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Abstract 

The paper proposes a systematic procedure for the development of Product-Service Systems 

(PSSs) by focusing on the analysis of customer requirements, and the selection of those that 

can practically enhance the offerings’ value. With this goal in mind, the Quality Function 

Deployment for Product Service Systems (QFDforPSS) method was augmented by means 

of the Kano model to filter the customers’ needs and transform the attractive ones into 

Receiver State Parameters (RSPs), as the cornerstone of QFDforPSS. Then, to properly 

assess these parameters and their inherent uncertainty, the Fuzzy Analytical Hierarchy 

Process (FAHP) method was also integrated into the procedure. To validate the proposed 

procedure, it was implemented in a case study in the medical devices sector, in collaboration 

with a haemodialysis equipment manufacturer, which operates in a regulated market of 

product-oriented services. 
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1. Introduction 

In recent years, the attention paid to the development of Product Service Systems (PSSs) has 
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increased greatly, as demonstrated by the ever-larger number of articles illustrating the need for 

further research on this topic (Green, Davies, & Ng, 2017; Matschewsky, Kambanou, & Sakao, 

2017; Reim, Parida, & Ortqvist, 2014). The main reasons for such a trend can be summarized as 

follows: the development of PSSs provides engineers with an opportunity to achieve better 

environmental performance and to increase the product’s value during its whole lifecycle 

(Fargnoli, De Minicis, & Tronci, 2012; Sousa-Zomer, & Cauchick-Miguel, 2017a; Vezzoli & 

Ceschin, 2015). Furthermore, the integration of services with a product can be utilised to increase 

the satisfaction of their receivers (Sakao & Shimomura, 2007) while providing the implementing 

company with a competitive edge and a market advantage (Tukker, 2015). The PSS approach is 

based on the integration of both the physical (tangible) characteristics of a product and the 

immaterial ones, i.e. services provided during the product’s use (Sakao, Napolitano, Tronci, 

Sundin, & Lindahl, 2008). The literature exhibits different PSS models, which can be classified 

into three main categories: product-oriented, use-oriented and result-oriented services (Tukker, 

2004). Depending on the type of offering, different options for the creation of value and its delivery 

can be found (Tan, Matzen, McAloone, & Evans, 2010). 

Even when a set of basic product-oriented services are expected by customers, 

manufacturers have the opportunity to expand their business and generate more value and/or 

reduce costs from them, as pointed out by Ulaga and Reinartz (2011). Thus, they are expected to 

satisfy the customers’ needs and expectations efficiently, by means of their “design-to-service” 

capabilities (Oliva & Kallenberg, 2003; Ulaga & Reinartz, 2011). To achieve such a goal, it is 

fundamental to identify the PSS customers properly, to understand what their requirements are, 

and, more importantly, to distinguish between the basic and attractive requirements. Such an 



understanding would allow a better comprehension of the customers’ requirements and hence an 

improvement in the quality of the offered services (Materla, Cudney, & Antony, 2017). 

At the same time, once the customers’ requirements are defined, it is also important to 

effectively transform them into design requirements (Cho, Kim, & Kwak, 2016), while avoiding 

possible conflicts between the service and the product attributes of the PSS. As noted by Song and 

Sakao (2016), it is more challenging to identify and solve the conflicts of the service attributes of 

a PSS since they are more intangible and harder to explicate than the conventional product 

attributes of a product-reliant solution. Similarly, Hakanen, Helander, and Valkokari (2016) 

brought to light the need to further investigate the customer's perceptions of the value associated 

with a PSS to address the manufacturer’s strategies. The latter is pivotal to minimise ambiguities 

when designing quality into offerings (Lo, Shen, & Chen, 2016). Additionally, different techniques 

for the assessment of customer requirements (CRs) lead to different results, thus their comparative 

evaluation should be investigated to reduce inconsistencies and misleading customer information 

(Franceschini & Maisano, 2015). Thus, given that the performance of services and the resulting 

customer satisfaction are highly subjective and not easily quantifiable due to their intangibility 

(Aurich, Mannweiler, & Schweitzer, 2010; Regan, 1963), the need for a proper understanding of 

service design through an effective approach based on a systematic procedure for developing 

services that incorporates customer requirements properly arises from numerous studies (e.g. in 

(Haber & Fargnoli, 2017a; Kim & Yoon, 2012; Rapaccini, Saccani, & Pezzotta, 2013; Sabbagh, 

Rahman, Ismail, & Hussain, 2016)). Moreover, as argued by Mittermeyer, Njuguna, and Alcock 

(2011), the achievement of such a goal appears more difficult for companies operating in regulated 

markets, such as the healthcare sector, where the customers (i.e. the hospitals) need to operate 

following public procurement rules and it is more difficult for the end-users (i.e. doctors and 



technicians) to influence the decision-making process when purchasing products and services 

(Bergman and Lundberg, 2013; Lingg, Merida-Herrera, Wyss, & Durán-Arenas, 2017). Hence, 

despite the great potential of PSS in this sector (Marceau & Basri, 2001; Oliva & Kallenberg, 

2003; Xing, Rapaccini, & Visintin, 2017), additional research is needed to address the customer 

demand properly (Moultrie, Sutcliffe, & Maier, 2015; Baines, et al., 2017).   

The purpose of the present study is to address these research challenges. In more concrete 

terms, our research questions can be summarized as follows: 

RQ1. How can a manufacturer translate CRs effectively to develop a solution in a 

regulated market and simultaneously augment customer satisfaction? 

RQ2. How can a PSS provider address data uncertainty of CRs? 

