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ABSTRACT 

Background: In Brazil, many public hospitals face constant problems related to high 

demand vis-à-vis an overall scarcity of resources, which hinders the operations of 

different sectors such as the surgical centre, as it is considered one of the most 

relevant pillars for the proper hospital functioning, due to its complexity, criticality as 

well as economic and social importance. Proper asset management based on well-

founded decisions is, therefore, a sine-qua-non condition for addressing such 

demands. However, subjectivity and other difficulties present in decisions make the 

management of hospital resources a constant challenge. 

Methods: Thus, the present work proposes the application of a hybrid approach, 

formed by the QFD tools, fuzzy logic and SERVQUAL as a decision support tool for 

the quality planning of the surgical centre of the Onofre Lopes Teaching Hospital 

(Hospital Universitário Onofre Lopes - HUOL). To accomplish such objective, it was 

necessary to discover and analyse the main needs of the medical team working in the 

operating room, through the application of the SERVQUAL questionnaire, associated 

with fuzzy logic.  

Results: Then, the most relevant deficiencies were transformed into entries for the 

QFD-fuzzy, where they were translated into project requirements. Soon after, the 

analysis of the existing relationships between the inputs and these requirements was 

carried out, generating the ranking of actions with the greatest impact on the 

improvement of the surgical centre overall quality.  

Conclusions: As a result, it was found that the proposed methodology can optimize 

the decision process to which hospital managers are submitted, improving the surgical 

centre operation efficiency. 
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1. BACKGROUND 

Throughout the world, health services are compelled to deliver excellent 

results. Even when compared to other sectors, the health sector must manage the 

quality of its services more strictly, as it directly affects the population's living conditions 

and wellbeing. The provision of quality health services, therefore, has a positive impact 

on the economy, which in turn benefits the population as a whole; leading to the 

conclusion that improving health services is an absolute priority1. 

Focusing on the Surgical Centres (SC), it is possible to argue that it is the 

sector with the highest costs within the hospital. According to Bidassie et al.2 as well 

as Nazif 3, it is estimated that approximately 40% of hospital costs and revenues are 

caused by the SC. Thus, the use of quality tools, methodologies for decision support 

and operational research, are described in the literature as appropriate instruments to 

generate improvements whilst reducing costs in a SC 4. 

The Brazilian state, according to the 1988 Constitution, must provide health 

services to the population in an appropriate manner. However, due to the various 

difficulties faced by the country, basic resources to ensure health for citizens are often 

scarce. Moreover, about 50% of the costs arising from the national health system come 

from hospital expenses, with the SC being the main responsible for this5. 

The Onofre Lopes University Hospital (HUOL), which is part of the Federal 

University of Rio Grande do Norte (UFRN) and is associated with the Brazilian Hospital 

Services Company (EBSERH), has 31,569.45 m2 of built area, 24 ICU beds, 19 adults 

and 5 pediatric, 242 infirmary beds and 12 operating rooms, 2 in the ophthalmology 

sector, 7 in the SC and 3 rooms designated for minor surgeries6. 

The hybrid methodology that combines the QFD (Quality Function 

Deployment), SERVQUAL and Fuzzy Logic (FL) tools emerges as a tool capable of 

helping in the planning of the quality of a product or service. This is possible, given that 

the QFD associated with SERVQUAL may be able to find gaps existing between the 

expectation and the perception of the activity performed, as to discern the 

characteristics of the service that are at a lower quality level, enabling the proposition 

of strategies capable of generating improvements and thereby delivering customer 

quality. Furthermore, the use of LF helps to avoid loss of information arising from 

human subjectivity, which contributes to making decisions more accurate7,8. 



 The present article proposes a hybrid QFD-fuzzy-SERVQUAL approach 

as a decision support tool for the quality planning of the HUOL surgical centre. In order 

to develop such approach it was necessary to take the following , it will be necessary 

to take the following methodological procedure: i) elaborating and validating the 

SERVQUAL questionnaire; ii) identifying the main deficiencies of the surgical centre in 

the perception of the medical team through the application of SERVQUAL and fuzzy 

logic; iii) carrying out the construction of the ‘house of quality’, through the integration 

of the QFD-fuzzy-SERVQUAL tools; iv) performing the analysis of the engineering 

requirements through the ‘house of quality’ and fuzzy logic; and v) developing an action 

plan proposal for the surgical centre quality planning, resulting from the QFD-fuzzy-

SERVQUAL integration. 

