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Abstract 

 

Enterprise Resource Planning (ERP) software are essential tools for those business activities that want to be competitive 

on the market: their use allows to manage all the economic and organizational aspects of a company, optimizing the use 

of resources. For this reason, the structure and functions of this software must be able to manage countless heterogeneous 

business aspects and, often, characteristic for each individual company. Therefore, during the design and the development 

phases it is necessary to analyze and understand the interests and needs of the end users, combining them with technical 

and market aspects. An approach capable of combining these aspects is the House of Quality (HoQ), a tool of Quality 

Function Deployment. It, applicable to new products or to the optimization of existing ones, allows to effectively identify 

and order the technical specifications and functions of the software (HOWs) by evaluating the most important requests of 

user customers (WHATs). This study describes the application of HoQ to the optimization of an ERP software, identifying 

the main critical elements in the existing configuration and co-designing a new version through the direct involvement of 

users, evaluating the importance of their needs. 

 

Keywords: Enterprise Resource Planning software; Optimization; Product co-design; Quality Function Deployment; 

House of Quality 

 

 

1. Introduction  

 

Today, Enterprise Resource Planning (ERP) software represents a resource of absolute importance for company 

management in order to grow their business. Through an ERP software it is possible to control, manage and optimize the 

functioning of each organization that uses it, favoring a significant competitive advantage on reference market [1], [2]. 

ERP solutions exploit technology to improve the efficiency of management, design, production planning and aggregation 

of data flows in order to have a continuous "chain" from the production of goods or supply of services, up to the final 

consumer [3], also favored by the diffusion of the typical solutions of Industry 4.0 [4].  
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In addition to the operational advantages, the widespread diffusion of these software is favored by a market in which 

the Information Technology (IT) sector is constantly growing and promotes the transition of production activities towards 

digital innovation [5]. If we analyze the current market trends, it is evident that ERP software is considered as the main 

tool for successfully managing companies from a digital transformation perspective: these systems, in fact, constitute the 

database where are allocated all company data [3] and, moreover, they must be able to be suitable tools for software users 

to predict and plan in the best possible way the economic and business results [6].  

In order to obtain similar advantages and benefits from their use, a large-scale diffusion of this type of software has 

taken place, among multinationals and among small and medium-sized enterprises [7]. In particular, in order to meet in a 

better way the needs of the particular business of small and medium-sized enterprises, the implementation of ERP 

software is integrated with customizations [8], [9]. Through the combination of efficiency and effectiveness, it is possible 

to ensure better management of resources, increase profitability, support decion making, planning and improving business 

performance [10]. The effect of the implementation of ERP software brings significant advantages: as reported by [11], 

their use promote an average reduction in costs for raw materials and production resources of about 17%, production costs 

of 19%, an overall cost reduction by 9%, inventory volume optimization by 26%, order execution time reduction by 24%, 

labor costs reduction by 29% and an increase average profits of 9%. The main difficulty encountered in the 

implementation of ERP software in a business environment is the high initial investment in terms of time and money: this 

is why the focus is on customer satisfaction through the quality of the software [12]. In fact, it is not possible to create 

successful software products that do not include those functions and characteristics necessary to fulfill the requests of the 

end customer. ERPs are constantly driven by customers' needs and expectations [13]. In order to create and keep up-to-

date a product that is always in step with market needs, it is useful to involve the customer in the development process 

[14], [15], [16] from a practical perspective of co-design. The approach adopted in this study consists in the application 

of Quality Function Deployment (QFD) and its quality houses. QFD is recognized worldwide as a powerful decision 

support tool in product and service innovation contexts, capable of maximizing overall customer satisfaction [17], [18], 

[19]. It is a methodology used to convert customer needs into measurable characteristics and indicators of the various 

processes, components and activities necessary for the realization of the product. QFD can be defined as “a system to 

make sure that customer needs guide the product design and manufacturing process” [20], [21]. It is used to transfer 

customer needs into business processes: from design to production [22]. The QFD ultimately helps managers or members 

of a work team make operational decisions and make the necessary compromises by providing a comprehensive, clear 

and robust methodological path. The QFD development process involves the construction of four "houses" [23], [24]: 

each of these will be represented by a table, which will have inputs (WHATs) and outputs (HOWs). In particular, the 

outputs of the previous house will be the inputs of the next house.  

