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Abstract 
 
Despite its large popularity, the Quality Function Deployment (QFD) method has been the object of numerous studies 
addressing the problem of the assessment and prioritization of customer requirements. Nevertheless, a comparative 
analysis of these approaches to investigate their practical usability is scarcely discussed. This paper aims at filling this 
gap by means of a practical case study at a manufacturer in the food sector, where five of the most common approaches 
used to augment the House of Quality (HoQ) were analyzed and the results were compared. To achieve such a goal, 
semi-structured questionnaires were developed to capture consumers’ preferences and expectations. The outputs of 
this study contribute to a better understanding of the potential and limitations of the examined approaches in order to 
address practitioners and companies in decision-making processes and resources allocation. Moreover, the article can 
serve as a reference for further investigations in the development of food products, where both intrinsic and extrinsic 
qualities need to be addressed.  
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1. Introduction 
Nowadays the globalized market, as well as the ever-increasing speed of companies in putting new products on the 
market, are making profitability and competitiveness more difficult for companies. Improving the quality of their 
products is a challenging task for engineers who have to balance the need to satisfy the customers’ expectations with 
the company’s bottom line (Haber et al. 2018). This is particularly true for Small and Medium-sized Enterprises 
(SMEs), which have difficulties in dealing with such issues, in addition to taking into account laws and regulations, 
e.g. health, safety and environmental requirements (Taticchi et al. 2010; Dror et al. 2012; Munir et al. 2014; Lombardi 
and Fargnoli 2017). The capability of a product to satisfy certain requisites in an appropriate way before its market-
launch represents a key factor in product development activities. As noted by Burke et al. (2002), if decision-makers 
articulate what a customer requirement means ineffectively, an incorrect assessment of the importance of that demand 
occurs. In such a context, the Quality Function Deployment (QFD) method (Akao 1990) plays a primary role in 
assessing and improving the quality of a product or service before it is put on the market. In details, it facilitates the 
decision-making process allowing manufacturers a better understanding of the needs and expectations of the customers 
as to translate them into technical characteristics. The traditional QFD method is based on a four-phase approach 
(Figure 1) able to satisfy customers by translating their demands into design targets and quality assurance points. 
The core of the method is the set of matrices called the “House of Quality” (HoQ), that is based on a cause-effect 
mechanism, which relates the Customer Requirements (CRs) (the so-called “whats”) with Engineering Characteristics 
(ECs) (the so-called “hows”) by means of a relationship matrix (Fargnoli and Sakao 2017). Additionally, the 
assessment of the “hows” is provided (obtaining the so-called “how-muches”), while mutual comparisons can be 
carried out by a correlation matrix (“the roof of the house”), as well as a benchmarking analysis (Figure 2).Despite its 
large diffusion, the QFD has been criticized for some weaknesses mainly due to the assessment criteria used in the 
HoQ, that can lead both to an erroneous evaluation of the qualitative characteristics and attributes, as well as to their 
incorrect prioritization (Chen et al. 2013; Vinayak and Kodali 2013; Zhang et al. 2015). As remarked by Kannan 
(2008), the inherent vagueness and impreciseness of the traditional HoQ is mainly due to: the type of inputs, which 
are often provided in the form of linguistic data; the impreciseness in translating qualitative CRs into ECs; and the 
resulting vagueness in defining the correlation measures among ECs.  
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Figure 1. Scheme of the four-phase QFD (adapted from (Akao, 1990)). 

 
Figure 2. Scheme of the traditional House of Quality (adapted from (Akao, 1990)). 

