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ABSTRACT 

This study aims to construct a fuzzy model for predicting math anxiety by using mathematics self-efficacy and 

positive attitude towards mathematics as input variables. The model focuses on using fuzzy rules developed by Wang, 

but is limited to the third step, because the variables are related to human psychology. The data used were taken from 

senior high schools in Pacitan, East Java. One thousand data were used to build fuzzy rules and 26 data for testing the 

model. There are three models formed, namely two fuzzy models and one regression model. Model 1 and Model 2 are 

fuzzy models built using Wang's method until the third step and complete rules, respectively. The MAPE calculation 

shows that all of the models have good accuracy to predict math anxiety. The MSE shows that Model 1 is the best 

model among the three models. In addition, based on the standard deviation, Model 1 is the better at controlling 

uncertainty in the raw data than the regression model. 

Keywords: Anxiety, attitude to word math, fuzzy model, mathematics, self-efficacy.

1. INTRODUCTION

Even still, the human psychological factor needs 

realistic powers of reasoning and interpretation to 

support a successful learning outcome. It is pertaining to 

anxiety, self-efficacy, and positive attitudes. Anxiety 

has a negative effect on mathematics learning 

achievement [1]–[5]. Furthermore, other psychological 

factors which affect learning and mathematics learning 

outcomes are self-efficacy [6], [7], and attitudes towards 

mathematics [5], [8]. Both factors have a mathematical 

anxiety correlation [9]. With reference to the 

aforementioned researches, self-efficacy has a negative 

correlation with math anxiety [9], [10]. The positive 

attitudes towards mathematics have a negative 

correlation with mathematics anxiety. Conversely, 

negative attitudes have a positive correlation with math 

anxiety [9]. 

Understandably, based on the correlation between 

anxiety with self-efficacy and attitude towards 

mathematics, this study is then purposefully conducted 

in order to uncover the predictions of anxiety which was 

carried out using self-efficacy and attitude data based on 

fuzzy systems. The reason for using the fuzzy systems 

in human behavior studies is to reduce the uncertainty of 

the obtained data from the use of the questionnaire [11]. 

The fuzzy concepts have been extensively applied to 

predict data, some of which are fuzzy applications to 

predict time series data on Indonesia inflation rate [12], 

earthquake [13], temperature [12], and in psychology 

[11], [14], [15]. The advantage of fuzzy systems for 

predictions is that it does not require parametric 

conditions to be met as in regression, it is suitable for 

data that do not contain trends, and it can be constructed 

without data. Researchers or experts experiences can be 

used to set the fuzzy rules system that will be formed. 

A fuzzy system requires a fuzzy rule that is used to 

decide the output. Fuzzy rules are formed by selecting 

data pairs or based on expert statements. The rule 

selection method includes the Look-Up Scheme Table 

Method [16] and the Complete Fuzzy Rule Method, 

which is generalized from Wang’s method [17]. 

Generating Fuzzy rules that are based on expert 

judgments can be done without any data to construct the 

fuzzy model [11]. 

Based on the information above, this study is 

focused on a fuzzy rule selection method proposed by 

selecting all possible outputs which appear in the same 
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input pair. For instance, if there appear, in the process of 

forming fuzzy rules, input-output pairs as (A1, B2: C1), 

(A1, B2: C2) and (A1, B2: C3), and this can be obtained 

in the third step of Wang’s method. If we use the full 

step of Wang's [16] selection rule, then just one rule is 

obtained, in order to avoid chaos in output. This method 

is used because the output must be able to represent 

each student's math anxiety.  

2. METHOD  

2.1. Variable  

There are two independent variables, namely math 

self-efficacy (x1) and the positive attitude of students in 

mathematics (x2). Students' math anxiety (y) is the 

dependent variable. 

2.2. Respondents 

The math anxiety, math self-efficacy, and positive 

attitudes data were taken from 1,026 high school 

students in Pacitan, East Java, Indonesia. As many as 

1,000 data were used to form the model and 26 data 

were used to test it.  

2.3. Constructing Fuzzy System and Data 

Analysis 

The fuzzy rules were formed from input-output data 

pairs. The input variables were self-efficacy and 

positive attitude of students in mathematics; whereas, 

the output was math anxiety. Before forming the fuzzy 

rules, fuzzy sets had to be built based on the data range 

from each variable [16]. These fuzzy sets described the 

categories of each variable by using nine language term 

levels. The math anxiety and self-efficacy variables 

were written using language variable levels including 

very low, rather very low, low, rather low, moderate, 

rather high, high, slightly very high, very high. Then, 

the level for positive attitudes towards Math includes 

very negative, rather very negative, negative, rather 

negative, neutral, rather positive, positive, rather very 

positive, very positive. For more details see Figure 1 

and Figure 2 

The fuzzy model elements used are Singleton 

fuzzification, multiplication inference engine, central 

average defuzzification, and Gaussian membership 

function. The fuzzy-based rules are determined using 

two methods, namely, the Look Up Scheme Table [16] 

and the rule selection method proposed in this article. 

Furthermore, the fuzzy model optimization process is 

done by redefining the values range or support of each 

formed fuzzy set [17]. 

 

Figure 1 Fuzzy linguistic variable for math anxiety and 

self-efficacy 

 

Figure 2 Fuzzy linguistic variables for students’ attitude 

toward math 

The process of the Table look-up scheme method 

[16] to build the fuzzy rules was carried out in the 

following steps. 

Let N be given pairs of training data from self-

efficacy data (x1), attitude (x2), and math anxiety (y) :  

(x1i, x2i; Yi) for i=1,2,…,n 

Step1. Define the universal set of input and output 

domains.  

Step2. Define the fuzzy set on a continuum, normal 

and complete universal set. 

