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Abstract 

 

1 | Introduction 

Making decision is an important aspect for data optimization that includes some issues such as 

prediction of the best alternative and ranking of candidates. Multiple Criteria Decision-Making 

Algorithms (MCDMA) are the decision-making methods that involve quantitative and qualitative 

factors. Several MCDMAs have been used during recent years in order to choose the probable optimal 

alternatives. In these methods, the ratings of alternatives versus criteria, and the importance weights 

of all criteria, are assessed in linguistic values represented by different numbers [1]-[3]. TOPSIS is a 

multi-criteria approach that was developed by Hwang and Yoon in order to determine solutions from 

a finite set of alternatives [4]-[5]. In a study, this method was used for the prediction of human 

behavior according to the analysis of body posture and movement [6]. The prediction of behavior 

resistance to organizational change is another aspect of human behavior that has been analyzed with 

TOPSIS [7]. 
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1.1 | Contents of This Paper 

This paper includes the presentation of the TOPSIS algorithm, two modifications that we have made in 

its algorithm and our results with the unmodified and modified algorithms for the prediction of human 

behavior in different time spans. Our current work is presented in four sections. The Section 1 presented 

here concerns the introduction of the paper. The Section 2 includes the preliminaries. We have 

performed two modifications in the TOPSIS algorithm. The Section 3 of this work presents our results 

with the unmodified and modified algorithms and discussion on the obtained results. The Section 4 

includes the conclusion of the current work. 

1.2 | Motivations and Research Outline 

Several motivations have initiated the research and analysis work in the current paper. It was interesting 

to determine which kinds of cognitive factors or criteria that affect the human behavior were not 

analyzed with TOPSIS, yet. Secondly, as no previous study on the chosen criteria with TOPSIS was 

carried out, it was interesting to perform the presented analysis on these alternatives and criteria in 

different time spans. Thirdly, we were interested to perform some modifications in this algorithm to 

make it autonomous for changing the fuzzy membership degrees of candidates. Finally, we were 

interested to get the numerical results in order to determine the rankings of alternatives according to the 

data, their weights and criteria types in the prediction of human behavior in different time spans. 

The objectives of the current study have been to use TOPSIS for the prediction of human behavior in 

different time spans and determine how the modifications in the algorithm of this method can help 

make it independent of any need of change of data and fuzzy membership degrees of candidates so that 

the algorithm could make these changes itself without the need of human involvement for these changes. 

Human behavior is an important aspect of personality that can be characterized by a change in behavior 

patterns over a short time. The modelling of temporal behavior is done over a time series, where time 

explains the behavior of the relevant variable [8]-[9]. The prediction of human characteristics with 

TOPSIS has been focused on the analysis of social aspects of human life such as energy consumption, 

stock price development, determination of urban surface temperatures, etc. [10]-[12]. The human 

characteristics can be analyzed according to their differences based on the values of their fuzzy degrees 

of membership [13]-[14]. 

Acting successfully is complex because the events on which we react are not always fully predictable and 

itis required to know which warning signals precede critical events. Learning helps to anticipate the onset 

of critical events in order to adjust behavior to react adequately. Thus, to understand how humans excel 

in different skills, we need to understand their behavior is adapted in time [15]. Time is an integral part 

of cognitive phenomena. It is built into most behavioral and cognitive processes [16]. Change over time 

is the basic foundation of developmental cognition. However, few theoretical models of human 

behavior focus almost exclusively on the passage of time [16]. Although the events in which human 

behavior is involved are not fully predictable, the change in the human characteristics having impact on 

them can be analyzed. Therefore, there is a real need in predicting the change of human behavior with 

time. 

Some previous studies have been made on the prediction of human behavior with TOPSIS concerning 

other cognitive aspects. A study has been made on the ergonomic behavior of humans, which required 

their body movement in order to select the best work shift group in the industry using this algorithm. 

This study showed that a significant percentage of the worker’s behavior were unergonomic [17]. 

Another study has been made with an enhanced fuzzy delphi method in forecasting and decision-making 

in order to transform the subjective data to quasi-objective ones. The authors have explained that a 

forecasted success requires various steps of operations including the critical path method that is more 

efficient for forecasting in such cases [18]. In another study, a fuzzy multi-objective assignment was 



111 

 

P
re

d
ic

ti
o

n
 o

f 
h

u
m

a
n

 b
e
h

a
v
io

r 
w

it
h

 T
O

P
S

IS
 

 
proposed with the advantage of dealing situations realistically. The authors investigated the stability of their 

method without differentiability that corresponds to the obtained solution [19]. These methods can be 

considered when the data for the prediction of human behavior are investigated. 

1.3 | Contributions of This Paper 

The prediction of human behavior based on the change of human characteristics in different time spans is 

a novel application of TOPSIS, which can improve the applications of this approach in cognitive 

informatics and artificial intelligence. To our knowledge, this is the first time that this application is 

reported for the prediction of human behavior with different time spans. Our results in this paper show 

that we have achieved our objectives with the two modifications of TOPSIS that we present here for the 

prediction of human behavior. 

This prediction with this method can be applied to several fields such as cognitive science, artificial 

intelligence, cognitive informatics, etc. The combination of our results reported in this paper with those of 

other researchers can help improve these fields. 

2 | Preliminaries 

2.1 | TOPSIS Method 

A version of TOPSIS in python was developed by Chakravorty in 2016, with the code available on the 

GitHub website (https://github.com/Glitchfix/TOPSIS-Python/blob/master/topsis.py) that we used 

for our analysis. 

Apart from positive characteristics that have positive influence in the output of human work, negative 

characteristics should also be considered for a temporal prediction of human behavior. To perform this 

numerical analysis with TOPSIS, the first and second groups of characteristics are considered as profit 

criteria and cost criteria, respectively. 

As in TOPSIS, the calculations are made on the fuzzy degrees of membership of the entry data, it is 

necessary to present the definitions of these concepts of the fuzzy logic. 

Definition 1. Fuzzy degree of membership. The fuzzy degree of membership is a parameter that 

determines the membership of an element to a set. This parameter is represented with μ. For example, 

μ=0 and μ=1 mean that the considered element does not belong or belongs to the set. According to the 

description of this parameter, the values between 0 and 1 can also be considered for the degree of 

membership that determine some percentage of membership to the element to the set [14]. 

Definition 2. Universe of speech. The universe of speech is a set of references that is used for the 

determination of the values of the elements of a set. In other words, all the values that the degrees of 

membership can have are found in the universe of speech [14]. 

Definition 3. Fuzzy set. A fuzzy set is a set that contains some elements according to an extensional 

definition, the properties of elements or the function of their membership. The elements are attributed to 

the fuzzy set according to their degrees of membership [14]. 

In TOPSIS, the members or elements of the fuzzy set are the alternatives and their properties are the 

criteria. This method includes the steps below [20]-[21]: 

I. Create a normalized decision matrix. 

The normalized R decision matrix is created according to the formula below: 
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II. Create a weighted normalized decision matrix. 