Accordingly, a considerable number of studies proposing possible improvement solutions to reduce this 
“softness” of the HoQ can be found in the literature (Shen et al. 2001; Xie et al. 2003; Zaim et al. 2014; Zhang et al. 
2015; Zheng et al. 2016; Haber et al. 2020). For instance, Nahm et al. (2013) while discussing the limitations of the 
existing approaches to properly gain the final importance ratings of CRs, focused on capturing the customers’ 
incomplete or uncertain perceptions on the relative importance of the CRs. Franceschini et al. (2015) reviewed the 
most diffused techniques for the prioritization of the CRs, underling the difficulties that can arise when the formulation 
of the customers’ preference ordering is provided. To solve this problem, they proposed a novel approach based on 
Yager’s Algorithm (Yager 2001). In addition, Sivasamy et al. (2016) proposed a review of the literature on the 
development and application of advanced models of QFD. They analysed several well-known HoQ supporting tools, 
providing a qualitative assessment mainly based on their procedural and computational complexity and pointing out 
that despite enhancing the precision and accuracy of the results, most advanced models of QFD require excessive 
efforts that limit their practical usability. On one hand, these studies provided accurate analyses concerning the HoQ’s 
limitations and its possible augmentations. On the other hand, it can be noted that different studies adopted different 
approaches, while a comparative and practical evaluation of the effectiveness of these supporting tools is scarcely 
discussed. Consequently, practitioners have difficulties when selecting the proper tools to improve the HoQ for their 
specific goal. Hence, the present study is an attempt to fill this gap by investigating the customer requirements’ 
prioritization problem by means of a case study approach. To do so, the paper addresses the following research 
question: 

RQ. Which approach is more fitting to prioritize the CRs depending on the goal of the analysis and what 
are the benefits and limitations of each? 

With this goal in mind, and based on the studies mentioned earlier, we analyzed and compared some of the most 
diffused approaches to augment the HoQ’s performances through a case study at the same food manufacturer.  

The remainder of the paper is structured as follows: Section 2 briefly exposes our research approach, which 
is based on a comparative analysis in the food sector. Then Section 3 describes these analyses, and the results are 
shown and discussed in Section 4. Lastly, Section 5 concludes the article and reflects on future research work. 
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2. Research approach 
As mentioned above, numerous studies have investigated the possibility of augmenting the HoQ to reduce its 
limitations when assessing CRs, and most of them highlighted among others the following types of QFD supporting 
tools: 

1. Methods to categorize CRs, such as the Kano model (Kano et al. 1984). This method is widely recognized as 
one of the most effective tools for identifying the value perceived by customers concerning the various CRs. 
It allocates them to five fundamental quality categories: Must-be (M), One-dimensional (O), Attractive (A), 
Indifferent (I) and Reverse (R). The categorization derives from functional and dysfunctional inquiries where 
the customer’s reactions are identified through specific questionnaires (Matzler and Hinterhuber 1998). 

2. Methods to prioritize CRs using pairwise comparisons, e.g. the Analytic Hierarchy Process (AHP) and the 
Analytic Network Process (ANP) approaches (Saaty 1980; Saaty and Sodenkamp 2008). Both AHP and ANP 
allow engineers to select the most appropriate solution to a complex problem by decomposing it in a 
systematically and hierarchically (Ho 2008; Fargnoli et al. 2020; Fargnoli and Haber 2019). 

3. The fuzzy set theory to overcome uncertainty problems due to the use of linguistic variables (Büyüközkan 
and Feyzioğlu 2005; Bevilacqua et al. 2006; Liu 2009). The Fuzzy Logic approach deals with the uncertainty 
deriving from the imprecision and vagueness of the qualitative and subjective definitions of CRs (Abdolshah 
and Moradi 2013). Such an approach is usually applied to augment the AHP or ANP methods. 

4. Tools aimed at the prioritization of preference orderings of CRs (Nahm et al. 2013; Franceschini et al. 2015). 
An ordering-based approach based on Yager’s theory of aggregation allows engineers to address the problem 
of aggregating importance orderings of multiple decision-makers with respect to a set of possible alternatives 
(Yager, 1993; Wang and Tseng 2011; Chen et al. 2013; Zheng et al. 2016). In particular, we focused on 
Thurstone’s Law of Comparative Judgement (LCJ) (Thurstone 1927), introduced by Franceschini and 
Maisano (2015), to aggregate the CRs’ judgments into a continuous interval scale (Haber and Fargnoli 2019).  

