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Abstract

Likert-type scales are a common technique used in social science. Plus, the Likert scale is among
the most frequently used psychometric tools in social sciences and educational research.

Despite its frequently used, the Likert scale raises up many questions mark. We can say that
the use of the Likert scale in its classical form is too rigid and loses valuable information. Li (2013,
p. 1613) calls on previous studies that "have claimed that fuzzy scales are more accurate than
traditional scales due to the continuous nature of fuzzy sets".

The aim of this research is to reduce the inaccuracy caused by the use of the Likert scale, by
proposing a method of more appropriate processing of data collected in this way. As shown in this
paper, fuzzy methods can be a good alternative.
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The research methodology consists of using the usual technique on the set of fuzzy numbers by
considering the input data as linguistic variables, subsequently identified by triangular fuzzy num-
bers. The obtained scale is more elastic with respect to the input data, therefore it better captures
the reality. The newly proposed method is applied in the concrete example of the competitors in
the hotel field. The Importance-Performance Competitor Analysis is utilized. A weakness of the
method is due to the use in its application of data collection with the Likert scale.

The results conclude on the situation of the competitors regarding each attribute considered as
in the crisp version of the method, but the identification and processing of data correspond better
to the aspects of subjectivity and uncertainty specific to human thinking. A novelty is also the
obtaining of a hierarchy within each category of attributes from the quadrants proposed by the
Important-Performance Analysis in relation to the competition.

Keywords: Likert scale, social research, fuzzy sets, competitor, hotels.

JEL CLASSIFICATION CODES: M31, Z33, Z32, C60, C81

1 The Likert scale’s issues and the fuzzy scale
Likert-type scales is a commonly techniques used in the social science. "Likert scales are useful

in social science and attitude research projects" [18]. "Likert scale is applied as one of the most
fundamental and frequently used psychometric tools in educational and social sciences research" ([29],
p.396).

The Likert scale was introduced by Rensis Likert in 1932 [37] as a way of measuring character and
personality traits. Initially it had 5 steps from 1–"strongly approve", 2–"approve", 3–"undecided", 4–
"disapprove", 5–"strongly disapprove". Likert used the scale on a set of questions to measure attitude,
based on a composite indicator. It is Likert-type items when applied for a single question and Likert
scales when applied for a set of questions and a composite indicator is used.

Likert scale is used in many fields, generally social and emotional domains, the purpose being
to measure attitude. We call here fields such as: health, education, psychology, political science,
economic sciences etc.

The Likert scale is also widely used in empirical studies in tourism and the hospitality industry
and the most widely used psychometric scale in survey research ([34], p.1609).

[11] showed that only in 2011, 12 articles were published in the Journal of Extension about Likert
scale with 4, 5, 6 or 7 steps.

It is a widely used scale due to its advantages, including: "the numerical measurement results can
be directly used for statistical inference (...) measurements based on Likert scaling have demonstrated
a good reliability (...) with Likert scaling researchers can collect and analyze a large amount of data
with less time and effort" ([34], p.1609).

But the Likert scale has its limits. The Likert scale is considered a non-ordinary, ordinal scale.
"Numbers assigned to Likert-type items express a "greater than" relationship; however, how much
greater is not implied. Because of these conditions, Likert-type items fall into the ordinal measurement
scale" ([11], p.3). But not everyone is of the opinion, a major debate around the Likert scale being
whether it is ordinal or interval type [28].

If Likert were an interval scale, then the distance between two steps should be equal to the distances
between the other two or two steps, an aspect which cannot be proved in this case [26] (considering
the subjective aspects they record).

On the one hand, we can know the order of the answers, being an ordinal scale, but we cannot
know the useful number of steps. 3, 4, 5, 6, 7, 9, 10, 11 steps are used for the Likert scale.

Some researchers choose a 3-step scale the alleged reason may be that it forces respondents to a
clear position, for or against, others 4 steps but most commonly is seen as a 5-point scale [10], [19].

On the other hand, [33] considers that the 11-step Likert scale is the best (next to the 6) and
closer to normal. Others consider the 7-step Likert scale variant to be the best [29]. There are some
who recommend using the scale as widely as possible, because we could always collapse points into
condensed categories, but not vice versa [2]. Is it true? Would it be possible to adjust the scale after
data collection?
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Many times, the answers are focused on a certain interval of the scale, an aspect that we discover
only after data collection. Bacon ([3], p.3) says regarding the direct data collection that "another
problem with direct methods is that the measures may be uniformly high as some customers rate
everything as very important".

It seems that this concentration of responses is culturally determined [27]. Concentrating most of
the responses at the extremes of the scale, such as between 4 and 5, for example on a Likert scale
of 5, as is the case in the Mediterranean area ([27], p. 298), does not help in the actual and useful
differentiation between the answers. In this case, the distance between step 4 and step 5 should be
greater than the distances between the previous steps and, moreover, a response of 4 has a greater
significance than a response of 4. Asian respondents are more reserved in their answers, so they focus
on the center of the Likert scale, while other respondents are not at all familiar with Likert-scale
questions. The idea has even emerged that respondents tend to give more extreme answers on a
horizontal Likert scale than on a vertical one, at least in the online survey [48].

The study done in this paper tries to solve precisely this problem of the number of steps, easy
approach with fuzzy numbers.

Adding steps does not solve the problem but it moves the focus to other steps and even increases
the confusion, as [15] points out. However, it is stated that the number of steps on the Likert scale
influences the answers. The same question is answered differently. "If more respondents tend to give
positive responses, then a finer scale, with more response options, could result in a slightly lower mean
score" ([19], p.63).

