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In recent times, various studies have shown that Augmented Reality (AR)
will be the next wave of online learning. This is because of the advent of
powerful smartphones that has changed user experiences, thereby able to
increase the capability of AR. There has been much concentration in
previous studies on cognition towards the use of AR in education, in which
little consideration has been given to emotions which is also an important
aspect in learning. Based on this, the present research aims to identify salient
connections between emotions and design elements of AR-based mobile
learning material through the application of the Kansei Engineering (KE)
approach. In order to achieve this study objective, the use of a human heart in
relation to the mobile AR application of the KE approach was adopted in this
research as a case study, in which seven specimens of the mobile AR
application were evaluated including 55 emotions of Kansei Words (KW).
Additionally, the kansei evaluation experiment of this study was carried out
by 28 students from one of the public universities, after which the data were
analysed using Factor and Principal Component Analysis. The results of this
study show the important pillars of emotions or Kansei semantic space of
emotions for AR-based mobile learning materials. Based on Factor Analysis,
it revealed four main pillars; professional-motivated, confused, wandering-
thrilled, challenging and one additional pillar; trustable. Besides that, this
research also described design elements of AR-based mobile learning
material that might evoke specific emotions based on the identified pillars.
Finally, the findings of this research are hoped to be applicable as a guide in
design during preparation of AR-based mobile learning materials with
affective elements in the future.
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1. INTRODUCTION

This paper presents the research on emotional Augmented Reality (AR)-based mobile learning
design elements based on Kansei Engineering (KE) approach. Currently, the Internet penetration in Malaysia
stands at 67%, thereby making it reliable to harness the power of e-learning for online global education [1].
Even with the persistent increase of online course enrolment, there still exist serious issues contributing to its
low retention rates [2]. Among such factors are; educational level, failure in understanding the content,
students’ satisfaction, and students’ motivation [2-4]. The preliminary study shows that most students have
difficulty in learning complex courses with abstract concepts, and are less satisfied with the current online

learning materials.
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Furthermore, it has been proven that Augmented Reality (AR) is the future of e-learning [5,6]. A
comprehensive survey by [7] presented that AR can be used for online learning, thereby able to provide
effective learning. Currently, there has been a rapid trend development for AR applications and the adoption
of mobile computing devices, such as smartphones and tablets [8,9]. This is because the aids of multimedia
elements, and interaction in the design of AR vis a vis the abstract concept can facilitate learning [10,11].
However, education oriented of AR applications has not been so deeply explored [12]. Reason being that,
previous researches related to AR only focused on cognition while neglecting the emotional or affective
value in learning [13].

Consequently, the delivery of the right content to learners through e-learning coupled with good
design will ultimately result into an effective learning [14,15]. Moreover, researchers believed that the
emotions of student during course engagement play a vital role in any learning environment, including in e-
learning [16,17]. Recently, some researchers have explored progressively on student’s emotion in e-learning,
especially in higher education, but unfortunately studies that capture student’s emotion in e-learning are still
lacking, even though the understanding of learner’s emotion is important in order to design the learning
material [18].

Generally, AR can be described as a multidisciplinary field that encompasses computer graphics,
vision and multimedia, which deals with the real-time combination of digital (computer-generated data) and
physical information (real world) through different technological devices [19]. Mobile AR (MAR), on the
other hand extends the scope and prospective functionality of AR, thereby presenting a dynamic procedure
for people to interact with computers and digital information [20].

Findings in most studies have indicated the effectiveness of AR in learning, such as enhancing
learning performance through abstract concept as mentioned in the study of [21], and promoting learning
motivation as well as increasing learning engagement [22]. Despite the benefits highlighted in previous
studies, education oriented AR applications have not yet been deeply explored [23]. As mentioned earlier,
AR can be integrated with e-learning, thus making it the next wave in online learning [24,25].