The aim of this work is to describe the use of the HoQ tool for the development and optimization of an ERP software 

created by an Italian company. In particular, this study defines the operational approach adopted and the methods of 

normalization and prioritization of the technical functions that represent the SW.  

 

2. Some bibliographic evidence 

 

The QFD approach is widely disseminated in the literature, thanks to its multidisciplinary approach to the analysis of 

the characteristics of a product or service and as a driving force in customer engagement and involvement in the co-

creation of value. This has been addressed in several studies, such as [25], [26], [27], [28]. As described by [14], [15], 

[16], the customer is a crucial element in the entire design and development phase of products and services intended for 

him. This promote innovation processes and determines the key to success on the market [29], [30].  

Applied to the aspect of digital technologies to support business activities, such as software and IT platforms, the QFD 

is widely disseminated. In the field of e-commerce [31] and [32] apply the HoQ to identify the ways of structuring e-

commerce platforms through the involvement of customers. [23] study the methods of designing a system of 

manufacturing platforms for unassembled products with the HoQ tool. [33] uses it to design the structure of a mobile 

telephone, with access and navigation to digital content. [34] and [35] apply this approach to establish the priority 

improvements to the software engineering process, applying a framework-QFD CMMI continuous representation. [36] 

apply two quantitative approaches for setting target values. [37] adopt a hybrid framework of Fuzzy Cognitive Network 

Process, Aggregative Grading Clustering, and Quality Function Deployment (F-CNP-AGC-QFD) for the criteria 

evaluation and analysis in QFD with an application to cloud software product development. 

Specifically to the development of ERP software, QFD tools have been described in the studies of [36] that develop a 

new decision framework for ERP software selection based on QFD and fuzzy linear regression to enable analysis of 

impact of unachieved target values on customer satisfaction. [38] proposes a step-based model to select ERP software 

effectively and efficiently. In particular, the model considers the qualitative characteristics of the software and takes into 

account three main criteria: the manufacturer, the cost of implementation and the time factor. These criteria have been 

divided into sub-criteria. Regarding the software, six key qualitative attributes are taken into account: functionality, 

reliability, usability, efficiency, maintainability, portability. [39] apply the Analytic Hierarchy Process (AHP) and 

Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) models combined together as a way to apply 

the multi-criteria decision-making process for the choice of ERP software as well as in many other areas and business 

structures. [40] present a model for ERP risk management through the assessment of the most influential ERP risks and 

the preventive activities to reduce the impacts of these risks. 
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In the study of [41] the fuzzy AHP is used to determine the relative importance of the different criteria. The support 

of top management and a solid financial condition for the company are essential for the choice of ERP software. There 

are many factors to take into consideration when choosing the implementation of an ERP software, including ease of use, 

integration and compatibility between old systems and new systems, purchase and maintenance costs. In order to use the 

AHP method to choose an ERP software, the research described has been based on the construction of a hierarchy among 

the different ERP software with their respective characteristics. [42] develop a methodological proposal that allows to 

consider both the company's requests and the characteristics of the ERP system and provides the means to choose the 

most complete and suitable software for business purposes. [43] apply the Analytic Network Process (ANP) model in 

decision problems of choice of ERP software. [44] apply the AHP method is applied for dealing with the ambiguities 

involved in the assessment of ERP alternatives and relative importance weightings of criteria. 
 

3. Research approach   
 

In the literature there are numerous approaches used to structure the HoQ and to appropriately combine the three main 

factors that constitute it: customer needs, technical parameters, market analysis. [45] provided a structured review of the 

theme, also from a graphic point of view. Further developments are described in numerous papers, mainly focused on 

data analysis and aggregation approaches, developing models with multi-criterion approaches [46], [47], [48], [49].  

In this study, the approach adopted in applying the HoQ is shown in Figure 1. 

 
 

Fig. 1. House of quality with a 7-step model. 

 

1. Project team: a multidisciplinary R&D group must be developed to properly analyze data and inputs from 

customers, technical developers and competitor evaluations. 