 

1.1 Quality Function Deployment – QFD 

The Quality Function Deployment (QFD) methodology was initially 

developed with the objective of improving product development through user’s opinion. 

For this purpose, information is collected about the main needs of the client and then 

transformed into engineering criteria, which are used to solve the main demands 

related to the product in production9. 

One of the QFD key features is the conversion of qualitative requests into 

quantitative specifications, developing strategies that can improve the quality of 

planning and, ultimately, turning the QFD into a tool capable of assisting managerial 

decision making. Moreover, the QFD can be graphically represented as the “House of 

Quality” (HOQ) (Figure 1), in which, through matrix analysis, it is possible to analyze 

the relationship between the customer demands and technical requirements and 

thereby propose improvements10. 

Figure 1: House of Quality 



 
Source: Adapted from Abdelsamad, Rushd and Tawfik11 

 

1.2 SERVQUAL Model 

The SERVQUAL Model was developed by Parasuraman, Zeithaml and 

Berry12 consisting of a system capable of measuring the difference between customer 

expectations and perceptions, referring to the perceived quality of a given product or 

service. SERVQUAL seeks to analyse in the object of study, dimensions related to 

tangibility, reliability, responsiveness, security, and empathy, to then identify needs and 

the greatest potential for improvement.  

According to Büyüközkan et al.13 the SERVQUAL model can evaluate 

service quality by analysing the data obtained by a questionnaire. Therefore, the 

evaluation of these data is performed using equation 1, where 𝑃 and 𝐸 represent, 

respectively, the perception and expectation of customers, with 𝑄 the size of the gap, 

that is, the present difference between the existing and the expected quality. 𝑄 = 𝑃 − 𝐸                                                                                   (1) 

 

Table 1 summarizes the criteria for service quality analysis. 



 

Table 1: Quality Service Analysis Criteria    

Relationship 
between perception 

(P) and 
expectation(E)  

Service Quality Level 

E>P Service with quality 
below expectation 

E<P Service with quality 
above expectations 

E=P 
Service with neutral 

quality or within 
expected levels. 

Source: Adapted from Batista14 

 

1.3 Fuzzy Logic 

Fuzzy logic, also known as fuzzy set theory, is a tool developed by 

researcher Zadeh15 in a work called Fuzzy Sets, which is based on the classic concept 

of sets. However, it is distinguished by not working in a binary way, that is, it does not 

use only minimum (0) or maximum (1) values. 

The FL development endeavours to portray, in an organized way, poorly 

defined elements and with a certain level of inconsistency, that is, inaccurate data. 

Thus, the FL uses a numerical range varying between 0 and 1 to represent different 

levels within a scale, being able to create a mathematical model to study phenomena 

with a certain level of uncertainty, but in a precise way16,17. 

According to Ross18, FL can be used for different types of applications, 

being considered a multidisciplinary tool capable of generating contributions in areas 

such as modelling of non-linear systems, pattern ordering, process management, as 

well as applications with qualitative data. 

Another FL application is found in Büyüközkan, Çifçi and Güleryüz13, to 

facilitate the inaccuracy estimation of human thought data. Given it is subjective, the 

authors claim that FL has the benefit of being able to represent the uncertainties of the 

human mind, as to assist decision makers in the interpretation and resolution of the 

problem studied. 

2. METHODOLOGY  

2.1 Universe and sample 



HUOL’s SC is composed of a multidisciplinary team, such as doctors, 

nurses, nursing technicians, pharmacists, engineers, amongst other employees, who 

provide support for the correct functioning of the SC. However, due to standardization 

and technical knowledge, only doctors, nurses and nursing technicians were asked to 

participate in the application phase of the SERVQUAL questionnaire. 

Once the sector was determined, the research began the stage of verifying 

the number of professionals who fall within the already established criteria. As a result 

of this filtering, a population of 147 individuals was defined, encompassing 64 doctors, 

12 nurses and 71 nursing technicians and assistants. As for the questionnaire 

completion, it was determined that all professionals involved would have the same 

weight in the evaluations, given that no strictly technical knowledge was required from 

the medical team respondents. Participants gave written consent based on a semi-

structured interview model developed and documented by the researchers in this 

study. The study was approved by the ethical committee of UFRN.  

