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Abstract
Developing children’s character must start from an early age. As children consider playing
games a pleasant activity, exposing them to traditional games that involve cultural wisdom is
an effective way to instill ethical norms and moral values in them. In Bali, many traditional
games, such as Petaumpet and Tajog, require the children to be disciplined, cooperative,
obedient and act honestly. Behaving in such a manner while playing can be an effective
strategy for the character development of children. I Durma is one of the folklores that
has been developed in the form of ICT-based game. This type of challenge game has an
impact on the player’s emotions. This study explains the relationship between game-factor,
emotion, and character variables of game players. All three variables were obtained through
questionnaire integrated in the game. The data obtained were analyzed using the neurofuzzy and backpropagation methods. The analysis result shows that there was a relationship
between game-factor, emotional, and character variables. This is indicated by the output
values of the neuro-fuzzy analysis. It was obtained that: training analysis (40.9 ± 3.41), testing
analysis (42.0 ± 2.64), and checking analysis (42.4 ± 2.75) with the difference between them
(∆µ < 5%) of 50 max scores. In other words, characters can be predicted from game-factor
and players’ emotion. The findings of this study can enable teachers to help students or users
choose right games and control their emotions while playing as these can affect the character
development of the children. We also show that children who were involved in playing the
game responded positively to the game based on Balinese local wisdom.
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1.

Introduction

Many traditional games in Bali, such as Petaumpet and Tajog, require children participating in
the game to be disciplined, cooperative, obedient and act in an honest manner. It is believed
that by adopting good attitude and behavior as part of these games can have a positive impact
on the children’s character development. Developing children’s character should ideally start
at an early age. As playing games is a pleasant activity for children, instilling ethical norms
and moral values in children through these traditional games, which are passed on from one
generation from another, is an effective strategy for children’s character development.
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Games can play an important role in society by dealing with
serious challenges a community is facing at a given time. The
critical aspects of such a game is the relationship between the
game and the educational content as the object of the game.
However, it is not easy to develop such games. First, designing
games often relies on the ideas and experiences of the designers
and developers. Furthermore, it is an extremely challenging
task to incorporate the educational elements in the game while
at the same time prioritizing the entertainment value of the
game [1]. And we know from the past experience that games,
both traditional and modern, usually has always titled toward
entertainment.
This also explains the ever-increasing popularity of games.
Marston [2] has shown that adults prefer or would consider
playing games in adventure, strategy, puzzles, and sports genres.
This indicates that designing games involves taking into account
the hobbies, interests, and fantasies of players, so as to produce
new game patterns for most older people.
Games preferred by children usually involve action, adventures, and competitions. Moreover, children in rural areas generally prefer traditional games related to legends and folklore. In
Bali, as a serious game on the topic of Balinese folklore “Cupak
Gerantang” [3] for elementary school children as a learning
aid for mathematics. Moreover, game design can also preserve
Balinese culture by taking the folklore “I Rajapala” [4]. The
players, in addition to being entertained, benefit from learning
about Bali’s cultural heritage.
Serious games are attracting significant interest from the
gaming industry as well as the academics [5]. The most popular
video game genre was action (27.1%), but decreased by 5.4%
until 2011, and fell by only about 21.7%. The sports games
reached 17.6% in 2004, increased by 2% to 19.6% in 2010, and
then decreased by 3.3% to 16.3% in 2011. This indicates that,
despite their popularity ebbing and flowing from time to time,
games are still a popular option for most people as a choice for
entertainment.
Since the last decade, many games have been developed for
educational purposes. The results of a survey conducted by
Pan [6] found that more students accepted interactive teaching
modes based on educational games, and their learning efficiency
increased. In [7], the author reported that the game-based virtual
classroom was successful at the high school level: for several
years, the number of active students grew from semester to
semester, and gamification in education became increasingly
popular. Mavridis et al. [8] integrated paper-based and gamebased tests for half-semester exams. The results showed a
www.ijfis.org

significant relationship, but statistically, there were no statistically significant differences between the two methods. Cowley
et al. [9] developed a serious game design methodology to teach
the concept and behavior of energy efficiency to users of public
facility buildings through learning principles and interaction
design for Green My Place: a massively multiplayer serious
game. The overall attitude of students toward the STEM learning game model by Vate-U-Lan [10] was found to be very positive, with 45% of them preferring content delivery through an
online browser and mobile applications. An important finding
of this study was that game-based learning could be integrated
into traditional classrooms in an effort to improve the learning
approach process.
People with habits such as alcoholism and drug abuse, and
propensity to violence need to receive serious intervention to
overcome these tendencies. One solution to this problem can
be using techniques to improve the mentality and character and
change the habits of the individuals involved, something the
government has established as a mental revolution. Considering
their popularity among a large section of the society, games are
increasingly being seen as an option for this purpose. There
are several references related to character development, ethics,
and good behavior. Suastra et al. [11] conducted research
on developing character based on local Balinese wisdom and
showed that core teaching procedures that can develop student
character are exploration, elaboration, and confirmation in terms
of various scientific, sociocultural, and historical perspectives.
According to Lickona [12, 13], teaching by example includes
treating children as friends who have the opportunity to imitate
their parents. For this reason, parents should present examples
of good character to their children, such as performing well
at school, leadership, tolerance, kindness, accepting diversity,
and delaying satisfaction, and drive them away from drug and
alcohol abuse, smoking, violence, depression, laziness, and
despair.
The application of the neural network and fuzzy model in
various studies has greatly impacted various inventions, including a study by Lotfi and Karimi [14], on the higher accuracy of
oil price prediction, to predict cadmium concentration in water
resources by Sonmez et al. [15]. The neuro-fuzzy inference
system combines fuzzy logic using artificial neural networks,
where the input value of the neural network is processed first
through a fuzzifier module, which makes ordinary numeric values cryptic values. Operations in the neural network are all
cryptic, and the output is returned to normal values via the defuzzifier module. The combination of fuzzy systems and neural
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networks is capable of implementing human expertise in such
a way that it can be used in the decision-making process in
organizations. The relationship between the input and output
variables can be used to predict the output variable if there is a
suitable input variable. A neuro-fuzzy system can be used to
develop a decision support system. In this study, we analyze
the effectiveness of the neuro-fuzzy to predict the character
as the output variable of two game-factor and emotional input
variables based on Balinese local wisdom.

