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Abstract 

The aim of this study is to determine the usability 

dimensions that are the most crucial for 

smartphone users by determining the best 

smartphone alternative. The purpose is to 

understand what is needed for smartphone 

manufacturers to gain a competitive advantage 

and differentiate a smartphone brand from its 

rivals. In addition, the study identifies 

relationships using the interaction effect between 

usability dimension items in the smartphone 

usability evaluation. This study proposes an 

intuitionistic fuzzy multi criteria decision making 

(IFMCDM) approach consisting of entropy-

weighted correlation coefficients for usability 

studies. The proposed approach can help 

smartphone manufacturers optimally satisfy 

smartphone users’ needs by evaluating multiple 

items simultaneously using priority ranking and the 

interrelationship and weights of the usability 

dimensions of smartphones. In other words, this 

study enables the degree of interrelation and 

interaction among the usability dimension items 

and their weights to be determined.  

Keywords: smartphone, usability, intuitionistic 

fuzzy set, entropy, correlation 
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1. Introduction 

Mobile phones are highly used and depended upon, 

and they are perceived to be an inseparable part of 

daily life (Genova, 2010; Tian et al., 2009). 

However, there is little knowledge about the 

methods, such as structured methodologies and real 

life practices, for capturing usability when 

evaluating mobile phones (Klockar et al., 2003). 

Mobile phones are divided into three categories: 

basic phones, multimedia phones, and smartphones 

(Chang et al., 2005). Research has found that 

consumers prefer smartphones (Watson et al., 

2013). The main functions of a smartphone are not 

only for communication but also range from life 

management to business management (Lee et al., 

2014). Smartphones have data, email, Internet 

access, powerful processors, unique operation 

systems, and different applications (Sarwar & 

Soomro, 2013). These devices are technically 

complex devices that can fit in a pocket and there is 

a huge competitive market for them (Genova, 

2010). In addition, research related to smartphone 

topics is scarce (Hu et al., 2014). 

For many products, consumers make buying 

decisions according to ease of use (Wilson, 2001). 

The user-friendliness of smartphones, in other 

words, the usability, is increasingly in demand. The 

importance of the usability of smartphones has 

increased in recent years because of their 

popularity and functionality. Smartphone usability 

evaluation remains an important topic. 

Usability attributes can be differentiated based on 

the user’s work context (Wixon and Wilson, 1997). 

One of the main definitions of usability is given by 

ISO9241-11. In this definition, the usability is the 

extent to which a product can be used by specified 

users to achieve specified goals with satisfaction, 

effectiveness, and efficiency in a specified context 

of use. ISO 9241-11 points out that the usability 

requirements are based on the measures of users 

performing tasks with the product under 

development (ISO/IEC, 1998). Effectiveness is 

defined as the percentage of users who can 

successfully complete a task. Efficiency is the 

mean time needed to successfully complete a task. 

Satisfaction is user satisfaction, which can be 

measured with a questionnaire (ISO/IEC, 1998). 

Another definition of usability was made by 

Shackel (1991, pp.25), who defined it as 

learnability, effectiveness, flexibility, and attitude 

towards a product. Nielsen also introduced the 

usability attributes of learnability, memorability, 

error prevention, and satisfaction. Jordan (1998) 

emphasized experienced user performance, system 

potential, and re-usability as attributes of usability.  

A usability evaluation has a multi criteria decision 

making (MCDM) structure. Because a usability 

evaluation is a group decision making process that 

takes into account more than one usability attribute 

related to a product and assesses more than one 

product, it should not be performed individually. In 

addition, usability evaluations contain vagueness 

and uncertainty. Fuzzy set theory can overcome 

such incomplete and imprecise information. 