To answer these research questions, the paper aims at proposing a structured approach, based on 

the Quality Function Deployment (QFD) method (Akao, 1990) and its adaptation to PSS 

development, named Quality Function Deployment for PSS (QFDforPSS) (Arai and Shimomura, 

2005; Sakao, Birkhofer, Panshef, & Dörsam, 2009). The effectiveness of the QFDforPSS is 

augmented by its integration with the Fuzzy Analytical Hierarchy Process (FAHP) method 

(Kamvysi, Gotzamani, Andronikidis, & Georgiou, 2014) as a means of dealing with the vagueness 

of services in the QFD (Cho et al., 2016). In addition, the integration of QFDforPSS with the Kano 

model (Kano, Seraku, Takahashi, & Tsjui, 1984) can allow engineers to better analyse the market 

demand as to reduce the risk of customer dissatisfaction (Tontini, 2007). The research method 

adopted is a “case study” approach (Pawar, Beltagui, & Riedel, 2009; Voss, Tsikriktsis, and 

Frohlich, 2002; Yin, 2003) and to investigate its applicability in practice, it was implemented in 

the medical devices sector, where effective service strategies are essential for the profitability of 

the manufacturer (Materla et al., 2017). In detail, the article is organized as follows: section 2 



analyses the state of the art of QFD and its extensions in service engineering. Section 3 presents 

our research approach, and its application in a “design-to-service” context is described in section 

4. Section 5 discusses the obtained results, while section 6 concludes the article. 

2. Background and research motivations 

The QFD method is considered one of the most well-known and widespread tools to capture the 

customers’ needs and expectations and to translate them into practical and usable information for 

designers. A large amount of literature can be found on its use in different contexts (e.g. in (Chan 

& Wu, 2002; Fargnoli, 2005; Fargnoli, Costantino, Di Gravio, & Tronci, 2018; Raharjo, Xie, & 

Brombacher, 2011; Sivasamy, Arumugam, Devadasan, Murugesh, & Thilak, 2016; Xie, Goh, & 

Tan, 2003)), on its benefits and limitations, as well as on its extensions and supporting tools 

(Carnevalli & Miguel, 2008; Franceschini, Galetto, Maisano, & Mastrogiacomo, 2015; Kahraman, 

Ertay, & Büyüközkan, 2006; Sakao, 2007; Temponi, Yen, & Tiao, 1999; Vinayak & Kodali, 2013; 

Zare Mehrjerdi, 2010; Zhang, Tong, Eres, Wang, & Kossmann, 2015).  

2.1. Quality Function Deployment for PSS 

QFDforPSS represents a specific adaptation of QFD in the PSS development context (Fargnoli 

and Sakao, 2017), with the aim of supporting engineers in the proper identification, assessment 

and characterization of customer requirements while efficaciously drawing up a PSS (Hara, Arai, 

& Shimomura, 2009). Although the QFDforPSS method uses a similar mechanism to the 

traditional one, some key features characterize it differently. Essentially, it consists of two phases, 

schematized in Figure 1.  



 

Figure 1. Scheme of the “QFD for PSS” method (adapted from (Fargnoli and Sakao 2017). 

 

The input of the first phase of the method is represented by the “Receiver State Parameters” 

(RSPs), i.e. any aspect that can have a positive or a negative effect on the PSS receiver. RSPs are 

classified into values (positive effect) and costs (negative effects) depending on whether the 

customers like them or not (Sakao, Birkhofer, Panshef, & Dörsam, 2009). The use of RSPs instead 

of traditional Customers Requirements (CRs) allows engineers to evaluate the mutual 

comparability among multiple RSPs more coherently, and at the same time, it facilitates the 

integration of multiple stakeholder needs. As the output of the first phase, the characteristics of 

both the product and the service (the so-called “Engineering Characteristics” (ECs) in traditional 

QFD) are listed and assessed. Then, the second phase of the method provides the list of main 

components that a PSS should include to successfully augment customer value. 

2.2. Quality Function Deployment supporting tools 

As mentioned before, numerous studies propose QFD’s improvement options by means of 

supporting methods and techniques (Abdolshah & Moradi, 2013; Asadabadi, 2014; Bereketli & 

Genevois, 2013; Büyüközkan, Ertay, Kahraman, & Ruan, 2004; Lee, Sheu, & Tsou, 2008; Wang 
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& Chen, 2012; Zheng, Zhu, Tian, Chen, & Sun, 2012). Without going into details, it has to be 

noted that the prevailing literature (e.g. Carnevalli, Miguel & Calarge, 2010; Franceschini & 

Maisano, 2015) agrees on recognizing that one of the most effective ways to improve the 

effectiveness of QFD consists in understanding the customers’ needs (the so-called “Voice of 

Customers”, VoCs) in the most efficacious way, as well as in rating the customers’ preferences as 

accurately as possible. Accordingly, in this section we limited our analysis to the basic information 

concerning the tools we used in our study: 

• The Kano model (Kano et al., 1984), 

• The AHP method, developed by Saaty (1990), 

• Fuzzy logic sets (Abdolshah & Moradi, 2013; Kamvysi et al., 2014; Patriarca, Di Gravio, 

Mancini, & Costantino, 2016). 

2.3. Research motivations 

Integrated approaches which combine the above-mentioned tools to better quantify customer 

information can be found in the literature: for example, the Kano integrated QFD (Tontini, 2007), 

fuzzy QFD (Liu, 2009), fuzzy AHP-QFD (Pakizehkar, Sadrabadi, Mehrjardi, & Eshaghieh, 2016), 

etc. These variants serve as a QFD framework where the relationships between CRs and ECs as 

well as among the CRs are analysed to address the interdependencies among the CRs and the 

impact an EC has on a CR (Asadabadi, 2014). Additionally, Ulaga and Loveland (2014), pointed 

out that differently from a product-centric environment, in PSSs, companies have to deal with a 

“fuzzy front end” to understand what customers really need and how to combine goods and 

services to achieve such a goal. 

In a fuzzy logic context, crisp numbers are transformed into fuzzy numbers considered as a 



probability distribution, more frequently defined as Triangular Fuzzy Numbers (TFNs) since they 

can be easily handled and manipulated (Liu & Tsai, 2012). The use of fuzzy logic and TFNs allows 

overcoming the ambiguity and biasness of subjective evaluations and developing effective design 

strategies (Liu & Wang, 2010). Using the crisp-fuzzy AHP scale (Chowdhury & Quaddus, 2016), 

the weights of the CRs are obtained and the correlations with the ECs are defined, enabling 

decision making with estimated or uncertain values. A further advantage is its ability to handle 

multiple inputs and outputs in a system.  

The integrated use of the FAHP and QFD is a well-known approach to reduce the house of 

quality’s (HoQ) drawbacks (Onar, Büyüközkan, Öztayşi, & Kahraman, 2016). The fuzzy set 

theory and group decision-making techniques such as the AHP can be considered effective means 

to deal with vagueness, uncertainty, and diversity in decision-making and to compare customer 

requirements (Sousa-Zomer & Cauchick Miguel, 2017b). In a PSS context, some examples of 

integrated QFD models can be found as well. For instance, Jiao and Chen (2006) argued that such 

an approach can support engineers in dealing with the vagueness and imprecision that characterize 

information concerning customer requirements. Geng, Chu, Xue, and Zhang (2010) developed an 

integrated approach based on the FAHP to augment the assessment of the QFD’s engineering 

characteristics (ECs). Accordingly, Song et al. (2013) integrated the QFD and FAHP methods in 

a procedure aimed at selecting and assessing the PSS requirements from a life-cycle point of view. 

