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Abstract- Digital game based learning (DGBL) provides a different approach to learning that incorporates education into 
games to make learning more fun and interactive compared to the traditional teacher-centered method. Educational mobile 
games are conducive to learning because of their multimedia content which can enhance student motivation to learn. This 
study developed an Emotional Digital Game-based Learning Application (EDGLA), based on the ARCS motivational 
model. The EDGLA also allows learners to recognise emotion through facial expression. The EDGLA provides game 
scoring with recorded timings, rankings, and end-of-quiz feedback to motivate players to learn. Finally, we analysed the 
applications effectiveness and its satisfaction for EDGLA. Consequently, it was found that students showed positive attitudes 
towards the application. The findings of this study could provide an effective learning approach to improve emotion. 
 
Keywords- ARCS motivational model, Digital game-based learning, emotion recognition, multimedia, HCI 
 
I. INTRODUCTION 
 
Emotions play an important role in every part of our 
daily life and human-computer interaction can benefit 
from multidimensional sensations, [1, 2, and 3]. 
Emotional development in young children is 
intriguing. Emotions impact every aspect of our lives, 
but they are largely missing from our digital 
experiences. By bringing emotional regulation which 
is one of the subcategories of emotional development, 
it is possible to enable more authentic and powerful 
relationships where a child can understand his or her 
emotion and react accordingly to outside stimulation. 
Despite the fast growth in research on emotion, one 
permanent challenge faced in the multidisciplinary 
research on emotion is to stimulate emotions in a 
natural and ethical manner [4].  
Games interest children in term of usage in education 
and becoming the most popular mobile activity that 
deliver a new mode of communication.  Logically, 
some of the advantages of games are that they are 
attractive, novel; deliver a better atmosphere and can 
increase the motivation of the learner focused on the 
game [5]; therefore this suggests that some games 
may have an academic characteristic because of their 
association directly or indirectly in the learning 
process. This discovery offers an opportunity for 
teachers to present informative and lively foundations 
into the learning environment. Multimedia elements 
can be made suitable for learning when combined 
with game-based learning.  According to [6] 
multimedia refers to the combination of two or more 
different information media within an application. 
Multimedia defined as a combination of digitally 
manipulated text, photographs, graphic art, sound, 
animation, and video elements [7]. John Keller 
emphasized the importance of motivation model of 
attention, relevance, confidence, and satisfaction 
(ARCS), capable of increasing student motivation to 
learn [8]. Based on the ARCS motivation model, this 

study develops an emotional digital game-based 
learning application (EDGBA), which generates an 
important engagement and attention among children 
to enhance their motivation to learn. Specifically, this 
study has the following objectives: 
a) General Objective 
The study aims to develop an interactive digital game 
based learning for two groups of children.  
b) Specific Objectives 
 Design an educational multimedia mobile game 
application for children age 6-7 and 8-9 specifically 
on identifying and learning emotions. 
 To apply the ARCS motivation model, in which 
a game-based learning application is formed. 
 Test and evaluate the system’s effectiveness and 
system user satisfaction. 
 
II. LITERATURE REVIEW 
 
2.1. Digital Game-Based Learning 
Games have constantly played an essential role in 
humans especially children; not only for 
entertainment; but also in fields such as education [9]. 
“Digital Game-Based Learning” (DGBL) is defined 
as a combination of motivational games with 
curricular contents; and encompasses educational 
objectives and subject matter [10]. It offers liveliness, 
capability to attract student responsiveness and 
animated environment. Importantly, DGBL is an 
innovative teaching method that includes the use of 
computing technology and computer games to 
promote engagement and motivates students to learn 
[11]. Some of the benefits of DGBL are it can be used 
to measure a vast variety of tasks with different 
degrees of difficulty options, as it is adaptable and 
easily standardized [12]. DGBL also describes as a 
setting in which games content, its interactive 
richness in user interface and game-play enhanced 
knowledge and skills acquisition. Besides, the game 
activities involve problem solving and challenges 
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with timely feedback responses that make the user 
feel the sense of achievement [13]. Overall, DGBL 
dynamically encourages learning, increases student 
motivation to learn and decreases stress in learning 
[14] [15]. 
 
