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Abstract:

The People's physiological and psychological needs form the binary value medium of material and
information in generalized virtual economy. In the era of generalized virtual economy, if enterprises want
to obtain a lasting competitive advantage, they must pay attention to the psychological needs of
customers. However, the psychological needs of clients are changeable. How to obtain the dynamic
psychological needs of consumers scientifically, accurately and timely through scientific methods and
tools has become the focus of various types of enterprises in the development and innovation of products.
In the design process of condenser, the psychological demand information from customers is very
important. How to analyze these fuzzy customer psychological demand information has become the key
to enterprise innovation. Through the investigation of more than 100 automobile condenser manufacturers
in China, this study deeply interviewed more than 200 customers at home and abroad to study the
psychological needs of clients. This paper discusses the innovation behavior of enterprises from the
perspective of the generalized virtual economy from the perspectives of enterprise technology innovation,
service innovation and management innovation. In order to solve the inherent defects in the practical
application of traditional QFD, such as the evaluation of the relationship between customer psychological
needs and engineering technology, the determination of the weight of customer psychological needs and
the prioritization of engineering technology, a QFD method considering customer psychological behavior
in a probabilistic language environment is proposed. The initial weight of customers' psychological need
is determined by PL-MAHP. According to the relationship between customer psychological need, fuzzy
cognitive map (FCM) is used to infer and analyze customer psychological need and obtain its final
weight. PLTS is used to characterize the correlation strength between customer psychological need and
engineering technology. The influence of customer psychological behavior on the priority of engineering
technology is fully considered. Combined with the concept of Kano model, this study proposes a
customer psychological needs analysis method based on Quality Function Deployment (QFD). The
importance of customers' psychological needs is corrected from the traditional QFD method. Aiming at
the traditional Kano model can not effectively reflect the complex and changeable psychological situation
of customers, a customer psychological demand classification method based on Fuzzy Kano model is
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constructed. This study uses the application of Kano model and QFD in enterprise product design
improvement and innovation to effectively determine the final importance. Compared with other existing
methods, it verifies the feasibility, effectiveness and superiority of this method, and achieves ideal results.

Keywords: The Kano Model, QFD, Parallel Flow Condenser, Customer Psychological Demands

I. INTRODUCTION

The condenser is the key component of automotive air conditioning. In the development of its design
process, the information from the customers is very important. As a matter of fact, this information is
fuzzy. Therefore, the analysis of customer information would be the key of condenser manufacturers to
survive in the competitive market. Using the quality of planning table of QFD [1] incorporating the
concept of the Kano model [2] of the relationship between customer satisfaction and product quality,
different customer needs will be further subdivided according to certain principles. For example,
excitability is divided into basic needs, aspiration needs, and excitement needs. Then the company draws
into a QFD matrix of product planning in order to set the importance of these customer type needs. By
adjusting the importance of traditional QFD can reflect more accurately customer needs and satisfaction.
Taking into account the Kano model and QFD in their respective advantages, specific implementation, and
their shortcomings, this paper will explore on the basis of integration for these two methods and the
inadequacy of existing research. Then this paper will seek an effective integration in order to bring into
playing their respective advantages and make up for their weak points.

The Kano model can be used so as to enhance the decision support role of QFD. Many researchers
have conducted the researches on the integration of these two model. Integration of the Kano model and
QFD is mainly necessary for the grasp of customer needs at the quality of planning stage in QFD
methodology. In the process of integration, the researchers usually need to address two issues. One is to
correspond the customer's request to the quality classification of the Kano model. The other is which
element of the Kano model should be mapped to customer requirements efficiently. All rights reserved and
systematically without a feeling of strangeness. In achieving a combination of the integration, most
researchers directly define the importance of customer needs of QFD based on the quality classification of
the Kano model and personal experience. This method is very simple, but obviously, this way is too
subjective. Based on the concept of the Kano model, Kurt Matzler and Hans H. Hinterhuber put up the
concept of customer satisfaction coefficient and described its role in the process of QFD [3]. But they did
not offer the concrete method about the integration of the Kano model and QFD. Kay Chuan Tan, Min Xie,
and Xiao-Xiang Shen proposed the approximate transfer function which is used to refine the original
improvement rate [4]. This transfer function fixes the improvement rate by multiplied by the original
importance of customer needs and gets final importance ratings. Since this function is linear, it does not
represent the characteristics of the Kano model. Chih-Hung Hsu, Tsan-Ming Chan, Shih-Yuan Wang,
Pei-Yi Lin used non-linear function [5], but the method of determining the importance of customer needs
is inefficient. This research on the parallel flow condenser quality optimization leads the better method for
the integration of the Kano model and QFD and optimizes the quality of parallel flow condensers by
applying the method.
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Il. MATERIALS AND METHODS
2.1The KANO and QFD Application Background