This matrix is created according to the formula below: 

III. Determine the positive ideal solution A+ and the negative ideal solution A-. 

The positive ideal solution A+ is the maximum value of the data and the negative ideal solution A- is the 

minimum value of the data for profit criteria, whereas the positive ideal solution A+ is the minimum value 

of the data and the negative ideal solution A- is the maximum value of the data for cost criteria, respectively. 

IV. Calculate the separation distance from the positive ideal solution S+ and the other distance from the 

negative ideal solution S- for each alternative. 

These distances are calculated according to the formulas below: 

V. Calculate the similarity coefficients according to the proximity relative to the positive ideal solution. 

The similarity coefficients for alternatives are calculated according to the formula below: 

This formula is used in TOPSIS for performing the ranking of alternatives according to their preference 

order. The alternative has a good performance if it has large value of closeness coefficient (Cj
*). The 

alternative with the greatest relative closeness to the ideal solution is the best one [21]. 

2.2 | Modifications of TOPSIS 

We performed two modifications in the TOPSIS code in Python in order to make it capable of giving 

the same outputs without needing to modify the average values of the fuzzy membership degrees of 

candidates 1 and 5. 

Modification 1. We added these lines to the first step of the code: 

evaluation matrix[row_size-5][column_size-1] = evaluation matrix[row_size-5][column_size-1] + 1.0 

evaluation matrix[row_size-5][column_size-2] = evaluation matrix[row_size-5][column_size-2] + 1.0 

This modification added the value of 1.0 to the fuzzy membership degrees of the first candidate in the 

two last columns of the entry matrix. Therefore, this increased the value of the cost criteria of this 

candidate. The same output was obtained as the one that we observed for the behavior change of 

candidate 1 for the time span of Y-25-Y30 according to Table 2. 

Modification 2. We added these lines to the first step of the code in another analysis: 

evaluation matrix[row_size-5][column_size-1] = evaluation matrix[row_size-5][column_size-1] +1.0 

evaluation matrix[row_size-5][column_size-2] = evaluation matrix[row_size-5][column_size-2] +1.0 

2
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evaluation matrix[row_size-1][column_size-1] = evaluation matrix[row_size-1][column_size-1] -0.3 

evaluation matrix[row_size-1][column_size-2] = evaluation matrix[row_size-1][column_size-2] - 0.6 

This modification added the value of 1.0 to the fuzzy membership degrees of the first candidate in the two 

last columns of the entry matrix. Therefore, this increased the value of the cost criteria of this candidate. 

Moreover, it subtracted the values of 0.3 and 0.6 from the fuzzy membership degrees of the last candidate 

in the last column and in the before last column, respectively. Therefore, this reduced the values of the 

cost criteria of this candidate. 

The same output was obtained as the one that we observed for the behavior change of candidates 1 and 5 

for the time span of Y-25-Y30 according to Tables 2 and 3. 

3 | Results and Discussion 

Choosing the best behavior change is required for the prediction of human behavior according to an 

analyzable pattern. The characteristics that are analyzed in the example in this paper include the profit and 

cost criteria that can change with time. Therefore, this study will discuss the method that is expected to 

help determine the best candidate according to his characteristic change. 

3.1 | Results with Unmodified TOPSIS 

TOPSIS is the method that is used in making this best selection of human candidates. This study includes 

these steps using TOPSIS method: 

I. Determine the TOPSIS criteria and candidates in the decision matrix. 

In this study, the human characteristics as the criteria for the selection of human candidates are shown in 

Table 1. The information about five candidates, C-1, C-2, C-3, C-4 and C-5, with their different 

characteristics during 30 years in different time spans is presented in the table. The first four characteristics, 

creative, attentive, perseverant and productive, have a positive effect on the output of the candidates’ work 

as they increase the efficiency of their work. Therefore, these characteristics are considered as profit criteria. 

The two other ones, lazy and unmotivated, have a negative effect on this output as they reduce the 

efficiency of their work. So, they are considered as cost criteria. The values of fuzzy membership degrees 

of the candidates’ characteristics that vary between 0.0 and 1.0 are indicated in the Table 1. 

Table 1. Fuzzy membership degrees of the characteristics of five candidates in the first time span in the 

decision matrix. 

 

In order to determine the effect of the change in the behavior of candidate 1 according to the change of 

his characteristics when the behaviors of the other candidates do not change and their characteristics do 

not reveal any change too, we considered different types of changes in the values of the degrees of 

membership of candidate 1 with no change in those of other candidates. 

Table 2 shows the changes in the values of fuzzy membership degrees for candidate 1 during several time 

spans. The first, second, third, fourth, fifth and sixth time spans include 5 years, 2 years, 3 years, 5 years, 4 

years and 6 years, respectively. 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

C-1 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 0.0,0.0,0.0 0.0,0.0,0.0 
C-2 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 0.6,0.7,0.8 0.8,0.9,1.0 0.1,0.2,0.3 
C-3 1.0,1.0,1.0 0.5,0.6,0.7 0.8,0.9,1.0 0.8,0.9,1.0 0.1,0.2,0.3 0.3,0.4,0.5 
C-4 1.0,1.0,1.0 0.7,0.8,0.9 1.0,1.0,1.0 0.7,0.8,0.9 0.4,0.5,0.6 0.4,0.5,0.6 
C-5 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.5,0.6,0.7 0.2,0.3,0.4 
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We considered that the behaviors of candidates 1 and 6 changes with time. 

We consider that the behavior of candidate 5 changes in the last time span. 

Table 3 shows the change in the values of fuzzy membership degrees for candidate 5 during the first and 

last time spans. 

Table 2. The change in the values of fuzzy membership degrees for candidate 1 during 30 

years in several time spans. 

 

 

 

 

Table 3. The change in the values of fuzzy membership degrees for candidate 5 during the 

first and last time spans. 

 

 

Tables 4, 5 and 6 represent the mean values of the fuzzy data presented in Tables 1, 2 and 3, respectively. 

Table 4. Mean values of fuzzy membership degrees of the characteristics of five candidates in 

the first time span in the decision matrix. 

 

 

 

 Table 5. The change in the mean values of fuzzy membership degrees for candidate 1 

during 30 years in several time spans. 

 

 

 

 

Table 6. The change in the mean values of fuzzy membership degrees for candidate 5 

during the first and last time spans. 

 

 

II. Determine the weights of each alternative for each criterion. 

Table 7 shows the weights of alternatives for each criterion. 