2.

Related Work

2.1

Balinese Serious Game

The serious game that has been developed is titled I Durma, the
son of a hunter named I Rajapala, who is married to an angel.
The game is an episode of the I Rajapala game. As a child, I
Durma loved playing traditional Balinese games with his peers,
such as Petaumpet and Tajog. Figure 1 shows two stills from
the game: in the first still, the children are chatting together, in
the second, I Durma is playing Tajog.
Before starting the traditional Balinese game, I Durma talks
to his friends about diverse things, such as norms, ethics, and
manners based on religion, especially Hinduism. Everything
he obtained was from his mother. The ethics and norms are
very important for children, including: Catur Guru, Tri Kaya
Parisuda, Sadripu, Sadatitayi, Tri Hita Karana, etc. Many previous studies have focued on serious games based on Balinese
culture wisdom, such as “Cupak Gerantang” by Sukajaya et
al. [3] and “I Rajapala” by Suwindra et al. [4]. According
to the study by Winton [16], traditional approaches to character education must be abandoned for equality, diversity, active
participation, critical thinking, social justice, and the common
good.

(a)

(b)

Figure 1. (a) I Durma is chatting with children and (b) he is playing
Tajog.

2.2

Game Factor, Emotional and Character

Designing a serious game requires a strategy that combines fun
and learning. Shi and Shih [17] explained that the macro design
concept of a game consists of 11 important factors: objects,
mechanisms, fantasy, values, interaction, freedom, narration,
sensation, challenges, sociality, and mysteries. The combination
of these factors eventually determines the quality of the serious
game.
According to Kwon and Lee [18], a person’s emotions can
be categorized into four quartiles, each divided into three subquartiles: (1) Quartile 1 (pleased, happy, excited), (2) Quartile
2 (nervous, angry, annoying), (3) Quartile 3 (sleepy, bored,
sad), and (4) Quartile 4 (calm, peaceful, relaxed). If a person’s
emotions are not controlled and managed properly, they will
develop into habits. Moreover, habits developed based on negative emotions such as anger, boredom, and sleepiness can harm
oneself and others around the individual. Herodotou et al. [19]
explained that the emotions experienced by game players are
related to their personal characteristics. Furthermore, emotions
have been found to be negatively associated with the frequency
of playing games.
Lickona [12, 13] proposed that a model from parents, teachers, and others can develop the character of children. According
to Agung [20], character education is expected to be a tool and
opportunity for students to develop a variety of good characters
such as religiosity, honesty, integrity, tolerance, discipline, independent thinking, tenacity, creativity, patriotism, and friendliness. It is believed that children will develop favorable character
if parents play their roles in introducing them to ethics, morals,
and morality based on local culture.
2.3

Neuro-Fuzzy and Serious Game

The adaptive neuro-fuzzy inference system (ANFIS) is a model
that can be used to predict several cases in various fields. One
such case is a neuro-fuzzy model for predicting the effects of
noise pollution on human work efficiency by Zaheeruddin and
Garima [21], and other cases such as the others ANFIS for
prediction are as follows. In [14], the ANFIS model shows
higher accuracy than conventional neural networks in oil price
prediction of the oil prices of the Organization of Petroleum
Exporting Countries (OPEC). In [22], the analysis of the neurofuzzy membership function can predict inflation growth in Bali
Province. In [23], neuro-fuzzy systems (NFS) can explicitly
represent the input–output relationship model of complex problems and nonlinear systems in construction engineering and
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management (CEM) problems.
Artificial intelligence techniques based on fuzzy logic and
neural networks when combined together are called NFS. This
type of system is characterized by a fuzzy system, in which
fuzzy sets and fuzzy rules are adjusted using input-output patterns. There are several different implementations of NFSs, and
each set of researchers have defined their own hybrid neurofuzzy techniques. Murad and Malkawi [24] reported that an
adaptive neuro-fuzzy system can be trained to detect current
human emotions from a set of measured responses. In addition
to e-learning components, which include instructors, learners,
courses, and ICT, as well as learner performance, that aim to
measure e-learning success. According to Dicheva and Dichev
[25], the goal of game development is twofold: (1) comparing
new results with previous data, and (2) analyzing the growth of
gamification penetration in education. The study confirms that
the mechanism of practice has outpaced understanding by researchers, while the penetration of gamification is still growing.
Bae [26], aiming to improve the efficiency of the game development process, planned, designed, and developed a smart game
based on a platform game engine. Living worlds offer a nonlinear, unscripted process for experiencing and safely learning the
cognitive complexity and nuance of culture through emergent
high-fidelity cultural training simulation [27]. Barbosa and his
colleagues [1, 28] explained that serious game design needs to
consider game factors and the concept of real-time strategy in
the education and learning domain.

3.

Method

3.1

Research Process

The research process, as illustrated in Figure 2, began by conducting a literature review and obtaining insights from the experts of the Balinese culture to determine the topic of the game
to be developed. I Rajapala was a hunter married to an angel who gave birth to a son named I Durma. The next step
was to design and program the game. The developed game
consists of two episodes, namely, Episode-1: I Rajapala as a
hunter (challenge game) and Episode-2: I Durma (a game for
children’s development). The questionnaires of game-factor
emotional, and character are integrated into the game. After
the validity and reliability were examined, an experiment was
conducted. The questionnaire was displayed and worked on
by the players during each episode. The results of the data
analysis are reported in the form of a dissertation and a paper
for publication.
www.ijfis.org

