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Abstract—The mobile games industry and its development 
goals were not just for entertainment, but also used for 
educational of students interactively. Unfortunately the 
development of adaptive educational games that consider 
the psychological aspects for student on mobile platforms in 
Indonesian language that interesting and entertaining for 
learning process is very limited. This paper shows the 
research of development of novel adaptive games for 
students who can adjust the difficulty level of games based 
on the ability of the user, so that it can motivate students to 
continue to play these games. We propose a method where 
these games can adjust the level of difficulty, based on the 
assessment of the results of previous problems using neural 
networks with three inputs in the form of percentage 
correct, the speed of answer and interest mode of games 
(animation / lessons) to produce1 output. The experimental 
results are presented and show the adaptive games are 
running well on mobile devices based on BlackBerry 
platform.  
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I.  INTRODUCTION 

Your Nowadays, the application of games on mobile 
devices is growing rapidly and in great demand by 
students for entertainment or just increase their 
knowledge. Drastic increase occurred in the use of games 
for a fun and educational tool for students and effective 
discussion about the use of adaptive games to enhance 
interested learning and entertaining to various aspects of 
education [1][2]. The Net Generation [3] has already 
arrived at university and college. They differ completely 
from the people in charge of their education (their teachers 
and parents) in the role that ubiquitous technologies have 
played in their everyday lives.  

Today, students have grown up using devices like 
computers, mobile phones, and video consoles for almost 
every activity, from studying and work to entertainment 
and communication. This has probably altered the way 
they perceive and interact with the environment, both 
physically and socially [4]. To meet the different cognitive 
requirements of the new generation, the educational 
community is considering new ways of learning. In 
particular, there is a wide interest in trying to engage 
students with the appealing features of videogames and 

Internet tools [5]. Computer games are an incredibly 
successful genre that captivates children as well as adults 
and that instantly mirrors the spirit of a time and the state-
of-the-art in computer technology. Computer games 
combine art and technology in a fascinatingly natural and 
convincing way. The games’ success is reflected in 
enormous sales figures, economic growth, and numbers of 
users [6].  

Adaptive games-based learning style aims to support 
and encourage the learner considering his needs, strengths 
and weaknesses [16]. The best known of the games-based 
learning is to increases the motivation of learners [2] and 
the relationship between games and constructivist theory 
[6] because the games are well made can have 
pedagogical value of learning to produce a satisfactory 
outcome, because the student can cope with issues, work / 
play together and learn from previous experience.  
Technological pedagogical content knowledge is 
described as complex interaction of content, pedagogy and 
technology. The ways knowledge about tools and their 
pedagogical affordances, pedagogy, content, learners, and 
context are synthesized into an understanding of how 
particular topics that are difficult to be understood by 
learners, or difficult to be represented by teachers, can be 
transformed and taught more effectively with ICT, in 
ways that signify the added value of technology [14]. 

A crucial factor for adaptively is challenge. It can result 
from adapting the level of difficulty of the tasks to the 
learners’ ability level so that a constant challenge is felt. 
Not only the level of difficulty of the tasks is adjusted to 
the learners’ ability level, but also the system reacts to 
personal learning styles and preferences [16].There have 
been many studies on the development of education-based 
games for mobile applications such as [7]. But in the 
study, there is no comprehensive mechanism of how to 
identify the ability of users (students) who have a genuine 
interest in games or games that comes with a lessons and 
quizzes, as well as not using a Neural Network-based 
intelligence to input the percentage of correct answers, 
speed of answer and interest mode of games (animation 
/lessons). In addition, research on the development and 
use of adaptive educational games on mobile platforms in 
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Indonesian language for students has not been touched at 
all. 

Educational game for mobile application is one tools of 
mobile learning. Learning, from constructivism point of 
view can be understood as achieving understanding 
through active discovery [18]. Learning is presented to 
allow progressive discovery of relevant concepts, in this 
case basic mathematical concept. This theory implied that 
student is an active learner. In order to create an effective 
mobile learning, learner need to initiate and be engaged in 
the game activity. According to [19], whether or not a 
game offers enjoyment to the player is a key factor in 
determining whether the player will became engage and 
continue to learn through the game. Situation of complete 
absorption or engagement in an activity is called flow 
experience [20]. Under this condition, one enter a state 
with these characteristics: focused and concentration, 
merging of action and awareness, loss of awareness of 
oneself, a sense that one is in control of one’s action, 
distortion of temporal experience, experience of the 
activity as intrinsically rewarding[20].  Faiola, Newlon, 
Pfaff, Smyslova[21] found a significant correlation of 
flow experience and telepresence in virtual world (Second 
Life game). This finding suggest that learner who 
experience flow may acquire an improved attitude of 
learning online. 