Sousa-Zomer and Miguel (2017b) proposed a FAHP-QFD procedure to prioritize the stakeholders’ 

requirements in the three sustainability dimensions (environmental, social and economic), with the 

goal of addressing the development of PSS concepts more effectively. Nevertheless, these 

remarkable studies do not consider the risk of customer dissatisfaction when dealing with PSS 

development nor provide practical hints to shift from the customer requirements to the elicitation 



of PSS elements that can influence the state of the PSS receivers effectively. The latter decision-

making problem is relevant especially in the case of PSSs in regulated markets, where some 

services are normally provided (Oliva & Kallenberg, 2003; Hatzopoulos & Stergiou, 2011). 

Hence, to augment customer satisfaction, the selection of the customers’ needs and expectations 

has to go beyond mandatory requirements (Gelderman, Ghijsen, & Brugman, 2006; Fargnoli, 

Costantino, Tronci, & Bisillo, 2013), eliciting the high-level “front-end” requirements. In other 

words, in a PSS context, customer requirements involve ambiguities and vagueness (Aurich, 

Mannweiler, & Schweitzer, 2010; Huang & Hsu, 2016), which the manufacturer (PSS provider) 

has to deal with. Consequently, for a better decision-making, the general customer requirements 

have to be “filtered” to bring to light the PSS elements that can increase customer satisfaction 

effectively. Therefore, the present work can be considered as a first attempt to address these issues, 

augmenting the research knowledge on customer requirements management in a PSS context, 

since the extant literature provides no report on QFD dealing with PSS incorporating customer 

satisfaction and vagueness.  

3. Research approach 

Based on the motivations explained in the previous section, the research approach was aimed at 

the definition of a systematic procedure for developing PSSs that properly incorporate CRs by 

focusing on the value-creating attributes that can enhance a PSS especially in the case of product-

oriented services. This approach is based on the QFDforPSS method, augmented by the integration 

of the Kano model, and the FAHP approach (Figure 2). 



 

Figure 2. Scheme of the research approach. 

More in detail, the following features characterize the proposed procedure. 

(1) Market analysis: market surveys and questionnaires for the customers’ involvement 

constitute the basis for the definition of CRs.  

(2) Application of the Kano model: the individuation of the attractive and one-dimensional 

CRs by means of the Kano model, since the attractive CRs create more room for innovative 

means for profit generation and cost reduction opportunities (Finster, Eagan, & Hussey, 

2001; Matzler & Hinterhuber, 1998). Following Kano’s criteria for the classification of the 

CRs, one-dimensional CRs represent the measurable technical performances of the PSS 

that the customer expresses explicitly. These CRs are usually ‘standard’ and specified by 



the customer prior to using the PSS (Madzik, 2016). In other words, the Kano model helps 

in filtering CRs by removing the basic ones, which are a must-be in a regulated market. 

This allows engineers to define the requirements whose fulfilment could contribute to an 

increased customer value, leading to the quality strategy to follow (Cheng and Chiu, 2007). 

(3) Assessment of the selected CRs: a translation process is carried out by means of a group 

of experts to transform the CRs into RSPs, which allows a more coherent integration of the 

stakeholders’ requirements and hence a more reliable evaluation of their comparability. 

This is necessary because CRs are sometimes expressed vaguely and in such a way that 

they are difficult to be compared. Based on this, the group of experts is also able to better 

define the characteristics of the product (PChs) and the characteristics of the service 

(SChs). 

(4) Application of the FAHP: the prioritization of the RSPs is performed by means of the 

FAHP, determining the importance level of each RSP by pairwise comparisons (Saaty, 

1990) and refining it through the fuzzy logic approach (Singh & Prasher, 2017). More 

precisely, the “crisp” results of the pairwise comparisons are transformed into TFNs and 

then de-fuzzified as per the transformations described by Kamvysi et al. (2014). 

(5) Application of the QFDforPSS (Phase I): the first phase of the method allows engineers to 

assess the relative importance of each PCh and SCh, as well as to define the level of the 

product-service integration. 

(6) Application of the QFDforPSS (Phase II): in the second phase, the components of the 

product (PCos) and of the service (SCos) are defined and their relative importance is 

calculated. 



(7) Assessment of the relative importance of PCos and SCos by means of a group of experts, 

which facilitates finding possible PSS improvement strategies. 

It has to be pointed out that the proposed procedure reveals a novel approach aimed at augmenting 

the creation of value in PSS development by means of the QFDforPSS. Actually, the use of the 

Kano model screens the CRs, supporting engineers to select those that are able to augment 

customer satisfaction. Then, a translation process is needed to combine the results of the Kano 

model with the QFDforPSS method to develop feasible solutions that satisfy those requisites 

effectively. Furthermore, to narrow the gaps between the PSS characteristics and the customers’ 

expectations, the FAHP approach is applied with the goal of merging multi-respondent preferences 

and prioritizing them in an accurate manner. This is in line with the research outcome by Li, He, 

Wang, and Zhang (2016), who highlighted the need to evaluate the accuracy and correlations of 

the PSS elements. 

4. Research implementation 

The study was carried out in the medical device sector where the need for an appropriate service 

strategy is emphasized (Ulaga & Reinartz, 2011; Lee, Ru, Yeung, Choy, & Ip, 2015). As observed 

by Oliva and Kallenberg (2003), this is a typical case of industries where, although service 

offerings are well known, they are normally provided in the context of strict regulations. 

Consequently, the implementation of integrated product and services based on the customers’ 

needs and expectations is more challenging (Mittermeyer et al., 2011). 

In particular, the work concerned the implementation of our approach in a company operating in 

the renal support devices market. This company produces haemodialysis devices, which are 

ordinary products in the sector, and provides both the equipment and all the services needed for its 



use. The company has service centres in all regions nationwide and it is seeking to improve the 

services related to its equipment to enhance the value of its offerings. Hence, it can be considered 

a representative case of companies providing both products and services in the medical device 

sector (Cho, Kim, & Kwak, 2016). 

