
Professor Józef Dziechciarz, PhD 
Department of Econometrics, Wroclaw University of Economics, Poland 
e-mail: jozef.dziechciarz@ue.wroc.pl  

Assistant professor Marta Dziechciarz-Duda, PhD 
Dpt. of Econometrics and Computer Science, Wroclaw University of Economics, Poland 
e-mail: marta.dziechciarz@ue.wroc.pl  

Anna Król, PhD Candidate 
Department of Econometrics, Wroclaw University of Economics, Poland 
e-mail: anna.krol@ue.wroc.pl  

 
HYBRID ANALYSIS OF CONSUMERS’ PREFERENCES: 
FUZZY LINEAR ORDERING AND HEDONIC MODELLING 

 
Abstract. The aim of the presented study is to verify the usefulness of new hybrid technique 

in the analysis of consumers’ preferences involving the use of fuzzy methods of objects linear ordering 
and comparison of the obtained results with the estimated parameters of hedonic models. In the 
proposed approach revealed preferences (understood as the actual consumers' market choices 
modelled by hedonic regression) are collated with the stated preferences obtained from survey studies 
and empirical research questionnaires. The study was based on two separate sets of data concerning 
smartphone devices. Evaluation of consumers’ revealed preferences (provided by the respondents in 
the form of fuzzy numbers) was obtained via questionnaire. The collected data was used for linear 
ordering. The obtained results were afterwards compared with the valuation of brands and products’ 
characteristics resulting from the hedonic analysis. Here as well, a large, original data set covering 
the market offer of smartphones was used. As a result, it was possible to analyse the actual level of 
market prices, as well as the perception of products and its characteristics by consumers. It turns out 
that disparities are surprisingly high. It can be assumed that in the analysed segment of the market, it 
might be possible to correct the pricing of certain brands. 

Keywords: linguistic variable, fuzzy number, fuzzy linear ordination, hedonic model, 
preference analysis, smartphone brands. 

1. Introduction 
The aim of the presented study is to verify the usefulness of new technique in the 

analysis of consumers’ preferences involving the use of fuzzy methods of objects 
linear ordering and comparison of the obtained results with the estimated parameters 
of hedonic models. In the proposed approach revealed preferences (understood as 
the actual consumers' market choices modelled by hedonic regression) are collated 
with the stated preferences obtained from survey studies and empirical research 
questionnaires. The study was based on two separate sets of data concerning 
smartphone devices. Evaluation of consumer’s revealed preferences (provided by 
the respondents in the form of fuzzy numbers) was obtained via questionnaire. The 
collected data was used for linear ordering. The obtained results were afterwards 
compared with the valuation of brands and products’ characteristics resulting from 
the hedonic analysis. Here as well, a large, original data set covering the market offer 
of smartphones was used. 



New trends observed in consumers’ behaviours indicate that the product brand more 
often is considered the most important aspect of purchasing decisions in the durable 
goods markets. Brand assessment made by the consumer is associated with 
a complex evaluation process of several criteria (such as for example reliability, 
credibility, modernity or prestige). The basic problem is that it is assumed that the 
product features can be measured on the metric scale. Meanwhile, the above 
mentioned characteristics are descriptive in nature and can be measured only on the 
weak scales of measurement. An additional problem is caused by subjectivities in 
the weights that the individual buyers attribute to each of the characteristics. Typical 
tools of statistics classically used to measure attitudes partly ignore these problems. 
In order to take into account differences in subjective assessments of the respondents 
the application of fuzzy numbers is proposed. This analytical technique converts the 
linguistic expressions, which might be differently understood by each respondent, to 
the form of a triangular1 fuzzy numbers, and thus is able to model more precisely the 
actual consumers’ preferences. 

2. Preference measurement problems 
The studies of consumers’ preferences may be based both on the revealed 

preferences, such as market data describing historical behaviours and events, as well 
as on the stated preferences, describing the intentions, declarative attitudes and future 
behaviours. Data on the revealed preferences can be obtained from the standard 
references of secondary data. Stated preferences have to be collected in surveys and 
empirical consumers’ studies. This means that the stated preferences, which come 
from the primary sources of data, record attitudes (intentions) of respondents at the 
time of the study. The fundamental problem arising during the measurement of the 
respondents’ attitudes lies in the fact that it attempts to quantify the immeasurable 
and hidden phenomena. Therefore, for the sake of the accuracy and precision of the 
measurement, the key issue is that the variable which measures the attitude was 
described on an adequate scale. In most studies, the measurement levels of analysed 
characteristic are coded as numbers. In such cases precise coding criterion is vital 
(Mayntz, Holm and Hübner 1985, p. 60). The better the measurement tool, the more 
accurate the measurement results of the strength, validity, intensity and complexity 
of respondent’s attitudes. Unfortunately, quantitative scale commonly applied to 
measure attitudes, fail to identify the deeper, more difficult to grasp aspects of 
consumers’ behaviours. 
The measurement is a fundamental operation in the market research process. The 
preferences of the respondents are known only to the degree in which the researcher 
can accurately measure them. The key issue when defining a variable to be examined 
in preference research is the choice of measurement scale (Stevens 1959). M. 