2.2. Keller’s ARCS Motivational Model 
Motivation is a key variable and is required to be 
engaged during designing, development, testing and 
evaluating the effectiveness of teaching by using 
DGBL application [16]. Often motivation is a reason 
for success or failure in completing any complex task. 
ARCS (Attention, Relevance, Confidence, and 
Satisfaction) have been measured as a fundamental 
notion in most theories of learning. John Keller 
designed the ARCS motivation model which 
highlights motivational aspects of learning 
environments, suggesting that students must actively 
participate in an activity to complete a specific 
objective [17]. Table 1 introduces the four major 
categories of the ARCS motivation model, with 
subcategories containing three motivational learning 
strategies [18].  
 

Table I:Four major categories of keller’s arcs motivation 
model with subcategories and questions 

 

 
[*] Adapted from table 3-5, Keller, 1987. 
 
III. RESEARCH METHODOLOGY 
 
The study was approved by the University of 
Nottingham Malaysian Campus Ethics Committee. 
This study is a mixed- method study, combining both 
quantitative and qualitative approaches. An interview 
was conducted to obtain quantitative data, with 
school teachers to gain knowledge on ideas of what is 
needed to teach emotions. Later, quantitative 
approach is applied through a questionnaire. A 
questionnaire was designed to get reviews and ratings 
from the teachers and students for games.  
Participation in the study was entirely voluntary. We 
piloted our program at Polytechnic Sultan Abdul 
Halim Mu'adzam Shah located in Jitra Kedah, for an 
innovative competition. Later on the actual game was 
evaluated in two schools- SK (2) Jalan Bukit (SK2JB) 
and SK Saujana Impian (SKSI). Both are located in 
Kajang. Table 2 shows the demographic of students 
and teachers in both these schools: 

 
Table II:Total number of Students and Teachers in SK2JB and 

SKSI 

 
 
3.1. Designing Questionnaire 
There are two sets of questionnaires given out: The 
first was a set of questionnaires discussing the 
usability of the application which was given to the 
teachers. The second set was given to the students to 
test the application’s effectiveness and user’s 
satisfaction. Prior to conducting the survey, we 
randomly chose 20 teachers and the other 20 
distributed among university students pursuing 
foundation and undergraduate studies to pilot test the 
survey instruments. This was entirely on volunteer 
basis. The feedback from the pilot testing was useful 
for ensuring the content’s validity and checking the 
appropriateness and answerability of the items of the 
questionnaire.  A 25-item survey questionnaire was 
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developed to obtain the response from the students 
about their opinions on two research concepts. The 
first section contained 3 items sought for 
demographic information. In the second section, 12 
items were used to measure the variables involving 
“system effectiveness”. In the last section, 10 items 
were used to measure the variable involving “system 
user satisfaction”.  The items of system effectiveness 
were developed based on the Keller’s ARCS model, 
and five-point Likert type scales were used (from 
1=strongly disagree to 5= strongly agree). The system 
satisfaction were measured with the scale developed 
by[24], and five point Likert-type scales were used 
(from 1=strongly disagree to 5= strongly agree). 
 
3.2. Evaluating Games 
There were 10 volunteers to help in conducting this 
evaluation. This volunteer was provided with smart 
phone on which games were installed. Each student is 
allowed to play the game freely as they wish. They 
were not guided to achieve any objectives. At the end 
of each session, each student was asked to fill up 
questionnaire and their experience regarding game. 
They were free to ask any question if they find any 
difficulties while answering the questions. 
 
IV. DEVELOPMENT & DESIGN OF EDGLA 
 
4.1. Development Environment 
For the development environment, EDGLA is 
developed using Android Studio(AS) as it is 
developed for android operating system. It is the 
official Integrated Development Environment (IDE) 
and designed specifically for android 
apps/environment developed by Google based on 
IntelliJ IDEA and has taken over end support for 
Eclipse (another integrated development environment 
for android) from Google. Among the highlights for 
choosing AS is it is the official android development 
IDE that is packed with features that enhance 
productivity, is more stable, reduces troubleshoot 
time, and allows Extensible Markup Language 
(XMLs) layout preview and can view the XML 
preview easily without having to switch tabs. 
Additionally, AS utilizes the Gradle built-in system, 
which is allows script building. It also has the 
Android Virtual Device (Emulator) to run and debug 
apps. We have integrated Java as the scripting 
language.  Besides, a powerful scientific 
programming language the GNU Octave for Android 
is used to a simple artificial intelligence 
programming. OpenGL is used to create the 
animations in this game. The developed application 
required a database to store the data and manage 
communications between the application and 
database. XML is used to design the layout for the 
application whereas SQLite is used as the database 
management system to store our games component 
implementation such as scoring mechanisms, sound 
outputs, graphics, animations, quiz questions and 

emotion recognitions. EDGLA was also established 
using the Adobe Photoshop (AP) and Adobe 
Illustrator (AI) for the graphic designs and editing 
images. The graphics created can be divided into 4 
categories, i.e the user interface, game, backgrounds, 
and flashcard elements. AP is used to manipulate 
images that are used in the flashcard activity.  
Conversely, AI is used to create the icons, elements 
and as well as the backgrounds.  
 
