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ABSTRACT

Quality Function Deployment (QFD) stresses customer-driven planning, continuous improvement and people participation. This paper elaborates a QFD approach based on an empirical study of the provision of the library services in Near East University (NEU). Customer requirements are identified through the critical-incident interviews with users. The study identified 16 critical incidents, and translated them into 47 satisfaction items. Two iterations of House of Quality (HOQ) were finally constructed for meshing the quality improvement efforts. The paper identifies the key quality dimensions and illustrates how the QFD approach can lead to effective quality deployment in the provision of Library services. The approach provides a practical means that helps organizations to identify customer satisfaction criteria, and integrate improvement strategies and plans into management decision-making processes. The quality of a product or service is key for customer satisfaction. The level of satisfaction is ultimately dependent on the fulfillment of customer needs. QFD has been an important tool in the translation of the voice of the customer (VOC) into product's specification. Since the impact on customer satisfaction is different for each customer requirement, it is very important to determine which attributes of a product or service bring more satisfaction than others. It is also important to use this information in an appropriate way in the QFD process. The Kano Model of customer satisfaction can determine attractive or must-be requirements, and can be used in the QFD matrix to assure that the most critical needs are translated into the next phases of service development (Totini, 2003).
In a competitive environment, it is essential to satisfy customers to provide customer value and brand loyalty. Under this condition, customer satisfaction is evaluated as a means of quality. As far as a product/service meets the requirements and needs of customers, it can be said that the product/service is of high quality. Hence, it is logical to understand the customer requirements and needs at the beginning of the product/service design stage rather than trying to adapt the product according to the needs of the customers. To analyze and understand customer requirements and find out various product/service attributes; a new, systematic and operational tool called QFD (QFD) has been utilized by organizations since late 1960’s. In this study, QFD is applied to central library services of NEU in Nicosia, North Cyprus. The aim of the study is to analyze the user (as a customer of the library) requirements related to library services by using service-based QFD and identify the visible marketing strategies for central library of NEU. Kano model is used to classify user requirements, after the classification of user requirements according to satisfaction level and functionality. 
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INTRODUCTION

Quality must be designed into the product, not inspected into it. Quality can be defined as meeting customer needs and providing superior value. This focus on satisfying the customer's needs places an emphasis on techniques such as Quality Function Deployment (QFD) to help understand those needs and plan a product to provide superior value.

It is a common notion that competition in industries is becoming increasingly intense. With the trend of globalization, companies face challenges from both national and international competitors. To counter this threat, many of them focus on searching for sustainable advantages. The survival of a company is heavily dependent on its capacity to identify new customer requirements and to develop and market improved products (goods or services). The delivery of innovative products to the marketplace is, thus, considered as a key element for a company to confront competitive challenges.

Satisfying customer requirements through the use of ordinary products is often not enough to capture and retain market share. Customers' needs and expectations should be met and exceeded through product innovation. However, these needs and expectations become increasingly sophisticated as customers experience new ideas in the world around them every day (Plsek, 1997). The innovative product development process requires an understanding of continuously changing customer wants and needs. Hence, there is a need to study and develop procedures that can help a company or project team gain a profound knowledge of customer requirements and satisfaction, and then develop products with innovative features. 
QFD is a structured approach to defining customer needs or requirements and translating them into specific plans to produce products to meet those needs (Akao, 1990). The "voice of the customer" is the term to describe these stated and unstated customer needs or requirements. The VOC is captured in a variety of ways: direct discussion or interviews, surveys, focus groups, customer specifications, observation, warranty data, field reports, etc. This understanding of the customer needs is then summarized in a product planning matrix or "HOQ". These matrices are used to translate higher level "what's" or needs into lower level "how's" - product requirements or technical characteristics to satisfy these needs.
Understanding customer requirements and satisfaction

As an approach to doing business, the concept of quality has become widely accepted throughout the world. The goal of total quality excellence is now recognized as a key to world-wide competitiveness. Quality can be defined as satisfying or exceeding customer requirements and expectations, and hence to some extent it is the customer who ultimately judges the quality of a product.