3.2

Neuro Fuzzy Inference System

To predict the character player of the game, we analyzed the
relationship between game-factor, emotional, and character by
using the NFIS, whose design is shown in Figure 2.
The variables contained in the Sugeno Neuro-Fuzzy architecture scheme in Figure 3 can be explained as follows.
(1) The game-factor input variable (F) describes the game
player’s response to the game factors with a membership function (M11 , M12 , M13 , M14 , M15 ). The game factors consist
of 11 aspects represented in the serious game, including goals,
mechanisms, fantasies, values, interactions, freedom, narratives,
sensations, challenges, sociality, and mystery.
(2) Emotional input variable (E) describes the emotional
level of the game player with the membership function (M21 ,
M22 , M23 , M24 , M25 ), which consists of 12 aspects, including spirit, happiness, happiness, nervousness, anger, irritation,
sleepy, bored, sad, peaceful, and relentless.
(3) The character output variable (O) is a game player character with 10 types of character aspects, including independence,

Figure 2. Process of research.
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Figure 3. Sugeno neuro-fuzzy architecture scheme.
resilience, discipline, religion, honest, tolerant, patriotic, creative, integrity, and friendly.
In this study, the number of membership functions (MF)
for the input factors factor (F), emotion (E), 5, and 5 can be
interpreted linguistically from fuzzy grids. Every possible combination of fuzzy inputs is represented by a rule based on the
Sugeno FIS model. The number of rules of the NFIS model is
5 × 5 = 25. Figure 3 shows the architecture of Sugeno NFIS,
where the circle indicates the fixed node and the rectangle indicates the adaptive node. The Sugeno NFIS roles can be written
as:
(1) If ((F is M11 ) and (E is M21 ) ),

with k = 1, 2, ..., 25, where M ij , Z k , and M ok represent
the jth MF of the ith input, the kth output role, and the k-MF
output, respectively. In the Sugeno logic equation, FIS roles
C ok and σ ok are the consequence parameters that characterize
the forms of the MF output.
The architecture of Sugeno FIS consists of five layers: input,
fuzzification, product and implication roles, aggregation, and
de-fuzzification, with the following description:
Layer #1: This layer is an input crisp consisting of two input
variables F and E.
Layer #2: This layer converts the input crisp value to a fuzzy
value using the MF input.
Layer #3: This layer performs the fuzzification process,
where the weight or strength factor of each role pair is calculated. The weighting factor of each role, which is expressed as
ωk , is determined by evaluating membership statements in the
antecedents of that role. This is solved by changing the input
value to the MF value using the MF input at Layer #2 and then
applying the “and” operator to the MF value. The “and” operator corresponds to the multiplication of the MF input values.
Then, the strength factors of the roles are calculated using the
following formula:

then Z1 = Mo1 (z; co1 , σ o1 ).
(2) If ((F is M11 ) and (E is M22 ) ),
then Z2 = Mo2 (z; co2 , σ o2 ).
...
(13) If ((F is M13 ) and (E is M23 )),
then Z13 = Mo13 (z; co13 , σ o13 ).
...
(24) If ((F is M15 ) and (E is M24 )),
then Z24 = Mo24 (z; co24 , σ o24 ).

(1) ω 1 =M11 (F).M21 (E).

(25) If ((F is M15 ) and (E is M25 )),
then Z25 = Mo25 (z; co25 , σ o25 ).

(1)

(2) ω 2 =M11 (F).M22 (E).
...

In general, the output is written as Z k = M ok (zz ; C ok , σ ok )

(13) ω 13 =M13 (F).M23 (E).
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...
(24) ω 24 =M15 (F).M24 (E).
(25) ω 25 =M15 (F).M25 (E).

(2)

In this layer, the implications of each MF output can be
calculated using the equation:
Mimp,k = ω k Zk k = 1, 2, .., 25
25,

(3)

where Mimp,k represents the implications of MF output.
Layer #4: This layer is an aggregate formed from the average
yield of MF and Mo (Z) output using the union (∪) operator by
using the following equation:
Mo (Z) =

25
[
k=1

Mimp,k =

25
[
k=1

ωk Zk =

25
[

3.3
Mok (z; cok , σok )).

k=1

(4)
The types of MF output M ok are the types of each MF. The
“union” operator is formed using the maximum operator.
Layer #5: This layer is a de-fuzzification that is formed using
the centroid of the area method, with the following equation:
R
zdz
M oo(zz )zdz
(O) = Rzz
.
Output(O)
z
dz
M
(z
)dz
oo
zz

(5)

To determine the tendency of the form of dataset graphics, an
analysis of the membership functions of the data set was carried
out. The tendency of the form of datasets can be determined
from the smallest root-mean-square-error (RMSE) value of
the Sugeno neuro-fuzzy analysis. Each membership function
was analyzed using two methods: the backpropagation method
and the neuro-fuzzy method. The types of MF that would be
analyzed consists of eight types [29], namely: (1) Triangular
MF, f = M y(x) = trimf (x; a, b, c); (2) Trapezoidal MF,
f my(x) = trapmf (x; a, b, c, d); (3) Generalized Bell-shaped
MF with f = M y(x) = gbellmf (x; a, b, c); (4) Gaussian
MF, f = M y(x) = gaussmf (x; σ, c); (5) Two Gaussian
MF, f = M y(x) = gauss2mf (x; σ, c); (6) Sigmoidal MF,
f = M y(x) = sigmf (x; a, c); (7) Difference sigmoidal MF,
f = M y(x) = dsigmf (x; a, c); and (8) Product sigmoidal
MF, f = M y(x) = psigmf (x; a, c), where x is variable, and
a, b, c, d are constants. All of the MF types to determine their
RMSE were analyzed using the Simulink in the Fuzzy Logic
Toolbox for MATLAB [29].