Through the investigation of more than 100 automobile condenser manufacturers in China, this study
deeply interviewed more than 200 customers at home and abroad to study the psychological needs of
clients. This paper discusses the innovation behavior of enterprises from the perspective of the generalized
virtual economy from the perspectives of enterprise technology innovation, service innovation and
management innovation. In order to solve the inherent defects in the practical application of traditional
QFD, such as the evaluation of the relationship between customer psychological needs and engineering
technology, the determination of the weight of customer psychological needs and the prioritization of
engineering technology, a QFD method considering customer psychological behavior in a probabilistic
language environment is proposed. The initial weight of customers' psychological need is determined by
PL-MAHP. According to the relationship between customer psychological need, fuzzy cognitive map
(FCM) is used to infer and analyze customer psychological need and obtain its final weight. PLTS is used
to characterize the correlation strength between customer psychological need and engineering technology.
The influence of customer psychological behavior on the priority of engineering technology is fully
considered.

The main product of the automotive air conditioning company A in Zhejiang, China is the parallel flow
condenser of automotive air conditioning, air conditioning parallel flow condenser, serpentine condenser,
cascading evaporator, water tanks, receiver drier, expansion valve. There are more than 1,000
specifications that are available for customers. The company has the technical research department, which
includes higher level technicians specializing in new product development. The company adopts the
international advanced computer design systems[6]. The staffs of the research and development of this
company have the strong ability to design and develop the products. The products are updated quickly. The
company has gotten ISO 9001 and TS 16949 quality management system certification, and the product
performance of the company is stable and reliable. But in recent years, the company has received many
complaints from the customers about parallel flow condenser. The complaints are mainly concentrated in
the following areas.

(1) Nitrogen leaks from conductor products and they are considered to be broken. The time of pressure
testing is too short to make sure whether there is nitrogen leakage in the subsequent product.

(2) The cooling of the condenser is not optimal. The designer isn’t optimizing the products. The raw
materials purchased do not meet the design requirements. Production of tool design for mold is not
reasonable, and accuracy of the design is not high. The reason for the disadvantage mainly caused that the
hot runner mold of the spare parts’ cooling plate is too narrow. The fin cutting tool occurs the window
angle errors. The reason is due to the layout of the space between the windows is not reasonable[7].

(3) The appearance of the condenser is in poor-quality and is not cleaned. In the process of the
production, the condenser is pasted some machine oil. For the reason, the condenser will get dirty, partly.

(4) The size of condensers’ interface varies widely. It is hard for the workers to make a butt joint. The
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workers cannot install a frame of the car by reference to the drawing. With the plate welding fixture, the
position of the rack cannot be shifted.

(5) During the transportation, the products will be out of shape because of improper packing. Carton
designs are not ideal. Products in a box are not fixed in the transportation, the situation has often happened
easily[8], and the products are smashed because of the products up and down. In order to solve the above
problems, to improve customer satisfaction and loyalty, and to reduce customer complaints, the company
has set up the team for the condenser research. A part of the authors have worked for the company as their
outside experts, and have been directly involved in the implementation process of the whole project. The
following sections explain the entire project process used a specific application of quality tools.

2.2 The KANO Model and the Application Process of QFD

2.2.1 The Production Process of Parallel Flow Condenser

The production philosophy of the company stated in this paper is “high quality, high efficiency, low
carbon, and safety.” In order to meet the requirements of the customers and to improve the concentration
of the company's workers, the company has used the production modes of tracking task lists process. The
company analyzed the production process systematically and has achieved dynamic management. The
company manages the internal allocation of resources, based on the company’s annual sales forecast.
Planned orders are transferred to relevant departments to implement the production order by the software
system named “Guanjiap.” [9]. The process includes order processing, material planning, order purchase,
supplier preparation, inspection, assembly, warehousing, material, process and product testing.