Time Spans/ 
Characteristics 

Creative Attentive Perseverant Productive Lazy Unmotivated 

Y1-Y5 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 0.0,0.0,0.0 0.0,0.0,0.0 
Y6-Y7 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 0.6,0.7,0.8 0.1,0.2,0.3 0.1,0.2,0.3 
Y11-Y13 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.1,0.2,0.3 0.1,0.2,0.3 
Y16-Y20 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.2,0.3,0.4 0.2,0.3,0.4 
Y21-Y24 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.5,0.6,0.7 0.5,0.6,0.7 
Y25-Y30 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 1.0,1.0,1.0 

Time Spans/ 
Characteristics 

Creative Attentive Perseverant Productive Lazy Unmotivated 

Y1-Y5 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.5,0.6,0.7 0.2,0.3,0.4 
Y25-Y30 0.6,0.7,0.8 0.7,0.8,0.9 0.3,0.4,0.5 0.5,0.6,0.7 0.0,0.0,0.0 0.0,0.0,0.0 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

C-1 1.0 1.0 1.0 1.0 0.0 0.0 
C-2 1.0 1.0 1.0 0.7 0.0 0.2 
C-3 1.0 0.6 0.9 0.9 0.2 0.4 
C-4 1.0 0.8 1.0 0.8 0.5 0.5 
C-5 0.7 0.8 0.4 0.6 0.6 0.3 

Time Spans/ 
Characteristics 

Creative Attentive Perseverant Productive Lazy Unmotivated 

Y1-Y5 1.0 1.0 1.0 1.0 0.0 0.0 
Y6-Y7 1.0 1.0 1.0 1.0 0.2 0.2 
Y11-Y13 0.7 0.8 0.4 0.6 0.2 0.2 
Y16-Y20 0.7 0.8 0.4 0.6 0.3 0.3 
Y21-Y24 0.7 0.8 0.4 0.6 0.6 0.6 
Y25-Y30 1.0 1.0 1.0 1.0 1.0 1.0 

Time Spans/ 
Characteristics 

Creative Attentive Perseverant Productive Lazy Unmotivated 

Y1-Y5 0.7 0.8 0.4 0.6 0.6 0.3 
Y25-Y30 0.7 0.8 0.4 0.6 0.0 0.0 
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Table 7. Weights of alternatives for each criterion. 

 

The same weight values are chosen for different criteria in order to make them have the same influence on 

human behavior. 

III. Determine the criteria matrix. 

The next step is the determination of the criteria matrix. Table 8 shows the criteria matrix indicating True 

for the profit criteria and false for the cost criteria, respectively. 

 Table 8. Criteria matrix. 

 

The steps below correspond to the results obtained in our software with TOPSIS for the first time span, 

which concerns the first five years in Table 2. 

IV. Normalization of fuzzy membership degrees and weights. 

The vector normalization of the fuzzy membership degrees of the characteristics of five candidates as well 

as the normalization of their weights is followed by their multiplication, which results in the weighted 

normalization matrix. Tables 9 and 10 show the results of the normalized decision matrix and weighted 

normalized decision matrix, respectively. 

Table 9. Results of the normalized decision matrix. 

 

Table 10. Results of the weighted normalized decision matrix. 

 

 

V. Determine the best alternative and the worst alternative. 

Table 11 shows the results of the best alternative and the worst alternative. 

Table 11. The results of the best alternative (A+) and the worst alternative (A-). 

 

VI. Determine the distances from the best alternative (di
*) and the worst alternative (di

-). 

Alternatives/Values Creative Attentive Perseverant Productive Lazy Unmotivated 

C1-C5 0.5 0.5 0.5 0.5 0.5 0.5 

Alternatives/Values Creative Attentive Perseverant Productive Lazy Unmotivated 

C1-C5 True True True True False False 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

C-1 0.47192918 0.52414242 0.55048188 0.55048188 0.00000000 0.00000000 
C-2 0.47192918 0.52414242 0.38533732 0.38533732 0.00000000 0.00000000 
C-3 0.47192918 0.31448545 0.49543369 0.49543369 0.24806947 0.54433105 
C-4 0.47192918 0.41931393 0.440.38551 0.44038551 0.62017367 0.68041382 
C-5 0.33035042 0.41931393 0.33028913 0.33028913 0.74420841 0.40824829 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

C-1 0.07865486 0.08735707 0.0836476 0.09174698 0.00000000 0.00000000 
C-2 0.07865486 0.08735707 0.0836476 0.06422289 0.00000000 0.04536092 
C-3 0.07865486 0.05241424 0.07528284 0.08257228 0.04134491 0.09072184 
C-4 0.07865486 0.06988566 0.0836476 0.07339758 0.10336228 0.1134023 
C-5 0.0550584 0.06988566 0.03345904 0.05504819 0.12403473 0.06804138 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

A+ 0.07865486 0.08735707 0.0836476 0.09174698 0.00000000 0.00000000 
A- 0.0550584 0.055241424 0.03345904 0.05504819 0.12403473 0.1134023 
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Table 12 shows the results of the distances from the best alternative (di
*) and the worst alternative (di

-) 

for the candidates. 

VII. Determine the similarity coefficients of the candidates. 

Table 13 shows the similarity coefficients and the rankings of the candidates according to the worst 

similarity for different time spans. 

 Table 12. The results of distances from the best alternative (di*) and the worst 

alternative (di-) for the candidates. 

 

 

  

As expected and shown in Table 13, the fuzzy membership degrees of the cost criteria were increased in 

the time span of Y6-Y7 in comparison with those of the first time span of Y1-Y5 for the first candidate, 

it lost its rank and was ranked in the second place. The reduction of the fuzzy membership degrees of 

the profit criteria for candidate 1 in the time span of Y11-Y13 made it lose again its place in the ranking 

and it was ranked in the third place. Moreover, the small increase in the fuzzy membership degrees of 

the cost criteria for candidate 1 in the time span of Y16-Y20 did not change its rank in comparison with 

the one in the time span of Y11-Y13. As expected, the increase of the fuzzy membership degrees of the 

cost criteria for candidate 1 made it lose its place in the ranking and it was ranked in the last place. 

Then, we analyzed the maximum values of the fuzzy membership degrees for all the criteria of candidate 

1. The maximum values of the cost criteria for candidate 1 made it be ranked in the last place in the time 

span of Y21-Y25. The behavior change of candidate 1 in these time spans in comparison with no 

behavior change of the other candidates confirmed the impacts of profit and cost criteria in their 

rankings. 

We were also interested to analyze the behavior change of candidate 5 in order to observe the 

improvement of its place in the ranking. Table 14 shows the similarity coefficients (CCi) and the ranking 

of the candidates according to the worst similarity for the time span of Y25-Y30 with the behavior 

change of candidates 1 and 5. 

The decrease in the fuzzy membership degrees of the cost criteria for candidate 5, made this candidate 

be ranked in the second place as candidate 1 kept its membership values as in the last analysis. 

The change in the rankings of the candidates according to their behavior change revealed the importance 

of the improvement of the profit criteria and the reduction of the cost criteria. As the candidates lost 

their appropriate characteristics and increased their inappropriate characteristics, they lost their place in 

the rankings. 

Candidates di* di- 

C-1 0.00000000 0.18408744 
C-2 0.05305835 0.15618933 
C-3 0.10637199 0.10205689 
C-4 0.15551782 0.06438156 
C-5 0.15729584 0.04860929 
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Table 13. The similarity coefficients (CCi) and the ranking of the candidates according to the worst 

similarity for different time spans. 