However, the evaluation of users may also include 

hesitancy. Consumer judgments can be described 

more comprehensively using intuitionistic fuzzy set 

(IFS) theory, which offers a sound solution to 

obtaining consumer judgments. The IFSs 

introduced by Atanassov (1986) are an extended 

version of fuzzy sets developed by Zadeh (1965). 
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IFS theory is an effective tool that can reflect the 

degree of hesitancy of information in a decision-

making process. Therefore, IFSs can model 

uncertainty more detailed than fuzzy sets. Besides, 

in the usability evaluation process, sometimes there 

is unknown or incompletely known information 

related to the weights of the criteria. Therefore, it is 

necessary to consider modeling the hesitancy 

degree of user judgment. The intuitionistic fuzzy 

multi criteria decision making (IFMCDM) 

approach is a powerful tool for modeling hesitancy 

in the decision process (Atanassov, 1986). In terms 

of determining weights, one of the most-

representative approaches is the entropy method, 

which expresses the relative importance of 

signifying the average intrinsic information 

transmitted to an expert (Zeleny 1982). An entropy 

fuzzy environment can be used to measure the 

fuzziness of a fuzzy set (Chen li 2010). Entropy is 

an intrinsic concept that measures fundamentally 

different types of uncertainty (Szmidt, Kacprzyk, 

2001). The correlation coefficient is an important 

tool which evaluates the nature of the relations 

between the variables (Hung, Wu 2002; Zhang et 

al. 2015). Combining these tools, this study 

proposes an IFMCDM approach that consists of 

entropy weighted correlation coefficients for 

usability studies. 

The aim of the study is to determine the usability 

dimensions that are the most crucial for 

smartphone users by determining the best 

smartphone alternative compared to other 

alternatives. The purpose is to understand what 

is needed for a smartphone manufacturer to gain 

a competitive advantage and differentiate a 

smartphone brand from its rivals. In addition, 

this study identifies interaction effects between 

usability dimension items that have been evaluated 

for smartphones. This proposed approach provides 

useful information to smartphone manufacturers 

regarding how to optimally satisfy smartphone 

users’ needs. It does this by evaluating multiple 

items simultaneously with priority ranking and 

weighted interrelationships among the usability 

dimensions of smartphones. In other words, this 

study enables the determination of the degree of 

interrelations and interactions among usability 

dimensions and the weights of each to find the 

main items that smartphone manufacturer should 

consider gaining a competitive advantage in the 

smartphone market. 

The rest of the paper is organized as follows. 

Section 2 discusses intuitionistic fuzzy algebra. 

Section 3 demonstrates the proposed algorithm. 

Section 4 presents the application of the proposed 

algorithm to the usability problem of smartphone. 

Section 5 evaluates and discusses the results and 

concludes the paper. 

2. Intuitionistic fuzzy algebra  

The fuzzy set theory is aimed to improve the 

oversimplified model, as a result it can be 

developed a more robust and flexible model to 

solve real-world complex systems involving human 

views (Lai, Hwang, 1992).  

Let   be a universe of discourse. Then, fuzzy set   

can be represented as (Franceschini and Galetto, 

2001) 

  *    
( )    +.     (1) 

A fuzzy set is characterized by membership 

function      ,   -, where   
( ) indicates the 

degree of membership of element   to set  . The 

degree of non-membership is     
( ). However, 

a human being who can easily express the degree 

of membership of a given element in a fuzzy set 

usually cannot express the corresponding degree of 

non-membership. It is a well-known fact that 

linguistic negation is not always identified with 

logical negation. An IFS is characterized by two 

functions, a membership function and a non-

membership function. They seem to be useful when 

modeling many real life cases such as negotiation 

processes (Chen and Ko, 2009). An IFS is 

expressed as an extended version of fuzzy set   as 

follows (Garcia and Schirru, 2005).  

  *    
( )   ( )    +             (2) 

IFS   is defined by membership function      
,   - and non-membership function      ,   -, 
where      

( )+  ( )        .  

For each IFS   in  ,   
( )      

( )  
  ( )         where   

( ) is defined as the 

degree of non-determinacy or hesitation of   to  , 

    
( )    (Franceschini and Galetto, 2001). If 

the value of   
( )  increases the degree of accuracy 

of information related to   decreases. 