www.ijfis.org

Figure 4. An example quiz integrated in the game.
Instruments of Research

There were three instruments in the form of questionnaires in
accordance with the variables to be measured in this study:
game-factor questionnaire, emotional questionnaire, and character questionnaire. The three questionnaires were integrated in
the game, in the form of a quiz that appeared on the sidelines
of the game as the players played the game.
Figure 4 shows an example of an emotional quiz integrated in
the game. The entire questionnaire is presented in the appendix.
Game players will respond to each quiz, and the answers to
each quiz given are recorded in the game database system in
the form of a Likert scale (score 1 to 5).
Each questionnaire consists of two parts that appear in each
episode, namely, Episode 1 with five items (Q1EP1–Q5EP1)
and Episode 2 with five items (Q1EP2–Q5EP2). The validity
and reliability of the questionnaires were examined, with significance at p = 0.01. This can be shown from the scientific
indices of each item and the Cronbach’s alpha values of each
questionnaire as follows.
Based on the output of the SPSS Pearson correlation analysis, the correlation coefficient r of each game-factor questionnaire item was as follows: Episode 1 (rQ1Ep1=0.444,
rQ2Ep1=0.425, rQ3Ep1=0.415, rQ4Ep1=0.459, rQ5Ep1=
0.426), and Episode 2 (rQ1Ep2=0.470, rQ2Ep2=0.539, rQ3Ep2
=0.424, rQ4Ep2=0.445, rQ5Ep2=0.422), and reliability (Cronbach’s alpha=0.684).
The correlation coefficient r of each emotional questionnaire item was also as follows: Episode 1 (rQ1Ep1=0.484,
rQ2Ep1=0.504, rQ3Ep1=0.524, rQ4Ep1=0.347, rQ5Ep1=
0.492), and Episode 2 (rQ1Ep2=0.481, rQ2Ep2=0.287, rQ3Ep2
=0.499, rQ4Ep2=0.526, rQ5Ep2=0.327), and reliability (Cronbach’s alpha =0.686).
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Likewise, the correlation coefficient r of each character questionnaire item was as follows: Episode 1 (rQ1Ep1=0.450,
rQ2Ep1=0.379, rQ3Ep1=0.556, rQ4Ep1=0.464, rQ5Ep1=
0.518), and Episode 2 (rQ1Ep2=0.415, rQ2Ep2=0.270, rQ3Ep2
=0.268, rQ4Ep2 =0.341, rQ5Ep2 =0.363), and reliability
(Cronbach’s alpha =0.655).

4.

Experiment and Data Analysis

4.1

Experiment for Children

Game trials were conducted for junior high school students
12–14 years old, as shown in Figure 5. A total of 18 children
accustomed to playing games participated in the study. Each
child played the game 10–15 times. The data were recorded
every time the game played was recorded in a database system
that was integrated in the game.
Figure 5 shows that the children learning together how to
play the game before the game trial, and a child testing play
game alone.
4.2

Design of Data Analysis

The design of data analysis consists of three variables, namely,
game-factor and emotional, which were input variables, and
character, which was the output variable. Their relationships
were analyzed using the Sugeno neuro-fuzzy. The design of the
method is shown in Figure 6.

(a)

(b)

The Sugeno neuro-fuzzy analysis was performed using both
the backpropagation method and the neuro-fuzzy method. Prediction of slope stability using an ANFIS based on clustering
methods [30] [31]. In this study, data grouping was carried
out with all, odd, and even data sequences for training, testing,
and checking. The fair of data consists of a game-factor and
emotional as an input, and character as an output. Data analysis was performed using the Sugeno neuro-fuzzy method with
the help of the Simulink/MATLAB R2014b application [29].
The data analysis to determine the relationship between variables begins with an analysis to determine the tendency of the
membership function (MF) to form fuzzy. The analysis of the
inclination shape of the slope was determined by the training
dataset using membership function models in the neuro-fuzzy
analysis, namely, triangular membership function (trimf ),
trapezoidal membership function (trapmf ), generalized bell
membership function (gbellmf ), Gaussian membership function (gaussmf ), two generalized bell membership function
(gauss2mf ), sigmoidal membership function (sigmf ), difference sigmoidal membership function (dsigmf ), and product
sigmoidal membership function (psigmf ). The most suitable
membership function model was determined based on the smallest RMSE from the training results.
4.3

Description of Research Results

The results of the game experiment carried out on 18 children
obtained three types of variable data: (1) game-factor variables,
(2) emotional variables, and (3) character variables. Each child
played games 10–15 times while answering the questionnaire;
the resulting data were recorded and integrated into the game.
Thus, 205 score data samples were obtained for each variable.
All three variables were formed in a 205×3 matrix of the data
pairs. Visually, the variance of the score is shown in Figure 7.
Figure 7 shows that between pairs of variables, the value
varies significantly, where blue represents the game-factor variable, pink the emotional variable, and light brown the character

Figure 5. (a) The children learning together how to play the game
before the game trial and (b) a child testing a game alone.

Figure 6. Design of Sugeno neuro-fuzzy method.

Figure 7. Graph of data set samples.

299 | I. Nyoman Putu Suwindra, I. Ketut Gede Darma Putra, Made Sudarma, and Nyoman Putra Sastra

http://doi.org/10.5391/IJFIS.2021.21.3.293

5

4.4 Result of data analysis

4

(1) Training data analysis
Training data analysis to determine the RMSE of each
membership function model (trimf, trapmf, gbellmf,
gaussmf, gauss2mf, pimf, dsigmf, and psigmf) were carried
out with two inputs, each with a membership number of 5
(5 × 5 rules number), epoch between 100-600,
backpropagation, and Neuro-Fuzzy. The results of the
training and learning analyses are presented in Table 1.
Based on Table 1, the smallest RMSE value was
generated
from8. Structure
the training
analysis
withmethod.
a difference
Figure
of Sugeno
neuro-fuzzy
sigmoidal membership function (dsigmf) model, which was

The RMSE values

(4) the output mf layer consists of 25 mf; (5) the output
layer consists of one output (Character).

The RMSE graph with dsigmf

3
2
계열1
계열2

1
0

1

2

3

4 5 6 7 8
The Epoch 100-600

9

10 11

Fig. 9. The RMSE graph with dsigmf
Figure 9. RMSE graph with dsigmf.