Step3. Form one fuzzy rule for one pair of training 

data and obtain fuzzy rules: 
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Step4. Calculate the degree of each fuzzy rule 

obtained from step 3. If there are conflicting fuzzy rules, 

then select the highest degree of fuzzy rules for each 

data pair. 

 
 

Step5. Form fuzzy rules base obtained from step4. 

Step6. The form of a fuzzy model consists of fuzzy 

rule bases, fuzzification, fuzzy inference engines, and 

defuzzification. To get the best model, a fuzzy model is 

constructed with singleton fuzzification, multiplication 

inference engine, central mean defuzzification, and 

Gaussian membership function, namely: 

 

 
 

Note that: 

= the i-th students' Math anxiety predictions 

value 

m   = the number of formed fuzzy rules  

= the center of the fuzzy set C output in the j-th 

rule  

 = the center of the fuzzy set A input in the j-

th rule  

= the center of the fuzzy set B input in the j-

th rule  

= the support for each A fuzzy set 

= the support for each B fuzzy set 

 

Then, the fuzzy model formed was compared with 

the regression model using Mean Square Error (MSE) 

and Mean Absolute percentage error (MAPE). 

 

 

3. RESULTS AND DISCUSSION 

The fuzzy models were constructed using nine fuzzy 

sets and its rule was generated using the Wang method. 

The following process of Wang’s method [16] was 

obtained. 

Step 1: the universal set of each variable for self-

efficacy (x1), attitude (x2), and anxiety (y), [17 73], [17 

75] and [15 73] respectively. 

Step 2: the number of fuzzy sets used were adjusted 

to the number of language variable levels used in each 

variable. 

Step 3: 124 fuzzy rules were successfully formed 

from each data pair called model 1 and obtained in 

Table 1. 

Step 4: Selecting rules to get optimal and effective 

rule from 124 were obtained to 35 rules, which were 

called model 2.  

Steps 5 and 6: A fuzzy model with conditions as 

shown in Table 1 was obtained. Furthermore, each 

model formed can be seen in the formulas below and 

Figures 3, 4, and 5. 

3.1.1. Fuzzy Model 1 

 

3.1.2. Fuzzy Model 2 

 

3.1.3. Regression Models 

 
 

Table 1 The numbers of fuzzy sets and the rules of each 

model 

Fuzzy 
model 

Number of 
fuzzy sets  

Rule selection 
method 

Number 
of rules 

Model-
1 

9 fuzzy set The proposed 
method 

124 rules 

Model-
2 

9 fuzzy set Wang's method 35 rules 

 

The model defined in Table 1 was then compared to 

the classical method of regression analysis. The 

prediction results of each model were compared by 

looking at the Mean Square Error (MSE), Mean 

Average Percentage Error (MAPE) [12], [17], [18], and 

its variance [11]. 

Table 2 shows the MSE and MAPE values of each 

fuzzy and regression model. Based on the value of the 

MSE, Model 1 is the best model when compared to 

other models, and Model 2 is not better than regression. 

Furthermore, the MAPE value shows that each model 
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has a good level of accuracy in predicting math anxiety, 

this is indicated by the MAPE value which is between 

10 -20 [19]. The standard deviation shows some 

uncertainty information of the data. The standard 

deviation described a variance in the data. The smaller 

standard deviation value showed the best model in 

controlling uncertainty [11]. In other words, the fuzzy 

model is better than the regression model, and Model 1 

is the best model. 

Table 2 MSE, MAPE and the Variance of Each Model 

for Trial data 

Model Trial data  

MSE MAPE Standard 
deviation 

Model-1 51.468 13.93% 2.74 

Model-2 52.444 13.88% 2.92 

Regression 52.151 14% 3.26 

 

Table 3 MSE, MAPE and the Variance of Each Model 

for Test Data 

Model Testing data  

MSE MAPE Standard 
deviation 

Model-1 44.188 14.13% 2.27 

Model-2 42.702 14.04% 2.74 

Regression 48.993 15% 2.88 

 

Table 3 shows that each model has good accuracy 

still, even though to predict test data and the standard 

deviation shows that Model 1 is the best model to 

predict the test data. To reinforce the results of this 

research, the prediction data were compared to the 

original data using the independence t-test, and the 

result is shown in Table 4. 

Table 4 The average comparison between anxiety data 

prediction and original data with t-test 

 Model 
1 

Model 
2 

 Regression 

t-value 0.748 2.471 0.000 

p-value 0.455 0.014 1.000 

 

P-value > 0.05 in Table 4 explains that model 1 and 

the regression model do not have an average difference 

when compared to the original data. These results 

reinforce that model 1 is better than Model 2.  

Based on the aforementioned results, the fuzzy rules 

selection proposed is more suitable than the complete 

rules of Wang's [16] to be used to predict math anxiety. 

This rule selection is the focuses of this study because 

the observed data relates to human psychology. As a 

result, many conditions may occur and cannot be 

avoided or eliminated, under Kushwaha & Kumar [11] 

who build fuzzy rules where the same input conditions 

can have several different outputs. The difference is that 

the rules in this research are built and selected from 

empirical data, while Kushwaha & Kumar [11] build the 

fuzzy rules based on expert judgment so that it does not 

require empirical data to build the fuzzy rules. Whereas, 

the Wang [16] method is based only on empirical data 

and ignores the conditions to human psychology. 

 

Figure 3 The original and predictive anxiety data using 

model 1 

 

Figure 4 The original and predictive anxiety data using 

model 2 
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Figure 5 The original and predictive anxiety data using 

a regression model 

4. CONCLUSION 

This study concludes that the fuzzy model developed 

using Wang's method until the third step is better than 

the model developed using the final step. In addition, 

the advantage of the fuzzy model is that it can control 

uncertainty better than the regression model can. 
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