1 The fuzzy measurement theory offers a variety of possibilities in defining the shape of measurement results 
expressed in linguistic values. The numerical equivalents for the values of linguistic variables may be given, 
including singleton, triangular, trapezoidal, and bell-shaped fuzzy numbers (see e.g. T. Chen T. Ku 2008). 

                                                 



Walesiak, states that in measurement theory there are four basic levels of measure. 
These include the following (Walesiak 2000, p. 45): 

 ratio scale (e.g. the probability of an individual choice or the choice on the 
scale of fixed sums), 

 interval scale (scores of products), 
 ordinal scale (ranking of products), 
 nominal scale (choice of products). 

The applied measurement scale of the value of endogenous variable affects the 
reliability of the measurement process. Among the non-metric scales the most 
common ways to measure the value of endogenous variable are the ranking and the 
pairwise comparisons. Measurement values belonging to the metric scale are 
obtained in procedures using graduated pairwise comparisons and scale of fixed 
sums. It is also worth noticing an additional, often applied method of measurement 
using the rating scale, representing the position scale, which could have a non-metric 
or metric construction (Stevens 1959, pp. 25 and 27; Adams, Fagot and Robinson 
1965; Walesiak 1996, pp. 189-191). The examples include some variants of Likert 
scale (Sagan 2004, p. 125). 
The metric scales are commonly used in preference analyses. However more 
possibilities, due to their more intuitive nature, are obtained by applying the non-
metric scales, including the verbal scales. In the case of verbal scales the respondent 
uses the expressions of natural language. The main disadvantage of this measuring 
method is that (seemingly) it is far less precise than the metric scale. The problem of 
verbal scale application is the need to identify quantitative equivalents for verbal 
expressions used to mark various levels. For example, the terms medium, strong, 
very strong brand can represent different evaluations and interpretations for different 
respondents due to the natural subjectivity of respondents’ perceptions. It is not 
possible to arbitrarily and clearly define how to interpret the differences in ratings 
that have been expressed in linguistic terms. Therefore, it is necessary to apply tools 
which mitigate these undesirable characteristics of verbal measurement. One of the 
possible techniques is the measurement using fuzzy numbers, usually triangular or 
trapezoidal. In the presented study, the consumer preferences for smartphones brands 
are measured using triangular fuzzy sets. 

3. Fuzzy numbers 
In this approach, in order to quantify the linguistic variable the theory of fuzzy 

sets is utilized. Linguistic variable is a variable whose values are determined by 
verbal categories (Piegat 1999). From the point of view of the respondents linguistic 
variable is a convenient and intuitive way to assess their preferences (Brzostowski 
and Wachowicz 2012). However, the researcher encounters a difficulty of properly 
coding the verbal statements. One solution is to approach the use of fuzzy numbers, 
in which the words of the natural language are identified with specific fuzzy subsets 
(Zadeh 1975). The triangular fuzzy set is defined as a set of three parameters: a, b, 
c, where values a < b < c. The membership function of triangular fuzzy set can be 



expressed by the formula (1). The graphic interpretation of a fuzzy set in the 
triangular form is shown in figure 1 (Bartkiewicz 2000, p. 83). 

𝜇𝜇(𝑥𝑥) =

⎩
⎪
⎨

⎪
⎧

0, 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≤ 𝑎𝑎,
𝑥𝑥−𝑎𝑎
𝑏𝑏−𝑎𝑎

,𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎 < 𝑥𝑥 ≤ 𝑏𝑏,
𝑐𝑐−𝑥𝑥
𝑐𝑐−𝑏𝑏

, 𝑓𝑓𝑓𝑓𝑓𝑓 𝑏𝑏 < 𝑥𝑥 < 𝑐𝑐,
0, 𝑓𝑓𝑓𝑓𝑓𝑓 𝑥𝑥 ≥ 𝑐𝑐.

        (1) 

The use of linguistic variables to study consumers’ preferences is based on the 
respondents’ assessment of certain criteria of evaluation by indicating one of the 
levels of the variable expressed in natural language. 

 

Figure 1. Fuzzy set in the triangular form 
Source: Bartkiewicz (2000), p. 83.  

In the next step the levels of linguistic variable are assigned equivalent (code) 
number, which in this case is in the form of fuzzy numbers. Variants of linguistic 
variable are usually defined and understood by the individual respondents in the non-
uniform manner. 