One of the characteristics of AR is the integration and interaction between the real and virtual world,
which allows huge versatility and creativity in learning [26]. Not only the learners able to see and listen the
virtual information, they can also manipulate and also able to repeat specific part of the augmentation which
can benefit in their learning experience [27]. According to [28] there are two types of contents deployed in an
AR application; (i) static (texts, 3D model) and (ii) dynamic (animation). Generally, the interface interaction
between the students and the device used in online learning is made by the mean buttons or gestures because
students can move the 3D object with buttons, scale the size of the video, image or object, or play a video
[29, 30]. A study by [31] classified five usability principles for smartphone AR applications, which are; user-
information, cognitive, support, interaction, and usage respectively.

As stated before, there is still very few research that look into the role of emotions with AR
technology to reinforce learning. A few examples can be found in [30] and [32], in which both studies
revealed that most of the students enjoyed learning difficult course (abstract or technical course) through the
use of AR. In reference to [33], suggested that designers of a program application may manipulate the
properties of the artefact to trigger a desired emotional state, and should not neglect the importance of
reinforcing positive emotions.

Over the year, there have been various studies carried out on the effectiveness of AR in learning, but
there is still lack of empirical work that explores the role of emotions in supporting learning through the use
of AR technology. A few examples of AR researches that have emphasized on emotions can be found in
historical education [34], tourism industry [33] and computer science subject [32]. Recently, a study by [34]
examined the role of academic achievement emotions by comparing virtual and location-based AR using AR
historical tour mobile applications.

Kansei Engineering (KE) is defined as a technique of an ergonomic and consumer-oriented
technology to translate user’s Kansei (emotions, feelings, and demands) into a design elements [35,36]. In
other words, KE is a technology which unites Kansei into engineering realms by providing a systematic
procedure of understanding the insight of user perceptions about the artefacts in order to produce concrete
design characteristics that match consumer’s need and desire via several physiological and psychological
measurement methods [37].

KE method has been applied in various fields, where it mainly aims at assisting designers to
understand consumers’ emotions and impressions to contribute solutions and help provide concrete design
parameters [38]. Among the implementations of KE which focus on the design of physical product,
particularly IT artefact are online clothing website [39], virtual reality [40], online learning [41], and video-
based learning [42]. Therefore, in this study, KE method is employed, as it is the most suitable approach in
order to meet the objective of this research.
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Therefore, the focus of this research is to engineer emotional experience in order to achieve an
effective formula during preparation of AR mobile learning materials. The intention of this research is to
provide answers to two objectives; (i) To identify the emotions of students during their experience with AR-
based mobile learning materials and (ii) To identify the specific emotions associated with the AR-based
mobile learning design elements. However this research only discusses the second objective as for the first
objective has already been discussed in [43].

2. RESEARCH METHOD

In this research, KE methodology has been employed with the quantitative approach using
psychological measurement. Overall, this research follows KE Type Il procedure which is adopted from [44]
and divided into two phases; 1 and 2 as in Figure 1. Also, literature reviews were done in this research in
order to identify issues and problem that occurs in e-learning environment. In order to support issues and
obtain information as well as opinions regarding e-learning, a preliminary investigation has been carried out
with 32 students from a local public university using online survey. Afterwards, problem statement, research
questions and research objectives were defined based on findings from both literature reviews and
preliminary study. This was followed by the phase 1 of this study, which is to identify important emotions in
e-learning environment. This resulted in the selection of 55 emotions adopted from a research carried out by
[41]. Apart from that, these emotions were also used for phase 2 of the present research, in which the aim of
the phase 2 is to identify the design elements for specific emotions which are the main focus of this research.
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Figure 1. An overview of summarize research methodology steps using KE Type Il method
adapted from [44]