However, due to time and schedule limitations as well as the fact that the 

SC is a complex and biohazardous place, which makes the questionnaire difficult to 

apply, the research was carried through sampling. Therefore, based on expert opinion 

and scientific literature, it was decided to work with a sample that generates a 95% 

confidence level and a 5% margin of error.  

2.2 Data Collection 

 Data collection was performed utilizing the SERVQUAL tool, which was 

applied at the HUOL’s SC. To carry out this procedure, HUOL's teaching and research 

management was handed over all the requested documents. Furthermore, as it is a 

place with biological risk, they were properly attired, instructed and accompanied by a 

member of the medical team. The data collection lasted four days and occurred 

throughout the three shifts; only employees on their rest break were approached. 

Moreover, the respondents had the opportunity and were encouraged to ask questions 

regarding the survey during the time they were answering it. 

 



2.3 SERVQUAL application 

To fill the questionnaire, the participants had to analyse all items according 

to three five-point scales, in which linguistic variables were established, so that 

members of the medical team could express their thoughts according to each situation. 

The first scale is related to the employee's expectations regarding the 

quality of each item studied, considering the resources and possibilities existing at the 

time of the research. The second scale is related to the current perception that the 

member of the medical team has about the level of quality of each item studied.  

Finally, the third scale aims to indicate the level of importance of each item, 

for the proper functioning of the SC, according to the respondent's opinion. Table 2 

shows the three scales employed, their linguistic variables and their respective scores.

    

Table 2: Scales employed in SERVQUAL 

SCALE 1 SCALE 2 SCALE 3 

EXPECTATION PERCEPTION IMPORTANCE 

Linguistic 
variable 

Assigned 
Score 

Linguistic 
Variable 

Assigned 
Score 

Linguistic 
Variable 

Assigned 
Score 

Very low 1 Very bad 1 Very low 1 

Low 2 Bad 2 Low 2 

Average 3 Average 3 Average 3 

High 4 Good 4 High 4 

Very High 5 Very Good 5 Very High 5 

 

Source: Adapted from Parasuraman, Zeithaml and Berry19 

 

With the utilization of scales 1 and 2, it is possible to identify the gaps 

between what the medical team considers to be ideal and what is being delivered, 

considering each item studied. Thus, it is feasible to obtain an overview of the current 

quality of the main points studied in the SC. 

 

2.4 SERVQUAL integration with the QFD-fuzzy approach 

To carry out the integration amongst all the proposed approaches, a division 

was made into two phases, in which the first one will explain the necessary procedures 



to integrate SERVQUAL with the QFD tool. And in the second phase, the integration 

of FL into the study will be described. 

 

2.4.1 Phase 1: Integration of the QFD and SERVQUAL tools 

In phase 1, the integration model between the QFD and SERVQUAL tools 

is described. At this stage, the SERVQUAL methodology will act as a resource to 

provide inputs to the QFD, that is, it will provide the HOQ with the main requirements 

of the client and their respective levels of importance, based on the questionnaire 

applied to the SC medical team. Figure 2 depicts the steps explained in phase 1 of the 

integration between the methodologies utilized. 

 

 Figure 2: Schematic summary of the first phase of the integration of the studied methodologies 

 

 

 

2.4.2 Phase 2: Integration of the QFD and SERVQUAL tools with the FL 

 

This phase main objective is to explain all stages of the FL integration with 

the combination of the QFD and SERVQUAL tools. Therefore, this arrangement aims 

to minimize the vagueness and imprecision existing in judgments involving linguistic 

variables. All operations performed will be done using the fuzzy theory established by 



Zadeh15, in which triangular fuzzy numbers will be adopted due to their greater facility 

to perform mathematical operations20-22. Figure 3 summarizes phase 2 main stages in 

the current methodology, presenting how the integration and application of the utilized 

tools occurs. 

 

Figure 3: Schematic summary of the second phase of the studied methodologies integration 

 

 

Stage 1: Utilizing the SERVQUAL-fuzzy combination to establish gaps in customer 

requirements (“customer voice”): In this stage, divided into three steps, the fuzzy 

numbers that will be used to represent the linguistic variables applied in the three 

different scales employed in the SERVQUAL questionnaire will be determined. To this 

end, the classic concept of fuzzy number and the fuzzification process established by 

Zadeh15 will be adopted. Moreover, the operations used to define the gaps and the 

level of importance of each item in the questionnaire will be explained.  