2.2.2 Customer satisfaction surveys based on the Kano model

The Japanese professor Noriaki Kano proposed a so-called Kano model in 1984 [10]. He proposed the
classification of quality elements composed the product quality. The quality elements are classified into 5
categories that are the attractive quality element, one-dimensional quality element, must-be quality
element, indifferent quality element, and reverse quality element. In this paper, we use only the attractive
quality element, one-dimensional quality element, and must-be quality element, since these three elements
are often used elements. Figure 1 shows the relation of their quality elements.  Among them, the
must-be quality element is a quality element corresponding to the basic requirements (or basic needs) for
enterprises to provide the products or services. This is the indispensable quality element or features
considered by consumers about the product or service. When the quality element is not sufficient (does not
meet customer needs), the customers are not satisfied. Even if their identity of the product or service is
sufficiently charged (does meet customer satisfaction), the customer may not exhibit satisfactory. In other
words, if this element is satisfied, the customer feels naturally, but if it is not satisfied, the customer
complains. If there is a bit of negligence of the product or service, the product or service does not come up
to the customer’s expectations. Then, the customer satisfaction will plummet. For the customers, these
requirements must be met. By applying the idea of the Kano model, the customer satisfaction surveys of
the company can assist business parties to make the decision about the subsequent work. The quality
elements of the Kano model is shown in figure 1.
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Figure 1: Quality elements of the Kano model.

In practical work, the company should take possible actions to meet the basic needs of the customers.
The company should guarantee the all questions raised by the customers are resolved seriously. The
company should pay attention to finish the work that the customers believe important and should provide
convenience for customers as possible as they can. The company should achieve customer’s satisfaction
with the basic requirements. Namely, the must-be quality elements should be satisfied. The company
should try to meet the expectations or exciting of its customer’s needs. This is the quality of competitive
factors. By providing additional services or products of customer favorite features, the company makes
different products or services better than that of the competitors, guides customers to strengthen good
impressions of this company[11], and enables customers to ensure their satisfaction. Finally, by taking this
action, the company can meet the customer’s excitement needs and establish the most loyal customer base.

2.2.3 The traditional QFD matrix for the quality of planning

Now, the authors will focus on planning and prevention not only in problem-solving. In the traditional
QFD, the company usually uses customer recognition data for a competitive analysis. For the competitive
analysis, the company should set the target of customer satisfaction value based on every customer demand
characteristics. After that, the company calculates improvement rate. The company adjusts the initial value
of importance from improvement rate. Finally, the company decides the value of importance. But the value
of importance may not be accurate and may not be able to give what the customers really want.

Figure 2 shows an example about a part of the quality of planning table in QFD about parallel flow
condenser for car air conditioning. The raw importance’s value had been identified by using a 1-5 scale. In
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the quality of planning table in traditional QFD, there is the field for the value of selling points, but the
authors decided not to use the field. The reason is that it can be evaluated without using the values of
selling points, and the omitting of this field is not much trouble. The authors also conducted a customer
satisfaction (CS) survey and summarized it in the table.

Customers are asked to rate their customer satisfaction degree for the company and two competitors
using a 1-5 scale for each customer quality requirement. The value of the importance of required quality is
computed as their average of evaluation values. The value of customer satisfaction (raw CS) is calculated
in the same way. As an example, we consider the “strong packing,” which is the requirement of the 3rd
level of customer quality requirements in the first item of Figure 2. Since the target value of the customer
satisfaction is set to 4 and this company’s quality revel is 3, the ratio of level-up (the improvement ratio)
becomes 48 = 1.33. In other words, in order to meet this customer quality requirement, it is necessary to
raise the level of this company about this request to 1.33 times[13]. On the other hand, this requirement is
corresponding to the must-be quality of the Kano model. This indicates that customer satisfaction may not
be achieved even if increasing the quality level of the company to 1.33 times, because it is the must-be
quality element of the Kano model. Unless the quality of this company is raised to a level exceeding 1.33
times, it will not be possible to reach the must-be quality element level. As a result, the desired level of
customer satisfaction may not be possible to be achieved. The data of it is shown in figure 2.
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Figure 2: Example of the quality of planning table of QFD.
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2.2.4 Integrated quality of planning based on the Kano model