4.2. Development Environment 
 
4.2.1. Application Architecture 
 
Figure 1 illustrates application architecture in which 
each module is described as follows. The game has 
all multimedia elements such as animation, audio, 
video, text and graphics. 

 
Figure 1.  Example of a figure caption. (figure caption) 

 
4.2.2. Flashcards Module 
Facial expressions present a key mechanism to 
describe human emotions.  Although humans are 
filled with various emotions, modern psychology 
defines six basic facial expressions: Happiness, 
Sadness, Surprise, Fear, Disgust, and Anger as 
universal emotions [25]. Figure 2 shows the 
flashcards consist of these 6 basic emotions by 
gender. We have designed this emojis after consulting 
teachers. 

 
Figure 2.  Flashcards consist of 6 emotions 

a) Flashcard Activity Module: This module 
teaches the six emotions (figure 3). Students can view 
a facial expression by choosing their gender. There is 
no time limit for each flashcard shown as the user is 
in control to change the flashcard to a different facial 
expression. The emotion shown is stated below the 
facial expression when user taps on the facial 
expression. Sound output is produced over the 
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emotions. This feature provides an interactive feature 
to the application which motivates the user to learn 
and increase attention. 

 
Figure 3.  Flashcards consist of 6 emotion 

 
b) FlashcardChoose Module: This module has 
a simple animation showing the 6 emotions. Students 
can choose what they feel for the day. Then the 
application will also give a synonym of the emotion 
choosen as shown in figure 4. 

 
Figure 4.  Flashcards consist of 6 emotion 

 
4.2.3. Emotion Recognition Module 
The face is one of the richest channels of expression. 
It connects both emotions and social gestures. In our 
application we incorporated the emotion recognition 
library using the AFFDEX software development kit 
(SDK) developed by Affectiva who trains state-of-
the-art facial action and emotion classifiers. The SDK 
provides an easy interface for processing multiple 
faces within a video in real-time and has cross 
platform capabilities. Typically, it is possible to 
achieve frame rates of 10 Frames per Second (FPS) 
on mobile devices.  Figure 5 shows the automated 
facial coding pipeline used in this SDK.  

 
Figure 5: Automated facial coding pipeline. 

1) Detection of face(s) and localization of the key 
facial landmarks on each face. 2) Extraction of 
texture features using HOG. 3) Classification of facial 

actions. 4) Modeling of prototypic emotions using 
emotional facial action coding system (EMFACS). 
*Adapted from [19] 
The SDK would first identify a human face in this 
case is the user face in real time. Face detection is 
performed using the Viola-Jones face detection 
algorithm [20]. Landmark detection is then applied to 
each facial bounding box and 34 landmarks identified 
(Figure 6). If the confidence of the landmark 
detection is below a threshold then the bounding box 
is ignored. The facial landmarks, head pose and 
intraocular distance for each face are exposed in the 
SDK. 

 
Figure 6: The position of landmark on the face. 

 
Source: http://developer.affectiva.com/metrics/ 
Histogram of Oriented Gradient (HOG) features [21] 
are extracted from the image region of interest 
defined by the facial landmark points. Support Vector 
Machine (SVM) classifiers, trained on 10,000s of 
manually coded facial images collected from around 
the world, are used to provide scores from 0 to 100 
for each facial action. For details of the training and 
testing scheme see [22].  The emotion expressions 
(Anger, Disgust, Fear, Joy, Sadness, Surprise and 
Contempt) are based on combinations of facial 
actions. This coding was built on the EMFACS [23] 
emotional facial action coding system. The emotion 
expressions are given a similar score from 0 (absent) 
to 100 (present).  
a) Emotion Recognition Activity: This feature 
will analyze the user facial expression and give the 
analysis of the facial expression shown by mapping 
the face (figure 7) with key points. The emotion 
recognition uses facial recognition and adds emotion 
recognition into it. This feature provides a platform 
for the user to apply the knowledge they gain in the 
flashcard activity.  

 
Figure 7: Emotion Recognition Activity 
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b) Emotion Analysis Module: This feature will 
read and analyse the emotions of students while they 
are playing the game. This measurement is extremely 
important in understanding students’ emotions. 
 