We can say that the use of the Likert scale in its classical form is too rigid and loses valuable
information, as Li ([34], p.1610) also considers. In concrete empirical studies (in different cultural
areas), there may be answers between which there are differences that are too sensitive for the classic
Likert scale steps.

[34] builds fuzzy Likert scales that do not allow information to be lost, like the classic Likert, but
neither increases the number of steps to make the application more difficult. Li ([34], p. 1613) calls
on previous studies that "have claimed that fuzzy scales are more accurate than traditional scales due
to the continuous nature of fuzzy sets". However, [34] increases the accuracy of the scale by adding
an additional question to verify (strengthen or weaken) the answer given by each respondent. This
measure increases the difficulty of applying the questionnaire and, in addition, invites the respondent
to further analyzes to which he is not willing or able to participate.

The creator of a Likert scale data collection tool must decide how many steps to have the scale
(before being applied), to take into account the concentration of responses according to cultural
influences (in extremes for the Mediterranean area, in the middle of the scale for Asians etc.) in order
to obtain useful answers that reflect the reality.

Vonglao [46] said that the data measured using the Likert scale based on fuzzy logic scale was more
suitable to be analyzed with the arithmetic mean and standard deviation from the data measured using
the Likert scale.

In conclusion, we can say that the Likert scale in its classical form is rigid and not adapted to the
different cultural behaviors.

2 Triangular fuzzy numbers
The interest in the use of fuzzy numbers in economics increased more obviously after 2014. Thus, we

find multiple applications of fuzzy numbers in: methods of ranking and decision making in economics
([51]; [47]; [44]; [52]; [39]) and data collection with semantic differential scales and for representing the
linquistic variables ([7]; [8]; [36]; [23]; [38]; [20]; [40]).

A triangular fuzzy number is a fuzzy set on the set of real numbers given by its membership
function as:
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µ (x) =


0, if x < a
x−a
b−a , if a ≤ x ≤ b
c−x
c−b , if b ≤ x ≤ c
0, if x > c

, (1)

where a, b, c ∈ R,a ≤ b ≤ c. If a = b or/and b = c then the membership function µ is adapted in an
obvious way. In fact, if a = b = c = k then we obtain the real number k. The real numbers a, b and c
can be viewed as the smallest possible value, the most promising value and the largest possible value
that describe a fuzzy quantity, respectively [35].

Usually, a triangular fuzzy number as above is represented as a triple (a, b, c). In addition, difference
and multiplication under a positive scalar are defined by:

(a, b, c) + (a′
, b

′
, c

′) = (a+ a
′
, b+ b

′
, c+ c

′) (2)

(a, b, c)− (a′
, b

′
, c

′) = (a− c′
, b− b′

, c− a′) (3)

and

λ · (a, b, c) = (λa, λb, λc) (4)

Between the most common approaches to convert triangular fuzzy numbers into real numbers is the
expected value (EV) ([25]; [4]) defined by:

EV (a, b, c) = a+ 2b+ c

4 (5)

3 Importance Performance Competitor Analysis
We chose an example of using the Likert scale, such as the construction of a diagnostic tool widely

used in marketing but also in tourism: Importance Performance Competitor Analysis. Importance
Performance Competitor Analysis uses Likert scale data collection.

Importance-Performance Analysis is a well-known marketing technique that can assist practitioners
in making marketing decisions for elaborating marketing strategies. Important-Performance Analysis
(IPA) was launched in 1977 by Martilla and James [41], which analyzes the quality attributes of
products / services considering the perceived importance and performance.

It is an easy-to-use tool that provides a quick picture of the measures that managers need to take
to improve customer satisfaction. Importance-performance analysis has already been used in many
areas, including in the tourism and hospitality industry ([17]; [21]; [22]; [31]; [43]; [42]; [50]).

Although IPA is an easy-to-use and still very popular method, there are many criticisms of it ([30];
[13]; [21]; [6]) and numerous proposals for improvement.

Two of the minuses are considered to be: that the IPA in its original form does not take into
account the presence of competitors in the market, that is, the evaluation of the performance of a
company is not done in relation to its competitors or to the most important ones ([12]; [30]) and the
second, the scores (of direct data collection by Likert scale on the importance of attributes) have a
small inter-item variation, the values of the answers are raised uniformly ([3], p.55-71).

Burns [12] proposed SIPA (Simultaneous Importance Performance Analysis) which "improved the
IPA by expanding it to explicitly include competitors’ performance" ([9], p.4).

By adding the attribute determinancy, Yavas and Shemwell [49] proposed a grid with 16 strategic
suggestions.

Lee and Hsieh [32] proposed a revised SIPA by indirectly determining the importance of quality
attributes, using multiple regression analysis. The involvement of competitors in IPA analysis is
also proposed by Deng et al. ([22], p.38) by "a revised IPA that integrates three-factor theory and
benchmarking". They start from the idea that between the performance of the attributes of quality
and the overall satisfaction there is no direct and symmetrical linear relationship. Reporting on
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competition is also found in the models proposed by Taplin [45] through competitive importance-
performance analysis (CIPA) and Chen’s competitive zone of tolerance service quality-based IPA
(CZIPA) [16].

Albayrak proposes Importance Performance Competitor Analysis (IPCA) in 2015. IPCA "is ba-
sically generated by the inclusion of competitor information in the diagonal approach of IPA. In
principle, the diagonal approach of IPA is a GAP analysis which compares performance (P) and im-
portance (I) scores of attributes "([1], p.137). Bacon ([3], p.3) states that "Some researchers refer to
the examination of the difference between importance and performance as ’gap analysis’ (e.g. [24])".