 

Step 1: Scales 1 and 2 analysis: As previously mentioned, the process of analyzing 

customers' expectations and perceptions regarding the 22 items of the SERVQUAL 

questionnaire will be carried out through a 5-point scale. In this case, each score will 

be represented by a linguistic variable, which in turn will be converted into a triangular 

fuzzy number through a process called fuzzification, which is explained in step 2.  

 

Step 2: Utilization of the triangular fuzzy number and the fuzzification process: 

According to Wang23 the fuzzification process consists of converting linguistic or 



numerical values, to the fuzzy universe. Therefore, to perform the fuzzification process, 

each linguistic variable corresponding to scales 1, 2 and 3 will be assigned a triangular 

fuzzy number, with an interval ranging from 0 to 1.  

 

Table 3 displays the linguistic variables used in each type of scale and their 

respective triangular fuzzy numbers, whilst figures 4 and 5 represent the graphic 

distribution for scales 1, 2 and 3. 

 

Table 3: SERVQUAL questionnaire scales and their respective fuzzy numbers 

Scale 1 Scale 2 Scale 3 

FUZZY NUMBER 

Expectation Perception Importance 

Linguistic variable Linguistic 

variable 

Linguistic 

variable 
a m b 

Very low Very bad Very low 0,0 0,0 0,25 

Low Bad Low 0,0 0,25 0,5 

Average Average Average 0,25 0,5 0,75 

High Good High 0,5 0,75 1 

Very High Very Good Very High 0,75 1 1 

Source: Adapted from Lima Junior, Osiro e Carpinetti 24 

 

 

Figure 4: Graphical representation of fuzzy numbers corresponding to scales 1 and 3 

 

 

Source: Adapted from Lima Junior, Osiro e Carpinetti 24 

 



Figure 5: Graphical representation of fuzzy numbers corresponding to scale 2 

 

Source: Adapted from Lima Junior, Osiro e Carpinetti24 

 

Step 3: Using operations to calculate the gap:  In this step, three operations are used. 

The first has the function of calculating the arithmetic mean of the score obtained in 

each of the 22 items studied, considering the assessment of all respondents, using 

scales 1 and 2. After that, a second fuzzy operation is performed to determine the 

existing gaps in all items, through the difference between scales 1 and 2. Finally, a 

third equation is used to perform the process of defuzzification of the triangular 

numbers obtained in the gap calculation. 

To calculate the average between triangular fuzzy numbers, equations 1 

and 2 will be used, which in turn were applied based on Buckley (1985), Chen (1998), 

and Cho, Kim and Kwak (2015), where �̃�𝑖 e  �̃�𝑖  represent, respectively, the expectation 

and the perception in the process of the average evaluation of each item of the 

questionnaire, with k = 1, 2, 3 ... total evaluators and i = 1, 2, 3… total items assessed 

by the SERVQUAL questionnaire. 

 �̃�𝑖 =  1𝑘 [�̃�𝑖1(+)�̃�𝑖2(+) … (+)�̃�𝑖𝑘]                                      (1)                   

 �̃�𝑖 =  1𝑘 [�̃�𝑖1(+)�̃�𝑖2(+) … (+)�̃�𝑖𝑘]                                               (2)                  

 

Once the fuzzy operation proposed by equations 1 and 2 was performed, a 

second operation is also performed to calculate the gap between the fuzzy numbers 

corresponding to each of the 22 analysed items. To that end, the fuzzy operator 

described in equation 3 is utilized. Therefore, the values for each average assessment 



of expectation and perception will be represented, respectively, by fuzzy numbers 

described as  �̃�𝑖 = (𝐸𝑎, 𝐸𝑚, 𝐸𝑏) e �̃�𝑖 = (𝑃𝑎, 𝑃𝑚 , 𝑃𝑏)28-30 

 𝐺𝐴𝑃 =  �̃�𝑖 −  �̃�𝑖 = (𝑃𝑎 − 𝐸𝑏 , 𝑃𝑚 − 𝐸𝑚, 𝑃𝑏 − 𝐸𝑎) = (𝐴𝑎, 𝐵𝑚, 𝐶𝑏)               (3)               

 

Subsequently, the third operation consists of applying to all gaps obtained 

by equation 3 the defuzzification process proposed by equation 4, which, as already 

mentioned, consists of converting a fuzzy number into a real value, also called a crisp 

number31. 