An intuitionistic fuzzy number (IFN) is indicated as 

 ̃= (  ̃    ̃    ̃ ). Let  ̃  (  ̃    ̃    ̃) and  ̃  
(  ̃    ̃    ̃) be two IFNs,    ,   - and some 

basic operations are given as follows (Atanassov, 

1986). 

i.  ̃   ̃  ((  ̃     ̃    ̃     ̃)   ̃     ̃ ), 
ii.  ̃   ̃  (  ̃     ̃  (  ̃     ̃    ̃     ̃)), 

iii.   ̃  (  (     ̃)
    ̃

 )     , 

iv.  ̃  (   ̃
    (    ̃)

 );    . 
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3. Proposed algorithm 

 

This study proposes an IFMCDM approach for 

usability studies that consists of weighted 

correlation coefficients using entropy. Entropy is 

used for obtaining the weight of the criteria and 

weighted correlation coefficients are calculated for 

ranking alternatives. The hesitant judgments of 

usability can be modeled using entropy to compute 

the criteria weights. The relation between the 

alternatives can be considered using the weighted 

correlation coefficients. 

The proposed IFMCDM approach can handle 

uncertainty, vagueness, and hesitancy in the 

usability evaluation process. It further provides 

flexibility for assessment. The proposed algorithm 

steps are as follows:  
Step 1: Let   *          

+ be set of 

alternatives and let   *          
+ be set of 

criteria. Criteria are divided into   (         ) 

dimensions. 
Step 2: Determine sample size ( ) as a represented 

as expert. The participants are asked to respond 

with ―yes,‖ ―no,‖ or ―I do not know‖ to items for 

all alternatives. Compute the proportions of these 

responses for each item. These proportions form 

the IFN given in Eq. 2 and are computed as 

follows.  

 

 

   
(  )  

           (   )

 
             ,       (3) 

 

   
(  )  

           (  )

 
              ,         (4) 

 

   
(  )  

           (             )

 
                (5) 

 

Using Eqs. (3)–(5), the alternative    (         ) is represented by the following IFS: 

   {       
(  )    

(  )    
(  ) }                 ;           , 

 

where      
(  )    

(  )   . 

Step 3: Compute the entropy for all criteria using 

   (  )  ∑ .     
(  )     

(  )/  ∑    
(  )

 
   

 
                  .                       (6) 

Step 4: Compute the entropy weights for all criteria using 

    
  

   .   /
 

  ∑
   .   /

 
 
   

                                  .                                                      (7) 

Step 5: Calculate total weights for    (         )   

       
 ∑    

  

                           ,                                                                             (8) 

where    is the number of items for all dimensions.  

Step 6: Select the ideal alternative    {      } for the alternatives ranking order for the decision making 

problem. The correlation coefficient between the ith
 
alternative    and the ideal alternative    with entropy 

weights for all criteria can be measured by weighted correlation coefficient           

( ) (     
), which is 

computed as  

 

          

( ) (     
)  

.   
( )(     

)/
      

√(  (  ))
      

( ( )(  
))

      

 

 
∑   (   

(  )   (  )    
(  )   (  ))

  
   

√(∑   (   
 (  )    

 (  ))
  
   ).∑   .   

 (  )    
 (  )/

 
   /

,        

                                   (9) 

 

where             

( ) (     
)   . The alternative with the largest weighted correlation coefficient (larger 

value of the weighted correlation coefficient) is the nearest ideal alternative and is chosen as the best alternative. 
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4. Application of the proposed algorithm to 

smartphone usability  

 

The algorithm proposed in Section 3 is used in this 

section to determine smartphone usability 

dimensions for business professionals. Business 

professionals who use the smartphone for business 

but not leisure were selected to participate in this 

study. A smartphone is mainly a combination of a 

regular mobile phone and personal digital assistant 

with the option of critical information storage via a 

personal computer (Chang et al., 2009). Therefore, 

business professionals have different expectations 

than other market segments (Chen Chang 2005). 

This segment also has low price elasticity. The 

survey consists of two parts. The first part includes 

six questions on demographic factors and 

smartphone usage habits (see Table 1). The second 

part includes 14 questions on the attitudes of the 

participants to three usability dimensions for the 

smartphone. The smartphone usability questions 

were constructed based on the usability metric for 

user experience (UMUX) scale, which is a valid 

and reliable evaluation scale. It is a powerful tool 

developed by Finstad (2010) to measure perceived 

usability dimensions. It measures the three 

dimensions of usability defined by the ISO 9241-11 

standard: effectiveness, efficiency, and satisfaction. 