GAP is used on the vertical axis in IPCA and the PD (focal company performance minus competi-
tor company performance, both from attribute perspective) variable is represented on the horizontal
axis in IPCA.

GAPi = Pi − Ii (6)

PDi = Pfocal i − Pcompetitor i (7)

In the example given by Albayrak [1], the results obtained in the IPA as compared to those
obtained in the IPCA differ substantially. The attributes are distributed in the IPCA in 4 quadrants
that suggest the position of the focal company relative to its competitor, indicating the need for
action: I "Solid competitive advantage", II "Head-to-head competition", III "Urgent action" and IV
"Null advantage" (Figure 1).

Starting from the model of Albayrak [1], the Importance-Performance Analysis in relation to the
competition (IPCA) was developed for a congress destination by Caber et al. [14].

Figure 1: IPCA (Source: adapted after [14])

4 Description of the fuzzy Importance-Performance Competitor A-
nalysis with triangular fuzzy numbers

Our aim is to give a fuzzy method taking into account that the input data, that is the performance
and importance are triangular fuzzy numbers.

Let us denote by Pi = (ai, bi, ci), i ∈ {1, · · · , n} the performance of the focal entity under study,
by Ii = (xi, yi, zi), i ∈ {1, · · · , n} the importance of the focal entity under study and by P comp

i =
(acomp

i , bcomp
i , ccomp

i ), i ∈ {1, · · · , n} the performance of the competitor, each one of them with respect
to an attribute Ai, i ∈ {1, · · · , n}.

Usually, like in the application presented in Section 5, the values of Pi, Ii, P comp
i , i ∈ {1, · · · , n}

are obtained by aggregating (the simplest through the mean) the answers to a questionnaire.
From (3), (6) and (7) we get
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GAPi = Pi − Ii = (ai − zi, bi − yi, ci − xi) (8)

and

PDi = Pi − P comp
i = (ai − ccomp

i , bi − bcomp
i , ci − acomp

i ) (9)

for every i ∈ {1, · · · , n}.
We need to defuzzify the triangular fuzzy numbers from (8) and (9) for obtaining the four quadrants

in an easily interpretable form.
By applying (5) we get

GAPi = EV (GAPi) = ai − zi + 2(bi − yi) + ci − xi

4 (10)

and

PDi = EV (PDi) = ai − ccomp
i + 2(bi − bcomp

i ) + ci − acomp
i

4 (11)

for every i ∈ {1, · · · , n}.
Now, we can follow the crisp interpretation, that is in Table 1.

Table 1

GAPi P Di Conclusion on attribute i

positive positive Solid competitive advantage
positive negative Head-to-head competition
negative positive Null advantage
negative negative Urgent action

From the above description (Table 1) it is easy to see that IPCA [14] is acquired as a particular
case of our proposed method. Indeed, by taking ai = bi = ci = Pi, xi = yi = zi = Ii and acomp

i =
bcomp

i = ccomp
i = P comp

i , from (8) - (11) we obtain GAP = Pi − Ii and PDi = PDi = Pi − P comp
i , for

every i ∈ {1, · · · , n}.

5 Triangular fuzzy numbers application to the hotel industry

5.1 Research methodology

The purpose of our research is to adjust the classical interpretation of the answers to the questions
of a questionnaire in order to construct the corresponding IPCA matrix. To do this, we call on the
subjective association of the answers of a questionnaire with triangular fuzzy numbers, thus obtaining
a more elastic approach, which counteracts the effects of upper deviation arising from the use of the
Likert scale.

The data used for the research comes from a previous study. In 2012, a survey was conducted [5]
among a total of 125 customers of 4-star four hotels in Oradea, Romania. By profile and positioning,
these 4 hotels are in direct competition. They have over 50 rooms, target the business clientele and
are located on high traffic routes. The survey was conducted using a 5-step Likert scale questionnaire,
applied with an operator on a sample of availability. The distribution of valid questionnaires on the 4
hotels was: hotel I-39, hotel II-21, hotel III-29 and hotel IV-36. The distribution of responses on Likert
scale are presented on Table 3. The data collection instrument was a questionnaire in which a scale of
21 attributes was used. evaluation of the quality of the hotel services, for measuring the importance
and performance of the hotel units in these attributes (Table 2). These are also the output variables
but in a different hierarchy given by the fuzzification process. The validity of the questionnaire was
verified with the α Cronbach coefficient, the value obtained being a satisfactory one (0.827).

In the present research, the collected and unused data were modeled, namely the assessment of the
importance of the quality attributes from the perspective of the 39 respondents of Hotel 1 (considered
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Table 2: Service attributes used for hotel service quality evaluation

1. The room facilities are appropriate
2. The room is clean enough
3. The hotel has sufficient restaurant facilities
4. The staff has an appropriate and professional look
5. The location of the hotel
6. The staff provide correct information to guests
7. The staff is able to offer services in a short period of time
8. The staff is able to resolve guests’ problems
9. The staff is able to provide information in a short period of time
10. The availability of staff
11. Clients complaints are resolved quickly
12. Different payment facilities are available
13. The safety of the installations in the hotel
14. Service professionalism
15. Service customization
16. Friendliness of staff
17. Proper opening hours of hotel’s facilities
18. The hotel has entertaining facilities
19. Big variety and proper quality of meals
20. Internet connection is available
21. Aesthetics of rooms and of the hotel

(data processed from [5])

focal) and the evaluation of Hotel 1, Hotel 2 and Hotel 4 from the perspective of the performance on
the 21 quality attributes (Table 3).