Being in the condition of flow is describe by subjective 
experience of engaging just manageable challenges by 
tackling a series of goals, continuously processing 
feedback about progress, and adjusting action based on 
this feedback[29].  In order to make a task that is just 
manageable, game designer should consider the ability 
that the learner already have. This theory implied to make 
an educational game that suit a particular group with 
particular level of proficiency. As Kukulsha-Hulme and 
Traxler [22] suggested, one of the prototypes for learning 
design exist based on knowing their progress and 
preferences as learners. In this case, the learners are 8-10 
years old students. According to Piaget (1952) as cited in 
Santrock [23] students at the age 8-10 years old are at the 
concrete operational stage of cognitive development. They 
are able to predict space and time relationship, able to use 
map with concrete hints, able to differentiate concept in 
categories, and able to think logically. Therefore, they are 
able to do basic mathematical problems as in this 
education game application. 

The proposed adaptive system using the method of 
identifying the profile and level of understanding of the 
material field of interest from the user contributes to a 
new method for adaptive games. Where the proposed 
model of educational games in the form of pure animation 
games and mathematics lessons/quiz based on artificial 
intelligence using Neural Network with 3 inputs and 1 
output. The final result of this research is a framework of 
adaptive multiplayer game using neural network.  

II.  NEURAL NETWORK FOR ADAPTIVE GAMES 

A. Neural Networks 
 

As mobile games become more complex and 
consumers demand more sophisticated remote controlled 
opponents, game developers are required to place a 
greater emphasis on the artificial intelligence and 
multiplayer aspects of their games. Neural Networks are 
computational algorithms that mimic the way nerve cells 
work. The entire incoming signal is multiplied by the 
weights on each input, the neuron cells, all the signals are 
summed and then multiplied by the weight plus a bias. 
The sum is entered into a function (activation function) 
produces the output of the neuron (here used a linear 
activation function). During the learning process, the 
weights and bias are always updated using a learning 
algorithm if there are errors in the output. 

 
 

Figure 1. Neural network with 3 inputs and 1 output 
 
Once modeling an artificial functional model from the 

biological neuron, we must take into account three basic 
components. First off, the synapses of the biological 
neuron are modeled as weights. Let’s remember that the 
synapse of the biological neuron is the one which 
interconnects the neural network and gives the strength of 
the connection. For an artificial neuron, the weight is a 
number, and represents the synapse. Network is adjusted 
based on the comparison between the output and that 
output objectives in accordance with the target network.  
For the identification process, the weights are the direct 
weighing are called the input as a search parameter, as 
shown in Figure 1, the parameter is the price you are 
looking for w_1, w_2, w_3 and w_4. We use back 
propagation algorithm used for training the networks 
[11]. 

Based on figure 1, every input unit ( , ,..., ) 
receive the signal  input   and forward it to all units in 
hidden layer. Each hidden unit ( , ,…, )  summing 
the weighted input signal : 

                       (1) 

Then we use the activation function to calculate the 
signal output, where the activation function is using 
binary sigmoid generally by the following formula: 

                                  (2) 
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Every output unit   (Yk ,k = 1,..., m)  calculate signal 
inputs :  

 
                  (3) 

 
Then using activation function to calculate the signal 
output : 

f(                                      (4) 
 
Then using activation function to calculate the signal 
output : 

PROPOSED METHOD 

 
A. The Framework 

 
Creating applications for mobile smart phone devices 

can be complicated by the following factors [15]. 
 