Needless to say, the above list cannot be considered exhaustive, since a plethora of studies have dealt with the analysis 
and application of QFD supporting tools in different sectors. Based on the previous analysis, we selected five different 
approaches that correspond to the main followed solutions to augment the HoQ: in Table 1, the list of the method is 
proposed, as well as the criteria adopted for the prioritization of CRs and study we used as a reference for the method’s 
application. 

Table 1. List of the tools used in the case study 

Tools CRs prioritization criteria References 
ANP Assessment of the correlation relationships  Lam 2015  

Fuzzy Logic  Translation of linguistic preferences into 
quantitative values  Liu 2009  

Kano  CRs importance based on Customer Satisfaction  Matzler and Hinterhuber 1998 

Thurstone’s LCJ Preference ordering through an ordinal scale  Franceschini and Maisano 
2015  

Fuzzy AHP Hierarchization based on multiple sets of values Abdolshah and Moradi 2013 
 
It has to be noted that these tools do not represent all the solutions that have been proposed in the scientific literature. 
We limited our selection to some of the most studied ones, as examples of different ways of improving the HoQ’s 
weaknesses concerning the assessment and prioritization of the CRs. Similarly, the analysis of advanced mathematical 
models, such as the fuzzy goal programing (FGP) approach (Chen et al. 2017) or the evidential reasoning (ER) based 
QFD method (Chin et al. 2009), are beyond this paper. 

The comparative analysis of these tools was carried out through their application in a case study at a food 
manufacturer. The choice of the case study is due to two main reasons: the size of the manufacturer, as our study is 
aimed at providing easy-to-handle hints for SMEs; and the complexities that reside in properly interpreting the 
consumer’s requirements given the sensory characteristics of the food product (Vatthanakul et al. 2010; De Pelsmaeker 
et al. 2015), which make the description of CRs vaguer and imprecise (Dolgun and Koksal 2017). 

More in detail, the study was performed in collaboration with a small-sized sugar confectionery manufacturer 
seeking to improve the quality of its chocolate bars. Six types of bars are produced: the basis can be made by milk 
chocolate or dark chocolate, and they can include pieces of almonds or nougats. In particular, the concerned product 
in this study is a milk chocolate bar mainly consumed as a snack, which is sold in pieces of 100 grams at company 
shops and through retailers. The company was interested in understanding its customers’ preferences for this type of 
product to address its future production. The study was carried out involving a focus group of experts, including a 
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company technician, an expert in food engineering, and an expert in food science. As per the customers’ interviews, 
a group of 120 university students, who are chocolate bar consumers, was involved. They were divided into 3 groups 
and interviewed separately to avoid any bias: group A (20 people); group B (50 people), and group C (50 people).  

3. Case study 
The first step of the study consisted of determining the Customer Requirements (CRs) and Engineering Characteristics 
(ECs). In details, the CRs’ definition was obtained by means of semi-structured individual interviews to group A. As 
for the Engineering Characteristics (ECs), they were established in cooperation with a group of experts (Table 2). 

Table 2. List of the selected customer requirements (CRs) and engineering characteristics (ECs) 

Customer Requirements Engineering Characteristics 
CR 1 – Rich and intense taste EC 1 – Fat content 
CR 2 – Reduced fats EC 2 – Sugar content 
CR 3 – Presence of dried fruits EC 3 – Dried fruits content 
CR 4 – Easiness to chew EC 4 – Quantity of chocolate 
CR 5 – Easy to store when opened. EC 5 – Dough smoothness 
CR 6 – Pleasing appearance EC 6 – Size of dried fruits 
CR 7 – Adequate size. EC 7 – Presence and shape of the notches 
CR 8 – Affordable price EC 8 – Chewiness 
 EC 9 – Format 
 EC 10 – Type of wrapping (packaging) 
 EC 11 – Price 
 EC 12 – Surface characteristics 
 EC 13 – Gloss 
 EC 14 – Aroma 
 EC 15 – Texture 