2. Customer needs (WHATs): they are expressed, usually, through a non-technical language and, therefore, difficult 

to interpret. This is particularly common especially for business to consumer products. In the case of business-to-business, 

on the other hand, the gap between the language of the customer and that of the supplier is considerably reduced, while 

maintaining a certain distance. The customers involved in this phase must be representative of the reference market: 

therefore, segmentation is vital to analyze the customer's voice and to identify their needs. Kano, who introduced the idea 

of "Attractive Quality", classifying needs into 3 groups: implicit (discounted by the customer and, therefore, not declared), 

explicit (those that the customer expressly declares) and latent (those of which the client is not yet aware) [50], [51], [52].  

Interviews, questionnaires market researchs and focus groups are some of the main techniques used to collect customer 

needs. Mathematically, we list with 𝑘 = 1, … 𝐾 the 𝐾 number of customers and with 𝑚 = 1, … , 𝑀 the M the number of 

collected requirements. Each WHAT is indicated with 𝑊𝑚. If M has a very high value, the structuring of customer needs 

is necessary through their grouping into meaningful hierarchies or categories [45]. The K customers attribute a  𝑔𝑚𝑘 score 

to each Wm, identifying the subjective importance. The Likert scale [53] is a possible alternative through values between 

1 (very unimportant) and 5 (most important). The relative importance is calculated for each need by making the arithmetic 

mean of the judgments collected (eq. 1). The average Gm is therefore used to represent each WHAT. 

 

𝐺𝑚 =  ∑
𝑔𝑚𝑘

𝐾

𝐾
𝑘=1 , 𝑚 = 1, … , 𝑀  (1) 

 

3. Identify the design requirements (HOWs): they are the technical-engineering parameters that translate the needs of 

clients [54]. In practice, these are the concrete answers that the company can offer to customer needs and which directly 

influence the customer's perception of quality. N is the number of collected HOWs, indexed by n = 1,…, N.  

The matrix, which constitutes the roof of the house, the characteristics are compared one by one. It highlights how the 

characteristics are related to each other and how changing one behaves (positively or negatively) the others. This area can 

make it possible to identify opportunities or to highlight contradictions. This evaluation takes place through a symbolic 

representation. 

- 0928 -



31ST DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION 

 

 
 

4. Competitors and customer competitive assessment: the main competitors in the relevant markets must be identified. 

The comparison with competitors allows to evaluate the distance of the product concerned with respect to the 

characteristics of competing products. The assessment of the gap is entrusted to customers on the identified WHATs, 

usually expressed and measured on the same scale of step 2. 

Indicating with Cl a competitor among the L competitors used as benchmark, with l = 1, … L, the evaluation result are 

K matrixes Xk of dimension (MxL), one for each k = 1, … , K, reporting the WHATs and the competitors in rows and 

colums, respectively (eq. 2). Each score into the said matrix is indicated with gmlk, with m = 1, … , M and l = 1, … L. 

Thereby, the competitive gap rm (eq. 3) can be evaluated for each Wm as the ratio between the highest score reached by 

the best competitor on Wm and the score Gm achieved in step 2 (see eq. 1), with m = 1, … M. The higher the rm value, 

the greater the commitment that the company will have to place on that particular Wm. 

 

𝑋𝑘 = [

𝑔11𝑘 ⋯ 𝑔1𝐿𝑘

⋮ ⋱ ⋮
𝑔𝑚1𝑘 ⋯ 𝑔𝑀𝐿𝑘

]

𝑀𝑥𝐿

 with 𝑘 = 1, … 𝐾  (2) 

 

𝑟𝑚 =
𝐺𝑚

max
𝑘=1,…,𝐾

{ max
𝑙=1,…,𝐿

{𝑔𝑚𝑙𝑘}}
  with 𝑚 = 1, … 𝑀 (3) 

 

𝐹𝑚 =  𝐺𝑚  ∙  𝑟𝑚  with 𝑚 = 1, … 𝑀   (4) 

 

𝐴𝐼𝑛 =  ∑ 𝐹𝑚 ∙ 𝑐𝑚𝑛
𝑀
𝑚=1  with 𝑛 = 1, … 𝑁  (5) 

 

𝑅𝐼𝑛 =  
𝐴𝐼𝑛

∑ 𝐴𝐼𝑛
𝑁
𝑛=1

𝑥100  with 𝑛 = 1, … 𝑁 (6) 

 

5. Absolute importance assessment: this is the combination between the score assigned to each WHAT (𝐺𝑚) and the 

competitive gap (𝑟𝑚) that determine the absolute score Fm for each WHAT (eq. 4). 