• Screen size and Design 
Rich graphic elements and the information that can be 

viewed and managed at once are limited by small screens, 
requiring users to rely on short-term memory to build an 
understanding of an online information space. Only 
essential information should be displayed for this reason. 
Also, optimize necessary graphic elements to reduce file 
sizes and load times. The interface design must support 
the limited attention of users often distracted by people, 
events, activities, or objects. Mobile user interfaces 
should not have complex menus. Simple and descriptive 
pages and an ability to connect on-screen information 
with the physical world is desirable [16]. 

 
 
• Input 
Text entries may be slow and susceptible to errors. 

Operating graphical user interface widgets (e.g., menus, 
hypertext links, buttons, scrolling, etc.) can be awkward. 
User control and efficiency can be enhanced by simple 
input and navigation schemes and by highlighting 
selected items. 

 
• Wireless Data-rate 
Wireless network connectivity on mobile devices may 

be limited in availability and bandwidth, which imposes 
significant restrictions on the amount and speed of 
interactions and rich media in networked applications. 
Moving to the next screen is often slower than dial-up 
Internet access. Mobile wireless systems, however, are 
achieving higher data rates to support internet and other 
data related applications. Soon fourth-generation systems 
will offer significantly higher data rates. 

The process of designing the framework using a 
workflow of Software Development Life Cycle has been 
studied[12]. Figure 2 is our general framework shown 
using use case diagram that describe the actor and the 
important action in the games such as input name of the 

user, view high score, set the sound/voice, and playing 
with one/multiplayer. 

 

 
 

Figure 2.  Usecase diagram  for  adaptive games 
 
 
Theoretically, the building blocks for mobile games 

multiplayer framework consists of a non-visible game 
client component, a game server running on App Engine 
and utility classes in App Engine which perform web 
service calls and convert data between App Engine types 
and a format that is understandable to a server. Every 
application that uses the game server must include a 
game client component and use the method call blocks to 
make server requests.  

Figure 3 shows the proposed class diagram for the 
adaptive multiplayer games. To store the data used by 
user, we use SQLite. SQLite is a software library that 
implements a self-contained, server less, zero-
configuration, transactional SQL database engine with 
very fast games. SQLite is the most widely deployed 
SQL database engine for mobile games [17]. In figure 3, 
the Player, Device Blackberry and Database are the 
important entities in our system. 

 
 

Figure 3.  Class diagram  of the adaptive games 
 
The flowchart of how adaptive mobile games work  is 

shown in Figure 4.   
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Figure 4.  The flowchart of the adaptive games. 
 

Figure 5 show the sequence diagram for adaptive 
games that have the ability for multiplayer using 
Bluetooth. Bluetooth® technology is a standard for short-
range wireless technology. It enables two devices to 
communicate using radio waves that operate at 2.4 GHz. 
A BlackBerry® device that uses Bluetooth technology 
can open a wireless connection with other Bluetooth 
enabled devices, such as hands-free car kits or headsets 
that are within a 10 m range. 

 
 

 
Figure 5.  Sequence diagram for adaptive games 

 
 

B. Neural Network implementation 
 

The model of our neural network is designed for 
classification of the ability of users. The design of neural 
network is shown in figure 6 with 3 inputs x1, x2 and x3 
and output Y. Supervised learning is used in our model 
where the network is trained by providing it with input 
and matching output patterns. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  Neural Networks  with output for classification for 
adaptive games 

 
Explanation of input and output in Figure 6: 

: The time it takes the user to resolve questions. 
: Comparison between the frequency of correct 

answers and wrong. 
: Comparison of the frequency of the type of game 

played by the user (animation/math games). 
Y: Adjustment of the level of difficulty based on the 
input. 

 
For testing the neural network system, we use 8 

training data and output. For example, if the user could 
not answer all of the questions in <=80percent time 
allowed, then x1 is 0, if the correct answer <=80percent, 
then x2 is 0.  The output 0 denotes the next group of 
questions more easily, and if the output is 1 it indicates 
that the next game should be more difficult.  