 
Then, to complete the collection of data to use as input for the application of the selected tools, a questionnaire was 
developed in cooperation with the company’s experts and submitted to group B. The members of this group were 
asked to grade the importance of each CR using a Likert scale (Likert 1932), ranging from 1 (not important) to 5 
(extremely important). The customers were asked to rate their satisfaction levels according to the company’s product 
as well as to two equivalent products produced by two main competitors: this allowed the company to measure its 
performance on the market vis-à-vis the CRs. The obtained information was measured against a target value set by 
the experts to identify the possible improvement margins. 

Afterwards, a different questionnaire was used involving group C to assess their satisfaction as per Kano et 
al. (1984), and to obtain a pairwise comparison of the CRs as to evaluate the importance of each CR compared to the 
others (Liu 2009; Ho et al. 2012). The latter was performed by means of an importance scale ranging from 1 (CRi and 
CRj are of equal importance) to 9 (CRi is significantly dominant compared to CRj). This allowed us to obtain data for 
the implementation of the AHP and ANP approaches by means of the criteria defined by (Kamvysi et al. 2014). For 
the use of the fuzzy logic, we opted for Triangular Fuzzy Numbers (TFNs) given their easy handling and manipulation 
(Table 3). 

Table 3. Crisp and fuzzy scales 

Linguistic variables Rating 
Scale 

Equivalence in Fuzzy numbers 

TFNs Reciprocal TFNs 
Equally important  1 (1, 1, 1) (1, 1, 1) 
Intermediate  2 (1, 2, 3) (1/3, 1/2, 1) 
Moderately more important  3 (2, 3, 4) (1/4, 1/3, 1/2) 
Intermediate  4 (3, 4, 5) (1/5, 1/4, 1/3) 
Strongly more important  5 (4, 5, 6) (1/6, 1/5, 1/4) 
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Intermediate  6 (5, 6, 7) (1/7, 1/6, 1/5) 
Very strongly more important  7 (6, 7, 8) (1/8, 1/7, 1/6) 
Intermediate 8 (7, 8, 9) (1/9, 1/8, 1/7) 
Extremely more important 9 (8, 9, 10) (1/10, 1/9, 1/8) 

 
3.1. Traditional House of Quality 
The traditional QFD method was applied, taking into account the abovementioned information and the Absolute 
Importance (AI) of each EC was deduced using (1).  

AIj = ∑  8
𝑖𝑖=1  RIi x Sij                                                     (1) 

Where ‘j’ indicates the column (EC), ‘i’ indicates the row (CR), RI is the Raw Importance and Sij is the relationship 
score between ECj and CRi, rated 1, 3 or 9 (ReVelle et al., 1998). Then, the company’s product was compared to two 
competitors producing equivalent chocolate bars. Consequently, the gaps separating the company from its desired 
performance levels were defined by the Improvement Ratio (IR). This results in an HoQ where the CRs are defined 
by their Raw Weights (RW) (Figure 3). 
 

3.2. Kano model implementation 
As mentioned above, Kano’s quality categories were deduced from the questionnaires. Thus, the Customer 
Satisfaction Coefficient for satisfaction (CSCSI) and dissatisfaction (CSCDI) were calculated using (2) and (3).  Then 
the Improvement Ratio was defined by means of (4), where “k” represents a correction coefficient related to the Kano 
categories (Matzler and Hinterhuber 1998) as shown in (5).  