Figure 9 shows that the training analysis with the
difference sigmoidal membership function graphically the
considered
the most
suitable
for the
neuro
method
value
of RMSE
based
on theinput
epoch
with
the fuzzy
Neuro-Fuzzy

variable. The relationship between these variables was exam- to predict output.
1. RMSE
values of mf
trainingor training analysis was conducted on the eight
Learning
ined through an analysis using the SugenoTable
neuro-fuzzy
method.
All data pairs were classified into three groups of data pairs, types of MF models with epochs: (100, 150, 200, 250, 300, 350,
namely the first data group for training, the second group for 400, 450, 500, 550, and 600), and with two backpropagation and
testing, and the third group for checking. Bearing in mind hybrid methods, 88 pairs of RMSE values were obtained. Of the
that the number of data samples was relatively small, the de- 88 pairs of RMSE values, eight pairs (red text mark) or 9.09%
termination of data groups was carried out conventionally and of the RMSE values with the backpropagation method were
rationally, namely (1) all data for training or learning, (2) odd smaller than the RMSE values with the neuro-fuzzy method.
data for testing, and (3) even data for checking. The structural This means that the error rate of the training analysis with the
neuro-fuzzy method is lower than the error rate with the backscheme of Sugeno neuro-fuzzy method is shown in Figure 8.
Figure 8 shows that the Sugeno neuro-fuzzy method structure propagation method. In other words, the neuro-fuzzy method is
scheme consists of five layers: (1) the input layer consists of better than the backpropagation method.
two inputs (game-factor and emotional); (2) the input MF layer
consists of 5 MF each; (3) role layer consists of 5×5=25 roles;
(4) the output MF layer consists of 25 MF; (5) the output layer
consists of one output (character).
4.4
4.4.1

Result of Data Analysis
Training data analysis

Figure 9 shows that the training analysis with the difference
sigmoidal membership function graphically the value of RMSE
based on the epoch with the neuro-fuzzy method (series2) is
smaller than the value of RMSE with the backpropagation
method (series1). The same was obtained from the training
analysis of each membership function model at epoch=500.
The same thing based on the membership function models,
graphically also shows that the RMSE value with the neurofuzzy method (series2) is smaller than the RMSE value with
the backpropagation method (series1), as shown in Figure 10.

Training data analysis to determine the RMSE of each membership function model (trimf , trapmf , gbellmf , gaussmf ,
Based on Figure 11, it can be explained that the display
gauss2mf , pimf , dsigmf , and psigmf ) were carried out
3,41291 with
(brown
mark)
epochs
= 500. Itnumber
means ofthat
smaller
than the
valuegame-factor,
of RMSEemotional,
with the
patterns is
of the
relationship
between
two cell
inputs,
eachat
with
a membership
5 (5×5 (series2)
the dsigmf
model
was
considered
the
most
suitable
input
for
backpropagation
method
(series1).
The
same
was
obtained
and
character
of
the
membership
function
models
appear
to be
rules number), epoch between 100-600, backpropagation, and
the neuroneuro-fuzzy.
fuzzy method
to
predict
output.
from
the
training
analysis
of
each
membership
function
The results of the training and learning analyses almost the same or similar between the neuro-fuzzy and back
Learning or training analysis was conducted on the eight
model
at epoch=500.
The samehowever,
thing the
based
on the
propagation.
There were exceptions;
membership
are presented in Table 1.
types of mf models with epochs: (100, 150, 200, 250, 300,
membership function models, graphically also shows that
function pattern, gbellmf pattern, and gauss2mf pattern, as
Table 550,
1, the smallest
RMSE
value
was generated
350, 400, Based
450,on500,
and 600),
and
with
two
the RMSE value with the Neuro-Fuzzy (series2) is smaller
from the training analysis with a difference sigmoidal member- presented in Figures 12 and 13, were different.

backpropagation and hybrid methods, 88 pairs of RMSE
than the RMSE value with the backpropagation method
ship function
(dsigmf
) model,
whichofwas
3,41291
(brown cell (series1),
In terms
of the RMSE
values,
values were
obtained.
Of the
88 pairs
RMSE
values,
as shown
in Figure
10.the neuro-fuzzy method is
eight pairs
(redat text
mark)
or It9.09%
thetheRMSE
values
mark)
epochs
= 500.
meansof
that
dsigmf
model was smaller
than
the
backpropagation
This
is the
clearly
obBased on Figure 11, it can be method.
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that
display
with the backpropagation method were smaller than the
patterns of the relationship between game-factor, emotional,
RMSE values
with
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method.
This
means
and character
the Character
membership
function
models
appear
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that the error rate of the training analysis with the neurobe almost the same or similar between the neuro-fuzzy and
fuzzy method is lower than the error rate with the
back propagation. There were exceptions; however, the
backpropagation method. In other words, the neuro-fuzzy
membership function pattern, gbellmf pattern, and
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Table 1. RMSE values of membership function (MF) training
MF

RMSE values with epoach

Method
100

trimf

Neuro-fuzzy
trapmf

350

400

450

500

550

600

3.84692 3.84492 3.84492 3.84138 3.84180 3.84115 3.84110 3.84092 3.84013 3.71381 3.70724
3.70114 3.70658 3.71431 3.71431 3.72437 3.72437 3.73715 3.73715 3.75762 3.63641 3.75305
3.61933 3.47734 3.42471 3.42471 3.42457 3.42451 3.42372 3.42371 3.42299 3.48329 3.48467
3.75209 3.68299 3.60824 3.56897 3.56896 3.56850 3.56864 3.56868 3.56817 3.53488 3.53315

Backpropagation 3.67837 3.67143 3.87551 3.58637 3.50341 3.46763 4.30248 3.51921 3.49693 3.46384 3.46415
Neuro-fuzzy

3.68719 3.54526 3.57187 3.50307 3.46797 3.46797 3.51506 3.49674 3.49356 3.47970 3.46589