4.1. Customer requirements identification 

As a first step, a market survey was conducted in collaboration with a group of the company’s 

experts (i.e. a marketing manager, the product development manager and the director of the 

scientific affairs unit). It is worth noting that, to respect the privacy and ethical concerns related 

with the use of the data collected, as well as to avoid any potential bias from the collaboration with 

the company’s experts, the involvement of the latter was managed as follows. The expert’s group 

was used for technical support in different moments of the case study development when a multi-

disciplinary judgment was needed. With this aim in mind, an adaptation of the Delphi technique 

was used (Buckley, 1994; Azevedo, Govindan, Carvalho, & Cruz-Machado, 2013): i.e. while the 

participants knew each other, individual responses to questions were asked separately and kept 

anonymous. Moreover, the data used as input in the meetings was provided by means of structured 

(e.g. in the case of the fulfilment of the QFDforPSS relationship matrices) or semi-structured (e.g. 

in the case of the definition of the PCos) questionnaires where any reference to the source was 

omitted. 

Since most of the company’s customers are represented by public hospitals and clinics, and the 

public procurement system is based on calls for tender (Bergman and Lundberg, 2013), we 

screened the invitations to tender issued in a 24-month period (2015-2016) at the national level 

and selected 25 of them that fit the company’s target (for instance, invitations that included the 

fitting out of haemodialysis room ex novo were not taken into account). This activity included the 



analysis of both the tangible (technical) and the intangible (service) characteristics required by the 

invitations, as well as the criteria used to assess the tenders’ offerings. Hence, we further analysed 

these data to eliminate the requirements concerning the characteristics related to the basic 

functioning of the device. This activity was carried out with the support of the company’s group 

of experts to better separate the basic elements of the PSS from the other requirements. For 

example, characteristics such as “presence of a display or a monitor”, “alarm system to monitor 

the presence of air”, “wheels to move the machine from one room to another”, or “maintenance 

service during the contract period” were considered as standardized elements of this type of PSS 

representing the so-called “cutting edge” of the sector.  

Then, we developed a questionnaire aimed at gathering the importance of the CRs. It was 

submitted to 47 customers (i.e. the doctors who use the haemodialysis devices on a daily basis, 

belonging to different public hospitals operating as organisational units for public procurement). 

The hospitals were selected considering their geographical locations and the population of the 

areas they cover in order to obtain a homogenous distribution in the northern, southern and middle 

parts of the country. Moreover, to prevent any potential bias, the questionnaires were sent under 

the university edge, omitting any manufacturer related information. Of the 47 customers, 20 of 

them provided a complete answer. They were asked to evaluate the importance of each CR using 

a (1 to 5) scale and their current level of satisfaction per each requirement using a (-3, +3) scale 

(Tontini, 2007). The classification of the requirements according to the Kano categories was 

performed using the Customer Satisfaction Coefficient (CSC) indices, which calculate the 

percentage of customers satisfied (CSCs) with the functional form of the question and the 

percentage of dissatisfied customers with the dysfunctional form (CSCd) (Matzler & Hinterhuber, 

1998). The categories are defined as Attractive (A), Must-be (M), One-dimensional (O), 



Indifferent (I), Reversal (R) and Questionable (Q) while the coefficients are calculated as per 

equations (1) and (2) (Berger et al., 1993). 

 CSCs = 𝐴𝐴+𝑂𝑂
𝐴𝐴+𝑂𝑂+𝑀𝑀+𝐼𝐼

 (1) 

 CSCd = 𝑀𝑀+𝑂𝑂
𝐴𝐴+𝑂𝑂+𝑀𝑀+𝐼𝐼

  (2) 

Then, the requirements belonging to Attractive (A) and One-dimensional (O) Kano categories 

were selected (Table 1). 

Table 1. Attractive and One-dimensional requirements. 
Attractive Requirements One-dimensional Requirements 

CR1 – User-friendly equipment CR2 – Haemodialysis process monitoring 
CR6 – Easy maintenance CR3 – Availability of a self-testing system 

CR7 – Quick setting before each treatment CR4 – Quick replacement of malfunctioning 
devices 

CR8 – System upgradability CR5 – Quick intervention when requested 
CR10 – Provision of consumables with a low 
environmental impact CR9 – Remote technical support 

It should be noted that in this sector a full risk service, as well as the availability of additional 

equipment in the stock (the so-called “back-up” equipment), should be considered as standard 

requirements, thus they were also omitted in the definition of the CRs. The selected requirements 

are of a general nature, i.e. they can be satisfied by a service (intangible), by a product (tangible), 

or by a combination of both. Hence, to support engineers in better understanding what can enhance 

the customers’ value and how to pursue it, they need to be translated into functions, i.e. into RSPs, 

which consist of quantitative, observable and controllable value (Arai & Shimomura, 2005). 

4.2. Definition of RSPs and Product and Service Characteristics 

In collaboration with the group of experts, the selected requirements were analysed and translated 

into the following RSPs: 



RSP 1. Easiness to use. 

RSP 2. Ergonomics (interface operator-machine). 

RSP 3. Full monitoring (real-time information during the process). 

RSP 4. Short time for a replacement. 

RSP 5. Short time for an intervention.  

RSP 6. Availability. 

RSP 7. Eco-friendliness and biocompatibility. 

RSP 8. Upgradability. 

RSP 9. Technical support availability. 

RSP 10. Inclusion of consumables. 

Similarly, with the support of the group of experts, the characteristics of the solution that would 

meet the RSPs were defined, distinguishing between product and service characteristics (PChs and 

SChs respectively (Sakao, Shimomura, Sundin, & Comstock, 2009)) as follows:  

PCh1 – Product size: the machine’s dimensions should be adequate to allow its easy use 

and transportation. 

PCh2 – Monitor type: the monitor size and resolution should be adequate.  

PCh3 – Mean Time Before Failure (MTBF): the equipment must function for prolonged 

working hours before the occurrence of failures. 

PCh4 – Software modularity: a modular design enables easier upgrades and interventions. 

PCh5 – Number of setup operations specific to the product: the number of steps to carry 

out for the installation and removal of the consumables should be minimum. 

PCh6 – Alarm warning feature: a malfunctioning alarm should arise by means of a visual 

or sound signal to inform the user. 



PCh7 – Availability of a self-testing system to be used before each treatment. 

PCh8 – Treatments’ data storage in the system hard disk. 

PCh9 – Eco-friendliness of consumables (e.g. filters and solutes). 