 

 

 

 

 

 

 

Table 14. The similarity coefficients (CCi) and the ranking of the candidates according to the worst 

similarity for the time span of Y25-Y30 (with the behavior change of candidates 1 and 5). 

 

 

 

 

 

3.2 | Results with Modified TOPSIS 

Table 15 shows the similarity coefficients (CCi) and the ranking of the candidates according to the worst 

similarity with the first and second modifications of TOPSIS in the two left and two right columns, 

respectively. 

 Table 15. The similarity coefficients (CCi) and the ranking of the candidates according to the worst 

similarity with the first and second modifications of TOPSIS in the two left and two right columns, 

respectively. 

 

 

  

The results in this table also showed that the first modification of TOPSIS using the fuzzy membership 

degrees of the first time span of Y1-Y5 for candidate 1 gave the same results as the ones that we obtained 

for this candidate in the time span of Y25-Y30 and showed in Table 13. Moreover, the first modification 

in TOPSIS was efficient in order to not need any change in the fuzzy membership degrees of candidate 1. 

Therefore, this modification was efficient for changing these values without any change in the data. 

The second modification of TOPSIS using the fuzzy membership degrees of the time span of Y1-Y5 for 

both candidates 1 and 5 gave the same results as the ones presented in Table 13. The second modification 

in TOPSIS was efficient in order to not need any change in the fuzzy membership degrees of candidates 

1 and 5. Therefore, this modification was also efficient for changing these values without needing to do 

any change in the data. 

Time Spans/ 
Candidates 

CCi Ranking CCi Ranking CCi Ranking 
Y1-Y5 Y6-Y7 Y11-Y13 

C-1 1.00000000 1 0.76138319 2 0.5624454 2 
C-2 0.74643277 2 0.84690711 1 0.88363263 3 
C-3 0.48964851 3 0.58800964 3 0.59477793 1 
C-4 0.29277736 4 0.34374949 4 0.36702603 4 
C-5 0.23607616 5 0.25136886 5 0.25100868 5 

Time Spans/ 
Candidates 

CCi Ranking CCi Ranking CCi Ranking 

Y16-Y20 Y21-Y24 Y25-Y30 

C-1 0.43940569 2 0.11530851 2 0.30840767 2 
C-2 0.88070026 3 0.87406436 3 0.86800327 3 
C-3 0.59582695 1 0.61226684 4 0.7304002 4 
C-4 0.37472539 4 0.41694505 5 0.58087955 5 
C-5 0.2493377 5 0.31089593 1 0.50952421 1 

Candidates CCi
 Ranking 

C-1 0.27135808 2 
C-2 0.83347546 5 
C-3 0.67909256 3 
C-4 0.53124602 4 
C-5 0.74649548 1 

Candidates CCi
 Ranking CCi Ranking 

C-1 0.3084767 2 0.27135808 2 
C-2 0.86800327 3 0.83347546 5 
C-3 0.7304002 4 0.67909256 3 
C-4 0.58087955 5 0.53124602 4 
C-5 0.50952421 1 0.74649548 1 
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3.3 | Results with Sensitive Analysis 

We performed the sensitive analysis on the data that we analyzed with the unmodified TOPSIS 

presented above in two steps. First, we analyzed the impact of the modification of data in the evaluation 

matrix on the ranking of candidates. Then, we determined how the ranking of the candidates could 

change with the changes of the weight values and those of the types of criteria. 

Table 16 shows the new evaluation matrix. In this table, the data in the last column for the third candidate 

were changed from 0.4 to 1.0 in comparison with the weights presented in Table 4. 

 Table 16. The new evaluation matrix for the first sensitive analysis. 

 

Table 17 shows the ranking of candidates with TOPSIS after this modification. 

 Table 17. The ranking of candidates with TOPSIS for the first sensitive analysis. 

 

 

 

Table 18 shows the new matrix of weights. In this table, the weights of the first four columns were 

changed from 0.5 to 0.1 in comparison with the weights presented in Table 7. 

 Table 18. The matrix of weights for the second sensitive analysis. 

 

Table 19 shows the new matrix of criteria. 

 Table 19. The matrix of criteria for the second sensitive analysis. 

 

In this table, the false values have been attributed to two criteria, perseverant and productive, which 

indicates that they are considered as cost criteria as their excess can make humans lose time and reduce 

their output. 

Table 20 shows the ranking of candidates with TOPSIS after these modifications. 

The results that we obtained with the sensitive analysis showed that the change in a data presented in 

the evaluation matrix or those in the values of weights or types of criteria could affect the output of 

TOPSIS. As expected, the rankings changed with these modifications. These results confirmed the 

robustness of this method that we used in this study. 

Candidates/Criteria Creative Attentive Perseverant Productive Lazy Unmotivated 

C-1 1.0 1.0 1.0 1.0 0.0 0.0 
C-2 1.0 1.0 1.0 0.7 0.0 0.2 
C-3 1.0 0.6 0.9 0.9 0.2 1.0 
C-4 1.0 0.8 1.0 0.8 0.5 0.5 
C-5 0.7 0.8 0.4 0.6 0.6 0.3 

Candidates CCi
 Ranking 

C-1 0.79628707 2 
C-2 0.86554283 1 
C-3 0.43913286 4 
C-4 0.4595051 3 
C-5 0.41647469 5 

Alternatives/Values Creative Attentive Perseverant Productive Lazy Unmotivated 

C1-C5 0.1 0.1 0.1 0.1 0.5 0.5 

Alternatives/Values Creative Attentive Perseverant Productive Lazy Unmotivated 

C1-C5 True True False False False False 

Candidates CCi
 Ranking 
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 Table 20. The ranking of candidates with TOPSIS for 

the second sensitive analysis. 

 

 

 

Figs. 1 and 2 show the flowcharts of the unmodified and modified TOPSIS that we used in this study. 

 

Fig. 1. Flowchart of the unmodified TOPSIS. 

 

Fig. 2. Flowchart of the modified TOPSIS. 

The comparison of Figs. 1 and 2 show the difference between the unmodified and modified TOPSIS 

algorithms that appears in the first step of the preparation of the evaluation matrix including the entry data, 

which are the degrees of membership of the criteria for the alternatives, and before the second steps for 

C-1 0.93118765 1 
C-2 0.75311467 2 
C-3 0.46100335 3 
C-4 0.12411629 5 
C-5 0.24986587 4 
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their normalization by the preparation of the normalized matrix. In fact, the additional code lines that 

we presented in the preliminaries for the modified TOPSIS are applied in the first step of TOPSIS as 

shown in Fig. 2. 

Table 21 presents the comparative information about TOPSIS and other decision-making methods. 

 Table 21. Comparison of TOPSIS with other decision-making methods. 

 

 

 

 

 

 

The comparison of TOPSIS with other decision-making methods in Table 21 shows that the 

computational level of this first method is medium. Moreover, it is a ranking method in which the 

ranking of alternatives is based on the calculation of the distances from positive and negative optimal 

solutions and not the weights. 