 

𝐹𝑚 =  𝐺𝑚  ∙  𝑟𝑚  with 𝑚 = 1, … 𝑀   (4) 

 

6. Relationship needs/characteristics matrix: the relationships between each elementary need and each product 

characteristic are established, also establishing the intensity of this relationship usually with the values 1 (low correlation), 

5 (normal correlation) and 9 (strong correlation) [45,55]. This value is referred to as cmn. 

7. Importance of the characteristics: the most relevant/critical characteristics are highlighted, which will guide the 

development of the project. The absolute index (𝐴𝐼𝑛) or their relative index (𝑅𝐼𝑛), with 𝑛 = 1, … 𝑁 are calculated to 

normalize and sort the HOWs (eq. 5 and 6). 

 

𝐴𝐼𝑛 =  ∑ 𝐹𝑚 ∙ 𝑐𝑚𝑛
𝑀
𝑚=1  with 𝑛 = 1, … 𝑁  (5) 

 

𝑅𝐼𝑛 =  
𝐴𝐼𝑛

∑ 𝐴𝐼𝑛
𝑁
𝑛=1

𝑥100  with 𝑛 = 1, … 𝑁 (6) 

 

4. Case study 

 

The HoQ has been applied through a practical case represented by the need to optimize an Enterprise Resource 

Planning (ERP) software developed and marketed by an Italian company. The company operates as a system integrator 

for customers operating in very different economic sectors, supporting the integration of new software and hardware 

solutions within the business process. The results of the study are functional to the company's need to become more 

competitive, retain its customers and expand its market share. The results of the case study are described with respect to 

each phase of the development of the HoQ, as described in section 3. The project team has been coordinated by the 

software developer, involving its technical and commercial/marketing departments. The university has been involved 

with the scientific support role. Numerous customers have been also involved, including new prospects. 𝑊𝑚 WHATs and 

𝑔𝑚𝑘 scores have been identified and quantified using two approaches: personal interview and market research. This 

allowed to obtain representative information of K = 50 number of customers and M = 36 number of collected 

requirements. Table 1 shows the list of WHATs and the importance assigned. Since an ERP software operates at the 

service of numerous company functions, the WHATs have also been grouped according to the function most involved 

and represented by each WHAT. The identified WHATs made it possible to collect and synthesize customer expectations 

with respect to an ERP software. The scores assigned highlighted the needs that have a higher value. Overall, the “5” 

value is the most frequent among the WHATs, occurring in 58% of cases. The “2” score represents 30% of the WHATs, 

followed by the “3” and “1” scores with a frequency of 6% each. The score "4" was never assigned. 

The results highlight a particular relevance towards the aspect of production where the maximum score (corresponding 

to 5 on the Likert scale used in this study) has been found in 77% of WHATs. On the contrary, “Warehouse and Logistics” 
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are the least relevant aspects, with only 27% of WHATs having the maximum score. In this case, the score "2" is the most 

frequent (54%). This is the only company function with WHATs considered "very unimportant" by customers: they are 

represented by the "W26. order fulfillment and delivery plans updated in real time" and from "W36. possibility of making 

multi-order withdrawals". 

 

  
 

Table 1. WHATs list and relative importance. 

 

The list of HOWs in this specific case, highlights different and diversified aspects. In this study the most relevant and 

representative ones have been considered, selected through analyzes that involved ERP consultants and company project 

managers in the foreground. Overall, N = 12 numbers of HOWs have been selected, as shown below: 

• H1. Configuration and setting of parameters and tables.  

• H2. Full implementation of third party packages.  

• H3. Screen masks for data input and output, to optimize the use of information.  

• H4. Workflow scheduling.  

• H5. Standard storage system interface.  

• H6. Development of statistical functions for particular metrics.  

• H7. ERP programming of additional applications, without changing the source code.  

• H8. Interface with the custom shop system or with a Customer Relationship Management (CRM) package.  

• H9. Modification of source codes with small modifications to change entire modules.  
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• H10. Error notification resulting in a change in production planning.  