Table 1. An example of definition of the triangular fuzzy number domain (scale 0-100, identical width intervals, 
non-overlapping intervals) 

Linguistic variable Very low  Low  Medium   High  Very high  
Equivalent number (a, b, c) 0, 0, 20 20, 30, 40 40, 50, 60 60, 70, 80 80, 100, 100 

Graphic interpretation of 
fuzzy set 

 
(scale 0 to 100) 

 

 

Source: Chang and Yeh (2004). 



For this reason, the linguistic expressions in general vary in terms of a numerical 
interpretation of verbal expressions. Regardless the method of determining the 
domain of the triangular fuzzy number the numerical equivalents of levels of 
linguistic variable, which correspond to triangular fuzzy numbers (a, b, c), are 
represented by three values: the least likely pessimistic value (the beginning of the 
interval), the most probable value (the middle of the interval) and the least likely 
optimistic value (the upper end of the interval).  

Table 2. An example of definition of the triangular fuzzy number domain (scale 0-1, non-identical width intervals, 
strongly overlapping intervals) 

Linguistic variable Very low  Low  Medium   High   Very high  
Equivalent number (a, b, c) 0; 0; 0,3 0; 0,3; 0,5 0,2; 0,5; 0,8 0.5; 0.7; 1 0,7; 1; 1 

Graphic interpretation of 
fuzzy set 

 
(scale 0 to 1) 

 

 

Source: Liou and Wang (1994). 

As can be seen in tables 1-3, the definitions of domains of triangular fuzzy numbers 
might vary in the width of the individual levels (e.g. identical widths, non-identical 
widths), their infiltration level (e.g. levels do not overlap, levels overlap) and the 
scale of fuzzy number (e.g. [0, 1], [0, 10] [0, 100]). The application of triangular 
fuzzy numbers to quantify the linguistic variable requires the definition of its 
domain. Examples of various ways of describing linguistic variable as the triangular 
fuzzy numbers with their graphic interpretation are presented in tables 1-3. 

Table 3. An example of definition of the triangular fuzzy number domain (scale 0-1, non-identical width intervals, 
slightly overlapping intervals) 

Linguistic variable Very Low  Low Medium  High  Very High  
Equivalent number (a, b, 

c) 
0; 0,1; 
0,25 

0,15; 0,3; 
0,45  

0,35; 0,5; 
0,65 0,55; 0,7; 0,85 0,75; 0,9; 1 

Graphic interpretation of 
fuzzy set 

 
(scale 0 to 1) 

 

 

Source: Yang and Hung (2007) 

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Very low (VL)  Low (L) Medium (M)  High (H) Very high (VH)

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Very Low (VL) Low (L) Medium (M)    High (H)  Very High (VH)



4. Fuzzy linear ordering 
Originally, the idea of linear ordering of multivariate objects has been developed 

and proposed2 by Z. Hellwig (1968). His technique was based on the use of 
composite indicator, so called development measure. Frequent attempts to analyse 
respondents’ attitudes by means of linguistic variables, which are afterwards 
transformed into the form of fuzzy numbers, contributed to the construction of many 
proposals of modifications in the classical methods of linear ordering. The extension 
in the definition of development measure involving the use of triangular fuzzy 
numbers was suggested, among others, by F. Wysocki (Wysocki 2010). The main 
modification consists in the introduction of the transformation of the triangular fuzzy 
number into a real numbers. The calculations in the subsequent stages of the 
procedure are identical to the classical method of Z. Hellwig. Thus, fuzzy 
development measure method in consumers’ preferences research can be performed 
in the following steps:  
Step 1. The starting point of the procedure is a set of n matrices X𝑖𝑖 = �𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖� where 𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 is the k-th respondent’s 

evaluation of the j-th characteristic in the i-th object (i = 1, …, n). Respondents’ attitudes towards objects’ 
attributes are measured using linguistic variables. The values of linguistic variables are then transformed 
into the triangular fuzzy numbers (a, b, c). The transformation may be performed using arbitrary definition 
of the triangular fuzzy number domain (such as presented in the tables 1-3). Alternatively, each respondent 
can be asked to determine his/hers own understanding of the values of linguistic variable in the survey, in 
which case those subjective definitions are used in transformation process. 

Step 2. Matrix Y = �𝑦𝑦𝑖𝑖𝑖𝑖� consisting of average respondents evaluations of objects’ characteristics is calculated. 
Element 𝑦𝑦𝑖𝑖𝑖𝑖 represents the average evaluation over all respondents of the j-th characteristic in the i-th object 
in the form of triangular fuzzy number (a, b, c).  

Step 3. Each characteristic is transformed to stimulant or destimulant3 (if necessary), and the matrix Y is normalized 
(if necessary). Matrix Z of weighted evaluations is calculated, if there is additional information on the 
importance of individual characteristics. With equal weights Y = Z. 