 

For this purpose, the operator proposed in the work of Chen and Hsieh32 as 

well as Behdioğlu, Acar and Burhan33 will be utilized in the defuzzification of values 

obtained through SERVQUAL 

 𝐷 =  𝐴𝑎 +  4𝐵𝑚 + 𝐶𝑏6                                                                            (4) 

 

Thereby, it will be possible to obtain the gap value of each item studied, to 

identify and represent a real number that adequately portrays the client's feeling and 

the level of quality of the studied object. 

 

Stage 2: Utilizing fuzzy logic to determine the level of importance for each customer 

requirement. 

Once stage 1 is complete, the process of defining the level of importance of 

each item will begin. For this purpose, equation 5 described below will be used, where �̃�𝑖 represents the average rating of each item on scale 3, with k=1, 2, 3... total 

evaluators and i=1, 2, 3…total items assessed. This will define the triangular fuzzy 

number equivalent to the average importance of each item analysed in the SERVQUAL 

questionnaire. However, only fuzzy numbers that have a gap with a crisp value less 

than or equal to the average of all items will be used in the next step. �̃�𝑖 =  1𝑘 [𝑊𝑖1(+)𝑊𝑖2(+) … (+)𝑊𝑖𝑘]                                           (5)                  

 

Stage 3: Utilizing fuzzy logic in the relationship matrix elaboration:  



In this stage, the analysis of the relationship between each customer's 

requirement weights (�̃�𝑖) with engineering requirements (�̃�𝑗) will be carried out. For 

that purpose, each element �̃�𝑖𝑗, – the existing relationship in the matrix – will be 

analyzed by experts based on table 2 as to assign a relationship level represented by 

symbols and associated with linguistic variables, which in turn will be translated into 

triangular fuzzy numbers. Equation 6 describes the average assessment of the 

relationship level assigned by each specialist, with k being the total participating 

specialists, where  𝑖 = 1, 2, 3 … 𝑛 and 𝑗 = 1, 2, 3 …  𝑚 , that is, the elements 𝑛 and 𝑚 

represent, respectively, the total of �̃�𝑖 and �̃�𝑗 present in the study. Table 4 contributes 

to the understanding of the fuzzy sets applied in this study. 

 �̃�𝑖𝑗 =  1𝑘 [𝑅𝑖𝑗1 (+)𝑅𝑖𝑗2 (+) … (+)𝑅𝑖𝑗𝑘 ]                                                (6)                  

 

Table 4: Relationship levels, their respective symbols, and fuzzy numbers 

Relationship Level 
Linguistic 
variable 
Symbol 

Fuzzy Numbers 

a m b 

Very Low VL   0,0   0,0 0,25 
Low  L   0,0   0,25 0,5 

Average A  0,25  0,5 0,75 
Strong S  0,5  0,75 1,0 

Very Strong  VS 0,75 1,0 1,0 
Non-existent - - - - 

Source: Adapted from Kargari 34 

Finally, table 2 is represented in figure 6, where it reproduces the triangular 

fuzzy numbers and their respective linguistic variables. 

 

Figure 6: Graphical representation of the fuzzy numbers corresponding to table 2 

 

Source: Adaptaded from Kargari 34 



 

Stage 4: Utilizing fuzzy logic in the technical assessment to determine the relative 

importance of each engineering requirement. 

 

Stage 5: Consists of exposing the process of calculating the relative importance of 

each �̃�𝑗 present in the HOQ. For that, it will be utilized a relationship between the value 

of each �̃�𝑖 and �̃�𝑖𝑗. 

 

According to Bottani 35 the relationship between �̃�𝑖 and �̃�𝑗 can be 

represented as �̃�𝑖𝑗,  in which equation 7 is used to calculate the relative importance of 

each �̃�𝑗, which in turn is represented by 𝐼�̃�𝑗.       

 𝐼�̃�𝑗 = ∑(�̃�𝑖). (�̃�𝑖𝑗)𝑛
𝑖=1  , 𝑗 = 1, 2, … , 𝑚                                   (7) 

 

3. RESULTS  

3.1 Quality Gaps  

This specific stage has as key objectives to identify and analyze the gaps 

of quality referring to the 22 items studied. To achieve these goals, it was necessary 

to assess the expectations and perceptions of the SC medical team, using the 

SERVQUAL questionnaire. Table 5 represents the quality gaps related to each item 

studied. 