CSCSI =  A+O
A+O+M+I

                                   (2) 

CSCDI = −  O+M
A+O+M+I

                                       (3) 

𝐼𝐼𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎 = (𝐼𝐼𝐼𝐼0)
1
𝑘𝑘                               (4) 

 

𝑘𝑘 = �

0.5, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑏𝑏𝑏𝑏 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞
1, 𝑂𝑂𝑂𝑂𝑂𝑂 − 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞
2, 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞
3, 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑛𝑛𝑡𝑡 𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞

                                      (5) 

The adjusted IR is utilized in (3), leading to the adjusted RWs of each CR, which are then used to complete the HoQ 
(the results are shown and discussed in Section 4). 
3.3. Fuzzy Logic implementation 
As mentioned before, we adopted the Fuzzy Logic approach based on the criteria proposed in Table 3 and the TFN 
scale was used to estimate the results of the CRs comparisons. This allows us to construct a fuzzy pairwise-comparison 
matrix for each customer, and finally, an average fuzzy value is obtained to construct a CR comparison matrix (Table 
4). The resulting TFNs are then normalized. 
3.4. ANP implementation 
The ANP method consists of three main stages: developing the network diagram, generating the matrix and 
determining the system elements’ priorities. Hence, in accordance with the model proposed by Liu and Tsai (2012) in 
a QFD context the network representation can be adapted as follows.  
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Table 4. Fuzzy CR comparison matrix (excerpt of 3 CRs) 
 

 

C
R

 1
 

C
R

 2
 

C
R

 3
 

CR 1 1.00 1.00 1.00 4.16 4.90 5.64 2.80 3.42 4.05 
CR 2 0.18 0.20 0.24 1.00 1.00 1.00 1.45 1.80 2.16 
CR 3 0.25 0.29 0.36 0.46 0.56 0.69 1.00 1.00 1.00 

 
The first step is the definition of the degree of importance of the CRs with respect to the goal, w21, assuming there 
are no dependencies among them (Lam 2015). The inner-dependencies of the CRs is then determined as well as the 
inner-dependencies of the ECs. Then, the importance levels are calculated with respect to each of the 8 CRs, which 
leads to 𝑤𝑤32. Using the formula (6), the overall priorities of the ECs are then computed by multiplying the four 
resulting weight vectors: (the ensuing results are shown and discussed in Section 4). 
 

 wANP = w21 × w22 × w32 × w33 (6) 

3.5. LCJ implementation 
The LCJ implementation is based on the approach proposed by Franceschini and Maisano (2015). Accordingly, each 
CR is characterized by a normal distribution CRi ~ N (µi, σi

2), where “µ” is the mean and “σ” the standard deviation. 
Per Thurstone (1927), a CR is characterized by a variance which mirrors the CR-to-CR variability (7), where “ρij” is 
the correlation between CRi and CRj. 

CRij = CRi – CRj ~ N (µij = µi - µj, σij2 = σi
2 + σj

2 – 2 ρij σi
 σj)      (7) 

First, the customers’ importance level attribution is morphed into a linear ordering known as a rank-order data (Figure 
4). The CR comparison matrix is derived from the linear ordering previously established by using the practical 
response mode, where a preferred CR over another is noted “1” (otherwise “0”) and an equal importance level is noted 
“0.5” (Table 5).  
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Figure 4. Linear ordering example of the CRs (excerpt from an interviewed customer for 3CRs) 
 

 Table 5. CR comparison matrix (excerpt of 3 CRs) 
 

 CR 1 CR 2 CR 3 
CR 1 0.5 1 0 
CR 2 0 0.5 0 
CR 3 1 1 0.5 

 
Subsequently, the paired comparison matrices are aggregated into a single Frequency matrix (F) which denotes the 
number of times a row-entry CRi, has been preferred over a column-entry CRj. Based on this, a Probability matrix (P) 
is created as per (8), where Fij is an element of the ith row and the jth column of F and N is the total number of customers, 
N = 50 . 