The prediction of human behavior with TOPSIS that we used in this study has important merits and 

limitations. One of the merits of this method is that it is able to determine the best alternative according 

to the ranking. In fact, it determines the distances of each candidate from its best and worst ideal 

solutions to obtain the best alternative. This is the specificity of this method as no other decision making 

method determines the best alternative according to the calculations of these distances. Another 

advantage of TOPSIS is that it is sensitive to the changes of the entry data, their weights or criteria types. 

This helps determine the effect of any of these changes on the output of the algorithm. However, the 

limitations of this method should also be considered. One of its limitations is that without the 

determination of the types of criteria it is not possible to perform the numerical analysis for the 

prediction of human behavior with this method. Therefore, first it is necessary to determine which 

characteristics are profit and cost criteria and then indicate them with the terms true and false in the 

matrix of criteria, respectively. Another limitation is that the addition or modification of alternatives can 

change their ranking in the output of TOPSIS. In the current work, we first determined the types of 

criteria as profit and cost criteria and then we performed the numerical analysis with this algorithm in 

order to overcome the first limitation of this technique. As the addition of further alternatives or their 

modification was not required, we did not encounter the second limitation of this method. The analysis 

results presented in this paper can have important perspectives in cognitive science [22]-[27]. Buying 

behavior [28]-[34], competitiveness [35]-[38], performance [39]-[44], user activity [45]-[46], satisfaction 

[47]-[50] and conflicting objectives such as quality, cost, and delivery time [51]-[57], are various 

commercial issues that can be analyzed with TOPSIS. The human characteristics that we analyzed in 

this paper can have an impact on these aspects of human behavior. Our results can also be used in other 

fields such as nanotechnology, microelectronics, pure sciences and engineering [58]-[62]. TOPSIS can 

be used for the prediction of the performance of materials [63]-[68] according to their characteristics. 

The tendency of humans to use these materials can be predicted with this approach. Our results can 

also be used in robotics for the development of robots that could distinguish and analyze the cognitive 

disorder of humans [69]-[71]. 

It has been shown that emotion and perception have important impacts in human behavior [72]-[78]. 

The statistical analysis of data with TOPSIS has been used in several studies [79]-[85]. We will investigate 

these aspects of human behavior with this method in our future work. 

Method Characteristics 
Calculation Level Features Output Results 

VIKOR Medium Considers the importance of the optimal 
distance to the best and worst case in 
calculating the distances of the options. 

The closer the 
coefficients to zero, 
the more important 

TOPSIS Medium Considers the shortest distance from the ideal 
answer and the farthest distance from the 
counter-ideal answer for the selected option. 

The closer the 
coefficients to one, 
the more important 

Electre Complex Non-rank method parallel comparison of 
criterions and elimination of defeated 
criterions. 

The more wins and 
losses, the more 
priority 

SAW Easy Scoring method 
Ranking after weighting the used variables. 

The closer the 
coefficients to one, 
the more important 
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4 | Conclusion 

This paper presented the analysis results of applying TOPSIS in the prediction of human behavior for data 

optimization. The change in the fuzzy membership degrees of the candidates’ characteristics revealed the 

influence of the profit and cost criteria on the rankings. In light of the results obtained in this paper, it can 

be concluded that the modifications on TOPSIS can make an appropriate prediction of human behavior 

without needing the modification of data for different time spans. The changes in the human characteristics 

have been taken into account in order to determine which one of them has an influence on the rankings. 

Ranking comparisons using unmodified and modified TOPSIS methods were made in order to validate 

the proposed analysis. From the results, this study has shown the efficacy of this method in the prediction 

of human behavior. For our future work, we aim to determine the pattern of the human behavior change 

according to the analyzed time spans for the characterization of human cognition. For this purpose, we 

will investigate the factors that influence the human cognition such as emotion, reason, imagination, etc. 

and the prediction of their effects with TOPSIS. This future work will help us obtain supplementary results 

to those that we presented in this paper. Moreover, we will investigate the stability of the human behavior 

according to these cognitive factors. This second work will lead to a better understanding of the predictions 

of their stability will TOPSIS in relation with these last ones. 

References 

 Ruby, A. J., Aisha, B. W., & Subash, C. P. (2016). Comparison of multi criteria decision making algorithms 

for ranking cloud renderfarm services. Indian journal of science and technology, 9(31), 1-5. DOI: 

10.17485/ijst/2016/v9i31/93467  

 Balioti, V., Tzimopoulos, C., & Evangelides, C. (2018). Multi-criteria decision making using TOPSIS 

method under fuzzy environment. Application in spillway selection. Multidisciplinary digital publishing 

institute proceedings, 2(11), 637. https://doi.org/10.3390/proceedings2110637 

 Tlas, M., & Ghani, B. A. (2020). Interactive software for classification and ranking procedures based on 

multi-criteria decision-making algorithms. Computational ecology and software, 10(3), 64-104. 

 Hwang, C. L., & Yoon, K. (1981). Multiple attribute decision making: methods and applications. Springer 

Berlin, Heidelberg.    

 Vithalani, A. A., & Vithalani, C. H. (2017). Application of combined TOPSIS and AHP method for 

spectrum selection in cognitive radio by channel characteristic evaluation. International journal of 

electronics and communication engineering, 10(2), 71-79. 

 Khandan, M., Vosoughi, S., Azrah, K., Poursadeghiyan, M., & Khammar, A. (2017). Decision making 

models and human factors: TOPSIS and Ergonomic Behaviors (TOPSIS-EB). Management science 

letters, 7(2), 111-118.  

 Milani, A. S., Shanian, A., & El-Lahham, C. (2008). A decision-based approach for measuring human 

behavioral resistance to organizational change in strategic planning. Mathematical and computer 

modelling, 48(11-12), 1765-1774. 

 Mostafa, M. (2019). Modelling and analysing behaviours and emotions via complex user interactions. Retrieved 

from https://www.researchgate.net/publication/331246619_Modelling_and_Analysing_Behaviours 

_and_Emotions_via_Complex_User_Interactions  

 Trucolo, C. C., & Digiampietri, L. A. (2017). Improving trend analysis using social network 

features. Journal of the Brazilian computer society, 23(1), 1-10. 

 Mao, N., Song, M., & Deng, S. (2016). Application of TOPSIS method in evaluating the effects of supply 

vane angle of a task/ambient air conditioning system on energy utilization and thermal comfort. Applied 

energy, 180, 536-545. 

 Bulgurcu, B. K. (2012). Application of TOPSIS technique for financial performance evaluation of 

technology firms in Istanbul stock exchange market. Procedia-social and behavioral sciences, 62, 1033-1040. 

 Dousset, B., & Gourmelon, F. (2003). Satellite multi-sensor data analysis of urban surface temperatures 

and landcover. ISPRS journal of photogrammetry and remote sensing, 58(1-2), 43-54. 