 

Table 5:  Quality gaps representation through fuzzy and crisp numbers 

Dimensions ITENS 
FUZZY Numbers CRISP 

NUMBERS a m b 

TANGIBILITY 

Item 1 -0,65 -0,28 0,20 -0,26 

Item 2 -0,55 -0,20 0,28 -0,18 

Item 3 -0,47 -0,13 0,30 -0,12 

Item 4 -0,61 -0,24 0,23 -0,23 

Item 5 -0,53 -0,19 0,26 -0,17 

RELIABILITY 

Item 6 -0,51 -0,17 0,27 -0,15 

Item 7 -0,59 -0,23 0,24 -0,21 

Item 8 -0,46 -0,15 0,27 -0,13 

Item 9 -0,55 -0,20 0,25 -0,19 



Item 10 -0,66 -0,32 0,17 -0,29 

RESPONSIVENESS 
Item 11 -0,65 -0,28 0,20 -0,26 

Item 12 -0,53 -0,23 0,20 -0,21 

Item 13 -0,55 -0,24 0,20 -0,22 

SECURITY 

Item 14 -0,76 -0,47 0,01 -0,44 

Item 15 -0,77 -0,49 -0,01 -0,45 

Item 16 -0,74 -0,45 0,03 -0,42 

Item 17 -0,52 -0,21 0,24 -0,18 

Item 18 -0,57 -0,24 0,21 -0,22 

Item 19 -0,44 -0,12 0,29 -0,10 

EMPATHY 
Item 20 -0,53 -0,20 0,24 -0,18 

Item 21 -0,60 -0,28 0,18 -0,26 

Item 22 -0,25 -0,18 0,27 -0,15 

 

In short, figure 7 displays a graphic representation of the general levels of 

expectation, perception, and importance of all the items studied, in which the space 

between the dotted lines symbolizes the gaps in the quality of the SC. 

 

Figura 7: Graphical representation of the quality gaps 

 

 

3.2 Defining the “Voice of the Customer – VOC”  

 

Once all gaps have been calculated, it is feasible to define which items will 

be used in the HOQ, thus forming the “voice of the customer”. Thus, it was established 

the utilization of the items that only have a gap with a crisp value less than or equal to 

-0.23, given that this number represents the average of the gaps of all items. Table 6 



presents the appointed items, displaying their placement in the largest gaps ranking 

as well as their respective size and description. 

 

Table 6: Definition of “customer's voice” 

ITEMS GAP RANKING DIMENSION ITEM DESCRIPTION 

Item 
15 -0,45 1 SECURITY 

 
Training for accident situations (rapid 
evacuation, fire, explosion, etc.)     

Item 
14 -0,44 2 SECURITY 

 
Contingency plan for disaster situations 
(rapid evacuation, fire, explosion, etc.) 
 

Item 
16 -0,42 3 SECURITY 

 
The physical structure is adequate for the 
safety measures in place (Correct signaling, 
operation of generators, presence of anti-
panic door, operation of fire-fighting 
equipment)  
 
 

Item 
10 -0,29 4 RELIABILITY Surgical planning and schedule 

Item 1 -0,26 5 TANGIBILITY 

 
General physical structure (hydraulic, 
electrical, facilities, furniture, etc.) 
 

Item 
11 -0,26 6 RESPONSIVENESS 

 
Operating rooms demand-response capacity 
 
 

Item 
21 -0,26 7 EMPATHY 

 
Employees fully understand the need to 
assist other team members 
 
 

Item 4 -0,23 8 TANGIBILITY 

 
Technical team (engineering, administration, 
maintenance, and hygiene) 
 

 

3.3 House of Quality (HOQ) assessment 

 

At this stage, the relationship between Customer Needs (CN) and Project 

Requirements (PR) will be assessed. (STANDARDIZING THE NOMENCLATURE) 

Thus, it will be feasible to study how strong the link between these requirements really 

is. Moreover, it will be feasible to define the contribution level of each PR to achieve 

the quality defined by the “voice of the customer”. 

The relationship matrix was filled out based on three expert’s opinion, who 

are from the medical, engineering, and occupational safety areas, given that the needs 



established by the “voice of the customer” require multidisciplinary knowledge to be 

associated with the PR. Consequently, each specialist was responsible for evaluating 

only the cells corresponding to the needs of the customers related to their area of 

specialization. Moreover, they were also responsible for translating the “voice of the 

customer” into PRs. Table 7 shows all the PRs obtained by the specialists, from the 

CNs. 