Therefore, phase 2 began with the selection of a survey target. The first step is purposely to
determine the focus domain that was derived from the initial work in phase 1. The following step was the
preparation of the evaluation target which consists of three important aspects. Firstly, the specimen or AR of
mobile learning material was examined. Based on this, seven specimens were prepared to focus on the human
anatomy course, particularly the human heart topic. The decision was based on an earlier preliminary study
and the observation activity of ex-isting applications in the current market. Results from the preliminary
study revealed that the majority of the students have Android smartphone. The chosen topic (the heart) for
this study was found to be among the highest topic that needs support for mobile learning and has more
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options of AR mobile learning materials. Therefore, four specimens of mobile-based application were
obtained from Google Play Store, while the remaining three were generated through the development of The
Human Heart Mobile AR application (HeMAR) which was developed in an android platform that used
camera-based tracking method in visualizing the AR scene via marker. The functional requirement was
identified from the observational activity, while user requirement was obtained from the preliminary study.
Also, Unity and Vuforia platform were used to develop HeMARs, while user experience (UX) which
encompasses human factor and usability as mentioned in [8] was taken as a basis. Based on these, all the
chosen seven specimens have differences and similarities in design which were found to fit the selection
criteria according to the rules of KE method.

Secondly, the subjects to participate in the evaluation experiment were selected through the use of
purposive sampling in one of the public universities in Malaysia. The subjects or participants were
undergraduate students who currently enrolled or had taken the human anatomy course. Moreover, the
criteria for the participants are that they must be familiar with e-learning and able to express emotions
accordingly. As stated by Nagamachi in [44], a number of 20 or 30 people are sufficient to be employed as
subjects in KE research. Based on this, 35 students were invited for the evaluation in this study, but only 32
of them joined. Thirdly, Semantic Differential (SD) scale of the experiment was configured and 55 emotions
as mentioned in phase 1 were used in 5-level SD scale for evaluation. Fourthly, an extracting item/category
to investigate the design of the specimen (e.g. colour, size and layout) was carried out. In KE, the specific
characteristics in product design are the item and the small groupings in each item are known as category.
The evaluation experiment was conducted in a library room to provide a controlled environment. Analysis of
the data collected from the evaluation experiment were conducted through three categories of analysis, which
are; (i) descriptive analysis (for demographic profile), (ii) combination of Factor Analysis (FA) and Principal
Component Analysis (PCA) (for Kansei semantic space), and (iii) Partial Least Square (PLS) (for design
elements or guidelines).

3. RESULTS AND ANALYSIS

There are two findings expected in this research, which are (i) Kansei semantic space of AR-based
mobile learning specifically for Human Anatomy learning materials for higher education, (ii) the design
elements in association with a specific emotion. These findings were obtained from Factor Analysis (FA),
Principal Component Analysis (PCA) and Partial Least Square (PLS) method in this study using the average
evaluation data. The FA and PCA with varimax rotation were performed to identify the semantic space of
AR-based mobile learning material. The FA findings show that, variance analysis result can be obtained to
determine the most significant factors of emotion. In short based on the first objective the finding reveals the
identified semantic space for AR-based mobile learning materials is structured based on five factors or
pillars. The four main pillars are the professional-motivated, confused, wandering-thrilled and challenging.
The additional pillar is identified as trustable.This findings have been discussed in [43].

In view of the foregoing analysis as presented above, the design elements for these pillars were
explored and supported by the results from PLS analysis. These results have influential relation to each other
that can be used as a guideline to provide AR-based mobile learning materials for specific emotions.

Based on previous studies in KE, Partial Least Square (PLS) is an appropriate analysis to analyse
the relationship of Kansei and design. Therefore, PLS was performed to identify the design elements of AR-
based mobile learning materials for the Human Anatomy course relevant to the specific emotions.
Conversely, it is used to determine the influential design elements in each emotion that is evoked by each
specimen.