Backpropagation 3.81024 4.26273 4.39607 3.71909 3.54303 3.54302 3.54286 3.54292 3.54250 4.13374 3.54594

pimf

Neuro-fuzzy
dsigmf
psigmf

3.82149 3.77939 3.74066 3.55349 3.54136 3.54131 3.54128 3.54124 3.54124 3.54482 3.54139

Backpropagation 3.72676 3.61261 4.23532 3.43212 3.43185 3.41579 3.45108 3.43266 3.42399 3.94002 3.94002
Neuro-fuzzy

3.60862 3.53048 3.41482 3.41482 3.41431 3.41382 3.41382 3.41326 3.41291 3.92837 3.92837

Backpropagation 4.47560 4.47415 4.38513 4.38165 4.37624 4.17226 4.17127 4.17827 4.16903 4.16818 4.16779
Neuro-fuzzy

3.74417 4.42793 4.38396 4.38048 4.17226 4.17226 4.16970 4.16857 4.16739 4.16685 4.16639

game player can be predicted from the game factor and
emotional with a mean of 40.9, and an RMSE of 3.41291.

The RMSE graph at Epoch=500
5

The RMSE values

300

Backpropagation 4.13565 3.73080 3.73041 3.61325 3.60686 3.62005 3.61918 3.60344 3.64134 4.13378 3.54818
Neuro-fuzzy

gauss2mf

250

Backpropagation 3.68699 3.68553 3.74014 3.66648 3.66438 3.76226 3.86020 3.86493 3.93959 4.16973 4.25481
Neuro-fuzzy

gaussmf

200

Backpropagation 3.70564 3.71071 3.71225 3.71886 3.72104 3.73010 3.73189 3.74317 3.74705 3.63525 4.17197
Neuro-fuzzy

gbellmf

150

Backpropagation 3.91261 3.91233 3.90157 3.90845 3.90888 3.89136 3.89413 3.87665 3.88443 4.10996 3.71355

4

(2) Data Testing and Checking

3
2
계열1
계열2

1
0
1

2

3

4

5

6

7

8

The MF models
Figure 10. The
graph
at epoch=
Fig.RMSE
10. The
RMSE
graph at500.
Epoch=500

Testing and checking of data was carried out using the
same method, namely, the Sugeno neuro fuzzy (hybrid and
backpropagation)
method and the difference
sigmoidal
(a)
(b)
membership function (dsigmf) as input to epoch=500. The
Figure
12. Graph
training
dataaswith
gbellmf
(a) data
results
of thedisplay
analysis
were
follows:
Forpattern:
testing
the analysis,
neuro-fuzzythe
method
backpropagation with
method.
valueand
of (b)
RMSE=2.64309
both the hybrid
and backpropagation methods. The verification analysis
shows that the value of RMSE=2.75212 (neuro-fuzzy) is
smaller than the value of RMSE=2.77419 (backpropagation
method). This means that for both testing data and checking
data, the Hybrid neuro fuzzy is interpreted according to
training data analysis. The graphic display of the
relationship between game-factor, emotional, and character
for both analyses is shown in Figure 14 and 15.
(a)

(a)(a)
(b)
(b)
Fig. 11. Graph display training data with dsigmf pattern
Neuro-Fuzzy,
(b)data
Backpropagation
method(a) the
Figure 11. (a)
Graph
display training
with dsigmf pattern:

neuro-fuzzy method and (b) backpropagation method.
served in Figure 8. Based on the analysis of training data that
has been done it can be concluded that with the NFIS there is a

(b)

Figure 13. Graph display training data with gauss2mf pattern: (a)
the neuro-fuzzy method and (b) backpropagation method.
relationship between game-factor, emotional and character. In
other words, the character of a game player can be predicted
(b)
(b)
from theFig.
game-factor
emotional
mean
of 40.9,
and
14. Graphand
display
testingwith
dataawith
dsigmf
pattern
an RMSE of 3.41291.
(a) Neuro-Fuzzy, (b) Backpropagation method
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4.4.2

Data testing and checking

Testing and checking of data was carried out using the same
method, namely, the Sugeno neuro-fuzzy (hybrid and backpropagation) method and the difference sigmoidal membership
function (dsigmf ) as input to epoch= 500. The results of the
analysis were as follows: for testing data analysis, the value
of RMSE= 2.64309 with both the hybrid and backpropagation methods. The verification analysis shows that the value
of RMSE= 2.75212 (neuro-fuzzy) is smaller than the value of
RMSE= 2.77419 (backpropagation method). This means that
for both testing data and checking data, the hybrid neuro-fuzzy
is interpreted according to training data analysis. The graphic
display of the relationship between game-factor, emotional, and
character for both analyses is shown in Figures 14 and 15.

from the three neuro-fuzzy analyses, the numbers show some
varieties, namely training (40.9), testing (42.0), and checking
(42.4). The average input values of the game-factor and emotional variables showed 38.5 and 37.0, respectively.

4.4.3

4.4.4

The effectiveness of neuro-fuzzy analysis

A summary of the data analysis results of the neuro-fuzzy with
a difference sigmoidal membership function (dsigmf ) as mf
input at epoch=500 is presented in Table 2.
The results displayed in Table 2 can be explained as follows.
Based on the third RMSE value of the analysis, that is, training (3.41 < 3.42) or (3.41291 < 3.42399) in Table 1, testing
(2.64 ≤ 2.64), and checking (2.75 < 2.77) show that the hybrid method is better than the backpropagation method. When
viewed from the average output value of character variables

(a)

(b)

Figure 14. Graph display testing data with dsigmf pattern: (a) the
neuro-fuzzy method and (b) backpropagation method.

(a)

(b)

Figure 15. Graph display checking data with dsigmf pattern: (a)
the neuro-fuzzy method and (b) backpropagation method.