The analysis is performed for Hotel 1 (considered focal) compared to Hotel 2/Hotel 4, as its direct
competitor, in the spirit of fuzzy set theory, by replacing the Likert scale ratings with triangular fuzzy
numbers, as shown in Table 3.

The data analysis from Table 2 shows an increased concentration of data at the top of the 5-step
Likert scale, both for importance and performance for all 21 attributes. This situation prevents the
clear delineation between attributes in terms of importance and performance for both hotels.

5.2 Results in the moderate choice: Hotel 1 versus Hotel 2 as competitor

Step 1: Assign triangular fuzzy numbers to the responses displayed on the Likert scale

The proposed method involves associating the responses 1,2,3,4 and 5 on the Likert scale with
triangular fuzzy numbers (Table 4). The choice of fuzzy numbers respects to a greater extent Likert
scale, with equidistant values, and in the other, the Good response regarding the performance is
drastically penalized compared to Very Good.

Step 2: Calculate the importance and performance of attributes as triangular fuzzy numbers for
Hotel 1 and Hotel 2

Under the notifications in the previous section, we obtain as the arithmetic mean of the triangular
fuzzy numbers associated with answers according to Table 4. The results given in Table 5 and Table
6 are obtained based on (2) and (4).

Step 3: This step consists of calculating in fuzzy numbers (moderate choice) of GAP (8) and PD
(9). The final results in Table 5 (columns 5 and 6) are obtained by applying (10) and (11).

The results are presented in Table 5. Depending on the combination of obtained values (positive
and negative), the dial is set where the quality attribute is assigned. The number of the dial in Table
4 will indicate the measure that Hotel 1 must take in relation to its competitor, Hotel 2.

Step 4: Calculate GAP and PD in original format and compare with GAP and PD in fuzzy
numbers (moderate choice)
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Table 3

Hotel 1-Performance on attributes (39 questionnaires)
A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
VG 31 38 20 32 25 35 30 31 26 32 26 24 27 30 19 36 23 25 12 24 33
G 7 0 16 7 13 3 5 5 11 6 9 13 10 8 17 2 15 13 25 8 6
M 1 1 3 0 1 1 4 3 2 1 4 2 2 1 3 1 1 1 2 5 0
P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0
VP 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hotel 2-Performance on attributes (21 questionnaires)
VG 20 19 18 15 12 19 18 17 16 18 17 18 19 18 14 17 16 18 18 19 20
G 1 1 3 6 7 2 3 3 4 2 4 2 2 3 6 3 5 3 2 2 1
M 0 1 0 0 2 0 0 1 1 1 0 1 0 0 1 1 0 0 1 0 0
P 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VP 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hotel 4-Performance on attributes (36 questionnaires)
VG 24 15 22 17 16 14 17 26 14 12 15 17 21 18 10 16 13 13 17 15 18
G 8 19 12 17 19 16 17 8 20 20 19 15 12 17 25 18 19 18 15 18 15
M 3 0 1 2 1 5 2 2 2 3 2 2 3 1 1 2 4 5 3 2 3
P 1 2 1 0 0 1 0 0 0 1 0 2 0 0 0 0 0 0 1 1 0
VP 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hotel 1-importance of attributes (39 questionnaires)
VI 22 36 14 8 22 33 32 30 29 29 32 11 17 29 24 34 15 18 29 32 21
I 15 3 22 28 14 4 3 8 7 9 7 26 21 8 12 5 23 16 8 7 17
M 1 0 2 3 2 2 4 1 3 1 0 2 1 2 3 0 1 5 2 0 1
LI 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Hotel 2-importance of attributes (21 questionnaires)
VI 13 19 9 5 8 16 20 11 16 16 16 14 16 4 8 14 11 8 7 12 14
I 8 2 10 12 12 5 1 9 4 5 5 7 5 13 10 6 6 8 12 8 7
M 0 0 2 4 1 0 0 1 1 0 0 0 0 4 3 1 4 5 2 1 0
LI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Legend: A-attributes, VG-very good, G-good, M-medium, P-poor, VP-very poor; VI-very important, I-important, LI-less

important, U-unimportant
(data processed from [5])

For comparison between the original IPCA and the fuzzy IPCA, GAP and PD were calculated
in the original format (Table 7). The calculation of the original and fuzzy GAP and PD gives the
distribution in Q (quadrants) in the attributes, from which the indicated measures take. Q1 represents
"Solid competitive advantage", Q2-"Head-to-head competition", Q3-"Urgent action" and Q4-"Null ad-
vantage". Graphic representation of original IPCA and fuzzy IPCA moderate choice is found in Figure
3, respectively Figure 2.

Differences are observed only for 4 attributes (8, 9, 15 and 16) among the 21.
For the attribute The staff is able to solve guests’ problems in the classic version is recommended

"Urgent action" and in the 1 fuzzy variant it is shown that it has "Head-to-head competition". In the
attribute The staff is able to provide information in a short period of time, in the classic version it is
recommended "Urgent action" and in variant 1 fuzzy it is shown that it has "Head-to-head competition".
For the service customization attribute, in the classic version it is "Urgent action" while for fuzzy it is
"Head-to-head competition". For the Friendliness of staff attribute, in the classic version it is "Urgent
action" while for fuzzy it is "Solid advantage competition".