As experienced during the early phase of this research, the investigation of the design elements for 7
specimens produced 19 designs elements and 41 values. This method was use to analysed the relationship
within multivariate categorical data through the item for a variable and category for the variations of a
variable. With regard to PLS analysis, all these elements (item/category) were first converted into variables.
Thereafter, they were combined with the average value of each representative of four main group factors that
were derived from the previous analysis. This was followed by carrying out a PLS analysis to discover the
relationship between emotion and design elements. The calculation of PLS Range was done to determine the
influence of the elements of emotion.

Furthermore, PLS Range for every emotion representing each of the factor groups (five factors) was
calculated in order to identify the influence of design including the good and bad design. The formula to
calculate the PLS Range is as below:

PLSRange = PLSMax — PLSMin
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The calculated PLS range of each design elements and value in respective emotion was presented in
a form of a table.The table contains two main columns and four sub columns. The first main column is titled
as Design Element, which contains Item and Category of each specimen. The second main column is Value
and contains PLS value of emotion, in which PLS Range was calculated. In facilitating the calculation of the
range, this PLS value was sorted in descending order for each category. The largest positive PLS value shows
elements leading to a better design while the largest negative value indicates elements leading to bad design
(as in Figure 2).

In this table, the arrangement of the maximum value to minimum value demonstrates the degree of
adaptation of design elements that influence a certain emotion. The maximum value illustrates the suitability
of the best design elements, while the minimum value illustrates the suitability of the worst design elements
that influence the emotion.

Figure 2 shows the partial result of the influential design elements for the emotion of professional-
motivated. In order to visualize the sequence of dominant design elements for a specific emotion, the results
are arranged in a descending order. As there is limited space in this paper, therefore only the detail data for
emotion professional-motivated will be provided.

Design Element Value
Item Category PLS Profesional- PLS Range

Motivated (PLSMax-PLSMin)

1) 3D object Scale a. 3DohjScale-Yes 0.091278057 0.182556114
b. 3DobjScale-No -0.091278057

2) Number of Colors in a. NumCIr3D0bj-More than three colors 0.084696143 0.169392286
3D Object b. NumCIr3D0bj-Three or less than three colors -0.0846595143

3) 3D Object Color a. 3DobjCIrCat-Gradient 0.084606143 0.168392286
Category b. 3DobjCirCat-Solid -0.084696143

4) Button Type a. BtnType-lcon 0.047554836 0.132699364
b. BtnType-Combination 0.034314537
c. BtnType-Label -0.085144528

5) Provide Information a. Pudinfo-Simple 0.045805772 0.1309503
b. Pvdinfo-MNo Information 0.045805772
c. Pudinfo-Crowded -0.085144528

&) Button Size a. BtnSize-Medium 0.045805772 0.1309503
b. BtnSize-Small 0.034966819
c. BtnSize-Large -0.085144528

7) Text Font Size a. TextFntSize-Medium 0.049145297 0.098290593
b. TextFntSize-Small -0.049145297

) Provide Error a. Error handlg-Yes 0.04B67579 0.097351579
Handling b. Error handlg-Mo -0.04867579

9) Provide Instruction a. Instruction-Yes 0.046201536 0.092403073
b. Instruction-No -0.046201536

10) Button Grouping a. BtnGroup-Yes 0.046201536 0.092403073
b. BtnGroup-No -0.046201536

Figure 2. A partial view of the influential design elements for emotion of Professional-Motivated

In order to design AR-based mobile learning materials, it is important that the designer sets some
priorities in designing elements according to the high influence item that fits for a particular emotion.
Additionally, the high influence categories for each item are equally important and should be included as a
guideline. For instance, based on above result, the emotion of professional-motivated can be evoked by items
such as 3D object scale, 3D object category colour, button type, and others.

Also, the Factor Analysis results show that there are four main pillars and one additional pillar of the
Kansei emotions in AR-based mobile learning material for the Human Anatomy course, particularly on
human heart topic. The four pillars are professionally-motivated, confused, wandering-thrilled and
challenging while trustable is considered as the additional pillar as discussed in [43]. From the above
presented analysis, the most suitable AR-based mobile learning material to these pillars was explored. This
result can be used as a guideline to provide AR-based mobile learning materials for specific pillar, thus an
enabler to discover and visualize the specimen vis a vis the emotion that have influential relation to each
other.