PCh10 – Quality of product manual: the product should be accompanied by a manual 

describing its components and guiding the user through its calibration and use, including 

interactive software. 

SCh1 – Information for intervention requests. 

SCh2 – Calendar time of training: periodic training for the correct use of the machine, 

notably when updates are available. 

SCh3 – Time for response: short time to reply an inquiry and intervene. 

SCh4 – Calendar time of consumables delivery: consumables are delivered according to an 

agreed-on schedule. 

SCh5 – Operational time of customer care: the customer care unit should be available to 

reply to customer calls. 

SCh6 – Quality of customer care: customer care should have the capacity to assist the 

customer effectively. 

4.3. RSPs prioritization 

The obtained RSPs are supposed to be quantified and prioritized according to the CRs to define 

which RSPs are more important. In other words, such an approach allows designers to better 

understand which RSP holds the highest impact on the holistic performance and quality of the 

solution. To do so, the customers who provided full responses to the market survey (Section 4.1) 

were interviewed and asked to evaluate the importance of each CR compared to another by 

adopting a pairwise comparison approach as per Saaty’s scale (Saaty, 1990).  



The importance levels of each RSP are then utilized as the inputs of the comparison matrix where 

a row RSPi is prioritized over a column RSPj using equation (3). 

 𝑅𝑅𝑅𝑅𝑃𝑃𝑖𝑖 = 1
𝑅𝑅𝑅𝑅𝑃𝑃𝑗𝑗

 (3) 

Consequently, the shift from crisp numbers to TFNs was carried out using the transformation 

exhibited by Kamvysi et al. (2014) to apply the FAHP method. In practice, each crisp RSP 

importance level is converted to a TFN (l, m, u), where l, m, and u represent the smallest possible 

value, the most promising value, and the largest possible value respectively (Zaim et al., 2014). 

The pairwise comparison scale and the crisp-to-fuzzy transformation criteria are shown in Table 

2. 

Table 2. The scale for defining the importance of RSPs. 

Importance 
level (crisp)  TFN  Reciprocal TFN Definition  Explanation  

1  (1, 1, 1)  (1, 1, 1)  Equal 
importance 

The two RSPs are of equal 
importance 

2  (1, 2, 3)  (1/3, 1/2, 1)      

3  (2, 3, 4)  (1/4, 1/3, 1/2)  Moderate 
importance 

One RSP is a little more favourable 
over another 

4  (3, 4, 5)  (1/5, 1/4, 1/3)      

5  (4, 5, 6)  (1/6, 1/5, 1/4)  Strong 
importance 

One RSP is strongly preferred over 
another 

6  (5, 6, 7)  (1/7, 1/6, 1/5)      

7  (6, 7, 8)  (1/8, 1/7, 1/6)  Very strong 
importance 

One RSP is heavily favoured over 
another 

8  (7, 8, 9)  (1/9, 1/8, 1/7)      

9  (8, 9, 10)  (1/10, 1/9, 1/8)  Extreme 
importance 

One RSP is significantly dominant 
compared to another  

2, 4, 6 and 8 are used to describe intermediate values of importance  
 

The de-fuzzification process follows as per equation (4), and the results were then verified for 



consistency in accordance with Kwong and Bai (2003).  

 𝑅𝑅𝑅𝑅𝑃𝑃 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐 = (4𝑚𝑚+𝑙𝑙+𝑢𝑢)
6

 (4) 

The final results of the RSPs’ prioritization (C crisp values) are shown in Table 3. 

Table 3. C-Crisp values. 

Receiver state parameters C crisp C relative Rank 
RSP 1. Easiness to use 0.64 6.14% 5 
RSP 2. Ergonomics (interface operator-machine) 0.44 4.21% 9 
RSP 3. Full monitoring 0.43 4.14% 10 
RSP 4. Short time for replacement 1.29 12.37% 4 
RSP 5. Short time for intervention 1.98 18.94% 2 
RSP 6. Eco-friendliness and biocompatibility  1.41 13.52% 3 
RSP 7. Availability 2.66 25.47% 1 
RSP 8. Upgradability 0.60 5.72% 6 
RSP 9. Technical support availability 0.53 5.09% 7 
RSP 10. Inclusion of consumables 0.46 4.40% 8 

4.4. Phase I of the QFDforPSS method 

Based on these results and their validation, the first phase of the QFDforPSS method was 

implemented. The PChs and SChs were combined with the RSPs in the relationship matrix using 

a 1-3-9 rating scale, where 1 indicates a weak relationship, 3 a medium one and 9 a strong one. 

When a relationship does not exist, the cell is left blank. For example, as far as the satisfaction of 

RSP 3 (Full monitoring) is concerned, product characteristics (PCh 2, PCh 6, PCh 7 and PCh 10), 

and service characteristics (SCh 2, SCh 5 and SCh 6) mainly related to the support to users were 

found important. The output of this phase consists in obtaining the Absolute Importance (AI) of 

each PCh and SCh and consequently their Relative Importance (RI) values (Table 4). 

 



Table 4. QFD for PSS phase I. 
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RSP 1 0.64 6.13% 5 1 3   3   3 1 3  3  1   

RSP 2 0.44 4.21% 9 3   3 9     3  3  3   

RSP 3 0.43 4.12% 10  9    9 1   1  3   3 3 

RSP 4 1.29 12.36% 4           3  9    

RSP 5 1.98 18.97% 2           9  9  3 3 

RSP 6  1.41 13.51% 3     1    9        

RSP 7 2.66 25.48% 1   9 3  1 3 1    3  3   

RSP 8 0.60 5.75% 6   3  1   1 9        

RSP 9 0.53 5.08% 7           3    9 9 

RSP 10 0.46 4.41% 8     1    9     9   

Ch Absolute Importance (AICh) 1.96 5.79 23.94 9.30 8.35 3.09 8.41 5.18 22.87 3.67 23.28 12.51 29.43 14.08 12.00 12.00 

Ch Relative Importance (RICh) 1.0 % 3.0 % 12.2 % 4.8 % 4.3 % 1.6 % 4.4 % 2.6 % 11.7 % 1.9 % 11.9% 6.4 % 15.0 % 7.2 % 6.1 % 6.1 % 

 
 



4.5. Phase II of the QFDforPSS method 

The second phase of QFDforPSS is aimed at the definition of the most critical components of both 

the service and the product (Table 5). The components, as well as the co-relational strengths (i.e. 

the values of the relationship matrix), were decided through a meeting carried out with the 

company’s group of experts (due to a non-disclosure agreement with the company some data are 

omitted). 