Table 4

Importance Likert Moderate choice
Unimportant 1 (0, 1, 2)
Less important 2 (1, 1.75, 2.5)
Medium 3 (1.5, 2.25, 3)
Important 4 (2.5, 3, 3.5)
Very important 5 (4.5, 4.75, 5)
Performance Likert Moderate choice
Very poor 1 (0, 1,1.5)
Poor 2 (0.5, 1.5, 2.5)
Medium 3 (1, 2, 3)
Good 4 (3, 3.75, 4.5)
Very good 5 (4.25, 4.75, 5)
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Table 5: GAP fuzzy and PD fuzzy for Hotel 1 (focal) and Hotel 2 competitor

Attributes Performance
Hotel 1

Importance
Hotel 1

Performance
Hotel 2

GAP
fuzzy

PD
fuzzy

Q

1. 3.94, 4.5, 4.85 3.56, 3.93, 4.3 4.19, 4.70, 4.97 0.51 -0.19 2
2. 4.16, 4.67, 4.94 4.34, 4.61, 4.88 4.03, 4.57, 4.88 0.003 0.10 1
3. 3.48, 4.12, 4.64 3.12, 3.55, 3.98 4.07, 4.60, 4.92 0.53 -0.45 2
4. 4.02, 4.57, 4.91 2.83, 3.30, 3.76 3.89, 4.46, 4.85 1.21 0.09 1
5. 3.75, 4.34, 4.78 3.53, 3.91, 4.29 3.52, 4.15, 4.64 0.38 0.18 1
6. 4.07, 4.60, 4.91 4.14, 4.44, 4.74 4.13, 4.65, 4.95 0.10 -0.05 2
7. 3.75, 4.33, 4.73 4.03, 4.35, 4.67 4.07, 4.60, 4.92 -0.06 -0.26 3
8. 3.83, 4.41, 4.78 4.01, 4.32, 4.64 3.91, 4.47, 4.83 0.03 -0.06 2
9. 3.73, 4.32, 4.75 3.91, 4.24, 4.57 3.85, 4.42, 4.80 0.04 -0.09 2
10. 3.97, 4.52, 4.87 3.96, 4.28, 4.60 3.97, 4.52, 4.85 0.19 0.004 2
11. 3.62, 4.23, 4.67 4.14, 4.35, 4.73 4.01, 4.55, 4.90 -0.24 -0.31 3
12. 3.66, 4.27, 4.73 3.01, 3.45, 3.89 3.97, 4.52, 4.85 0.78 -0.23 2
13. 3.76, 4.35, 4.76 3.34, 3.74, 4.14 4.13, 4.65, 4.95 0.56 -0.28 2
14. 3.91, 4.47, 4,84 3.93, 4.26, 4.58 3.97, 4.52, 4.85 0.16 -0.04 2
15. 3.45, 4.10, 4.62 3.65, 4.01, 4.38 3.73, 4.33, 4.76 0.05 -0.21 2
16. 4.10, 4.62, 4.92 4.24, 4.52, 4.80 3.91, 4.47, 4.83 0.04 0.14 1
17. 3.68, 4.29, 4.75 3.24, 6.65, 4.06 3.95, 4.51, 4.88 0.6 -0.20 2
18. 2.66, 3.12, 3.50 3.29, 3.71, 4.12 4.07, 4.60, 4.92 -0.6 -1.44 3
19. 3.28, 3.96, 4.57 3.93, 4.26, 4.58 3.97, 4.52, 4.85 -0.31 -0.52 3
20. 3.35, 3.94, 4.38 4.14, 4.43, 4.73 4.13, 4.65, 4.95 -0.52 -0.68 3
21. 4.05, 4.59, 4.92 3.55, 3.92, 4.29 4.19, 4.70, 4.97 0.62 -0.09 2

Legend: Q-quadrant

Figure 2: IPCA fuzzy (moderate choice) ma-
trix for Hotel 1 in relation to Hotel 2
(Source: created by the authors based on
data processing from Table 7.)

Figure 3: IPCA original matrix for Hotel 1
in relation to Hotel 2
(Source: created by the authors based on
data processing from Table 7.)

5.3 Results in the drastic choice: Hotel 1 versus Hotel 2 as competitor

Step 5: In this step the answers different from the higher level ("Very good" and "Very important")
were penalized more drastically and GAP and PD were obtained in fuzzy numbers (drastic choice).

Table 6

Importance Likert Drastic choice
Unimportant 1 (0, 1, 2)
Less important 2 (1, 2, 3)
Medium 3 (2, 3, 3.5)
Important 4 (3, 3.75, 4.5)
Very important 5 (4, 4.75, 5)
Performance Likert Drastic choice
Very poor 1 (0, 1, 2)
Poor 2 (1, 2, 3)
Medium 3 (2, 3, 3.5)
Good 4 (2.5, 3, 3.5)
Very good 5 (4, 4.75, 5)
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Table 7: GAP and PD original and GAP and PD fuzzy (moderate choice, drastic choice) for Hotel 1
in relation to Hotel 2 competitor