Pij = 
𝐹𝐹𝑖𝑖𝑖𝑖
𝑁𝑁

                                                                             (8) 
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The Probability matrix (P) can then be interpreted though a standardized variable zij (9), which leads to the 
Standardized matrix (Z). 

zij = 
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖− µ𝑖𝑖𝑖𝑖

𝜎𝜎𝑖𝑖𝑖𝑖
                                                    (9) 

where: 
µij = µi - µj                                              (10) 

σij = √ (σi
2 + σj

2 – 2 ρij σi
 σj)                                   (11) 

 
Moreover, in a paired judgement scheme where the evaluation of one CR has no effect nor influence on the evaluation 
of another CR, the correlation factor ρij is very low and even null (Franceschini and Maisano, 2015). Furthermore, 
each CR represents different requirement concepts and the number of responding customer is adequate. This allows 
assuming a constant and null correlation factor, as per Thurstone (1927): ρij = ρ = 0, for all row and column entries. 
Consequently, the Thurstone scale’s values, ranging from 1 to 5, of each column element, CRj, are determined as the 
mean of each column’s elements of (Z). The resulting scale values represent the weights (importance) of the CRs 
which lead to the HoQ augmented by Thurstone’s LCJ. 
 
3.6. Fuzzy AHP implementation 
In addition to the application of tools belonging to the four approaches discussed in Section 2, a combination of them 
is also possible as illustrated in numerous studies. In particular, the fuzzy approach is incorporated to improve the 
transparency of the CRs and minimize inconsistencies by enhancing the conventional AHP approach (Kwong et al., 
2003; Saaty and Sodenkamp, 2008; Kamvysi et al., 2014).  

The first step of such an approach is the same as in Section 3.3. This allowed us to define the Fuzzy CR 
comparison matrix and the normalized CR fuzzy comparison matrix. Then, the average of the row elements of this 
matrix are calculated using (15) to define the column vector where 𝐶𝐶𝑖𝑖𝑖𝑖1  characterizes the grading of each CR’s 
importance ‘i’ (i=1...n). A consistency check follows by multiplying each element in column ‘j’ of the normalized CR 
fuzzy AHP matrix by 𝐶𝐶𝑖𝑖𝑖𝑖1  and then dividing the sum of the elements of row ‘i’ by 𝐶𝐶𝑖𝑖𝑖𝑖1 to yield another column vector, 
i.e. the ĈCR crisp matrix (Ho et al. 2012). The consistency ratio is finally deduced (where RI (n) is the random index 
value dependent on the number of RSPs, 8 in this context and hence RI (8) = 1.41 (Ho et al. 2012) as: 

𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶
𝑅𝑅𝑅𝑅 (𝑛𝑛=8)

 = 0.0616    (12) 
Similarly, the CRs were grouped into four categories: alimentary characteristics, practicality, aesthetics, and 
economical aspect. The same approach as the CRs was applied which led to the Ccat crisp matrix (Table 6). 
 

Table 6. CCAT crisp matrix. 
Categories CCAT crisp CCAT relative 
A. Alimentary characteristics (CR 1, CR 2, CR3) 2,50 62,52% 
B. Practicality (CR 4, CR 5) 0,54 13,44% 
C. Esthetics (CR 6, CR 7) 0,37 9,23% 
D. Economical aspect (CR 8) 0,59 14,80% 

 
Consequently, the HoQ augmented taking into consideration the importance levels obtained per the Fuzzy AHP 
method is obtained, where the final weight of each CR is calculated as per (13) and the results are shown and discussed 
in Section 4. 

CFIN = CCR x CCAT                                                            (13) 

4. Discussion of results 
The different approaches represent different ways to augment the performances of the HoQ in understanding and 
assessing CRs: the weights and the importance levels for each CR based on each approach are shown in Figure 5. 
These results bring to light the significant differences that occur depending on the approach used to augment the HoQ. 
For instance, on the one hand, Thurstone’s LCJ and the Kano model provide slight differences among the various 
CRs: i.e. CRs vary in a small range of values, 15,35% (Thurstone’s LCJ) and 14,95% (Kano). On the other hand, the 
other approaches allow a higher level of differentiation: i.e. 31,83% (Fuzzy), 31,31% (ANP) and 47,60% (fuzzy AHP). 
Secondly, even though the Thurstone’s LCJ approach did not show any significant preference (i.e. a CR much more 
important than the others), it allows engineers to differentiate the CRs. In other words, CRs with similar weights were 
not found, while some strong resemblances can be observed for the other methods. 
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Figure 5. Variation of the importance of the CRs in function of the applied methods. 