Step 6. The abstract object, called the pattern of development, which represents the most favourable (most desirable 
by the respondents) values for each characteristics is calculated using the following formula: 

𝐳𝐳0 = �𝑧𝑧01 𝑧𝑧02  …  𝑧𝑧0𝑖𝑖  𝑧𝑧0𝑚𝑚�; where:  

𝑧𝑧0𝑖𝑖  = �
max
𝑖𝑖
𝑧𝑧𝑖𝑖𝑖𝑖,   if 𝑍𝑍𝑖𝑖 is stimulant,    

min
𝑖𝑖
𝑧𝑧𝑖𝑖𝑖𝑖,   if 𝑍𝑍𝑖𝑖 is destimulant. 

Correspondingly, the abstract object, called the anti-pattern of development, which represents the least 
favourable (least desirable by the respondents) values for each characteristic is calculated using the following 
formula: 

𝐳𝐳−0 = �𝑧𝑧−01 𝑧𝑧−02  …  𝑧𝑧−0𝑖𝑖  … 𝑧𝑧−0𝑚𝑚�; where: 

𝑧𝑧−0𝑖𝑖  = �
min
𝑖𝑖
𝑧𝑧𝑖𝑖𝑖𝑖,   if 𝑍𝑍𝑖𝑖 is stimulant,    

max
𝑖𝑖
𝑧𝑧𝑖𝑖𝑖𝑖,   if 𝑍𝑍𝑖𝑖 is destimulant. 

2 Further developed version was published in Hellwig (1972). 
3 Terms stimuli (stimulant) and destimuli (destimulant) was introduced by Z. Hellwig for variables, where higher 

values are desired (stimuli) or lower values are desired (destimuli). For ordering, it is convenient to transform all 
variables into homogenous set (all stimuli or all destimuli). Simple transformation is necessary (J. Dziechciarz, S. 
Bartosiewicz 1986). 

                                                 



Step 7. The similarity of each object to the pattern of development is assessed by calculating the (taxonomic) 
distances between each object and the pattern of development. The distance between two triangular numbers 
�̌�𝐴1 =  (𝑎𝑎1,𝑏𝑏1, 𝑐𝑐1, ) i �̌�𝐴2 =  (𝑎𝑎2,𝑏𝑏2, 𝑐𝑐2, ) is calculated using the formula: 

( ) ( ) ( ) ( )[ ] 2
1

2
21

2
21

2
2121 3

1A,A 



 −+−+−= ccbbaad

  

Step 8. For each object the value of its development measure value is calculated using the following formula:  

0
01 d

dm i
i −=  (i = 1, 2, ..., n), where: 

im – the value of the development measure for i-th object,  

0d – the distance between the pattern of development and the anti-pattern of development, 

0id – the distance between i-th object and the pattern of development. 

The development measure can take the values from the interval [0; 1]. Naturally, the value of the 
development measure for the pattern of development equals 1, and for the anti-pattern of development equals 
0. Therefore, the higher the value of composite indicator, (value of the development measure), more similar 
is the object to the pattern of development (less distant from it). 

Step 9. The final ordering of objects is created by arranging the objects in accordance with the non-increasing values 
of the development measure. 

5. An assessment of the pricing policies. The case of smartphones 
In the following part of the study the application of fuzzy linear ordering method 

to evaluate the brands of durable goods and the impact of the choice of various 
definitions of the triangular fuzzy number domain on obtained ordering results will 
be presented. This part of research was performed using the data from survey study 
conducted on a selected group of respondents. Consecutively, the estimated hedonic 
model parameters will be presented using the data reflecting the current market offer. 
The price premiums for each smartphone brand were calculated used data obtained 
from online stores offering smartphones in Poland. Those smartphone brands 
valuations will be confronted with the result of the ranking of brands established on 
the basis of the respondents evaluations. 

5.1 The survey research. The data  
The survey research was conducted in the first quarter of the year 2015. It 

included 451 full-time and part-time students of the Wroclaw University of 
Economics. The set of respondents was selected using the convenience approach 
(Churchill and Iacobucci 2010, p. 574). Therefore the described study should be 
considered a pilot study and was conducted in order to test the possibility of 
application of the proposed approach. The questionnaire covered the issues 
regarding the ownership of smartphones, the preferences of the respondents for the 
selected smartphone brands, the possible smartphones’ applications and the most 
important characteristics of the devices. 
The respondents were mostly very young people, 68% were not yet 21 years old, and 
only 7% were older than 24 years. The majority in the analysed student group were 
women (63.2%). About 40% of the respondents at the time of the study were 
employed (full-time or part-time). Similar group (45%) stated that they do not work, 
and 15% indicated casual employment. The respondents evaluated their financial 