Attrib. GAP
original

PD
original

Q GAP
fuzzy
moderate

PD fuzzy
moderate

Q GAP
fuzzy
drastic

PD
fuzzy
drastic

Q

1. 0.28 −0.18 2 0.51 −0.19 2 0.11 −0.25 2
2. 0.02 0.09 1 0.003 0.10 1 1.08 0.11 1
3. 0.17 −0.42 2 0.53 −0.45 2 0.16 −0.56 2
4. 0.69 0.10 1 1.21 0.09 1 0.57 0.17 1
5. 0.15 0.13 1 0.38 0.18 1 0.47 0.12 1
6. 0.07 −0.03 2 0.10 −0.05 2 0.97 −0.01 2
7. −0.05 −0.19 3 −0.06 −0.26 3 0.80 −0.15 2
8. −0.02 −0.04 3 0.03 −0.06 2 0.74 −0.02 2
9. −0.05 −0.09 3 0.04 −0.09 2 0.57 −0.15 2
10. 0.07 −0.01 2 0.19 0.004 2 0.77 −0.05 2
11. −0.25 −0.24 3 −0.24 −0.31 3 0.52 −0.24 2
12. 0.41 −0.24 2 0.78 −0.23 2 0.24 −0.39 2
13. 0.23 −0.26 2 0.56 −0.28 2 0.42 −0.35 2
14. 0.05 −0.06 2 0.16 −0.04 2 0.72 −0.14 2
15. −0.33 −0.20 3 0.05 −0.21 2 0.22 −0.29 2
16. −0.30 −0.19 3 0.04 0.14 1 0.43 −0.35 2
17. 2.17 −0.27 2 0.6 −0.20 2 0.18 −0.33 2
18. −1 −1.52 3 −0.6 −1.44 3 −0.72 −1.54 3
19. −0.43 −0.55 3 −0.31 −0.52 3 −0.03 −0.89 3
20. −0.53 −0.62 3 −0.52 −0.68 3 0.28 −0.64 2
21. 0.38 −0.10 2 0.62 −0.09 2 0.72 −0.17 2

(Note: for simplification, only two decimal places were kept after the comma, Q-quadrant)

The assignment of fuzzy numbers for the more drastic variant is found in Table 6 and the results
for GAP and PD in Table 7. In the more drastic fuzzy variant, 7 attributes (7, 8, 9, 11, 15, 16
and 20) have different positions. In the dials compared to the classic (original) variant, respectively,
they changed their position in the opposite direction of the clockwise with a dial. The changes are
dramatic, respectively all 7 attributes have gone from the 3–"Urgent action" dial to the 2–"Head-to-
head competition". It is possible that modeling with fuzzy sets may better capture reality when the
responses are massively focused on certain extreme ranges of scale.

Figure 4: IPCA fuzzy (drastic choice) matrix for Hotel 1 in relation to Hotel 2
(Source: created by the authors based on data processing from Table 7).)

For IPCA testing, I made all the calculations to see the situation in case Hotel 2 is considered
focal and Hotel 1 is considered competitor. I calculated GAP and PD in the original version and only
the one in fuzzy numbers (drastic choice) (Table 8).

Step 6: Calculate, following the previous steps, the original and fuzzy IPCA (moderate choice and
drastic choice) for Hotel 1 (focal) compared to Hotel 4 competitor.

The previous steps are resumed, respectively, are assigned triangular fuzzy numbers (moderate and
drastic choice) for the recorded answers regarding the performance of the Hotel 4 to the 21 quality
attributes. Then GAP and PD are calculated for Hotel 1 compared to Hotel 4, taking into account the
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Table 8: GAP and PD original and GAP and PD fuzzy (drastic) for Hotel 2 focal in relation to Hotel
1 competitor

Attributes GAP
original

PD
original

Q GAP fuzzy
drastic

PD fuzzy
drastic

Q

1. 0.33 0.18 1 0.25 0.25 1
2. −0.04 −0.09 3 −0.07 −0.11 3
3. 0.52 0.42 1 0.35 0.56 1
4. 0.66 −0.10 2 0.36 −0.17 2
5. 0.14 −0.13 2 −0.12 −0.12 3
6. 0.14 0.03 1 0.05 0.01 1
7. −0.09 0.19 4 −0.19 0.15 4
8. 0.28 0.04 1 0.14 0.02 1
9. 0 0.09 1 −0.14 0.15 4
10. 0.04 0.01 1 −0.02 0.05 4
11. 0.04 0.24 1 −0.10 0.24 4
12. 0.14 0.24 1 0.05 0.39 1
13. 0.14 0.26 1 0.05 0.35 1
14. 0.85 0.11 1 0.64 0.14 1
15. 0.38 0.20 1 0.11 0.29 1
16. 0.14 −0.13 2 0.01 0.22 1
17. 0.42 0.19 1 0.19 0.31 1
18. 1.71 0.24 1 0.51 1.28 1
19. 0.57 0.55 1 0.42 0.89 1
20. 0.38 0.52 1 0.26 0.62 1
21. 0.28 0.10 1 0.21 0.17 1

operation of fuzzy numbers. In Table 9 are the results obtained (for moderate choice), which are the
basis of the calculation of fuzzy IPCA (moderate choice) (Figure 5). The GAP and PD are calculated
in the original version for Hotel 1 in relation to Hotel 4 and the original IPCA is constructed (Figure
6).

Table 9: GAP and PD (moderate choice) for Hotel 1 in relation to Hotel 4 competitor