• H11. Frequent software updates.  

• H12. Personalized reporting.  

 

With the determination of the technical characteristics, it is possible to complete the roof of the HoQ. The matrix that 

makes up the roof of the HoQ relates the different characteristics, which can have a positive, negative or zero correlation. 

In this specific case, represented in Figure 2, to identify the correlation between the HOWs, an objective analysis has been 

carried out to understand if the technical characteristics could somehow meet the same needs, and if so, to what extent. 

 

 
 

Fig. 2. HOWs correlation matrix. 
 

The analysis made it possible to identify the following conditions: four strong relationships involving HOWs n. 1, 2, 

4, 7, 8, 10; 7 mean relationships and one negative relationship. The two HOWs are in conflict as it is possible to decide 

whether to modify the source codes or not.  The comparative analysis between the ERP software of the main competing 

companies, both national and international, has been conducted, through the involvement of the company's commercial 

and maketing department, as well as with the direct involvement of customers who have already supported the WHATs 

identification phase. In particular, L = 5 main competitor ERP software have been identified, developed by as many 

companies operating in different parts of the world. The K = 50 number of customers were asked to provide an evaluation 

for each WHAT with respect to each ERP software. Table 2 report the results of the competitive analysis. 

The comparison with competitors allows to evaluate the gap and, consequently, to identify the software functions to 

be implemented with greater effort. The rm index provides an immediate indication about this aspect: if the index value is 

less than 1 it means that our software is superior to the best competitor. If the value of rm is greater than 1, the condition 

is contrary. Finally, if the index is equal to 1, the products are equivalent. 

Overall, these three conditions occur quite homogeneously: about 39% of values higher than 1, 33% equal to 1 and 

28% lower than 1. "W20. acquisition of production data, with movement detected both by the operator and automatically" 

is the aspect of the ERP software being analyzed that most positively distinguishes it from the competition (it has an rm 

index value of 0.4). The most critical elements (because they have a much lower level than the other software compared) 

are “W26. order fulfillment and delivery schedules updated in real time” and “W36. possibility of making multi-order 

withdrawals". By analyzing the results of the gap analysis with respect to company functions, production is the one that 

concentrates more functions better than the other competitors. Sales are those that have performances considered similar 

to competitors, while the warehouse and logistics are those that most frequently have worse performances. 

The calculation of absolute importance further strengthens these considerations. Analyzing for example the W20, it 

received the highest score from customers and was already a much higher factor than all the competition. The Fm index, 

which is precisely the combination of these two aspects (importance and gap), has the lowest score among all WHATs. 

Therefore, although it is very important from a relative point of view, it is not so in an absolute sense. 

These obtained results are combined with each other through the relationship matrix and through the quantification of 

the relationship values between WHATs and HOWs, as reported in Table 3. The relationship matrix made it possible to 

identify and quantitatively evaluate the relationship between WHATs and HOWs. Weak relationships are the most 

frequent case, detected 64 times. 31 cases express strong relationship and 19 express a mean relationship. In 318 times 

there is no relationship. The results highlight the following aspects: 

• H4 represents the HOW connected with a high number of WHATs (overall 24), although in many cases there is a 

weak relationship (14 times). A strong relationship is detected 6 times. 

• H9 is the HOW with less relationship with the WHATs. Only 2 weak relationships have been identified. 

• W6 and W15 have more links than the HOWs: 8 each, well balanced between the three value classes used. 

• There are many WHATs that have only one link with HOWs. Overall, 8 WHATs belong to this series. 

Table 3 reports also the combination of the values assigned to each relationship and the previously determined Fm 

value (Table 2). This index is important because allows the combination of all three main elements that support the co-

design of the software structure: customer needs, product technical characteristics and competitive benchmarking. 

The values obtained vary between a minimum of 2 (present once in relation to WHAT n.20 with HOW n.5) and a 

maximum of 45 (present 20 times, especially in correspondence with HOW n.12 and WHAT n.15). The highest values 

indicate situations in which there is a high relationship between WHAT and HOW and with high values of Fm (which 

express the combination between the importance of the need and the competitive gap). 
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Table 2. Competitive gap analysis. 