4.2.4. Games Module 
In the game activity, the user’s knowledge is tested 
with a multiple choice type of questions. The reason 
this style of game is chosen is to allow the user to 
understand the game easily which will avoid 
confusion. The game activity is divided into two parts 
for users of ages 6 to 7 years old and 8 to 9 years old. 
This decision is made based on the emotional 
development stage of the user age group and to 
provide a game which suits them. There are 2 levels 
for ages 6 to 7 and 3 levels for 8 to 9 years old. The 
questions are situations based and on the images and 
facial expressions which the user can see on the 
flashcard activity. Scores will be awarded for each 
correct answer and scores will be deducted for each 
incorrect answer.  Cartoon emojis are used as stated 
in the problem statement that children in the 21th 
century are more familiar with gadgets than children 
before. The current score with the time taken for each 
level is shown before starting the next level. The final 
score after ending all levels are taken to determine if 
the score is the highest score. 
c) Games for age group 6 to 7 years old:Level 
1 & Level 2. There are 6 questions that refer to the 
six basic emotions (figure 8a). The user is presented 
with an emoji style of image (figure 8b) and 3 choices 
of answers below it. A narration of the question is 
produced at the start of each question. Sound 
feedback is produced for each correct and incorrect 
answer. A score of 10 is rewarded for every correct 
answer and 3 point is deducted for each incorrect 
answer. The questions are shuffled each time the 
game is played thus the user cannot guess the answer 
based on the position of it. The currently collected 
score is shown on the top right side of the screen. The 
design of the game levels is simple and minimal to 
reduce the amount of distractions.  
d) We have designed 8 questions to test 
students understanding on emotions of the character 
in the questions for the Level 2 age group 6 to 7 years 
old after good research as below: 
(1) Bob fell from his bicycle. He was ________. 
(2) Alice received a candy. How would you describe 
Alice's emotion? 
(3) Mary was scolded by her mother for breaking her 
favourite vase. How would Mary feel?             
(4) A lizard fell to Annie's lap. She is ________. 
(5) Jack's parents plan a surprise birthday party for 
him. How would Jack feel at the moment? 
(6) Alia saw a cockroach flying into her bedroom. 
She would feel ___________? 
(7) The school bully wanted to bully you. How would 
you feel? 
(8) You won a medal in the school sports day. You 
would feel very ___________? 

 
Figure 8: (a) is for Level 1 and (b) is for Level 2: Age group 6-7 

years old. 
 
e) Games for age group 8 to 9 years old: Level 
1 & Level 2. The game design is similar as above for 
both Levels 1 & 2. However, the difference is the 
facial expressions (Figure 9a) are used as questions 
instead of emojis. In Figure 9b, situations in cartoon 
images are used to attract user’s interest instead of a 
picture of the situation.  

 
Figure 9: (a) is for Level 1 and (b) is for Level 2: Age group 8-9 

years old. 
 
4.2.5. Artificial Intelligence 
Artificial Intelligence (AI) incorporated in matching 
emotion game for Level 3 (age group 8 to 9 years 
old): AI techniques are used in the matching pair’s 
game(Figure 10). It can be played alone or against the 
computer. Student has to select the same icons to gain 
scores. The position of each icon is shuffled every 
time it is played. This kind of game helps to 
strengthen the student’s memory. Student has to tap 
on two same icons in order to get scores and if the 
icons are not the same, the icons will change back to 
the question mark icon. If the student decides to play 
against the computer, two icons will be turned over, 
one at a time (making them face up and visible to 
both players).  A simple rule is implemented where, 

 

 
Figure 10: Single player matching pair game 
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4.2.5. Scoring Module 
Upon completion of each game, this module 
calculates the game score (Figure 11c) and re-
calculates the total score by also highlighting the time 
taken to complete the task (Figure 11a).  The game 
will award 10 scores (points) for each correct answer 
and will deduct 3 scores (points) for each incorrect 
answer. The scores are accumulated and they are used 
to calculate the final scores for the user which  will be 
stored in a SQLite database. The database is then 
used for displaying the scores in the high score 
activity(Figure 11b). A toast is displayed to either 
give constructive feedback or to state the correct 
answer. 