Attributes Performance
Hotel 1

Importance
Hotel 1

Performance
Hotel 4

GAP
Fuzzy
moderate

PD
Fuzzy
moderate

Q

1. 3.94, 4.5, 4.85 3.56, 3.93, 4.3 3.59, 4.20, 4.65 0.51 0.28 1
2. 4.16, 4.67, 4.94 4.34, 4.61, 4.88 3.38, 4.04, 4.59 0.003 0.60 1
3. 3.48, 4.12, 4.64 3.12, 3.55, 3.98 3.63, 4.25, 4.70 0.53 −0.11 2
4. 4.02, 4.57, 4.91 2.83, 3.30, 3.76 3.47, 4.12, 4.65 1.21 0.42 1
5. 3.75, 4.34, 4.78 3.53, 3.91, 4.29 3.5, 4.14, 4.68 0.38 0.18 1
6. 4.07, 4.60, 4.91 4.14, 4.44, 4.74 3.13, 3.83, 4.43 0.10 0.73 1
7. 3.75, 4.33, 4.73 4.03, 4.35, 4.67 3.47, 4.12, 4.65 −0.06 0.19 4
8. 3.83, 4.41, 4.78 4.01, 4.32, 4.64 3.79, 4.37, 4.77 0.03 0.03 1
9. 3.73, 4.32, 4.75 3.91, 4.24, 4.57 3.37, 4.04, 4.61 0.04 0.26 1
10. 3.97, 4.52, 4.87 3.96, 4.28, 4.60 3.18, 3.87, 4.48 0.19 0.62 1
11. 3.62, 4.23, 4.67 4.14, 4.35, 4.73 3.40, 4.06, 4.62 −0.24 0.15 4
12. 3.66, 4.27, 4.73 3.01, 3.45, 3.89 3.34, 4, 4.62 0.78 0.26 1
13. 3.76, 4.35, 4.76 3.34, 3.74, 4.14 3.56, 4.18, 4.66 0.56 0.15 1
14. 3.91, 4.47, 4, 84 3.93, 4.26, 4.58 3.56, 4.20, 4.70 0.16 0.25 1
15. 3.45, 4.10, 4.62 3.65, 4.01, 4.38 3.29, 3.97, 4.59 0.05 0.11 1
16. 4.10, 4.62, 4.92 4.24, 4.52, 4.80 3.44, 4.09, 4.63 0.04 0.50 1
17. 3.68, 4.29, 4.75 3.24, 6.65, 4.06 3.22, 3.91, 4.51 0.6 0.36 1
18. 2.66, 3.12, 3.50 3.29, 3.71, 4.12 3.17, 3.86, 4.47 −0.6 −0.46 3
19. 3.28, 3.96, 4.57 3.93, 4.26, 4.58 3.35, 4.01, 4.55 −0.31 −0.03 3
20. 3.35, 3.94, 4.38 4.14, 4.43, 4.73 3.34, 4.00, 4.56 −0.52 −0.06 3
21. 4.05, 4.59, 4.92 3.55, 3.92, 4.29 3.45, 4.10, 4.62 0.62 0.47 1



https://doi.org/10.15837/ijccc.2022.2.4741 12

Figure 5: IPCA fuzzy (moderate choice) ma-
trix for Hotel 1 in relation to Hotel 4
(Source: created by the authors based on
data processing from Table 9.)

Figure 6: IPCA original matrix for Hotel 1
in relation to Hotel 4
(Source: created by the authors based on
data processing from Table 9.)

Repeat operations for building fuzzy IPCA (drastic choice) for Hotel 1 compared to Hotel 4 (Table
10 and Figure 7).

Table 10: GAP and PD original, GAP and PD fuzzy (moderate choice, drastic choice) for Hotel 1
(focal) and Hotel 4 competitor

Attrib. GAP
original

PD
original

Q GAP
Fuzzy
moderate

PD
Fuzzy
moderate

Q GAP
fuzzy
drastic

PD
fuzzy
drastic

Q

1. 0.28 0.24 1 0.51 0.28 1 0.11 0.24 1
2. 0.02 0.64 1 0.003 0.60 1 1.08 0.95 1
3. 0.17 −0.09 2 0.53 −0.11 2 0.16 −0.13 2
4. 0.69 0.40 1 1.21 0.42 1 0.57 0.57 1
5. 0.15 0.19 1 0.38 0.18 1 0.47 0.31 1
6. 0.07 0.67 1 0.10 0.73 1 0.97 0.86 1
7. −0.05 0.25 4 −0.06 0.19 4 0.80 0.47 1
8. −0.02 0.05 4 0.03 0.03 1 0.74 −0.71 2
9. −0.05 0.28 4 0.04 0.26 1 0.57 0.45 1
10. 0.07 0.60 1 0.19 0.62 1 0.77 0.82 1
11. −0.25 0.20 4 −0.24 0.15 4 0.52 0.40 1
12. 0.41 0.25 1 0.78 0.26 1 0.24 0.28 1
13. 0.23 0.14 1 0.56 0.15 1 0.42 0.18 1
14. 0.05 0.27 1 0.16 0.25 1 0.72 0.43 1
15. −0.33 0.16 4 0.05 0.11 1 0.22 0.33 1
16. −0.30 0.50 4 0.04 0.50 1 0.43 0.36 1
17. 2.17 0.31 1 0.6 0.36 1 0.18 0.35 1
18. −1 0.39 4 −0.6 −0.45 3 −0.72 −0.46 3
19. −0.43 −0.07 3 −0.31 −0.03 3 −0.03 −0.23 3
20. −0.53 0.07 4 −0.52 −0.06 3 0.28 0.20 1
21. 0.38 0.42 1 0.62 0.47 1 0.72 0.57 1

(Note: for simplification, only two decimal places were kept after the comma)

5.4 Comparisons between original IPCA and fuzzy IPCA in moderate and drastic
case

The analysis of quadrant 1–"Solid competitive advantage" in the three situations (original IPCA,
fuzzy IPCA moderate choice and fuzzy IPCA drastic choice) for focal Hotel 1 compared to Hotel 2
shows the positioning here in all three situations of 3 attributes (2,4,5) and in the case of IPCA fuzzy
moderate choice and attribute 16.

