exercise
types or learning approaches to the learner based on the current skill level of an individual to assist learners
while studying Japanese vocabulary [4]. Recent insight reveals that user experience issues are still prevalent
in some of the popular Japanese m-learnings which are available on the market such as “Write it” [5] and
“Obenkyo” [6]. The common issues are the lack of conversational style, they only focus on enhancing
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reading, vocabulary and writing skills so this condition may affect the learning outcome. Usability dimension
is a critical topic for mobile application user experience since it is necessary to develop an application that is
not to be hard to use and this has been identified as one of the factors that can determine the quality of an
app’s user experience. Usability specifically indicates the degree of user performance whiles using
an application to attain a specific goal [7]. In terms of user experience, usability dimension can be
categorized into pragmatic and hedonic parameters.

The process of understanding how the system works requires individuals to construct a mental
model of the system in their minds. The mental model acquisition is at the heart of meaningful learning.
Meaningful learning will be achieved when learners can engage in active cognitive processing. Mayer gives
a model for learning in multimedia learning [8]. The main issues in advanced m-learning of Japanese are how
the words are pronounced and how to evaluate the correctness of pronunciation. Recent pieces of literature
show that speaking is a key indicator of effective communication skills in foreign language learning [9-11].
This puts forward for consideration that there is still a chance to leverage the user experience level that
offered by existing m-learning.

Speaking and listening might bring a great impact on the Japanese language learning process.
The goal of this paper is to present an approach for enabling improvement in the user experience of
m-learning by implement the speaking and listening element as part of the m-learning mental model and
utilize A/B testing method to obtain a better user experience. A/B testing is a standard method for evaluating
user engagement or satisfaction from a new service, feature, or product, this is also called bucket testing, split
testing, or supervised experiment. The objective of this study is to gather mental model form user’s
perspective and work with a/b testing in order to present the new concept of m-learning that have better user
experience compared with common existing m-learning.

2. RESEARCH METHOD

In this paper, a diary study was used to explore and reflect on the learner learning strategies to learn
fundamental Japanese materials. Advances in multimedia contents can extend the experience of m-learning
apps. However, it is not a trivial task to successfully deploy various multimedia content in mobile learning
environments. This is because the provision of different learning materials with only one smartphone screen
requires an effective approach. The steps for constructing mental model for proposed intuitive m-learning,
user experience design strategies and system design are discussed below.

2.1. Recording mental models

Mental models are individual inner representations of the external reality that used by individuals to
communicate with the environment around them. The concept of the mental model was first proposed by
Kenneth Craik, the Scottish psychologist, in 1943 [12]. But what really made this concept popular was
Johnson-Laird's with his interpretation that the mental model is a simpler world in people's minds when they
understood the objective world [13]. Peter Senge believes that mental model is a series of assumptions, ideas,
images or impressions that ingrained in the mind, affecting how we understand the world, and how we take
action on [14]. Donald Norman divided the mental model into three interaction related models: design model,
user model and system model [15]. To put it simply, a mental model is a unique way of understanding which
formed in the process of interacting with the world, and at the same time applies this way of understanding to
the next things. It is built by people on their distinctive lives, points of view and world understandings [16].
We are examining personal responses on their understanding of the subject matter of Japanese learning.
There can be a different number of participants actually engaged in the field study and testing. Faulkner
stipulates that 20 respondents will reveal as many usability problems as more people will do and it is
sufficient to offer the usability experimentation a reasonable value-to-cost balance [17].

Based on Faulkner's insight, 20 respondents were involved in this study. They knew m-learning
applications and they were passionate about learning Japanese. They are also familiar with reading basic
hiragana characters and have basic knowledge about Japanese language. They were categorized by students
and teachers. While practicing Japanese using the existing m-learning application, their task achievement was
monitored and observed. Based on the gathered information from respondents, we create a user journey map
to collect user needs swiftly. The User Journey Map gives a traditional persona a third dimension attribute by
simply focusing on a diagram of a user's needs and the product. Recent studies indicate that this strategy is
an efficient way to quickly collect user stories to develop an intuitive application [18-19]. We develop a user
story depending on user journey perceptions. The user story records the system requirements,
the expectations of the system and (optionally) why they are urgently needed. User Story should only capture
important requirements of the system. To generate a successful user story, we adopting INVEST standards
(Independent, Negotiable, Valuable, Estimable, Small, and Testable) in order to get reliable qualitative
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metrics. The simplified format that was used in this study is: “As a <type of user>, | want <goal>, so that
<some reason> [20]. Some ideas and obstacles from ordinary individuals can be seen in Table 1 when they
are using m-learning applications for Japanese language exercise. Based on these insights, the current
implementation of m-learning lacks an integration of multimedia components and interactive environment to
independently improve speaking and listening skills as a portion of the learner's mental model.