 
Figure 11: Total score for each Level (a), High score showing 

the highest score and timing (b) and (c) current score displayed 
 
V. DATA ANALYSIS AND RESULTS OF 
EDGLA 
 
5.1. Digital Game-Based Learning on ARCS 
Motivation Model 
The EDGLA application permits students to 
experience the games module, subsequently raising 
student interest and motivation to learn. For students 
to be aware that this is a digital game-based learning 
application and have a scoring based for all the 
activities to test their knowledge on emotions. Once 
students are introduced with the different type of 
emotions through the flashcard activities; students 
then play the games, understand their learning 
settings, and then build their confidence. Finally, 
students involved in playing various levels and 
challenges which can achieve increasingly more 
learning objectives and successively build their 
confidence. Due to the limited space of this article, 
use of the ARCS motivation model in this system is 
briefly enlightened as follows: 
a) Attention strategy:  
 Students can use the help tool during practice 
to increase their interest. 
 Players are chosen according to a similar 
competency level in order to encourage competition 
among students. 
 Sound effects when selecting a menu button 
and narration for the questions in the game. 
 Simple animations and voice recording in 
flashcard activities. 
 Audio-visual effects with false and true 
responses. 
 Voice-Text constructive feedback for each 
answer selected 

 Each game is composed briefly in order for 
students to learn for about 5 minutes. 
b) Relevance strategy:  
 Students familiarize themselves with 
emotions by taking game activities. 
 All games are designed in relation to emotions 
learning. 
 Use of the flashcard encourages students to 
learn emotions quickly. 
 Real images are used in games. 
 Scores are given to all the games in different 
levels including the final high scores.  
 Feedback whether answers are true or false.  
 High score rank and top 10 rank scores are 
displayed which helps students to get encouraged and 
to be academically motivated.  
c) Confidence strategy: 
 Students understand that they need to play 
games diligently which allows them to achieve a 
favorable game score evaluation to increase their 
learning motivation and confidence. 
 A ‘Help’ menu, and evaluating criteria of each 
game are provided.  
 EDGLA provides different levels of difficulty 
for each age group. Each student can choose any 
difficulty level of items to test themselves and 
enhance interest in learning and degree of satisfaction. 
 Games are displayed from easy to difficult 
level. 
 Students have a choice in the menu.  
 Students can move back in the menu by 
clicking “back” or Home.  
d) Satisfaction strategy  
 Students can monitor their score achievement 
records and  satisfy their own self-actualization 
capability.   
 A variety of games are provided for students 
to increase chances of application about emotion 
concepts.  
 Score (points) are provided when a correct 
answer is registered.  
 Types of game are tailored to the learning 
goals on emotions. 
 
5.2. Screenshots of face recognition and 
experiment participants 

 
Figure 11: Illustrative example of prompting the student to 

learn the emotion application 
 
5.3. Data Analysis 
The results show that the sample (n=163) includes 
participants who are females (55%), and they are 
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from SK2JB (36%) and SKSI (64%). Prior to 
conducting further analyses it is important to assess 
reliability in the measurement scale. George and 
Mallery [26] defined rule of thumb for Cronbach’s α 
which states that, > .9 is Excellent, > .8 is Good, > .7 
is Acceptable, > .6 is Questionable and > .5 is Poor. 
Cronbach’s α was computed for 22 questions. As 
shown in Table III, Cronbach’s α is > .9 (system 
effectiveness) and >.8 (system user satisfaction), 
which advocates that the reliability measure is 
Excellent and Good for each construct. 
 

Table III: Reliability Analysis: Cronbach’s  Alpha 

 
 
Table IV is demonstrating the statistics results of 
system effectiveness and system user satisfaction of 
EDGLA by school.  It is analyzed that most of the 
participants are satisfied with the game features. 
However it is analyzed that the system effectiveness 
has high impact on participants. The results of this 
study state that participants from school were happy 
to play games, and they were deeply engaged in 
achieving objectives.  It is recommended that there 
should be specific heuristics for the evaluation of 
digital game-based learning and the ARCS 
motivational model helps to achieve this.  
 

Table IV: Scale Statistic for EDGLA 

 
 
CONCLUSIONS 
 
To conclude, the usability, effectiveness and user 
satisfaction evaluation of the EDGLA showed that 
EDGLA received a positive support by all users. This 
indicates that the ARCS motivation approach to 
design development resulted in an attractive 
invention. Students were engaged with mini games to 
challenge and motivate their learning. Digital games-
based learning application interests many children in 
term of usability in education. Games can interest us 
into virtual environments that gaze and feel familiar 
and significant. This is motivational because we can 
understand and appreciate the relationship between 
our real-life and the learning experience. 
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