Therefore based on the results, the design elements that have the highest influence in eliciting the
first pillar (professional-motivated) has been interpreted as:

1. 3D object should be able to scale in AR.
2. 3D object should use more than three colours.

Emotional augmented reality-based mobile learning design elements: a kansei... (Fauziah Redzuan)
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3. 3D object colour should be in gradient.
4. Button type should be icon.

5. Information provided should be simple.
6. Button size should be medium.

7. Text font size should be medium.

8. Error handling should be provided.

9. Instruction should be provided.

10. The button should be grouped.

Nevertheless, the design elements in the fifth additional pillar (trustable) can also be taken into
consideration as it contains some positive emotion elements that are similar to the main pillar. Among these
are; text font size that should be medium and text font colour that should be one colour. Based on the listed
design elements for the main pillar, the mostly type of button should be an icon and button should be
grouped. However, it must be noted that the use of an icon is for easy access of information and grouping the
information according to its importance [8]. As regards to the 3D object, more colours in gradient should be
used. The type of 3D object to be employed should have less influence to design elements, but must be used
to evoke wandering-thrilled emotion, where the type of 3D object should also be dynamic (animation). This
is in line with the study of by [28].

Additionally, the Kansei concept of AR-based mobile learning materials can be generated based on
the analysis of the results. This is because the primary emotions become pillars of the structure of semantic
space, while secondary emotions are in with member group for each pillar. Overall, result shows that there
are five pillars or factors (four main pillars and one additional pillar) that should be considered in designing
AR-based mobile learning materials. In order to acquire the desired results, the designer is advisable to
choose the best combination possible from a concept of emotion which may consist of one or more elements
of emotion.

In conclusion, the outcome of the evaluation experiment has been described in detail in this paper.
After performing statistical analysis, the final results achieved the objective for this research. As presented
previously, the result of semantic space of Kansei emotion in AR-based mobile learning is obtained through
PCA and FA method, whereas the design elements of AR-based mobile learning materials for specific
emotions are analysed by using the PLS method.

4. CONCLUSION

This research has successfully achieved the objective that is to identify the specific kansei emotions
associated with the AR-based mobile learning design elements. In order to achieve the objective, Kansei
Engineering methodology was used because it is the most suitable method that specifically measures user’s
emotions evoked by products and incorporates them into a product design, in which several statistical
analysis were carried out to achieve the desired result for this study.

Based on previous finding of the five factors or pillars that refer to the emotions which is the
structure of kansei semantic space of AR-based mobile learning material for the Human Anatomy course.
Among the five factors or pillars, four of them are main pillars while the other one is an additional pillar. The
main pillars are professionally-motivated, confused, wandering-thrilled and challenging. Meanwhile, the
additional pillar is trustable. Therefore, these emotions are crucial in online learning specifically in AR-based
mobile learning.

The design elements of AR-based mobile learning material were derived from the result of kansei
semantic space of AR-based mobile learning material that is the five factors or pillars. The findings reveal the
five pillars of emotions with the corresponding five sets of design elements which have the highest influence
to evoke emotions.

The findings of this research have proven that AR-based mobile learning can be designed. This
indicates that educational content, including online or virtual learning material can be designed. This can be
used as an emphasis on students with regard to their main focus (student centric) and align with their relevant
course. In order to globalize online learning, it is important that higher educational institutions (HEIS) must
stay abreast with current technology and trends with respect to the students’ psychological needs. This
research gives an insight to HEIs in affective designing online learning specifically AR-based mobile
learning material. Thus, it is expected to form a basis for more research on online learning, particularly AR-
based mobile learning materials.
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