 

  
 

Table 3. Relationship matrix and combination of Fm and cmn values. 
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The results of Table 3 allow to complete the final phase of the evaluation through the absolute (AI) and relative (RI) 

indices of the importance of the technical characteristic. This evaluation allows to order the HOWs with respect to the 

overall value assumed by each of them. Table 4 reports the results of prioritization through the use of the Independent 

Scoring Method. In this way, it was possible to identify the technical functionalities that should be the priority object of 

development, compared to all the others. The results allow the identification of 3 clusters according to the values assumed 

by the AI index. The first cluster, which includes H4, H6 and H10, is composed of HOWS which have the highest AI 

values (above 300) and which differ considerably from the values of all the other HOWs (cluster 2 and cluster 3). 

Therefore, these three HOWs are currently the least developed ones (compared to the competition) and with high interest 

for the customer. The second cluster is made up of WHATs with AI values between 100 and 200. The grouping includes 

H1, H2, H3, H5, H8 and H12 and identifies functions that are important, but which require interventions only after having 

given the necessary attention to those of cluster 1. Finally, the last group includes WHATs with low AI values (in the 

specific case, less than 50). These features can be optimized last. This is the results obtained through the application of 

the independent scoring method that is an arbitrary method. Other normalization approaches can be applied. In this study 

the methods Lyman method [56] and the Wasserman method [57] have been applied. Table 4 shows the results obtained 

on the rating, using these two methods. The results show a slight change in positions, without however determining a 

change in the ordering of the HOWs of the first cluster. 
 

 
 

 
 

Table 4. Prioritization of HOWs through the application of the independent scoring method (above) and through the 

application of the Lyman and Wassermann methods 
 

The study conducted, addressing the issue of product optimization through the QFD approach, applies the HoQ to the 

case study of a commercial ERP software. Although the use of the adopted tool is widely used in the literature, few recent 

studies have focused on this particular ERP-HoQ binomial. The useful contents provided by this work to the literature 

concern the collection and description of WHATs and HOWs that can represent relevant aspects for evaluations in the 

design and development of software solutions (not only of the ERP type), as well as the proposed standardization 

approaches and discussed through a numerical example. 

 

5. Conclusions and future developments 

 

This study tried to analyze how it is possible to provide its customers with a higher quality of the product offered, 

applied to the case of an ERP software. This question is the basic principle of Total Quality Management, applied by the 

most successful companies in the world. Ensuring the quality of a good or service is not easy and obvious: it is necessary 

to identify the needs of customers, both conscious and unconscious, and if possible anticipate them. Then it is necessary 

to find a way to satisfy them: this corresponds to a compromise between costs, benefits, risks, quality. For these reasons, 

it becomes necessary to apply a structured study method. It is not enough to study how to optimize one's business 

processes or carry out market studies with respect to competitors. In this sense, the identification of strengths and 

weaknesses, studied through the Quality Function Deployment method, is a solid scientific and objective method that 

allows for both qualitative and quantitative results. The QFD allows to implement a continuous improvement process, 

which will be perceptible in the short term, but above all in the medium-long term. In the specific case described in this 

study, an ERP software marketed by an Italian company was analyzed. The concept of quality, in this case, involved 

several facets: the ERP software, in fact, is considered as a combination between product and service. It is therefore 

necessary to satisfy its customers in a global perspective, in order to be competitive on the market. Therefore, the HoQ 

approach has been described, as well as the steps that make up the application of the HoQ. The results obtained were able 

to test the applicability of HoQ to the optimization of an existing ERP software product, capitalizing and enhancing the 

huge amount of data that the manufacturer usually collect to characterize their reference markets and to compete with the 

best international competitors. Specifically, a cluster of primary HOWs was isolated through this analysis, providing a 

clear and unambiguous indication (when compared with other standardization approaches) of which are the priority 

functionalities to be developed to make the software product more suitable for customer needs and competitive on the 

market. The topic addressed and the tool applied lend themselves to numerous implementation and development 

opportunities, in particular: In the literature there are numerous experiences that apply multi-criterial approaches as an 

approach of normalization of HoQ data and prioritization of technical characteristics; Improve the ability to interpret 

customer needs and evaluate them in a quantitative way; Allow customers to express their requests also regarding new 

products, which they do not know or with which they have no experience; Demand modeling to predict demand for 

products with certain characteristics. 
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