In this case, the matrix of QFD integrated with the Kano model is able to be used in the quality
planning stage by adjusting the ratio of level-up. It can correctly grasp the voice of the customer and has a
better understanding of it. According to the transformation formula, the authors calculate the adjusted
values, where is the adjusted ratio of level-up is the initial ratio of level-up about the importance of
required quality, and is the parameter to express the different Kano’s quality element types. If the
characteristics of customers’ demand are divided into some kinds according to the Kano’s quality element
types, then the value of k can be determined accordingly[14]. For example, the numerical values of k for
the one-dimensional quality element (expectation type), the must-be quality element (basic type) and the
attractive quality element (excitement type) are determined 1 and 2 respectively. In addition, the initial
importance of each customer’s demand characteristics is adjusted by the rate after improvement. The
modified table is shown in Figure 3. The approach of [15] determines the Kano’s quality element types by
asking the customer, but our approach is set by the company itself while referring to the value of customer
satisfaction and the characteristics of quality. The customers themselves often do not know the confident
needs regarding quality. Therefore, it is reasonable for companies to decide. The data of the example of the
revised quality of planning is shown in figure 3.
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Figure 3: An example of the revised quality of planning table.
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The symbols M, O, A in the field “own company” show must-be, one-dimensional, and attractive
quality elements respectively. Also, the correspondence between customer quality requirement and quality
element based on the Kano model can be implemented systematically. First, the company sets the level
value of the quality of planning for each customer quality Parallel flow condenser product [16].
Requirement to be equal to or higher than the level values of the other companies. Next, the company
decides which quality element category of the Kano model each customer quality requirement belongs to.
From the result of the competitive analysis, when the company's current value of each customer quality
requirement is less than the maximum value of the other companies, the requirement is a candidate
belonging to the must-be quality elements. For other customer quality requirements, the requirement is a
candidate belonging to the one-dimensional quality elements. The company selects customer quality
requirements whose initial importance values are relatively low from the candidates of the must-be quality
elements and make it a candidate belonging to the one-dimensional quality elements. Finally, with regard
to customer quality requirements with high initial importance and high customer satisfaction value among
candidates of the one-dimensional quality elements, the company decides candidates for attractive quality
elements while considering the company’s technical capabilities, production costs, and so on. The
candidate decided in this manner is confirmed again and it is determined as the quality element of the
Kano model.

As an example, the authors consider the “strong packing,” which is the requirement of the 3rd level of
customer quality requirements in the first item of Figure 3. The table shows that the customer pays
attention to the requirements such as “strong packing, good product cleanliness, sending samples in a
timely manner, on-time delivery, high-performance cost ratio, supplying a certain discount, variety of
quality components and reliable, uneasy deformation, solid welding, non—leak products, good air proof
function, product stability, long period of durability, rapid complaint handling, and the complaints process
specification.” However, customer satisfaction with these requirements is not so high. This indicates that
there is room for development or improvement. In this quality of planning table of QFD integrated with the
Kano model, the way of adjustment of the initial importance of required quality is different from the
traditional method. For example, the adjusted weight of the required quality for “uneasy deformation”
requirement of the 3rd level of customer quality requirements in the 8th item of Figure 2 is 0.111. On the
other hand, the adjusted weight of the required quality for “uneasy deformation” requirement in Figure 3 is
0.172. As described in the previous analysis, the company must improve the quality against a large
proportion of the products in order to get the desired customer satisfaction increase for must-be quality
elements. Similarly, the increase of non-excited customer requirement ratio can obtain the increase of
customer satisfaction. Expected requirement (one-dimensional quality requirement) is similar to this
situation. Therefore, it is very important to meet the basic needs (must-be quality elements) of customers
for the company, and the company resolves the questions raised by the customers, pays attention to
customers’ believe, has an obligation to take actions, and provides convenience for customers as much as
possible. The company should achieve customer satisfaction of basic requirements (must-be quality
elements). Then, the company should try to meet the expectations of its customers’ needs. This is the
quality of competitive factors. The company provides additional services or products of customer favorite
features, and supplies different products or services better than that of the competitors. The company
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strengthens customers’ positive impact on the products or services and enables customers to ensure their
satisfaction. Finally grasping for customer excitement demand (requirements belonging to attractive
quality elements), the company should establish the most loyal customer base. These methods have several
further discussions such as follows.