These three dimensions are measured in terms of 

the smartphone’s features. The items used in the 

questionnaire are shown in Table 2. Participants are 

asked to evaluate the items as either ―yes,‖ ―no,‖ or 

―I have no opinion.‖ A pilot study was carried out 

to test the questionnaire with 25 business 

professionals (eight women and 17 men; 12 less 

than 35 years old, eight between 36 and 45 years 

old, and five over 45 years old) to evaluate the 

validity and understandability of the survey 

questionnaire. This questionnaire sent by mail to 

the participants. (The mail addresses were obtained 

from a young business professional’s association 

and was used only for this research.) The 

participants were informed in the letter that the 

study was part of an academic study and that the 

results of the work could be shared with the 

participant if requested. After two weeks, a 

reminder mail was sent to the participants who did 

not respond. A total of 800 surveys were sent out 

and 395 business professionals responded 

positively and participated in the study. After the 

survey forms with missing responses were 

eliminated, 386 valid questionnaires remained. 

Cronbach’s alpha coefficient was calculated to 

determine the reliability of the data. Cronbach’s 

alpha value was 0.91, which demonstrates that the 

scale used in the survey can successfully measure 

the constructs described in this study. 

The probability of a phenomenon occurring was set 

to 0.5 and the probability of it not occurring was 

also 0.5. The sample error was 0.05 and the 

significance level was       , meaning that the 

sample was appropriate, as stated in Arya et al. 

(2012). The sample size was 384, considering that 

the population size was unknown. The sample size 

was found to be sufficient at the 95% confidence 

level. 

 

Table 1:Survey participant information 

  Frequency 

(      ) 

Age 

(years) 

 

18–30 100 

31–43 226 

44–56 60 

Highest 

education 

level 

Primary school 0 

High school 0 

University 326 

Postgraduate 60 

Gender 

 

Male 300 

Female 86 

Smartphon

e usage 

Yes 386 

No 0 

Income 

(USD) 

 

1,000–2,000 50 

2,001–3,000 136 

> 3,001 200 

Smartphon

e 

experience 

(years) 

1–3  10 

4–6  126 

> 6  250 

 

 

There are three dimensions defined by ISO9241-11 

for usability (   ): satisfaction, effectiveness, 

and efficiency. Two smartphone brands were the 

alternatives   *     
+ (   ) compared in 

terms of these three dimensions. Fourteen usability 

criteria   *           
+ (    )  are taken 

into consideration for comparison. The proportions 

of ―yes‖, ―no,‖ or ―I do not know‖ responses for 

the smartphone usability items of the alternatives 

were computed using Eqs. 3–5 (See Table 2). 
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Table 2: Proportions for alternative items  

        

   
Criteria 

(          ) 
   

(  )    
(  )    

(  )    
(  )    

(  )    
(  ) 

    Satisfaction (Dimension 1) 

   I am satisfied with... 0.414 0.126 0.460 0.420 0.176 0.403 

   
I would prefer to use 

something other than... 0.586 0.126 0.287 0.513 0.176 0.311 

   
Given a choice. I would 

choose …over others. 0.506 0.069 0.425 0.496 0.160 0.345 

   
Using…was a 

frustrating experience 0.460 0.092 0.448 0.479 0.134 0.387 

   I am proud of using... 0.333 0.023 0.644 0.664 0.017 0.319 

    Effectiveness (Dimension 2) 

   

...allows me to 

accomplish my tasks. 