In the case of IPCA analysis from the perspective of Hotel 1 in relation to Hotel 4, in the case of
the original IPCA there are 9 attributes positioned here (1,2,4,5,10,12,13,14,17), in the case of IPCA
fuzzy moderate choice there are 13 attributes (1,2,4,5,8,9,10,12,13,14,15,16,21) and in the case of IPCA
fuzzy drastic choice there are 17 attributes (1,2,4,5,6,7,9,10,11,12,13,14,15,16,17,20,21).
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Figure 7: IPCA fuzzy (drastic choice) matrix for Hotel 1 in relation to Hotel 4
(Source: created by the authors based on data processing from Table 10.)

The analysis of quadrant 2–"Head-to-head competition" in all three situations (original IPCA,
fuzzy IPCA moderate choice and fuzzy IPCA drastic choice) for focal Hotel 1 compared to Ho-
tel 2, shows different quantitative situations. In the first case there are 9 attributes in this dial
(1,3,6,10,12,13,14,17,21), in the second case there are 12 attributes (1,3,6,8,9,10,12,13,14,15,17,21) and
in the IPCA version fuzzy drastic choice are 16 attributes (1,3,6,7,8,9,10,11,12,13,14,15,16,17,20,21).
These 16 attributes give the fight with the competition. "Although the company goes beyond cus-
tomer expectations for the attributes positioned in this quadrant, it has lower performance scores for
these attributes than its competitors. In such situations, the focal company has to at least reach the
competitor’s performance level. Benchmarking with the best practice is recommended for performance
improvement efforts." ([1], p.138)

The analysis of quadrant 2–"Head-to-head competition" in all three situations (original IPCA,
fuzzy IPCA moderate choice and fuzzy IPCA drastic choice) for focal Hotel 1 compared to Hotel 4,
shows different quantitative situations. In the original IPCA, in this dial there is 1 attribute (3), in
the second situation there are 1 attribute (3) and in the case of IPCA fuzzy drastic choice there are 2
attributes (3,8). Attributes 3–The hotel has sufficient restaurant facilities and 8–The staff is able to
solve guests’ problems, are attributes to which Hotel 1 is in direct competition to Hotel 4 but also to
Hotel 2.

The analysis of quadrant 3–"Urgent action" in all three situations (original IPCA, IPCA moderate
choice and IPCA fuzzy drastic choice) for the focal Hotel 1 compared to Hotel 2, shows different quanti-
tative situations. In the first case there are 9 attributes of quality in this dial (7,8,9,11,15,16,18,19,20),
in the second case there are 5 attributes (7,11,18,19,20) and in the third there are two attributes
(18,19). It is noted that the two attributes (18,19) of the IPCA variant fuzzy drastic choice are also
found in the other two situations (fuzzy moderate and drastic choice) from Hotel 1 in relation to Hotel
4. The conclusion is that this Hotel 1 is categorically deficient, from the perspective of its customers,
at entertaining facilities (18–The hotel has entertaining facilities) both in relation to Hotel 2 and in
relation to Hotel 4. These two attributes 18–The hotel has entertaining facilities and 19–Big variety
and proper quality of meals impose urgent measures. "These attributes reflect the areas of weakness
of the focal company, and the quadrant is named ’urgent action’ because of the necessity of taking
urgent action to improve them" ([1], p.138).

In this case, fuzzy modeling has led to a higher filtering of attributes that qualify for this dial and
which require effort concentration.

The analysis of the quadrant 4–"Null advantage" in all three situations (original IPCA, IPCA fuzzy
moderate choice and IPCA fuzzy drastic choice) for the focal Hotel 1 in relation to Hotel 2 shows
that no attribute was positioned here. The analysis of the quadrant 4–"Null advantage" in all three
situations (original IPCA, IPCA fuzzy moderate choice and IPCA fuzzy drastic choice) for focal Hotel
1 compared to Hotel 4 shows in the original IPCA the positioning of 8 attributes (7,8,9,11,15,16,18,20),
in the IPCA fuzzy moderate choice of 2 attributes (7,11) and in the third situation no attributes.
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For testing the IPCA method, we also calculated the IPCA in the three variants for the focal
Hotel 2 in relation to the competing Hotel 1. The results obtained (Table 9) support the conclusions
obtained from the analysis of the focal Hotel 1 in relation to the competing Hotel 2, although they
are different values of the importance of the attributes.

5.5 Conclusions and future research

Modeling with fuzzy sets ensures greater elasticity compared to the classic Likert scale. The
advantage of fuzzy crowd modeling is that it can be operated after data collection. The decision
regarding the number of steps of the Likert scale could be made after collecting the answers, by fuzzy
modeling the answers according to the general characteristics of the answers. If the collected data
show a concentration of responses on certain intervals of the Likert classical scale (as in the present
study) which makes it difficult to distinguish between the attributes of quality, the answers can be
penalized. A clearer distinction will be made between attributes. At this point, the establishment
of triangular fuzzy numbers replacing classical numbers is arbitrary, with future research aimed at
finding a method for assigning fuzzy numbers.

Although it has a clear potential, modeling with fuzzy sets still has an important limitation. The
limitation is that, subjectively, the researcher must assign values to fuzzy numbers. Solving this
problem is one of the future directions of research.

Also as future research, we must take into account that there are several types of sets ("fuzzy
intuitionistic", "fuzzy valued between intervals", "fuzzy intuitiveistic value-interval", "double fuzzy",
etc.) and these could provide a representation finer answers, almost all possible answers (for example,
fuzzy modeling of the "between important and very important" type, but also "fuzzy-value-interval"
can do this).
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