 

 

Table 7: Project requirements 

PROJECT 
REQUIREMENTS 

(PR) 
DESCRIPTION 

PR1 
CREATION OF AN OBLIGATORY TRAINING AGENDA AND / OR 
TRAINING AGAINST CASUALTIES (QUICK EVACUATION, FIRE, 
EXPLOSION, ETC.) 

PR2 
CREATION OF A CONTINGENCY PLAN AGAINST CASUALTIES 
(QUICK EVACUATION, FIRE, EXPLOSION, LACK OF WATER OR 
ENERGY, ETC.) 

PR3 ADOPTION OF TECHNICAL SAFETY STANDARDS DETERMINED BY 
THE FIRE DEPARTMENT 

PR4 
INTEGRATED MANAGEMENT SYSTEM (WHICH ALLOWS 
INTEGRATION BETWEEN STOCK DATA, HUMAN RESOURCES AND 
THE LIST OF REGISTRED SURGERIES) 

PR5 
ADOPTION OF TECHNICAL STANDARDS RELATING TO PLANNING, 
PROGRAMMING, ELABORATION AND EVALUATION OF PHYSICAL 
PROJECTS IN HEALTH CARE ESTABLISHMENTS 

PR6 MONITORING OF SURGERY ROOMS OPERATING DYNAMICS 

PR7 
SHARED MANAGEMENT (ALLOWING ALL MEMBERS OF THE TEAM 
TO PARTICIPATE IN DECISIONS) 

PR8 TRAININING THE TECHNICAL TEAM (ENGINEERING, 
ADMINISTRATION, MAINTENANCE AND HYGIENIZATION) 

 

It is worth pointing out that the experts’ opinion was initially represented by 

real numbers that have been attributed based on linguistic variables. Then, all values 

were converted into triangular fuzzy numbers, according to the scale shown in table 2. 

Hence, table 8 presents a relationship matrix containing the fuzzy representation of all 

relationships, as well as the relative importance of each PR. 



 



 

 

Table 8: Fuzzy relationship matrix 

 LEVEL OF 
IMPORTANCE 

PR 1 PR 2 PR 3 PR 4 PR 5 PR 6 PR 7 PR 8 

  

CN 
1 

0,69 0,94 0,98 0,75 1,0 1,00 0,75 1,0 1,00 0,75 1,00 1,00 0,00 0,0 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,50 0,75 1,00 0,75 1,00 1,0 

CN 
2 

0,70 0,95 0,99 0,75 1,0 1,00 0,75 1,0 1,00 0,75 1,00 1,00 0,00 0,0 0,00 0,25 0,50 0,75 0,00 0,00 0,00 0,50 0,75 1,00 0,75 1,00 1,0 

CN 
3 

0,69 0,93 0,98 0,75 1,0 1,00 0,75 1,0 1,00 0,75 1,00 1,00 0,00 0,0 0,00 0,50 0,75 1,00 0,00 0,00 0,25 0,50 0,75 1,00 0,75 1,00 1,0 

CN 
4 

0,66 0,91 0,97 0,00 0,0 0,00 0,00 0,0 0,25 0,00 0,00 0,25 0,75 1,0 1,00 0,75 1,00 1,00 0,75 1,00 1,00 0,75 1,00 1,00 0,50 0,75 1,0 

CN 
5 

0,67 0,92 0,97 0,00 0,0 0,00 0,25 0,5 0,75 0,50 0,75 1,00 0,00 0,0 0,25 0,25 0,50 0,75 0,25 0,50 0,75 0,00 0,00 0,25 0,00 0,25 0,5 

CN 
6 

0,69 0,94 0,99 0,00 0,0 0,25 0,00 0,0 0,25 0,00 0,00 0,25 0,75 1,0 1,00 0,75 1,00 1,00 0,75 1,00 1,00 0,75 1,00 1,00 0,75 1,00 1,0 

CN 
7 

0,68 0,93 0,99 0,25 0,5 0,75 0,25 0,5 0,75 0,25 0,50 0,75 0,75 1,0 1,00 0,50 0,75 1,00 0,75 1,00 1,00 0,75 1,00 1,00 0,75 1,00 1,0 

CN 
8 

0,66 0,91 0,98 0,00 0,0 0,00 0,25 0,5 0,75 0,00 0,25 0,50 0,25 0,5 0,75 0,00 0,25 0,50 0,50 0,75 1,00 0,25 0,50 0,75 0,75 1,00 1,0 