For example, in the traditional HoQ the differences among CR3 (8,30 %), CR4 (8,20 %) and CR7 (8,13 %) are minor, 
as well as in the Kano model (CR3 (9,66 %), CR4 (9,81 %) and CR7 (9,59 %)). Moreover, the ranking of the CRs 
also varies from one approach to another, as shown in Table 7. 

Table 7. CR rankings according to each method. 
 Traditional Kano Fuzzy ANP Thurstone's 

LCJ Fuzzy AHP 

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

 
More in detail, on the one hand, the Fuzzy, Fuzzy AHP and ANP approaches provided very similar results: i.e. they 
emphasize more some requirements than others in a similar manner (for instance CR8 has a high impact according to 
all the three tools, as well as CR1 has a low one). On the other hand, the traditional HoQ and the Kano model showed 
close analogies. It has to be noted that Thurstone’s LCJ approach provided a different ranking of CRs from the ones 
proposed by the other approaches (yet a few similarities can be found with the ANP and Fuzzy AHP methods). 

Considering the three most important CRs per each method, the same bias in favor of CR1 can be found in 
all of them. However, the other priorities change significantly whereas, in the traditional, Kano and Thurstone’s LCJ 
models, the non-sensory CRs (e.g. CR8 - Affordable Price) are brought forth as they are considered separately from 
the other CRs. However, the fuzzy, ANP and fuzzy AHP models consider the correlations between the non-sensory 
and sensory requirements (e.g. CR1 - Rich and intense taste) allowing a more comprehensive and coherent assessment 
of the CRs. Thus, if a company in the food sector decides to satisfy the most relevant customer demands 
comprehensively, the latter methods can provide quite comparable results, allowing a holistic perception of customers’ 
needs. On the contrary, if the company is interested in focusing more on marketing aspects rather than modifying the 
ingredients of the product itself, the traditional QFD, as well as Kano’s model and Thurstone’s LCJ approaches can 
provide useful information in terms of competitiveness. It has to be noted that the latter approach also provides a 
differentiation between each CR and the others; hence its use is suggested when decision-makers need a more complete 
ranking of CRs. Similarly, the importance levels of each EC were evaluated, and their mutual comparison denotes a 
lower variability compared to the one associated with the CRs. For example, EC15 (texture) undergoes the most 
variation when the Fuzzy AHP method is applied, with an increase of almost 100% in importance compared to its 
initial value. Oppositely, EC10 (type of wrapping) and EC6 (size of dried fruits) become the least important as the 
Fuzzy AHP applied (Figure 6).  
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Figure 6. Variation of the importance of the ECs in function of the applied methods. 

From the obtained results, no QFD supporting approach can be considered complete and adaptable to any product 
and context. Given that each approach presents its benefits and disadvantages, their use depends on both the 
manufacturer’s resources and the goal of the analysis. As far as the former aspect is concerned, the Fuzzy AHP and 
the ANP approaches certainly require a more relevant effort; on the contrary, the application of the Kano model is 
simpler, while the computational effort for the use of the Thurstone’s LCJ approach is directly related to the number 
of the CRs. When considering the goal of the application, in synthesis we can observe that: 

• The Thurstone’s LCJ approach provides a clearer ranking of customers’ judgments, allowing engineers to 
differentiate each CR from the others; 

• The Fuzzy and Fuzzy AHP allows engineers to better focus on sensorial attributes; 
• Marketing aspects are better stressed by the Kano model and Thurstone’s LCJ approach; 
• When the goal of the analysis is to better understand the balance among all qualitative characteristics of the 

product, the ANP approach can provide results that are more thorough and comprehensive. 
Accordingly, from a more general perspective, it emerged that fuzzy and hierarchical approaches are more 