TABLE I.   
TRAINING AND OUTPUT DATA USED IN THIS RESEARCH 

 
Input 

Output 
X1 X2 X3 

0 0 0 0 

1 0 0 0 

0 1 0 0 

0 0 1 0 

1 1 0 1 

1 0 1 1 

0 1 1 1 

1 1 1 1 
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EXPERIMENTAL RESULT 

We have questionnaire for students and use 100 math 
questions for this experiment.  Experiments performed on 
the Simulator and the real device BlackBerry Bold with 
OS 7.0 without lag and the results shown in figure 7. We 
have some mathematics questions  for elementary until 
junior high school level, and some animation  games  
such as “simple moving ball” and “Collecting bananas to 
basket” games to be choose by the user as shown in fig 7.  
For the mathematics and animation games, we set that the 
user/student said to be master if the correct result >=80 
percent from 10 questions and time needed <=80% from 
the maximum time allowed. And if the user always 
chooses mathematics games for 3 times, then the default 
mode is set to the mathematics games mode. 

 

 
(a)                                 (b) 

 

  
      (c)                                    (d) 

 
Figure 7.  Result of simulation using BlackBerry Simulator, Main form 
for starting and choosing games animation/mathematics(a), questionin 
mathematics games (b) and example of ball games(c) and the best 
scorer stored in SQLite (d). 
 

The training process does not require a long time, with 
the number of epoch determines the minimum error is 
obtained. Animation program created by the sound also 
can be run quickly. It should be noted that the handset is 
used must comply with the support of the OS used on the 

Development IDE used. Based on questionnaires and 
sampling that has been done to the 33 elementary school 
students as follows: 

 
 

TABLE II.  QUESTIONNAIRE ABOUT USING A MOBILE PHONE FOR 
PLAYING GAMES 

Answer Total Percentage 
Yes 33 100% 
No 0 0% 

 
 

TABLE III. QUESTIONNAIRE ABOUT HOW MANY TIMES A DAY FOR 
PLAYING GAMES 

Answer Total Percentage 
1 8 24% 
2 12 36% 
3 7 21% 
4 2 6% 
5 2 6% 
6 1 6% 

 
TABLE IV. QUESTIONNAIRE ABOUT TIME FOR PLAYING GAME 

Answer Total Percentage 
Morning 23 70% 
Noon 3 9% 
Evening 5 15% 
Night 2 6% 

 
TABLE V. QUESTIONNAIRE ABOUT TIME FOR PLAYING GAMES 

Answer Total Percentage 
< 30 minutes 1 3% 
30 minutes 10 30% 
> 30 minutes 22 67% 

 
 

TABLE VI. QUESTIONNAIRE ABOUT HAVE EXPERIENCED 
DIFFICULTIES WHEN LEARNING MATHEMATICS 

Answer Total Percentage 
Yes 33 100% 
No 0 0% 

 
TABLE VII . QUESTIONNAIRE ABOUT INTERESTED IN LEARNING 

MATHEMATHICS USING GAMES 
Answer Total Percentage 

Yes 32 97% 
No 1 3% 

 
TABLE VIII. QUESTIONNAIRE ABOUT THIS GAMES ARE FUN 

Answer Total Percentage 
Yes 33 100% 
No 0 0% 

 
From the above it can be concluded that most gamers 

love a game because exciting, fun, challenging, and easy 
to play. Usually players more often play games in the 
morning for more than 30 minutes and accompanied by 
brother/sister. Almost all students interested in learning 
math using games or fun learning. Each student is 
confirmed to have tried adaptive games that have been 
made. 
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CONCLUSION 

This research has developed a novel method for 
adaptive multiplayer games using the back propagation 
algorithm in neural network with 3 inputs and 1 output. 
The proposed adaptive system using the method of 
identifying the profile and level of understanding of the 
material field of interest from the user contributes to a 
new method for adaptive games.  In addition, the training 
algorithm does not take much time so the time needed to 
start loading this game is quite fast. With a little training 
data, using the back propagation algorithm can handle 
noisy data and still be able to predict the correct output. 
In the epoch value of 10 is possible because the error falls 
off faster but it needs a longer time because the time 
needed per epoch longer because there are 10 nodes in 
the hidden units. On the other hand, the system trained 
neural network can also make decisions accurately and 
quickly. Almost all students interested in learning math 
using games or fun learning. Each student is confirmed to 
have tried adaptive games that have been made.Our 
adaptive games successfully achieve the goals to be 
played with multiplayer mode and able to identify the 
level of the user and adjust the difficulty level of the next 
animations/questions.  
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