RELATIVE 
IMPORTANCE 

(FUZZY) 
1,7 3,3 3,9 2,1 4,2 5,6 2,1 4,2 5,6 1,7 3,2 3,9 2,0 4,4 5,9 2,0 3,9 4,9 2,7 5,4 6,9 3,4 6,5 7,4 

RELATIVE 
IMPORTANCE 

(CRISP) 
3,1 4,1 4,1 3,1 4,3 3,8 5,2 6,1 

RELATIVE 
IMPORTANCE (%) 9,29 12,11 12,12 9,17 12,62 11,17 15,32 18,20 

RANKING 7 5 4 8 3 6 2 1 



 

 

 

Through the relationship matrix analysis (table 8), it is feasible to verify 

that the PR that have the greatest relative importance is correlated to the 

technical teams training (6.1), in which the requirements related to shared 

management were also highlighted (5.2) and adoption of technical standards 

related to planning, programming, development and evaluation of physical 

projects in health care establishments (4.3). 

Furthermore, it is possible to observe in figure 8 the ranking of the 

relative importance of each PR being represented in the histogram by crisp 

values, where the accumulated value of the relative importance of the PR is also 

shown by the red line. Thus, it is possible to define which actions should initially 

be prioritized, aiming at customer satisfaction. 

 

Figure 8: Representation of the relative importance of the design requirements using the Pareto 

diagram 

  

Once the PR ranking with the highest crisp values has already been 

obtained (table 8), it is feasible to prioritize which actions should be taken by the 

top management of the HUOL. Hence, it is relevant to highlight which conclusions 

can be taken from the main PR, as to assist managers throughout the action 

plans preparation. 

The PR8 - TRAININING THE TECHNICAL TEAM (ENGINEERING, 

ADMINISTRATION, MAINTENANCE AND HYGIENIZATION) is the most 
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relevant due to its influence in addressing the “voice of the customer”. Thus, top 

management should be guided to study ways to improve the technical teams 

training. 

Second in the ranking, PR7 – SHARED MANAGEMENT (ALLOWING 

ALL MEMBERS OF THE TEAM TO PARTICIPATE IN DECISIONS) reveals that 

top management needs to discuss with the main SCs managers, ways to improve 

the participation of all HUOL employees in the decision-making processes related 

to the SC. 

Third in the ranking, PR5 - ADOPTION OF TECHNICAL STANDARDS 

RELATING TO PLANNING, PROGRAMMING, ELABORATION AND 

EVALUATION OF PHYSICAL PROJECTS IN HEALTH CARE 

ESTABLISHMENTS demonstrates that there is a need to assess whether the 

technical standards in question are being properly applied, since this PR can 

improve the SC quality. 

Furthermore, it is also important to highlight the requirements related 

to PR3 - ADOPTION OF TECHNICAL SAFETY STANDARDS DETERMINED BY 

THE FIRE DEPARTMENT as well as PR2 - CREATION OF A CONTINGENCY 

PLAN AGAINST CASUALTIES (QUICK EVACUATION, FIRE, EXPLOSION, 

LACK OF WATER OR ENERGY, ETC.); in which they point to the need for 

investments in occupational safety engineering, either through training against 

accidents or by adapting the SC's infrastructure to safety standards. 

 

4. CONCLUSION  

The research succeeded in cataloguing the perception of the actors 

involved in the planning of Clinical Engineering operations at the HUOL Surgical 

Centre, directing intervention priorities according to systematizations supported 

by Decision Theory. 

The economy precept, understood as a relevant practice in the 

Brazilian public management morality, was evidenced from this study and 

contributes for HUOL to continue complying with its commitment to formal 

aspects aligned with governance and regulatory bodies. 

The present work limitations derive mainly from its quali-quantitative 

approach, as it may not reliably represent the respondent's perception. The 



 

 

SERVQUAL technique itself can cause biases when compared to statistically 

validated protocols, which puts into question whether there would be other tools 

more suitable for service planning than the one applied in this study to obtain the 

voice of the customer step in the QFD-fuzzy. 

As a suggestion for future research, the authors consider the 

possibility that a structural equation model should be developed to identify, from 

a conceptual model, the factors considered priority (critical) in the planning of 

Clinical Engineering operations in Surgical Centres throughout the network of 

university hospitals managed by the Brazilian Hospital Services Company 

(EBSERH) presenting scenarios of financial implications impacted by this model. 
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