situation relatively well: over 70% considered their situation as good or very good. 
Only about 5% of the respondents rated their living conditions as unsatisfactory 
(poor and very poor financial situation). In the selected group of students over 89% 
owned at least one smartphone, 6% intend to purchase the device in the near future, 
while another 2% admitted the lack of possibility of purchasing the smartphone due 
to financial constraints. Barely about 3% of the respondents declared the total lack 
of interest in this device. In the analysed group of respondents the ownership of the 
durable goods in question was similar to that in analogical age group (20-29 years) 
for the entire Polish population, where 88% declared themselves as the users of 
smartphones (Polska jest MOBI 2015). Students are not only frequent owners of 
smartphones, but they can also be regarded as the current and future consumers. For 
this reason their preferences for brands of smartphones are from a practical point of 
view a very interesting research issue. 
The presented research attempted to investigate consumers’ preferences for 
smartphones, in particular in regard to various technical characteristics, such as 
screen size and resolution, internal memory and operating system. Respondents 
determined their preferences for smartphone price as well. Almost 15% of the group 
preferred the cheapest variants of smartphones (14.9%), and almost half of the group 
(47.9%) would be willing to spend on the smartphone device 500 to 1000 PLN4. 
Over 21% declared the willingness to spend from 1000 to 1500 PLN. Only about 
11.5% of the respondents would spend more than 1500 PLN. Almost 5% said that 
the price is not an important criterion for the selection of the device. Among the 
surveyed students small devices were least popular - smartphone with screen size 
smaller than 4'' would be the best choice for only 4.4% of the respondents. 
Smartphones with screen sizes from 4'' to 5'' were the most popular (65.2% preferred 
this size). Smartphones with the largest screens (above 5'') proved to be quite highly 
desirable as well (23.5%). Less than 7% of the respondents declared that the screen 
size is not a significant criterion in the purchase decision process (figure 2). Similarly 
results were observed in the case of screen resolution – more than 6% of the group 
believes that this feature is not an essential criterion for the selection of smartphone. 
The least popular proved to be the smartphones with the lowest resolution (less than 
4 megapixels). More than 46% would choose a smartphone with a resolution of 4-
10 megapixels, while about 47% stated the preference for the screen resolution 
higher than 10 megapixels (figure 3). In the case of internal memory the most popular 
proved to be the devices with storage over 8 GB (about 60% of the respondents). 
Almost no one would buy a smartphone with the lowest internal memory (up to 
4GB). About one-third preferred the memory storage from 4 to 8 GB. Again, less 
than 5% of the group declared that the internal memory is not an essential criterion 
for the selection of the device (figure 4). By far the most popular operating system 
was Android (68.1%). Almost 16% of the students in the group would choose a 
device running Apple's iOS. 

4 PLN denotes national currency in Poland (zloty), its value oscillates around 0.25 Euro. 
                                                 



 

 
Figure 2. Preferences for screen size (in %) 
Source: own elaboration. 

Figure 3. Preferences for screen resolution (in %) 
Source: own elaboration. 

  
Figure 4. Preferences for internal memory (in %) 
Source: own elaboration. 

Figure 5. Preferences for operating system (in %) 
Source: own elaboration. 

Windows Phone was the desired operating system for just over 9% of users. More 
than 7% of the group declared that the operating system is not an essential criterion 
for the selection of the device (figure 5).  
In the course of the study the respondents were asked to evaluate ten chosen brands 
of smartphones in terms of reliability, modernity, design, technical support, prestige 
and overall evaluation of the brand. Each brand of smartphones was evaluated by 
selecting one of the proposed verbal terms: very weak, weak, medium, strong, very 
strong side of the brand. In addition, respondents were asked to indicate their 
subjective numerical equivalent for these variants of answers. Each category was 
quantified by defining the beginning, the middle and the end of the interval (on the 
scale from 0 to 100). The analysis of respondents’ subjective definitions of the 
triangular fuzzy number domain for linguistic variable confirmed earlier 
assumptions about the non-uniform understanding and interpretation of the verbal 
terms. It turned out that for some of the respondents the proposed five-level scale 
was clear and natural. Apparently those respondents were able to assign the 
numerical values to the different variants of linguistic variable. An example of such 
respondents’ answers with the graphical illustration for the respondent no. 85 is 
shown in figure 6. In the case of another part of the respondents the created intervals 
slightly overlapped each other, which confirms a smooth transition between the 
following verbal terms, e.g. for some respondents there is a common part for the 
terms very weak and weak – which is a natural phenomenon. In case of quite large 
group of respondents the answers indicated that it would be probably more 
appropriate to use a three-level scale. Central variants of linguistic variable (weak, 
medium, strong) were defined as wide intervals which very strongly overlap each 
other.  



 
 

Figure 6. Examples of respondents’ subjective definitions of the triangular fuzzy number domain for linguistic 
variable: non-overlapping intervals. 

Source: own elaboration. 

As can be seen in figure 7, the middle categories of linguistic variable are depicted 
as very similar, indicating that the respondents hardly differentiate those three verbal 
terms. Yet another group of respondents were those who were not able to properly 
transform the linguistic expressions into the triangular numbers. About 25% of the 
answers were incorrect and thus were removed from the data set. 