Table 5. List of PCos and SCos. 

Product Components (PCos) Service Components (SCos) 

PCo1 Full HD monitor SCo1 Provision of a sufficient number of 
maintenance technicians 

PCo2 Touch-screen monitor SCo2 Decentralization of the service centres 

PCo3 Automated self-test SCo3 Extended customer care service; 

PCo4 Low environmental impact filters SCo4 Operators periodic training; 

PCo5 Treatments’ data storage system SCo5 Customer care periodic training 

PCo6 Range of warnings SCo6 Qualification of training instructors 

PCo7 Remote operational monitoring 
system SCo7 Maintenance technicians’ periodic training 

  SCo8 Supply of a wide range and quality of solutes 

Notably, the components of the services were defined as per the required type of resources for 

their realization (Sakao, Song, & Matschewsky, 2017). Consequently, they were classified into 

human resources, information, and service tools (Table 6). 

Table 6. Classification of SCos. 
Human Resources Information Service Tools 

SCo1 SCo4 SCo8 
SCo2 SCo5  
SCo3   
SCo6   
SCo7   

The definition of the product components followed a similar syntax by focusing on the components 



ensuring the availability and operability of the equipment, as well as its environmental 

performance (Table 7). 

Table 7. Classification of PCos. 
Operability Availability Environment 

PCo1 PCo3 PCo4 
PCo2 PCo6  
PCo5 PCo7  

Then, their assessment was performed by means of the same criteria used previously, where the 

relationships between PChs and SChs from one side, and PCos and SCos from the other, were 

evaluated with a 1-3-9 rating scale (Table 8).  

 



Table 8. QFD for PSS phase II. 
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PCh1 1.96 1.0 % 16  1  1 1           

PCh2 5.79 3.0 % 12 9 9              

PCh3 23.94 12.2 % 2   3    9 1   9 1 3 9  

PCh4  9.30 4.8 % 9                

PCh5 8.35 4.3% 11 1 1 9             

PCh6 3.09 1.6 % 15 1  3   9          

PCh7 8.41 4.3% 10   9    3         

PCh8  5.18 2.6 % 13   1  9           

PCh9  22.87 11.7 % 4    9           9 

PCh10 3.67 1.9 % 14  3         9 3    

SCh1  23.28 11.9 % 3      9 1   1 3 3  9  

SCh2  12.51 6.39% 6           9  3   

SCh3  29.43 15.0 % 1     1  3 9 9 3  1  3  

SCh4 14.08 7.2 % 5       3  3 1     9 

SCh5 12.00 6.1 % 7          9  3    

SCh6 12.00 6.1 % 7        1  3  9    

Co Absolute Importance (AICo) 63.55 73.43 237.11 207.79 78.01 237.33 394.50 300.81 307.11 269.65 430.92 278.22 109.35 513.27 332.55 

Co Relative Importance (RICo) 1.7 % 1.9 % 6.2% 5.4 % 2.0 % 6.19% 10.3 % 7.9 % 8.0 % 7.0 % 11.2 % 7.3 % 2.9 % 13.4 % 8.7 % 

 



To better analyse the results of the case study, the group of experts was asked to assess the RSPs, 

PChs, SChs, PCos and SCos using the traditional QFD approach. Based on the outputs of the 

customers’ questionnaires concerning the CRs’ importance levels (Section 4.1), the experts 

assessed the importance of each RSP using a 1 (not important) to 5 (extremely important) rating 

scale. While the same values of the FAHP relationships matrices were used to derive the relevance 

of the PChs, SChs, PCos and SCos. This allowed us to better examine the effectiveness of the 

proposed approach. First, concerning the RSPs, a more accurate rating through the FAHP approach 

was obtained compared with the traditional QFD. As shown in Figure 3, the traditional QFD 

approach provided limited results as the variation range of the RSPs was of 13% while the FAHP-

QFD approach denoted a wider variation range of 21%. In addition, through the traditional QFD 

approach, several RSPs were allocated equal importance levels making a proper distinction 

between them unfeasible (e.g. RSPs 1, 3, 4, 9); whereas the FAHP approach provided distinct 

levels for each RSP, leading to the elimination of “ties” among the customers’ expectations 

(Franceschini & Maisano, 2015). 
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Figure 3. Comparison of the relevance of the RSPs between the FAHP and traditional QFD 

approaches. 

Secondly, the relevance of the characteristics resulting from the FAHP-QFD method was 

compared to the ones obtained through the traditional QFD method (Figure 4). The results from 

the FAHP showed a higher variation range (14%) compared to that of the traditional approach (9 

%) allowing the manufacturer to better prioritize the PSS characteristics.  

 

Figure 4. Comparison of the PSS Characteristics’ relevance between the FAHP and traditional 

QFD approaches. 

Similarly, the relevance of the PSS components was compared (Figure 5) enabling a better 

distinction of the PSS Components as the variation range using the FAHP approach (12%) is higher 

compared to that of the traditional approach (10%). It should be noted that these results might be 

affected by a potential bias due to the differences existing between the target customers and the 

responses of the group of experts when applying the traditional QFD. To limit such an effect, the 

above-mentioned experts were asked to apply the method before knowing the results of the FAHP 

procedure. Moreover, to obtain a more objective assessment, they were interviewed separately, 
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and the scores obtained to fulfil the relationship matrices represent the average values of their 

responses. 

 

Figure 5. Comparison of the PSS Components’ relevance between the FAHP and traditional 

QFD approaches. 

 

5. Discussion of results 

5.1. Case study results 

The proposed procedure filtered and analysed the high-level “front-end” requirements defined by 

the customers. The requirements were transformed by means of the Kano model criteria into RSPs 

according to which the customer judges his overall satisfaction with the solution. In order to 

address their ambiguity and intangibility, the FAHP was adopted making use of a systematic series 
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of pairwise comparisons followed by a consistency check. The FAHP integration with QFDforPSS 

(sections 4.4 and 4.5) allowed a more sensible evaluation of the RSPs and accordingly a more 

accurate evaluation of the importance of the product and service characteristics and components. 

This is in line with Singh and Prasher (2017), who underlined the benefits of the FAHP in assessing 

the customers’ requirements and preferences in a precise manner, notably in the healthcare 

industry. More in detail, the study allowed us to identify and classify the most relevant product 

and service characteristics leading to an increase in customer value. As it can be noted in Table 9, 

the most important characteristics concern the service, apart from the need for availability (PCh3) 

and the attention paid to the supply of environmentally friendly consumables (PCh9). 