 0.299 0.172 0.529 0.345 0.118 0.538 

   

I would not need to 

supplement …. with an 

additional one. 0.184 0.092 0.724 0.185 0.134 0.681 

   

I think I would not need 

a system with more 

features for my 

tasks. 0.391 0.241 0.368 0.538 0.160 0.303 

   
Capabilities would 

meet my requirements 0.494 0.195 0.310 0.571 0.210 0.218 

    
My expectation was 

fulfilled. 0.655 0.115 0.230 0.672 0.151 0.176 

    

There are all necessary 

properties and 

supplemental 

equipment. 0.080 0.138 0.782 0.050 0.311 0.639 

    Efficiency (Dimension 3) 

    ..saves me time 0.241 0.218 0.54 0.437 0.092 0.471 

    
I do not make many 

errors with.. 0.517 0.126 0.356 0.454 0.336 0.21 

    

I have to spend a lot of 

time correcting things 

with... 0.471 0.126 0.402 0.395 0.328 0.277 

 

Entropy and entropy weights for all items were 

computed and the total weights were found for 

each dimension (Table 3). As shown in Table 3, 

respondents evaluated the effectiveness usability 

dimension as the most important for smartphones 

(        ). The second and third most 

important dimensions chosen by the respondents 

were satisfaction and efficiency, respectively 

(                 ). 
Table 3: Entropy, entropy weights, and total 

weights 

      (  )            
 

    Satisfaction          

   0.863 0.070 
0.368 

 
   0.598 0.086 

   0.77 0.076 

      (  )            
 

   0.835 0.072 

   0.963 0.064 

    Effectiveness           

   1.067 0.058 

0.401 

 

   1.405 0.037 

   0.671 0.082 

   0.528 0.091 

    0.406 0.098 

    1.421 0.036 

    Efficiency          

    1.011 0.061 
0.231 

 
    0.566 0.088 

    0.679 0.081 

Total weight 1 1 
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The results demonstrate that the most important usability item for business professionals is the fulfillment of 

expectation (         ). In contrast, their least important usability items are the necessary properties and 

supplemental equipment (         ). 
 

To rank alternatives, it is necessary to compare them with respect to the best alternative. The best alternative is 

defined as the ideal alternative. The membership degree of the ideal alternative should be 1. In addition, its 

hesitancy degree is  0. Based on this assumption, the ideal alternative according to IFN is listed in Table 4.  

 

 

Table 4: Ideal alternative    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The correlation coefficient between the ith
 
alternative    and the ideal alternative    with entropy weights for all 

criteria was measured by weighted correlation coefficient           

( ) (     
), as shown in Tables 5 and 6. 

 

Table 5: Weighted correlation coefficients for Alternative 1 (  
) 

   .   
( )(     

)/
      

 (  (  ))
      

 . 
( )(  

)/
      

 .          

( ) (     
)/

 
           

( ) (     
) 

    Satisfaction 

0.963 

 

0.909 

 

   0.029 0.070 0.013 

   0.051 0.086 0.031 

   0.038 0.076 0.020 

   0.033 0.072 0.016 

   0.021 0.064 0.007 

    Effectiveness 

   0.017 0.058 0.007 

0.858 

 

   0.007 0.037 0.002 

   0.032 0.082 0.017 

   0.045 0.091 0.026 

    0.064 0.098 0.043 

    0.003 0.036 0.001 

    Efficiency  

    0.015 0.061 0.006 
0.912 

 
    0.046 0.088 0.025 

    0.038 0.081 0.019 

  

    

      (  )    (  )    (  ) 

    Satisfaction 

   1 0 0 

   1 0 0 

   1 0 0 

   1 0 0 

   1 0 0 

    Effectiveness 

   1 0 0 

   1 0 0 

   1 0 0 

   1 0 0 

    1 0 0 

    1 0 0 

    Efficiency  

    1 0 0 

    1 0 0 

    1 0 0 
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As Tables 5 and 6 show, alternative 1 (  ) is preferred to alternative 2 (  ) according to the weighted 

correlation coefficient (the interaction effects between all usability items). (          

( ) (     
)        

          

( ) (     
)  0,891). As shown in Table 5, business professionals evaluate the satisfaction usability 

dimension as the most important usability dimension for smartphone according to the interaction effect between 

satisfaction dimension items  

.          

( ) (     
)/

 
      ). The second and third most important dimensions chosen by business 

professionals are efficiency and effectiveness according to their interaction effect (.          