 Javanbakht, T. (2020). Being and thinking. BouquinBec Montreal. (In French). 

https://boutique.bouquinbec.ca/etre-et-pensee.html 

file:///C:/Users/pourqasem/Download/10.17485/ijst/2016/v9i31/93467
https://doi.org/10.3390/proceedings2110637
https://www.researchgate.net/publication/331246619_Modelling_and_Analysing_Behaviours_and_Emotions_via_Complex_User_Interactions
https://www.researchgate.net/publication/331246619_Modelling_and_Analysing_Behaviours_and_Emotions_via_Complex_User_Interactions
https://boutique.bouquinbec.ca/etre-et-pensee.html


 

 

122 

Ja
va

n
b

a
k

h
t 

a
n

d
 C

h
a
k

ra
vo

rt
y
 |

J.
 F

u
z
z
y
. 

E
x

t.
 A

p
p

l.
 3

(2
) 

(2
0
2
2
) 

10
9
-1

2
5

 

 

 Javanbakht, T. (2016). Fuzzy logic and tree structure as category modeling tools as prototypes (Ph.D Thesis, 

Université du Québec À Montréal).   (In French). Retrieved from https://philpapers.org/rec/JAVLFE-2  

 Lohmann, J., Herbort, O., Wagener, A., & Kiesel, A. (2008, June). Anticipation of time spans: New data 

from the foreperiod paradigm and the adaptation of a computational model. In Workshop on 

anticipatory behavior in adaptive learning systems (pp. 170-187). Springer, Berlin, Heidelberg. 

 Carstensen, L. L. (2006). The influence of a sense of time on human development. Science, 312(5782), 

1913-1915. 

 Khandan, M., Vosoughi, S., Azrah, K., Poursadeghiyan, M., & Khammar, A. (2017). Decision making 

models and human factors: TOPSIS and Ergonomic Behaviors (TOPSIS-EB). Management science 

letters, 7(2), 111-118. 

 Alharbi, M. G., & Khalifa, H. A. E. W. (2021). Enhanced fuzzy delphi method in forecasting and 

decision-making. Advances in fuzzy systems, 2021(2). DOI: 10.1155/2021/2459573 

 Khalifa, H. A., & Al-Shabi, M. (2018). An interactive approach for solving fuzzy multi-objective 

assignment problems. Journal of advances in mathematics and computer science, 28(6), 1-12.  

 Indahingwati, A., Barid, M., Wajdi, N., Susilo, D. E., Kurniasih, N., & Rahim, R. (2018). Comparison 

analysis of TOPSIS and fuzzy logic methods on fertilizer selection. International journal of engineering 

and technology, 7(2.3), 109-114. 

 Jumarni, R. F., & Zamri, N. (2018). An integration of fuzzy TOPSIS and fuzzy logic for multi-criteria 

decision making problems. International journal of engineering and technology, 7(2), 102-106.  

 Zulqarnain, R. M., Abdal, S., Maalik, A., Ali, B., Zafar, Z., Ahamad, M. I., ... & Dayan, F. (2020). 

Application of TOPSIS method in decision making via soft set. Biomedical journal of science and 

technology research, 24(3), 18208-18215. 

 Dammak, F., Baccour, L., & Alimi, A. M. (2016). Crisp multi-criteria decision making methods: state 

of the art. International journal of computer science and information security, 14(8), 252-264.  

 Borjalilu, N., Rabiei, P., & Enjoo, A. (2018). A fuzzy TOPSIS Based model for safety risk assessment of 

operational flight data. International journal of aerospace and mechanical engineering, 12(12), 1073-1080. 

 Hajek, P., & Froelich, W. (2019). Integrating TOPSIS with interval-valued intuitionistic fuzzy cognitive 

maps for effective group decision making. Information sciences, 485, 394-412.  

 Afsordegan, A., Sánchez, M., Agell, N., Zahedi, S., & Cremades, L. V. (2016). Decision making under 

uncertainty using a qualitative TOPSIS method for selecting sustainable energy 

alternatives. International journal of environmental science and technology, 13(6), 1419-1432.  

 Khan, S. A., Alenezi, M., Agrawal, A., Kumar, R., & Khan, R. A. (2020). Evaluating performance of 

software durability through an integrated fuzzy-based symmetrical method of ANP and 

TOPSIS. Symmetry, 12(4), 493.  https://doi.org/10.3390/sym12040493 

 Catillo, J., Martin, J. C., & Román, C. (2020). A hybrid-fuzzy TOPSIS method to analyze the 

consumption and buying behavior of fishery and aquaculture products (FAPs) in the EU28. British 

food journal. https://orbi.uliege.be/bitstream/2268/251135/1/Cantillo%20et%20al%20%282020a%29.pdf  

 Valaskova, K., Kramarova, K., & Bartosova, V. (2015). Multi criteria models used in Slovak consumer 

market for business decision making. Procedia economics and finance, 26, 174-182.  

 Arasteh, M. A., Shamshirband, S., & Yee, P. L. (2018). Using multi-attribute decision-making 

approaches in the selection of a hospital management system. Technology and health care, 26(2), 279-

295.  

 Mohammadian, M., Ghorbani, S., & Maleki, A. (2018). The study on consumer buying behavior 

satisfaction level for Persian carpet. Journal of organizational behavior research, 3, 1-11.  

 Fan, C. K., Lee, Y. H., Lee, L. T., & Lu, W. Q. (2011). Using TOPSIS & CA evaluating intentions of 

consumers’ cross-buying bancassurance. Journal of service science and management, 4(04), 469-475.                   

 Anshu, K., & Gaur, L. (2019). E-Satisfaction estimation: a comparative analysis using AHP and 

intuitionistic fuzzy TOPSIS. Journal of cases on information technology (JCIT), 21(2), 65-87. 

 Chang, H. J., Chien, C. M., & Hsiao, C. Y. (2011). Equality investment strategy evaluation during the 

financial crisis: Using TOPSIS approach. African journal of business management, 5(28), 11539-11545.  

 Yang, A., Do, B., Wang, G. L., Chang, L. Y., & Hung, F. C. (2011). Assessing competitiveness of foreign 

and local supermarket chains in Vietnamese market by using fuzzy TOPSIS method. E3 journal of 

business management and economics, 2(5), 209-216.  

https://philpapers.org/rec/JAVLFE-2
http://dx.doi.org/10.1155/2021/2459573
https://doi.org/10.3390/sym12040493
https://orbi.uliege.be/bitstream/2268/251135/1/Cantillo%20et%20al%20%282020a%29.pdf


123 

 

P
re

d
ic

ti
o

n
 o

f 
h

u
m

a
n

 b
e
h

a
v
io

r 
w

it
h

 T
O

P
S

IS
 

 
 Zhang, H., Gu, C. L., Gu, L. W., & Zhang, Y. (2011). The evaluation of tourism destination 

competitiveness by TOPSIS & information entropy–a case in the Yangtze River Delta of China. Tourism 

management, 32(2), 443-451.  

 Yildirim, B. F., & Yildirim, S. K. (2019). The evaluation of competitiveness performance for developing 

eight countries by grey TOPSIS. Kırklareli üniversitesi sosyal bilimler dergisi, 3(2), 70-79.  