Table 9. Relevance of Product and Service Characteristics. 

PSS Characteristics Relevance 
(FAHP)  Ranking 

SCh3 – Time for response 15.0 % 1 
PCh3 –MTBF 12.2 % 2 
SCh1 – Information for intervention requests 11.9 % 3 
PCh9 – Eco-friendliness of consumables 11.7 % 4 
SCh4 – Calendar time of consumables delivery 7.2 % 5 
SCh2 – Calendar time of training 6.4 % 6 
SCh5 – Operational time of customer care 6.1 % 7 
SCh6 – Quality of customer care 6.1 % 8 
PCh4 – Software modularity 4.8 % 9 
PCh7 – Self-testing system  4.3 % 10 
PCh5 – Number of setup operations 4.,3 % 11 
PCh2 – Monitor type 3.0 % 12 
PCh8 – Treatments’ data storage 2.6 % 13 
PCh10 – Quality of product manual 1.9 % 14 
PCh6 – Alarm warnings 1.6% 15 
PCh1 – Product size 1.0 % 16 

Note: Grey lines denote service characteristics.  

Similarly, the second phase of the method brought to light the importance of the service 

components, highlighting the interventions that the company can carry out to augment its PSS 



value (Table 10). 

Table 10. Relevance of Product and Service Components. 

PSS Components Relevance 
(FAHP)  Ranking 

SCo7- Maintenance technicians periodic training 13.4 % 1 
SCo4- Operators periodic training 11.2 % 2 
PCo7- Remote operational monitoring system 10.3 % 3 
SCo8- Range and quality of different types of solutes 8.7 % 4 
SCo2- Number of service centres 8.0 % 5 
SCo1- Number of maintenance technicians 7.9 % 6 
SCo5- Customer care periodic training 7.3 % 7 
SCo3- Extended customer care service 7.0 % 8 
PCo6- Range of warnings 6.2 % 9 
PCo3- Automated self-test 6.2 % 10 
PCo4- Low environmental impact filters 5.4 % 11 
SCo6- Number of training instructors 2.9 % 12 
PCo5- Treatments’ data storage system 2.0 % 13 
PCo2- Touch-screen monitor 1.9 % 14 
PCo1- Full HD monitor 1.7 % 15 

Note: Grey lines denote service components.  

The comparative assessment denotes the FAHP’s capability to handle PSS characteristics and 

components in a clearer and more distinct manner and to quantify the subjectivities and 

ambiguities embedded in a PSS as hinted by Huang and Hsu (2016).  

5.2. Effectiveness of the proposed procedure  

The results achieved show that the FAHP integration can allow a clearer evaluation and 

differentiation of the expected characteristics and performances of the PSS, supporting the research 

outcome by Kannan (2008) in a PSS context. In other words, we can argue that such an integrated 

approach augmented the effectiveness of the QFDforPSS method by improving the understanding 

of the PSS customers’ requirements by reducing the uncertainties of the relationships between 

‘‘hows’’ (i.e. the RSPs) and ‘‘whats” (i.e. PChs and SChs). This answers the RQ2 raised in Section 

1. 



The decision-making process described in Section 3 can effectively support engineers in 

filtering the general customers’ requirements to separate basic needs from the ones that have a 

higher potential to increase the value of the offering. This answers the RQ1 proposed in Section 1. 

In fact, this novel use of the Kano model can make the adoption of the QFDforPSS method easier 

and more effective: on the one hand, QFDforPSS allows a better management of the PSS design 

requirements, since adopting RSPs instead of VoC (i.e. the customer requirements) improves the 

comparability between multiple RSPs. This contributes to maintain the coherency and alignment 

of the “whats” in the HoQ (Fargnoli and Sakao 2017). Accordingly, it can be considered as a 

contribution to the development of methodologies for the elicitation and management of PSS 

design requirements, as this specific field is still scarcely investigated and needs further 

investigations (Song 2017). Such a need is outlined also by Sousa-Zomer and Cauchick Miguel 

(2017b), who carried out a review of latest studies on PSS requirements elicitation and evaluation 

models. On the one hand, like this type of studies, the present research considers the problems 

related to requirement evaluation, as well as subjectivity and vagueness. On the other hand, our 

approach differs in proposing a methodology based on the RSPs’ elicitation as a means of enabling 

a more coherent and balanced assessment of the PSS requirements expressed by different types of 

stakeholders, while reducing the uncertainties that characterize the relationships between the 

traditional “hows” and “whats” in the HoQ. 

From a service implementation perspective, it has to be pointed out that the results suggest 

strengthening and innovating the relationships and interactions with the customers. This empirical 

finding is in line with the insights remarked among others by Gebauer and Kowalkowski (2012). 

This implies that the company has to focus on increasing its capability in running a service network 

distributed at a local level, as well as in improving the knowledge and skills of the service and the 



customer care operators. The study contributes to the practical needs of manufacturers that deal 

with the necessity to find a good balance between the improvement of product and service 

components to provide offerings that are more convenient. This is also in line with the research 

results by numerous researchers (e.g. (Baines, Lightfoot, Benedettini, & Kay, 2009; Fargnoli, De 

Minicis, & Tronci, 2014; Haber & Fargnoli, 2017b; Pezzotta, Pirola, Pinto, Akasaka, & 

Shimomura, 2015)), who suggested a framework to define strategies to deliver competitive 

integrated product-service offerings. 

In addition, our research work represents an attempt to answer the need to further 

investigate the opportunities of improving competitive capabilities and customer satisfaction in a 

PSS context (Jeong & Oh, 1998; Oliva & Kallenberg, 2003; Long, Wang, Zhao, & Jiang, 2016; 

Pan & Nguyen, 2015; Ulaga & Reinartz, 2011), even though they are often linked to the specific 

case study and cannot be easily generalized as argued by Bertoni, Rondini, and Pezzotta (2017).  

Moreover, the developed approach is based on an “extended QFD” methodology, where 

the proposed tools are quite widespread and well-known in the quality engineering and marketing 

fields, hence the potential users in the manufacturing industries are supposed to be numerous.  