( ) (     
)/

 
 

      .          

( ) (     
)/

 
      ).  

 

Table 6: Weighted correlation coefficients for Alternative 2 (  
) 

   .   
( )(     

)/
      

 (  (  ))
      

 . 
( )(  

)/
      

 .          

( ) (     
)/

 
           

( ) (     
) 

    Satisfaction 

0.951 

 

0.891 

 

   0.029 0.070 0.015 

   0.044 0.086 0.025 

   0.038 0.076 0.021 

   0.034 0.072 0.018 

   0.042 0.064 0.028 

    Effectiveness  

   0.020 0.058 0.008 

0.871 

 

   0.007 0.037 0.002 

   0.044 0.082 0.026 

   0.052 0.091 0.034 

    0.066 0.098 0.047 

    0.002 0.036 0.004 

    Efficiency   

    0.027 0.061 0.012 
0.828 

 
    0.040 0.088 0.028 

    0.032 0.081 0.021 

 

 

5. Discussion and conclusion 

Effectiveness, satisfaction, and efficiency 

dimensions were found to be important for business 

professionals when considering only entropy 

weights. Coursaris and Kim (2006) also mentioned 

effectiveness in their review of usability studies. 

Similarly, Heo et al. (2009) discussed efficiency 

and effectiveness as two items for usability 

evolution. Kenteris et al. (2011) and Holzinger et 

al. (2011) found effectiveness, efficiency, 

satisfaction to be the usability dimensions for 

mobile technology. Bao et al. (2011) and Biel et al. 

(2010) demonstrated in their research that people 

are afraid of making mistakes when using their 

smartphones. However, these studies did not 

deeply consider the efficiency dimension. The most 

important usability items for business profes sionals 

are the fulfillment of expectation and the least 

important are necessary properties and 

supplemental equipment. This is an important 

finding for smartphone manufacturers because 

necessary properties and supplemental equipment, 

which are seen as the least important for business 

professionals, are very costly for manufacturers and 

sharply increase smartphones pricesas an 

distinguishable component of production cost.  

 

When interaction effects between all usability 

items are taken into consideration, alternative 1 is 

preferred over alternative 2 by business 

professionals. Business professionals evaluated the 

satisfaction usability dimension as the most 

important for smartphones according to the 

interaction effect between satisfaction dimension 

items. The second and third most important 

dimensions chosen by the business professionals 

are efficiency and effectiveness usability 

dimensions according to the interaction effect 

between efficiency and effectiveness dimension 

items, respectively. This demonstrates that 

interaction effects between usability items should 

be evaluated and taken into consideration as a 

diagnostic tool by smartphone manufacturers when 

developing marketing strategies and deciding 

future design plans. 
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The self-selected sample and sample size limits the 

generalization of the results of the study; however, 

the possibility of comparison with other study 

findings helps increase the generalization of these 

results (Sivadas et al., 1998). To improve the 

representativeness of the sample, further research 

should use larger sample sizes. It is important to 

repeat future studies in different market segments 

and in different countries to generalize the results 

of the present study.  

 

A successful and profitable design requires a 

successful understanding of customer demands and 

expectations (Swift 1997). Therefore, predictions 

of consumer behavior and preferences are of 

paramount importance for smartphone phone 

manufacturers to develop new features in 

accordance with them (Sandhusen 2000; Huang et 

al. 2010). In this study, by proposing an IFMCDM 

approach for usability studies consisting of entropy 

weighted correlation coefficients, the relationships 

between the dimensions and items were 

investigated. Therefore, this method enables both 

selection between alternatives and determination of 

which interactions of dimensions and dimension 

items affect priority dimensions for the usability of 

smartphones. On one hand, this research proposed 

a method for social sciences and on the other hand, 

it presents a diagnostic tool and leading point of 

view to smartphone manufacturers about the 

smartphone usability expectations of an important 

market segment. The findings of this study are 

expected to help manufacturers understand the 

usability dimensions of a smartphone and create a 

product that satisfies the users. Therefore, they will 

be able to better understand how the customer 

views their products relative to their rivals.
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