 Qian, M., Wang, Y., Xu, W., & Deng, H. (2019). An improved TOPSIS approach for the competitiveness 

analysis of provincial information resource industries in China. Expert systems, 36(4), e12407. 

https://doi.org/10.1111/exsy.12407 

 Han, H., & Trimi, S. (2018). A fuzzy TOPSIS method for performance evaluation of reverse logistics in 

social commerce platforms. Expert systems with applications, 103, 133-145.  

 Bulgurcu, B. K. (2012). Application of TOPSIS technique for financial performance evaluation of 

technology firms in Istanbul stock exchange market. Procedia-social and behavioral sciences, 62, 1033-1040.                

 Roy, S., & Das, A. (2018). Application of TOPSIS method for financial performance evaluation: a study 

of selected scheduled banks in Bangladesh. Journal of commerce and accounting research, 7(1), 24-29.                                              

 Banu, A. R., & Santhiyavalli, G. A. (2019). TOPSIS approach to evaluate the financial performance of 

scheduled commercial banks in India. International journal of economics and research, 21(1), 24-33.                                                                 

 Li, C., & Ye, C. (2014, January). Comprehensive evaluation of the operating performance for commercial 

banks in China based on improved TOPSIS. Proceedings of the international conference on global economy, 

commerce and service Science (GECSS'14) (pp. 17-21). Atlantis Press. 

 Bozdoğan, T., Odabas, A., & Shegıwal, A. H. (2021). Analysis of financial performance of foreign banks 

having branches in Turkey by TOPSIS and ELECTRE methods. Alanya academic review journal, 5(2), 1049-

1067.                                                                                                                                                                                                                                               

 Badidi, E., Atif, Y., Sheng, Q. Z., & Maheswaran, M. (2019). On personalized cloud service provisioning 

for mobile users using adaptive and context-aware service composition. Computing, 101(4), 291-318.      

 Alharbi, A., Dong, H., Yi, X., Tari, Z., & Khalil, I. (2021). Social media identity deception detection: a 

survey. ACM computing surveys (CSUR), 54(3), 1-35.  

 Zhang, X., & Li, D. (2019). Research on E-commerce logistic satisfaction based on TOPSIS 

method. International journal of frontiers in sociology, 1(1). DOI: 10.25236/IJFS.2019.010102 

 Fasanghari, M., Gholamy, N., Chaharsooghi, S. K., Qadami, S., & Delgosha, M. S. (2008, August). The 

fuzzy evaluation of E-Commerce customer satisfaction utilizing fuzzy TOPSIS. 2008 international 

symposium on electronic commerce and security (pp. 870-874). IEEE.                                                                                                               

 Sun, C. C., & Lin, G. T. (2009). Using fuzzy TOPSIS method for evaluating the competitive advantages 

of shopping websites. Expert systems with applications, 36(9), 11764-11771. 

 Xue, D., Zhao, Q., & Guo, X. (2008, October). TOPSIS method for evaluation customer service satisfaction 

to fast food industry. 2008 IEEE international conference on service operations and logistics, and 

informatics (Vol. 1, pp. 920-925). IEEE.  

 Rajiv, B., & Salunkhe, M. (2018). Courier partner selection for e-commerce business using TOPSIS 

method. IOSR journal of mechanical and civil engineering, 33-38. 

https://www.researchgate.net/profile/Rajiv-Bh/publication/305482851_Courier_partner_selection_ 

for_E-commerce_business_Using_TOPSIS_Method/links/5c111bf64585157ac1bce0be/ 

Courier-partner-selection-for-E-commerce-business-Using-TOPSIS-Method.pdf 

 Anisseh, M., & Yusuf, R. M. (2011). Developing a fuzzy TOPSIS model in multiple attribute group 

decision making. Scientific research and essays, 6(5), 1046-1052.  

 Baky, I. A., & Abo-Sinna, M. A. (2013). TOPSIS for bi-level MODM problems. Applied mathematical 

modelling, 37(3), 1004-1015.                                                  

 Salehi, S., Amiri, M., Ghahramani, P., & Abedini, M. (2018, September). A novel integrated AHP-TOPSIS 

model to deal with big data in group decision making. Proceedings of the international conference on 

industrial engineering and operations management (pp. 1043-1053). Washington DC, USA. 

https://www.academia.edu/download/58880000/267_AHP-Topsis_GDM.pdf  

 Vinay, S., Aithal, S., & Sudhakara, G. (2012). Integrating TOPSIS and AHP into GORE decision support 

system. International journal of computer applications, 56(17), 46-53.  

 Reynoso-Meza, G., Alves Ribeiro, V. H., & Carreño-Alvarado, E. P. (2017). A comparison of preference 

handling techniques in multi-objective optimisation for water distribution systems. Water, 9(12), 996. 

https://doi.org/10.3390/w9120996  

https://doi.org/10.1111/exsy.12407
http://dx.doi.org/10.25236/IJFS.2019.010102
https://www.researchgate.net/profile/Rajiv-Bh/publication/305482851_Courier_partner_selection_for_E-commerce_business_Using_TOPSIS_Method/links/5c111bf64585157ac1bce0be/Courier-partner-selection-for-E-commerce-business-Using-TOPSIS-Method.pdf
https://www.researchgate.net/profile/Rajiv-Bh/publication/305482851_Courier_partner_selection_for_E-commerce_business_Using_TOPSIS_Method/links/5c111bf64585157ac1bce0be/Courier-partner-selection-for-E-commerce-business-Using-TOPSIS-Method.pdf
https://www.researchgate.net/profile/Rajiv-Bh/publication/305482851_Courier_partner_selection_for_E-commerce_business_Using_TOPSIS_Method/links/5c111bf64585157ac1bce0be/Courier-partner-selection-for-E-commerce-business-Using-TOPSIS-Method.pdf
https://www.academia.edu/download/58880000/267_AHP-Topsis_GDM.pdf
https://doi.org/10.3390/w9120996


 

 

124 

Ja
va

n
b

a
k

h
t 

a
n

d
 C

h
a
k

ra
vo

rt
y
 |

J.
 F

u
z
z
y
. 

E
x

t.
 A

p
p

l.
 3

(2
) 

(2
0
2
2
) 

10
9
-1

2
5

 

 

 Abou-El-Enien, T. H. (2015). An Interactive decomposition algorithm for two-level large scale linear 

multiobjective optimization problems with stochastic parameters using TOPSIS method. International 

journal of engineering research and applications, 5(4), 61-76.  

 Javanbakht, T., Laurent, S., Stanicki, D., & David, E. (2020). Related physicochemical, rheological, and 

dielectric properties of nanocomposites of superparamagnetic iron oxide nanoparticles with 

polyethyleneglycol. Journal of applied polymer science, 137(3), 48280. https://doi.org/10.1002/app.48280                                                                           

 Ghane-Motlagh, B., Javanbakht, T., Shoghi, F., Wilkinson, K. J., Martel, R., & Sawan, M. (2016). 