Table 1. User story results

No User Story

1 As an m-learner, | want an simple system to study Japanese words because | am a beginner.

2 As a user of m-learning, | want to answer the question of learning materials with my voice to
enhance my ability to speak Japanese.

3 As a user of m-learning, | want to conduct self-evaluation so that | know about the correctness
of my pronunciation.

4 As an m-learner, to enhance my vocabulary knowledge, | want to know various Japanese
vocabulary used in daily life.

5 As an m-learner, | want to listen to an example of the right word pronunciation to boost my
Japanese listening ability.

6 As an user of m-learning, | want multimedia lesson items that contain images of illustration

that are suitable with the course content to make a better understanding and boost my
motivation for the learning process.

2.2. Constructing m-learning mental models

Mental models are people’s perception of how something should work, based on their past
experiences. The mental model is an important concept which is can be taken into account by learning
experience designers during the process of requirement analysis and design. Having a deficient mental model
may indicate a lack of awareness of the usability risks surrounding the learning activities [21].
From literatures on education, it is clear that dialogue based on the triadic model (question—answer—
evaluation) is still widely used and become the mental model in educational practice [22-24].

The mental model can be seen as a way to mine a user needs. Thse user story result in recording
mental model phase shows that lack of multimedia contents and interactions are the biggest drawback of
the existing m-learning. Mayer's suggested some multimedia principles in interactive mobile learning
implementation, Spatial Contiguity Principle, Generative learning principle, Personalization Principle, and
Modality Principle. The Generational Principle indicates that students learn more effective with words and
images rather than only with words. This principle allows students to visualize concepts and connect them
using the associated illustrations. The Principle of Spatial Contiguity recommends that messages must be
presented when the picture is located next to words. Modality Principle obviously shows that when words
and images are spoken instead of printed, individuals learn better from the contents. Besides,
the Personalization Principle suggests that when words and sentences are conversationally conveyed,
like speaking and listening, individuals learn better from a multimedia lesson compared to a formal text
style [25-26].

Ideally when processing, the different types of multimedia information (i.e., words, pictures, and
sound) are integrated to form a stronger representation than any one by itself. Figure 1 depicts the high level
of new information processing in human memory. Once a mental model is built, it is extracted from
memories and transmitted to a new situation scenario through analogical reasoning. Analogies are mappings
of one mental image to another. If a problem arises, a mental model influences what a person focuses on,
what actions and strategies a person takes to solve the problem [27].

2.3. User experience design with A/B testing

In the worlds of application’s user interface design, the user will call an application is intuitive when
the conceptual model of the application is a very resemblance to the user’s mental model of how a system
should works [28]. This rule also works in m-learning, learners will learn more effectively when their mental
model of conversation match with conceptual model of an m-learning. Otherwise, a mismatch may cause
frustration and confusion that detracts from the experience of learning. A/B testing was used to determine
the user interface and gesture control that appropriate for users concerning provide excellent user experience
in proposed m-learning. A/B testing is a standard and commonly used framework for evaluating new
concepts and making decisions based on result data. In the application development domain, major platforms
conduct tests on a set of customers and evaluate the result to obtain an innovative feature [29-30]. A/B testing
recommends dividing the user universe into two or more groups in which each group will use different
versions of an application and compare the effect of each version. This approach inspects the overall
effectiveness of an application by providing enough insight data to enable better design options and prevent
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common pitfalls in user interface and experience designs. The simple experimental setup was conducted to
evaluate a factor with two versions of the application, we call it a control (version A) and a treatment
(version B). Figure 2 shows the high-level structure of an A/B experiment. In practice, a split number of
users by 50% is recommended to provide the experiment with the maximum statistical power [31].
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Figure 1. An information processing model of multimedia learning