 
 

Figure 7. Examples of respondents’ subjective definitions of the triangular fuzzy number domain for linguistic 
variable: strongly overlapping middle intervals. 

Source: own elaboration. 

5.2 Fuzzy linear ordering with the linguistic variable 
In order to create a ranking of smartphone brands fuzzy development measure 

method was applied. For the analysis, which resulted in a ranking of the most 
preferred brands, the variables describing five brand criteria, i.e. reliability, 
modernity, design, technical support, prestige and overall evaluation were used. The 
analysis involved the triangular fuzzy numbers defined by the respondents in the 
survey. The procedure was performed in three variants. In the first step, a ranking 
for all respondents was created (ranking 3). Additionally, two other separate rankings 

No
resp. a b c a b c a b c a b c a b c

48 0 0 20 20 30 40 40 50 65 65 75 85 85 100 100
55 0 0 25 25 35 45 45 60 70 70 80 90 90 100 100

107 0 0 20 20 30 40 40 50 65 65 75 85 85 100 100
169 0 0 30 20 35 50 40 60 70 65 80 90 85 100 100
355 0 0 20 20 30 40 40 50 65 65 75 85 85 100 100

Very weak Weak Medium Strong Very strong

0 10 20 30 40 50 60 70 80 90 100

No
resp. a b c a b c a b c a b c a b c

48 0 0 25 15 35 80 20 40 90 25 45 95 80 100 100
55 0 0 15 15 20 25 25 35 60 60 75 90 90 100 100

107 0 0 45 10 45 55 20 50 65 40 60 85 50 100 100
169 0 0 60 10 30 70 30 45 75 50 75 95 85 100 100
355 0 0 45 30 45 70 50 70 85 80 85 95 90 100 100

Very weak Weak Medium Strong Very strong

0 10 20 30 40 50 60 70 80 90 100



of preferred brands for smaller groups of respondents (covering approximately 25% 
of the respondents) were calculated. Rankings for smaller groups of respondents 
were developed for students who defined the triangular fuzzy number domain for 
linguistic variable in a specific manner. Ranking 2 was created based on the answers 
of people who defined intervals as separate and non-overlapping (figure 6); while 
the ranking 1 was based on the responses of students who defined the central 
intervals as similar and strongly overlapping (figure 7). Higher values of the 
development measure indicate better place in the ranking of preferences for brands.   

 
Figure 8. Linear ordering of smartphone brands (three variants of ranking) 
Source: own elaboration.  
As can be seen in figure 8, the undisputed leader of the ranking of the most preferred 
brands is Apple followed by Samsung. The least appreciated brands located at the 
lowest positions in the rankings are Huawei, Motorola and GoClever. Regardless of 
the manner of defining the domain of the triangular numbers the superior, as well as 
inferior brands occupy the same places in all three rankings. In the case of brands 
that were in the middle of the rankings (Sony, Nokia, HTC, LG and BlackBerry) the 
results obtained in each ranking vary. Especially in case of the group of respondents 
who defined the central intervals as similar and strongly overlapping (ranking 1) the 
differences in comparison to the other two rankings are quite apparent. Moreover, 
the evaluations of the preferences of these respondents were less varied, which 
resulted in more uniform values of the measure of development. The values of 
synthetic measure for brands in the middle of the ranking 1 are slightly lower than 
the corresponding values in rankings 2 and 3, and at the same time the measures of 
development for the least preferred brands (Huawei, Motorola and GoClever) are 
slightly higher. The second group, similarly to previously analysed third group, 
consisted of about 25% of all respondents. The ranking created for this group 



(ranking 2) only slightly differs from the ranking of preferences created for all 
respondents (ranking 3).  
As an additional analysis, instead of empirical linguistic variables (identified in the 
survey individually by each respondent) arbitrary definition of the triangular fuzzy 
number domain proposed in table 1 was used (Chang and Yeh 2004). 

 
Figure 9. Linear ordering of smartphone brands (four variants of ranking) – positions 3-7 
Source: own elaboration.  

The results of fuzzy linear ordering with uniform for each respondent triangular 
number definition (ranking 4) was compared with previously created rankings 1, 2 
and 3. In this ranking the composite indicator (development measure) and the 
positions of the two most and the three least preferred brands were identical as in the 
previous three rankings. Differences occurred in the middle of the rankings, from 
position 3 to 7 (brands: Sony, Nokia, HTC, LG and BlackBerry). Comparison of the 
results of the central part of the four obtained rankings (from position 3 to 7) is shown 
in figure 9. Obviously it is not possible to assess whether any of the compared 
rankings better reflects the preferences of the respondents, and which of the numeric 
equivalents for the linguistic variable is most appropriate. However the presented 
analysis provides some evidence that the method of determining the triangular fuzzy 
number domain affects the results of ranking. Therefore, it might be advisable to 
allow the respondents to express individual understanding of verbal terms used in 
the survey. 