Discussion

The smallest RMSE value was generated from the training
analysis using the difference sigmoidal membership function
(dsigmf ) model, which was 3.41291 at epochs= 500. It means
that the difference sigmoidal membership function (dsigmf )
model the most suitable input for the neuro-fuzzy method to
predict output. It is suitable for the prediction of slope stability
using an ANFIS based on clustering methods [30].
Our analysis reveals that the relationship between gamefactor, emotional, and character variables was the game player
analyzed using the neuro-fuzzy method. This is indicated by the
output values of the neuro-fuzzy analysis. It was obtained that:
training analysis (40.9 ± 3.41), testing analysis (42.0 ± 2.64),
and checking analysis (42.4±2.75) with the difference between
them (∆µ < 5%). In other words, characters can be predicted
from game factors and emotional players. These results indicate compliance with the neuro-fuzzy model for predicting in
many cases, namely, by Lotfi and Karimi [14], Zaheeruddin and
Garima [21], Raharja, et al. [22], and Tiruneh et al. [23].
Based on the analysis results, it can be interpreted that the

Table 2. Summary of the neuro-fuzzy analysis
Mean and RMSE of character with method:

Mean of
game-factor

Mean of
emotional

Statistic

Descriptive

42.3

38.6

41.0±6.43

Training

38.5

37.0

40.9±3.41

Testing

38.5

37.0

Checking

38.5

37.0

Data analysis

www.ijfis.org

Neuro-fuzzy

Backpropagation

∆µ (%)
1.84

1.12

39.7±3.42

2.62

5.25

42.0±2.64

41.9±2.64

0.94

2.56

42.4±2.75

43.0±2.77

3.54

7.67
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character can be predicted from the game-factor and emotion of
the player. This can be explained by the analysis of the mean difference between the descriptive statistical method and the neurofuzzy method (hybrid=1.84%; backpropagation=1.12%). The
difference in mean analysis of the neuro-fuzzy method between
training and testing (2.62%), testing to checking (0.94%), and
training to checking (3.54%). Likewise, the difference in mean
analysis of the backpropagation method between training and
testing (5.25%), testing to checking (2.56%), and training to
checking (7.67%). This means that the analysis using the neurofuzzy method is better at determining the relationship between
game-factor, emotional, and character variables (∆µ < 5%)
compared with the backpropagation method. This is supported
by Shi and Shih [17] on the macro design concept of a game,
Kwon and Lee [18] on the category of a person’s emotions, and
Lickona [12, 13] about the development of the children’s character. This means that games based on local Balinese wisdom can
mediate the development of children’s character, as expressed
by Sukajaya et al. [3] in the Balinese game “Cupak Gerantang,”
and Suwindra et al. [4] in the game development to preserve
Balinese culture by incorporating the folklore “Rajapala.”
Furthermore, the children who played the game respond
positively to the game based on game factors with a mean
of 38.5 out of 50 max scores, and an emotional level with a
mean of 37 out of 50 max scores. This will impact on the
success of the learning process, as expressed by Winton [16],
traditional approaches to character education; Barbosa et al. [1,
28], serious game design needs to consider game factors and the
real-time strategy concept; Dicheva and Dichev [25], the goal of
game development; and Bae [26], for the efficiency of the game
development process. The new findings of this study were that
the neuro-fuzzy method can determine the relationship between
game factors, emotions, and children’s characteristics.
The implication of further research is the development of a
neuro-fuzzy-based decision support system. For the benefit of
the teacher or each user, the teacher can recommend students or
users so that playing games avoids types of games that have bad
effects on character development of children. For example, war
games or games involving violence can have negative impact
on children. Likewise, it is important to teach the children that
they should be able to control emotions and reduce irritability
while playing games, as it can have a bad impact on their over
well-being and character development.
The neuro-fuzzy superiority with respect non-fuzzy method
is that the neuro-fuzzy method, in the further research can be carried out about the decision support system based on neuro-fuzzy

that integrated in the game. It is possible that the regression
method would be difficult to integrate.

5.

Conclusion

The present study found a relationship between game-factor,
emotional, and character variables of children playing a game,
when analyzed using the neuro-fuzzy method. This is indicated
by the output values of the neuro-fuzzy analysis. It was obtained
that: training analysis (40.9 ± 3.41), testing analysis (42.0 ±
2.64), and checking analysis (42.4 ± 2.75) with the difference
between them (∆µ<5%) out of 50 max scores. In other words,
characters can be predicted from game factors and emotions of
the players.
The finding can help teachers advise users to choose the type
of game and control their emotions while playing games as it
affects their character development. Furthermore, children who
were involved in playing the game responded positively to the
game based on Balinese local wisdom.
The implication of further research is the development of a
neuro-fuzzy-based decision support system. Using that system,
the teacher can help students or users avoid playing games that
have a negative impact on children’s character development.
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Appendix
(1) Emotional questionnaire
Q1Ep1 I Rajapala is one of the Balinese folk tales. If you have
ever heard or known about the story of I Rajapala, how
do you feel?
◦ Very moved
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◦ Sad to live as a hunter

◦ Feel very annoyed not free

◦ Don’t know the story

◦ Don’t know and get dizzy

◦ Happy as a hunter

◦ Feel very happy to learn a lot

◦ Very happy to live freely in the forest

◦ Feel annoyed by a lot of advice

Q2Ep1 If you were I Rajapala, wouldn’t you feel guilty about
hiding the shawl belonging to the angel Ken Sulasih?
◦ Not feeling guilty

Q2p2 If you were I Durma, how would you feel when your
friends mock you when you were not careful in playing
Tajog?

◦ Don’t feel guilty

◦ Feel very angry

◦ Not feeling guilty which is important to angels

◦ Complain

◦ Average Feeling guilty

◦ Ordinary feel neutral

◦ Feeling guilty

◦ Do not care.

Q3Ep1 If you were I Rajapala, wouldn’t you feel sorry to see
a woman cry because she lost her shawl?
◦ Feel sorry

◦ Laugh
Q3p2 If you were I Durma, don’t you feel annoyed when you
always fail to answer questions on the first mission?

◦ Feel very sorry

◦ Yes, I feel annoyed

◦ Don’t feel sorry

◦ I feel neural

◦ Ordinary feel neutral

◦ Yes, I really annoyed at being wrong all the time

◦ What do you feel sorry for?