100%
50% Users 50%
Users 1 Users
Control: Treatment:
Version A Version B

I |
}

Users interactions instrumented,
analyzed & compared

l

Analyze at the end of the
experiment

Figure 2. The structure of an A/B testing experiment processes

There are two approach when conducting A/B testing. “Go big” approach, the main objective is
obtaining large sizes of sample for a small number of experiments to ensure that it can capture even small
benefits of a new idea or an intervention of policy. In contrast, in early phase product development “Go lean”
approach create many relatively small experiments to explore any innovation insight without outstanding
success. The idea is to experiment with many ideas quickly and cheaply, abandon or pivot ideas that
don't work and expand ideas that work [32]. In this study, the Go lean approach is very relevant to
the experimental process.
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The common mental model for learning process can be divided into 2 phases, learning phase and
scoring phase. Based on Figure 2, the workflows of testing are included set the goal, develop different
product variation, test the products then evaluate the result. In this testing, to get information about which Ul
flows that have better user experience, two different user interfaces with different gestures in each m-learning
version were provided to 10 participants. The scoring phase is one of the crucial requirements of m-learning.
In this phase, the combination of multimedia principles needs to be applied to make sure the user can easily
understand the question and user interface control to answer. The control version is using simple list-view
page navigation to presents all the quiz contents inside the app see in Figure 3 (a). The user also can choose
the level of question then the app provide user with each questions in chosen level. While in the treatment
version shows in Figure 3 (b) single page design was used to display each question with a title header which
is inform the user about question level and category, the sliding page navigation can be used to change
the next or previous course object. Both versions of the app will check the correctness of user pronunciation
then show the result immediately. Next, the participants were asked to do several common learning task
scenarios with both version of proposed m-learning prototype. Figure 3 shows the A/B testing of both version
of the proposed learning in learning phase. The control version implemented the list-view user interface
which have two buttons in each list item content in order to create the natural conversational style in this
m-learning see Figure 4 (a). The treatment version is slightly different in content navigation, instead of
display all the contents in list view, it use one page to display each content and user can change content with
swipe left or right shows in Figure 4b. Not all features can be A/B tested in this study due to limitations on
mobile apps and infrastructure constrain. Detail implementation design and prototype framework can be
seen in [33].
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Figure 3. A sample of user interactions of learning phase that compared in the a/b test

To determine the output of A/B test, the same 20 participants was split in two groups. Each group
try one version of the proposed app. The evaluation parameters that used in this testing were efficiency and
effectiveness. Effectiveness is counted by the number of success in a task, while efficiency is counted by
the completion time in particular task. Table 2 shows the A/B test experiment results. Although both version
of the apps could easily understand by users with 100% success rate, considering the total time for
performing each phase, participants completed each phase faster with control version, for Learning phase.
Scoring phase reveals the same result that control version also have better time. The result proves that
presenting all course contents in list-view still familiar with the user daily usage. Thus, to provide better user
experience, the user interface of proposed m-learning adopt the simple list-view layout to present the course
and quiz materials as in control version A.

Table 2. A/B testing results

Control Version A Treatment Version B
Phase Time Success Time Success
(minutes) Rate (minutes) Rate
Learning Phase 290/1.0 100% 6.45/1.37 100%
Scoring Phase 4.91/0.86 100% 7.210.77 100%
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2.4. User experience comparison

The quality in use of interactive products has become such an important criterion. In the context of
user experience, usability evaluation is an essential task in mobile application development. Performing
usability inspections during the application development process can bring several benefits such as increasing
the quality in use and of the software product before its release [34]. We compare the usability level of our
prototype which was developed with mental model and A/B testing with existing m-learning apps. The same
20 participants as in elicitation phase were involved and they were asked to do several task scenarios as
described in Table 3 with both of the apps, existing common Japanese m-learning and proposed prototype.
While they were performing the evaluation tasks with proposed m-learning, their performance on the tasks
was observed and any problems occurred were noted and cultivated.

Table 3. Evaluation tasks

Task  Task Description

1 Start the application and explore what they can do inside the application within 15 minutes interaction!

2 Open the animal name course section and then choose one animal name from learning material, then learn
and engage with the chosen materials for 5 minutes!