Physicochemical properties of peptide-coated microelectrode arrays and their in vitro effects on 

neuroblast cells. Materials science and engineering: c, 68, 642-650.                 

 Javanbakht, T., Bérard, A., & Tavares, J. R. (2016). Polyethylene glycol and poly (vinyl alcohol) 

hydrogels treated with photo-initiated chemical vapor deposition. Canadian journal of chemistry, 94(9), 

744-750.  

 Javanbakht, T., Raphael, W., & Tavares, J. R. (2016). Physicochemical properties of cellulose 

nanocrystals treated by photo‐initiated chemical vapour deposition (PICVD). The Canadian journal of 

chemical engineering, 94(6), 1135-1139.  

 Javanbakht, T., Laurent, S., Stanicki, D., Raphael, W., & Tavares, J. R. (2015). Charge effect of 

superparamagnetic iron oxide nanoparticles on their surface functionalization by photo-initiated 

chemical vapour deposition. Journal of nanoparticle research, 17(12), 1-11.  

 Djavanbakht, T., Carrier, V., Andre, J. M., Barchewitz, R., & Troussel, P. (2000). Effects of thermal 

heating on the performance of Mo/Si, Mo/C and Ni/C multilayer mirrors for soft X-radiation. The 

journal of physics IV, 10, 281-287. (In Ferench). 

https://jp4.journaldephysique.org/articles/jp4/abs/2000/10/jp4200010PR1031/jp4200010PR1031.html    

 Javanbakht, T., Hadian, H., & Wilkinson, K. J. (2020). Comparative study of physicochemical 

properties and antibiofilm activity of graphene oxide nanoribbons. Journal of engineering sciences, 7(1), 

C1-C8.  

 Javanbakht, T., Ghane-Motlagh, B., & Sawan, M. (2020). Comparative study of antibiofilm activity 

and physicochemical properties of microelectrode arrays. Microelectronic engineering, 229, 111305. 

https://doi.org/10.1016/j.mee.2020.111305  

 Javanbakht, T., & David, E. (2020). Rheological and physical properties of a nanocomposite of 

graphene oxide nanoribbons with polyvinyl alcohol. Journal of thermoplastic composite materials, 

0892705720912767.                                           

 Javanbakht, T., & Sokolowski, W. (2015). Thiol-ene/acrylate systems for biomedical shape-memory 

polymers. In shape memory polymers for biomedical applications (pp. 157-166). Woodhead Publishing. 

https://doi.org/10.1016/B978-0-85709-698-2.00008-8                                                                                                                                                                                                                  

 Javanbakht, T., Laurent, S., Stanicki, D., & Frenette, M. (2020). Correlation between physicochemical 

properties of superparamagnetic iron oxide nanoparticles and their reactivity with hydrogen 

peroxide. Canadian journal of chemistry, 98(10), 601-608.                                                                               

 Maldonado-Bascón, S., Acevedo-Rodríguez, F. J., Montoya-Andúgar, F., & Gil-Jiménez, P. (2018, 

February). Low cost robot for indoor cognitive disorder people orientation. 2018 IEEE international 

conference on industrial technology (ICIT) (pp. 1769-1774). IEEE. 

 Stogl, D., Armbruster, O., Mende, M., Hein, B., Wang, X., & Meyer, P. (2019). Robot-based training for 

people with mild cognitive impairment. IEEE robotics and automation letters, 4(2), 1916-1923.                               

 Andriella, A., Alenyà, G., Hernández-Farigola, J., & Torras, C. (2018). Deciding the different robot 

roles for patient cognitive training. International journal of human-computer studies, 117, 20-29.           

 Dolan, R. J. (2002). Emotion, cognition, and behavior. Science, 298(5596), 1191-1194.              

 Hayes, S. C., & Wilson, K. G. (1995). The role of cognition in complex human behavior: a 

contextualistic perspective. Journal of behavior therapy and experimental psychiatry, 26(3), 241-248.  

 Reis, H. T., & Collins, W. A. (2004). Relationships, human behavior, and psychological science. Current 

directions in psychological science, 13(6), 233-237.  

 Griffiths, T. L., Abbott, J. T., & Hsu, A. S. (2016). Exploring human cognition using large image 

databases. Topics in cognitive science, 8(3), 569-588.  

 Al-Shawaf, L., Conroy-Beam, D., Asao, K., & Buss, D. M. (2016). Human emotions: an evolutionary 

psychological perspective. Emotion review, 8(2), 173-186 .  

https://doi.org/10.1002/app.48280
https://jp4.journaldephysique.org/articles/jp4/abs/2000/10/jp4200010PR1031/jp4200010PR1031.html
https://doi.org/10.1016/j.mee.2020.111305
https://doi.org/10.1016/B978-0-85709-698-2.00008-8


125 

 

P
re

d
ic

ti
o

n
 o

f 
h

u
m

a
n

 b
e
h

a
v
io

r 
w

it
h

 T
O

P
S

IS
 

 
 Köppe, C., Held, M., & Schütz, A. (2019). Improving emotion perception and emotion regulation through 

a web-based emotional intelligence training (WEIT) program for future leaders. International journal of 

emotional education, 11(2), 17-32.  

 Schreuder, E., Van Erp, J., Toet, A., & Kallen, V. L. (2016). Emotional responses to multisensory 

environmental stimuli: a conceptual framework and literature review. Sage open, 6(1), 2158244016630591. 

https://doi.org/10.1177/2158244016630591  

 Zamani-Sabzi, H., King, J. P., Gard, C. C., & Abudu, S. (2016). Statistical and analytical comparison of 

multi-criteria decision-making techniques under fuzzy environment. Operations research perspectives, 3, 

92-117. 

 Vommi, V. (2017). TOPSIS with statistical distances: a new approach to MADM. Decision science 

letters, 6(1), 49-66. 

 Simanavičienė, R., & Cibulskaitė, J. (2015). Statistical analysis of the reliability of a decision obtained by 

the TOPSIS method. Lithuanian journal of statistics, 54(1), 110-118. 

 Simanavičienė, R., & Petraitytė, V. (2016). Sensitivity analysis of the TOPSIS method in respect of initial 

data distributions. Lithuanian journal of statistics, 55(1), 45-51. 

 Demirel, T., & Tüzün, S. (2016). Analyzing and comparing the districts of Istanbul using 

TOPSIS. International journal of arts & sciences, 9(1), 339-348.  

 Nayeb, A., Jabari, S., & Yousefi Nejad Attari, M. (2015). A combination of factor analysis and combined 

approach techniques (AHP-TOPSIS) for ranking criteria and evaluating the factors affecting brand. 

Technical journal of engineering and applied sciences, 4(4), 349-358. DOI: 10.13140/2.1.4227.1524  

 Holota, T., Holienčinová, M., Kotus, M., & Chrastina, J. (2017). The use of TOPSIS method in the 

manufacturing process of clutch plate of agricultural machinery. Agronomy research, 15(1), 155-161. 

https://doi.org/10.1177/2158244016630591
http://dx.doi.org/10.13140/2.1.4227.1524