◦ No, because it can still be repeated

Q4Ep1 If you were I Rajapala, wouldn’t you feel annoyed
when your arrows keep missing?
◦ Yes, I feel annoyed

◦ No, because you can learn to concentrate
Q4p2 If you are I Durma, would you feel happy if you could
answer every little bit correctly and correctly?

◦ Ordinary neutral

◦ Not happy

◦ Yes, I feel very upset that the animal escaped

◦ Very unhappy if I fail

◦ No, because there is still another chance

◦ Neutral

◦ No, because I’m sorry for the animals

◦ Very happy, especially all right

Q5Ep1 If you were I Rajapala, would you still want to be a
hunter?
◦ Yes, because there is no other job

◦ Happy means having knowledge
Q5p2 If you were I Durma, would you feel happy if you could
answer every little bit correctly and correctly?

◦ Yes, because hunting gets faster results

◦ Not happy

◦ I don’t know what to do

◦ Very unhappy if you fail

◦ No, because killing is a sinful act

◦ Ordinary neutral

◦ No, because hunting means killing

◦ Very happy, especially all right

Q1p2 I Durma in his childhood was very loved and guided by
his mother, if you were I Durma how would you feel?
◦ Feel happy being loved
www.ijfis.org

◦ Happy means having knowledge
(2) Game-factor questionnaire
Q1Ep1 In your opinion, is the purpose of this game play clear?
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◦ Very clear

◦ Very challenging

◦ Clear

◦ Challenging

◦ Do not know

◦ Ordinary

◦ Not clear

◦ Not challenging

◦ Very unclear

◦ Not very challenging

Q2Ep1 Do you think the instructions and steps in this game
are easy for you to understand?
◦ Very easy
◦ Easy
◦ Do not know
◦ Difficult
◦ Very difficult
Q3Ep1 According to your opinion, do the operational and interaction processes of your easy games always miss?
◦ Very easy
◦ Easy
◦ Do not know
◦ Difficult

Q2Ep2 A track where tajog plays is varied according to the
level of difficulty. How do you agree to this statement?
◦ Strongly agree
◦ Agree
◦ Do not know
◦ Disagree
◦ Strongly disagree
Q3Ep2 game over occurs if you fail the mission you do, and
you can repeat this mission. What is your opinion?
◦ Very good for accuracy
◦ A good strategy keeps time going
◦ Do not know
◦ Not good for players
◦ Time is running out fast for players

◦ Very difficult
Q4Ep1 According to your opinion, can you play the game in
various of ways?

Q4Ep2 According to your opinion, can games be useful for
eliminating stress?
◦ Very useful

◦ Yes, in a very varies ways

◦ Could be useful

◦ Yes, in varies ways

◦ I don’t know

◦ I don’t know

◦ Un useful

◦ Not various ways

◦ It is very difficult to be of use

◦ Extremely difficult ways un varies ways
Q5Ep1 According to your opinion, is the storyline of this game
easy for you to understand?

Q5Ep2 Do you think the mission of this game is easy for you
to understand?
◦ Very easy to understand

◦ Very easy to understand

◦ Easy to understand

◦ Easy to understand

◦ Do not know

◦ Do not know

◦ Difficult to understand

◦ Difficult to understand

◦ Very difficult to understand

◦ Very difficult to understand
Q1Ep2 According to your opinion, is the Tajog game is a challenging?

(3) Character questionnaire
Q1Ep1 Hunting will inevitably lead to the killing of animals,
do you think killing animals is a sinful act?
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◦ Very sinful

◦ Continue to chase until the animal is exhausted

◦ Sinful

Q1Ep2 I Durma as a child studied diligently about ethical
values. What do you think?

◦ Don’t know
◦ No sin

◦ Very good

◦ Very innocent

◦ Good

Q2Ep1 If you were I Rajapala, when you wanted to shoot an
arrow a pig, suddenly there was a snake near you. What
would you do in that situation?
◦ Keep shooting the hog
◦ Avoid snakes
◦ Do not know

◦ Neutral
◦ Not good
◦ Not very good
Q2Ep2 According to your opinion, is it true that “Tri Kaya
Parisuda” thinking, saying and behaving well a way of
life that must be done to be a good person?
◦ Very true

◦ Let the pigs go

◦ Right

◦ Kill the snake

◦ Do not know

Q3Ep1 If you were I Rajapala, and you chased shot pigs and
birds part many times, but never hit the target. What
would you feel?
◦ Very desperate
◦ Do not give up

◦ Untrue
◦ Very untrue
Q3Ep2 When playing with friends, some of I Durma’s friends
had opinions and behaviors that were incompatible with
him. If you were I Durma, what would you think?
◦ It is very natural that opinions are not the same

◦ Don’t know

◦ It’s a natural thing

◦ Frustrated

◦ I do not care

◦ Enthusiastic

◦ I want the same opinion

Q4Ep1 After hiding the scarf, I Rajapala approached Ken Sulasih who was confused looking for his lost scarf. What
do you think should be done by I Rajapala?

◦ I force all opinions to be the same
Q4Ep2 When learning from his mother, I Durma always asked
a lot of questions until he understood. What do you think?

◦ Immediately return his scarf

◦ I strongly disagree with chatty people

◦ Keep it hidden

◦ I disagree asking many questions

◦ Not return

◦ I feel neural

◦ Return at a later date

◦ I agree in order to understand

◦ I do not know what to do
Q5Ep1 There are 20 arrows available and 20 minutes for the
’easy’ level. What did you do to complete the ‘first’
mission?

◦ I strongly agree that all is understood
Q5Ep2 When playing with friends, I Durma didn’t express
he things that were not suitable what he behind and felt.
What do you think?
◦ Strong integrity

◦ Chase and aim at the hog.

◦ Integrity

◦ Shoot animals as often as possible.

◦ It is common

◦ Find the pigs and shoots them

◦ Un integrity

◦ Don’t know and confused

◦ Strong un integrity
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