First, the authors analyzed the Kano model based questionnaire results. Customer demand
characteristics were divided into three types, namely basic (must-be quality), expectation (one-dimensional
quality) and excitement (attractive quality). In addition to these three types, there were able to have some
other findings, such as the irrelevant type, the contrary type, and the doubt type. But the company adjusts
the importance of required quality through only three basic kinds of the Kano model that are more
general[17]. Therefore the transformation formula cannot be applied to such quality elements if the
company has taken such elements into consideration. Also, the company must pay attention to the
customer needs. Whether the company satisfies the customer desires is influential to meet customer
satisfaction. For other categories of the results, it should revise its questionnaire and analysis methods.

Second, the problem is how to determine the value of k. The value of k is a part of the simple formula
which describes the Kano model in approximate quantitative meaning. In this formula, the value of k is an
important parameter that reflects different kinds of the Kano model. In this method, a key issue is how to
determine the appropriate values of k. In this paper, the authors used the same value used in the paper.
However, there may exist more appropriate value than the value of k used in the paper [18]. In principle,
the determination of the value of k depends on the relationship between QFD practice team's experience
and understanding. Also, it may exist more appropriate another formula.

Furthermore, in order to be able to understand the information provided by the Kano model better, the
quality element types of the Kano model may be further subdivided into a number of types. For example,
the characteristics of the excitement type can be further classified to a little excitement, moderately
excited, very excited, and so on. The use of sub-types can distinguish between customer needs, thereby
providing more useful information.

2.3 Application Effect Analysis

By the above analysis, this project team learned that customers concern mainly about strong packing,
good product cleanliness, the variety of quality components and reliable, uneasy deformation, solid
welding, non-leak products, good air proof function, and product stability. These requirements are with a
high value of the adjusted weight of required[19].

Through the questionnaires, the authors found out what the customers were not satisfied with. Then,
the company adopted appropriate policies to focus on improvement. After the improvement activation, the
quality in the areas of the product and service had been greatly improved by importing a new management
approach the authors proposed. Based on the new method proposed in this paper, the company adopted a
new design by integrating the parallel flow condenser and oil cooler and by simplifying product structure,
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and it improved the efficiency of heat exchange. By designing and implementing products that are
customer satisfied based on the new quality of planning, integrating QFD and the Kano model, this
company gained the following major technical advantages.

Heat energy = 11,500W (increased by 15%), whereas the original value of heat energy = 10,000W
Air-side resistance < 95Pa (reduced by 13.6%), whereas the original value of air-side resistance <
110Pa Flow friction < 0.065MPa (reduced by 18.57%), whereas the original value of flow friction <
0.08MPa According to the survey such as customer satisfaction investigation of the companies in China,
the customer satisfaction of this company is located in the leading position in the industry. According to
the results of the customer satisfaction survey, customer satisfaction is improving year by year and has
been maintained a good development status. The quality level of the product is greatly improved. On-time
delivery rate and other indicators are improving by importing the QFD and the idea of the Kano model as a
quality management tool.

111. CONCLUSION

Each enterprise should be guided by the psychological needs of customers, and should highlight the
product characteristics as much as possible in product innovation. Because of the limited survey samples,
the concealment of products, and the complexity of product technological innovation, it is difficult to
accurately and scientifically collect information to reflect the dynamic needs of customers. The main
reason is that we still lack a unique thinking in the acquisition and analysis of customers' psychological
needs to drive another kind of imperceptible or uncontrollable subconscious thinking from customers.

Based on the QFD design method integrated with the idea of the Kano model for car air conditioning,
this paper provided a new method to analyze customer requirements. In the traditional QFD matrix in the
quality of planning, the authors introduced the idea of the Kano model into the matrix. This paper divides
customer needs into basic requirements (must be quality elements), expectation requirements
(one-dimensional quality elements) and excited requirements (attractive quality elements), and adjusts the
degree of importance of customer required quality. Through the questionnaire, this project got the
information about the things which customers are not satisfied with. Then, the company was able to adopt
an appropriate policy to focus on improvement. As a result, the products and services of this company
have been greatly improved.
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