5.3. Managerial implications 

When an offering is related to both a product and a set of connected services, difficulties arise for 

the company, which mainly consist in the shift from product performance requirements (e.g. the 

hemodialyzer availability, or the eco-friendliness and the biocompatibility of consumables) to 

target values in terms of PSS receivers (e.g. maintenance service response within a certain time, 

the equipment MTBF, etc.). The study remarked the importance of a proper management of 

customers’ needs and expectations.  



Moreover, the shift from traditional CRs to RSPs can be difficult for inexperienced 

managers and practitioners, risking to opt for solutions that might reduce the customers’ 

satisfaction. Such a finding is also consistent with the outputs of other studies (e.g. Kumar & 

Reinartz 2012; Martinez, Bastl, Kingston, & Evans, 2010; Raddats, 2011; Song, 2017) and 

represents a novelty in the sector of medical devices (a specific case of the so-called “Product 

Lifecycle Services”, as per Ulaga and Reinartz (2011)), where usually manufacturers need to 

ensure the proper functioning of the equipment throughout all of its lifecycle stages (as it happens 

in a regulated market, where basic requirements are contractual requirements). In addition, such 

an approach also contributes to the needed empirical studies on Kano’s applications suggested by 

Materla et al. (2017). 

Another contribution of the paper is the presentation of a concrete case of PSS design, 

including the exemplification of the service characteristics and service components, classified 

according to a proper taxonomy and assessed in a less complex manner by targeting the resources 

behind each service activity instead of the activity itself (Sakao et al. 2017). This contribution is 

more relevant to practice in the industry, but it is useful to advance scientific knowledge regarding 

ontologies in the PSS domain (Ki Moon, Simpson, Shu, & Kumara, 2009).  

From a more general perspective, the proposed approach facilitates a continuous feedback, 

which can support engineers to better manage the PSS development activities by verifying the 

inputs and outputs of each step. This allows the reduction of mistakes and neglections in decision-

making, mitigating the need for additional resources at later stages of the PSS development process 

(e.g. redesigning or reassessing the solution’s characteristics). Accordingly, the methodology can 

allow the company to reduce the lead-time (i.e. the response to customers) while optimizing the 



use and allocation of its resources (e.g. better management of maintenance interventions, training 

provided to customers, etc.). 

5.4. Limitations 

Despite these positive contributions, the present study certainly presents some limitations. Firstly, 

we did not consider costs, given that the company’s core business is in the public procurement 

sector, ruled by calls for tenders and thus subject to a price-control system. Nevertheless, we are 

aware that to properly evaluate and select an improvement strategy a financial analysis is needed. 

From the company perspective, activities such as “increase the number of service centres”, 

“increase the number of maintenance technicians” or “supply a higher range of different types of 

solutes” have a different financial impact. Thus, a cost-benefit analysis should be integrated into 

the model to obtain results that are more complete. Moreover, the proposed approach can be 

defined as mono-dimensional (i.e. a business-to-customer approach), since the relationships with 

other companies, such as original equipment manufacturers, maintenance service providers etc., 

were not considered. It has also to be noted that benchmarking issues were not discussed in the 

present study, since this was not the goal of the paper and because our case study was carried out 

in a regulated market.  

In addition, the problem of a relatively high ratio of non-respondents among the 

interviewed customers and a relatively small number of respondents needs to be remarked. Even 

though a larger sample of complete responses by customers can allow a more accurate 

understanding of their requirements (Yin, 2011), the number of complete responses collected is in 

line with the sampling size suggested in several studies concerning qualitative case study research 

(Gentles Charles, Ploeg, & McKibbon, 2015; Marshall, Cardon, Poddar, & Fontenot, 2013; Yip, 

Phaal, & Probert, 2014).  



Nevertheless, the outputs of this study do not rely on quantitative results, since by means 

of an instrumental qualitative case study the focus is represented by the generation of propositions 

that are deemed to be wider (Baxter & Jack, 2008; Ghesquière, Maes, & Vandenberghe, 2004). In 

other words, the authors’ intention of showing quantitative results follows the findings of Sabbagh 

et al. (2016), who suggested strengthening the results of qualitative studies by conducting surveys 

to increase their generalizability.  

Furthermore, the results were obtained from a single case study and lack external validity 

according to Le Dain, Blanco, and Summers (2013). Hence, while caution is required in 

generalizing the findings beyond the sample and industry concerned (Alam & Perry, 2002), the 

use of a single case-study as a research tool for exploratory investigation and to generate new 

understandings is recognized by several authors (e.g. Piercy & Rich, 2009; Voss et al., 2002; Yin, 

2003).  

6. Conclusions and further work 

This paper proposes a procedure to translate customer needs into PSS functionalities, as well as to 

explicitly describe the implementation of a PSS tailored to satisfy the real market expectations in 

the sector of medical devices and the users’ (customers’) needs. In addition to the extant studies 

(Arai & Shimomura, 2005; Sakao et al., 2009; Pezzotta, Pirola, Rondini, Pinto, & Ouertani, 2016) 

on the QFDforPSS method, its practical application was discussed considering the manufacturer 

point of view (e.g. when a set of services is evaluated by different receivers). Hence, its integration 

with the FAHP method allowed us to further reduce the ambiguity concerning the proper 

understanding and interpretation of needs and expectations of the PSS final receivers. 

Value creation in product-service offerings varies considerably from industry to industry 

(Velamuri, Bansemir, Neyer, & Möslein, 2013). Our study provides practical insights into the 



nature of the PSS in the sector of medical devices, ruled by a public procurement market. Further 

research work is required to deal with the study limitations, especially for what concerns PSS 

involving multiple stakeholders. The case study is limited to one area of the medical device sector 

and its generalization is hindered: a larger customer sample with a higher number of respondents 

could extend the study’s perspective representing the state of PSSs in the medical sector more 

accurately. On the one hand, the type of results achieved can be considered exploratory and used 

to define new research questions and hypotheses (Kayyar, Ameri, & Summers 2012). On the other 

hand, the proposed procedure, like any other novel approach, should be carried out in different 

contexts (multiple-case study approach (Reddy, 2015)) and industries to refine it, as well as to 

check its validity and applicability as indicated by several authors (e.g. Alam & Perry, 2002; 

Gómez-López, Serrano-Bedia & López-Fernández, 2016; Hammersley, 2012).  

Lastly, the extension of the QFDforPSS method by means of the Analytic Network Process 

(ANP) approach (Saaty, 2004) to examine the relationships between the “whats” and “hows” of 

each matrix could be beneficial in better understanding the inter- and intra-relationships that tie 

the PSS characteristics and components. 
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