5.3  Hedonic analysis of revealed preferences for smartphone brands. 
The following research steps involve comparing the results of brands ranking 

obtained on the basis of respondents’ survey with the information concerning the 
brands valuations obtained from the market which represent revealed consumers’ 
preferences. Brand price premiums are obtained using hedonic model – a regression 



analysis in which the price of good is modelled by set of significant characteristics 
of this good, including the brand name. The idea of using these tools in the context 
of pricing policy was formulated by J. Dziechciarz (2004, 2005). The goal of the 
presented analysis is to determine whether the pricing policy of the smartphone 
producers coincides with the declarations (stated preferences) of the consumers. The 
sources of data used for hedonic analysis were price lists available on one of the 
biggest in Poland price comparison service provider’s Internet website. The data set 
comprises 910 smartphone models of 27 different brands offered in Poland in first 
quarter of the year 2015. The set of collected variables include the smartphone price 
(PRICE) in PLN and group of significant characteristics of the device. Each 
smartphone model was available in at least one Internet shop at the time of data 
gathering. If the prices in various shops were different the truncated mean price (after 
discarding 5% of the extreme observations) was calculated. The observed 
smartphone characteristics were:  
− SCREEN – screen size [inch];  
− STORAGE – internal memory storage [GB];  
− CAMERA – camera resolution [Mpix];  
− dummy variables for operating system (ANDROID), navigation (GPS) and 

connectivity (LTE). 
Additionally a set of dummy variables representing various brand names was used. 
Out of 27 brands 18 were explicitly present in the model and 9 were in the reference 
group (Be, GoClever, Kruger & Matz, Manta, Media-Tech, myPhone, OVERMAX, 
Telefunken, Wiko).  
Table 4. Estimation results – attribute variables 

 Coefficient Standard error t-ratio p-value 
constant 3,789830 0,0911449  41,5802  0,0000 
lnSCREEN  1,071200 0,0715286  14,9758  0,0000 
lnCAMERA 0,340625  0,0215401  15,8136  0,0000 
STORAGE  0,031558  0,0026559  11,8824  0,0000 
STOREGE2 −0,000348  5,15e–005  −6,7603  0,0000 
ANDROID  −0,129963  0,0418294  −3,1070 0,0020 
GPS  0,120036  0,0377096  3,1832  0,0015 
LTE  0,149875  0,0233708 6,4129  0,0000 
Standard error of regression 1,8472 Adjusted R2  0,9085 
F(25, 884)               362,2371 p-value (F test) 0,0000 

Source: own elaboration. 

Table 5. Estimation results – brand variables  
 Coefficient p-value  Brand Coefficient p-value 
ACER  0,407796  0,0000  HUAWEI  0,383858  0,0000 
ALCATEL  0,281955  0,0000  LG  0,354884  0,0000 
ALIGATOR  0,419322  0,0017  MOTOROLA  0,422555  0,0000 
APPLE  1,145070  0,0000  NOKIA  0,288791  0,0000 
ARCHOS  0,136089  0,0408  PRESTIGIO  0,087313  0,0194 
ASSUS  0,528194  0,0027  SAMSUNG  0,512381  0,0000 
BLACKBERRY  0,806932  0,0000  SONY  0,500371  0,0000 
GIGABYTE  0,347101  0,0000  ZOPO  0,170541  0,0024 
HTC  0,707189  0,0000  ZTE  0,431813  0,0000 

Source: own elaboration. 



In tables 4 and 5 estimation results of hedonic model for smartphones are presented. 
The dependent variable in the presented model was lnPRICE. The estimation method 
applied was White's weighted least squares method (White 1980). More details 
concerning the estimation and obtained results may be found in M. Dziechciarz-
Duda, A. Król (2016a, 2016b). 

6. Hybrid approach to consumers’ preferences analysis 
Figure 10 summarizes the results of the analyses of preferences for brands 

resulting from hedonic modelling and linear ordering. The left side of the table 
represents brand valuations at the product level – for each brand the difference in 
price with respect to the brands of the reference group in percentage is given. For 
example, the most valued brand is Apple. The smartphones from this producer are 
on average about 215% more expensive in comparison to the reference smartphone 
group, ceteris paribus. On the right side of the figure the results of the analysis of 
preference for brands from the point of view of the consumers are given. These are 
the outcomes of the fuzzy linear ordering ranking 1 created on the basis of responds 
from all the consumers using individual definitions of fuzzy numbers. The proposed 
hybrid approach to the analysis of preferences for brands can provide valuable 
additional information to the research on consumers’ attitudes. The strongest 
compatibility of the results from two approaches (indicated on the figure 10 by 
arrows) may be observed for the most preferred brand (Apple) and the least respected 
brand (GoClever). In cases of some analysed smartphone brands (e.g. BlackBerry, 
Motorola) the consumers seemed to value the brands less in comparison to the 
valuation based on the market offer. Other brands (e.g. Nokia) are undervalued by 
the market but were very appreciated by the respondents group. 