3 See the correct pronunciation and review the learning result from application!

4 Start the quiz then get score to evaluate the proficiency of learning materials. Complete the quiz.

Experimental conditions in Figure 4 (a) and Figure 4 (b) are showing the same task completion in
two different application presentations. Degree of user experience is defined as the value of each pragmatic
and hedonic parameter. In software domain, Attractiveness scale is an effective way to record the user’s
general impression. Attractiveness is a valence dimension (psychology and emotional reaction on an
unspoiled acceptance/rejection response). Attractiveness scale consists of pragmatic and hedonic quality.
Pragmatic quality aspects are divided by Perspicuity, Efficiency, and Dependability in which describe
interaction qualities that relate to the tasks or goals that the user aims to achieve when using an app. Hedonic
quality aspects such as Stimulation and Novelty are not related to tasks and goals, but it can describe related
aspects to joy and satisfaction while using an app [35]. Both versions of m-learning are tested to
the participant in sequential order (one after the other) and each participant has to fill out a questionnaire
concerning user experience. In that circumstance, the number of questionnaire items must be kept to
a minimum as possible to make sure the participant not stressed and keep the quality of answers [36].
Based on that fact, the short version of the User Experience Questionnaire (UEQ-S) was used for gathering
participants' impressions about each version which is this questionnaire can focus on the only aspects of
pragmatic and hedonic. Each item of the UEQ-S consists of a pair of terms with opposite meanings as shown
in Figure 5. The first four items in UEQ-S measure the pragmatic aspect and the last four items represent
the hedonic quality. Each item has a 7-point Likert scale rate. The answers of the participant are then scaled
from -3 (fully agree with the negative term) to +3 (fully agree with the positive term). All items in
question form are presented in the same polarity. The left side reflects the negative term and the right side
the positive term.

: ;

- obstructive 0000000 supportive 1
o aWma . 2

Learn Anjrmols in JAPANESE Compllcated 0000000 easy 2
S nefficient 0000000 efficient 3
confusing 0000000 clear 4
boring 0000000 exciting 5
e Nt not interesting | 0000000 interesting 0

<< Back . . .
conventional 0000000 inventive 1
usual 0000000 leading edge §

(b)
Figure 4. (a) Screenshots of the common Figure 5. The questionnaire items of UEQ-S

m-learning and (b) the proposed m-learning
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3. RESULTS AND ANALYSIS

Direct comparison was conducted to explicitly compare the two evaluated application experiences in
term of pragmatic and hedonic indicators. The UEQ-S results summary of the means and standard deviations
with the means comparison of the participants’ user experience factors between typical existing m-learning
and proposed m-learning environments are presented in Figure 6 (rated from —3 (lowest) to 3 (highest)).
Data variability has become a prevalent issue as UEQ-S has extended to a structured testing. The small value
of standard deviation (SD) in each parameter of the UEQ-S questionnaire gives information that
the participants have similar experience while using both of the m-learning application. As already
mentioned, the evaluation result can determine whether an app is satisfactory for learning task and whether it
has better user experience scales. Although both of the apps could help users to learn effectively with similar
degree of pragmatic quality (perspicuity, efficiency, and dependability). The pragmatic level gap is quite
small which common m-learning presentation have better value (Mean=2.23, SD = 0.36) than the proposed
m-learning (Mean=2.15, SD = 0.31). Even though common existing m-learning has a slightly better score in
pragmatic quality, it is noteworthy that there were significant deviations between the two interfaces
concerning the hedonic quality. The proposed m-learning is more valued by respondents in hedonic quality
(Mean=1.45, SD = 0.43) rather than existing app (Mean= -0.44, SD = 0.39). The most interesting result of
our evaluation is the differences in overall quality scale which is resulted from the intuitive presentation of
proposed m-learning which is working with the mental model and a/b testing. The combination of
conversational style of learning with speaking and listening in multimedia content can provide better value in
overall UEQ-S score.
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Figure 6. A sample of gestion item in Hiragana quiz

4. CONCLUSION

In this paper, we explore the learning process mental model and also employ A/B testing to propose
the improvement of user experience for Japanese language m-learning. Users with a better mental model
perform better in A/B testing scenario tasks. The level of user experience of proposed m-learning then
compared with typical existing m-learning with pragmatic and hedonic parameters. In general, participants
succeeded in using both version of m-learnings and could complete all learning task scenarios. We conclude
that, both versions tied with respect to pragmatic qualities Nevertheless, participants highlighted the hedonic
element and the natural interaction of user experience in proposed m-learning are promising for respondents.
The combination of speaking combined with listening exercise in multimedia information can provide
a better pragmatic and hedonic experience. The findings prove that working with the mental model and A/B
testing can improve the user experience, but it should be interpreted with caution to judge that it also could
increase the learning outcome due to the learning outcome not evaluated yet during this study.
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