accurate as they bring forward the importance of the subjective criteria that a quantitative assessment cannot capture. 
This accomplishes the research approach proposed by Dolgun and Köksal (2017), who used AHP to prioritize CRs 
from the customers’ perspective and Kansei Engineering (KE) to better capture the customers’ feelings. Conversely, 
since they need experienced users and require certain computational efforts, Thurstone’s LCJ approach might 
represent a good solution especially when a preliminary feasibility analysis is needed while developing a new product. 
Furthermore, the study confirmed the difficulties in interpreting customer needs and expectations when dealing with 
a food product, envisaging the benefits that the use of the QFD can provide in this context. This is in line with the 
findings of the few studies that addressed such issues (de Fátima Cardoso et al. 2015). In fact, as argued by Benner et 
al. (2003), it is very difficult to interpret the consumer wishes properly, as this relies on the understanding of their 
perceived quality. Hence, when analyzing the quality of a food product both its intrinsic and extrinsic attributes need 
to be addressed (Ikeda et al. 2004). Based on this, despite its large popularity and potentials, the use of QFD is limited 
in the food sector (Bevilacqua et al. 2012). For this reason, our study can augment the knowledge the use of such a 
tool in capturing the customers’ preferences for adequate decision-making when developing the food product. 

Overall, even though the QFD supporting tools are largely examined in the literature, a comparative analysis 
among them is scarcely discussed. Hence, this study can certainly contribute to better understand the potential and 
limitations of the examined approaches. Since it was performed in a practical context and with the support of a 
multifunctional group of experts, the achieved results can be considered consistent and useful for practitioners. 
Moreover, the outputs of this study can also contribute to augment the scientific knowledge on the use of QFD, 
especially in the food sector. The results obtained confirm the difficulties that practitioners can find when dealing with 
the HoQ’s “mechanism” and the ambiguity of qualitative assessment criteria (Burke et al. 2002; Olewnik and Lewis 
2008; Raharjo et al. 2011). Still, they can guide engineers in selecting the proper approach depending on their sought 
goals and the availability of their resources. Besides these positive aspects, some limitations need to be outlined. 
Firstly, although the numerous studies reviewed, the number of supporting tools used cannot be considered exhaustive. 
We selected five of the main diffused approaches discussed in the literature to augment the effectiveness of QFD. 
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Nevertheless, other tools can certainly be found, such as the Design Structure Matrix (DSM) and the Domain Mapping 
Matrix (DMM) (Eppinger and Browning 2012), the Axiomatic Design (Carnevalli et al. 2010), the Spherical fuzzy 
QFD (SF-QFD) (Gündoğdu and Kahraman 2020), or the Hesitant Fuzzy QFD (Onar et al. 2016). Moreover, since the 
study was carried out in the food sector, the “qualitative” nature of the parameters used in the HoQ makes the 
assessment of their interdependencies more difficult (Benner et al., 2003). Thus, a larger number of customers 
involved in the study can provide more precise results, especially when using the ANP and the Thurstone’s LCJ 
approaches.  

5. Conclusions 
Despite its global diffusion and large use, the QFD methods present some limitations especially concerning the 
evaluation and the prioritization of customers’ needs. This article proposed a comparative analysis of some of the most 
well-known approaches that are used to address such a problem utilizing a practical case study at a company operating 
in the food sector. The results achieved have brought to light the different potentials of such approaches in maximizing 
the benefits of the HoQ and reducing its “softness”, which mainly relies on the difficulties arising from the dependency 
on the human assessment abilities, i.e. the problem of transforming qualitative judgments into quantitative values by 
means of an ordinal scale. In summary, our study provides practical insights in addressing the use of the HoQ and 
several of its supporting approaches to better understand and prioritize customers’ needs through a case-based 
research. Accordingly, the article can serve as a reference for further investigations in the food products’ development, 
where both intrinsic and extrinsic qualities need to be addressed. However, to reduce the above-mentioned limitations 
further research work is needed. In particular, the application of the proposed approach in a different context, as well 
as its implementation with the support of a larger number of questionnaires (i.e. more customers involved) can 
certainly help in improving the validity of our practical findings. 
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