 

Figure 10. Comparison of the results from fuzzy linear ordering and hedonic model 
Source: own elaboration. 

Juxtaposition of the results from the analysis of stated consumers’ preferences and 
the hedonic modelling of revealed preferences might provide the basis for 
identification of the brands which market value is in accordance with consumers’ 
preferences, and those which value differs from potential customers’ evaluation. 
Such confrontation gives the opportunity to indicate the brands overestimated and 
underestimated by the market. For example, one could debate whether the brand 

Hedonic model
Difference in price in 

comparison to the 
reference brands group [%]

(214,27=
100%)

Fuzzy linear 
ordination

Composite indicator 
value [%]

Difference (price premia - 
development measure) [%]

Apple 214,27 100,00 Apple 100,00 0,00
BlackBerry 124,10 57,92 Samsung 82,50 -51,26
HTC 102,83 47,99 Sony 70,96 -40,65
Samsung 66,93 31,24 Nokia 61,34 -45,71
Sony 64,93 30,30 HTC 60,43 -12,44
Motorola 52,59 24,54 BlackBerry 54,71 3,21
Huawei 46,79 21,84 LG 54,53 -34,65
LG 42,60 19,88 Huawei 20,22 1,62
Nokia 33,48 15,63 Motorola 9,11 15,43
GoClever - - GoClever -          -



Nokia, which is quite well perceived by the consumers, should be priced higher. It 
can be assumed that the potential customers would be willing to pay more for the 
devices of that producer. The analysis of the differences between the perception of 
individual brands (stated preferences) and the valuation obtained from the hedonic 
regression indicates a relatively high potential for prices increase of popular brands 
(such as Samsung, Nokia, Sony and LG). Other products have prices more or less in 
line with the respondents’ preferences (see figure 10). 
The authors emphasize that those recommendations are limited only to the selected 
set of respondents, and in general should be regarded rather as the illustrations of the 
potential of proposed hybrid approach. The analysed respondents (students) are 
specific group which is characterized by above average knowledge of the technical 
characteristics of the product and tendencies to follow the latest trends. Moreover, 
the group was not randomly drawn. Therefore, the obtained results cannot be 
interpreted as representative for the whole population. However, the authors claim 
that the proposed method could present large application potential in the consumers’ 
preference research. 

7. Final conclusions 
The paper proposes new hybrid approach to the analysis of consumers’ 

preferences which incorporates both the observations of a historical nature, 
reflecting the current market offer, as well as the data that describes the intentions 
and preferences of smartphones consumers. In the first part of the study the analysis 
of the respondents’ stated preferences with the application of fuzzy linear ordering 
was presented. The application of the linguistic variable allows the respondents to 
express the preferences in an intuitive and natural way. However, as the obtained 
results clearly show, the method of definition of the triangular fuzzy number domain 
can have a significant impact on the final ranking. It is difficult to specify clear 
recommendations on how to determine the triangular fuzzy number domain for the 
verbal variables. On the one hand, it might be advisable to allow the respondents to 
express individual understanding of verbal terms used in the survey. The study 
demonstrated that there was a group of respondents that was different in respect to 
verbal expressions from the whole group to such extent that the ranking created for 
that group (ranking 3) was significantly different from the ranking for all respondents 
(ranking 2). On the other hand, the rankings created for arbitrarily (based on 
literature example) and empirically determined numerical equivalents for linguistic 
expressions were very similar (rankings 1 and 4). Moreover, quite large group of 
respondents was not able to properly transform the linguistic expressions into the 
triangular numbers, resulting in the substantial loss of observations (almost 25%). 
Important observation is that there exist substantial number of respondents, who 
define their preferences in most fuzzy way. It may be interpret as potential buyers 
who do not have enough knowledge on technical and market characteristics of the 
products, and need special communication strategies. A reference in the study of 
consumers’ preferences for brands can be provided by the objective valuation of the 
brands based on historical data. Brand valuations obtained by hedonic model 



parameter estimation can be confronted with the results of the analysis of the brands 
perception from the consumers’ point of view. Consumer studies can provide 
information about the subjective associations connected with each brand. Such 
research is very valuable because it allows for assessment of individual attitudes of 
buyers. The disadvantage of this approach however is its subjectivity. In addition, it 
should be noted that there are many studies showing that the declarations of 
behaviours does not always translate into actual purchasing decisions. Hence, 
according to the authors, there is a need to confront subjective consumers’ studies 
results with the objective information from the market (i.e. the calculated premium 
prices).  
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