For repeatable success, customer satisfaction is an important goal. The cost of customer dissatisfaction can be very high. For example, recent research shows that 8.5 per cent of revenue is at risk from customer dissatisfaction (Hepworth, 1997). The situation, in fact, could be worse because many customers seldom complain when a product's quality is not up to expectation. Such customers simply switch to a competitor's or alternative product to fulfill their needs at the next purchase.

To maintain customer satisfaction and thereby long-run profitability, it is clear that companies should provide products of high quality. It is easy for project teams to understand that higher product performance can result in higher customer satisfaction. However, the relationship between customer satisfaction and product   performance is more complicated than this. For some product features, customer satisfaction can be greatly improved only with a small improvement of performance; while, for some other features, customer satisfaction can only be improved a little even when the performance of the product has been greatly improved. For example, customers may take no scratches as granted when they purchase a new car, and therefore there may not be a high satisfaction level even though this attribute is greatly improved. But, one tiny scratch on the hood of the car may put off a potential customer. As a converse example, an integrated child seat may delight potential customers. Thus, a deep understanding of customer satisfaction is a prerequisite to achieving customer satisfaction.

Universities are one of the important educational institutions where people develop intellectual abilities which they will use throughout their lives. Universities do not only plan careers but also provide a basis for creative and critical thinking. (Hwarng and Teo, 2001) Universities may offer better quality services through their academic and administrative staff, and technical equipment they have. However, the quality of the services provided depends on the users of that service as well. Library services are an integral part of this quality chain since libraries are cornerstones of the improvement of the academic staff and the students. Libraries are expected to offer convenient media to study and to research, and to have sufficient number of current sources. Libraries should ease the research process in addition to other services. In brief, improving the quality of library services would have an impact on the overall success of the students and the academicians. 

Quality is shortly defined as “freedom from defects”. (Kotler and Armstrong, 2004) Improving quality does not always result in satisfied customers since what customers want or expect from a product/service is not high quality all the time. The critical issue is what the customer expects from a product/service and how much the product/ service meets these expectations. As far as the product/service meets these expectations, it can be said to have high quality. This fact broadened the definition of quality to “the characteristics of a product/service that bear on its ability to satisfy stated or implied customer needs” (http://www.asq.org/sixsigma/terms/q.html, January 2006). Today, this customer - driven approach to quality has become a strategic weapon for many organizations. 

Moreover, characteristics of services make quality a more critical and essential issue for the service providers. Intangible nature of services forces users to look for clues of service quality to reduce uncertainty. Users of services detect signals about quality from the environment where the services are provided, the equipment used, people working in the service environment, and the medium of communication. Therefore service providers should support the intangible attributes of services besides the tangible ones. This is true for library services as well. Library management should try to improve intangible components such as library image, the impression conveyed by contact employees etc. in addition to tangible ones such as equipment, sources used etc. (Kotler and Armstrong, 2004; Snoj and Petermanec, 2001)

Different approaches are used to improve quality. One of those approaches is QFD. QFD is “a methodology for the development or deployment of features, attributes or functions that give a product/ service high quality” (Hwarng and Teo, 2001) QFD provides an understanding of customer expectations and needs, and applies features which will meet these expectations and needs to the product/service. The major focus of QFD is to design the product/service so that it will satisfy the customer.

The Aim of the Study:

The aim of this study is to better understand customers' requirements and satisfaction from the NEU Library by using QFD and building the HOQ.

Scope of the Study:

This study applies HOQ of the QFD process to figure out the user requirements for university library services. Depth analysis is conducted to find out service requirements and their importance levels. In addition, the requirements are categorized with respect to the Kano model to understand which requirements are more critical for the satisfaction of the users. We present the application for the Library of NEU, Nicosia, North Cyprus. 
Structure of the Study:

In Chapter 1, the study begins with a history, and different definitions of QFD. Chapter 1 also includes brief descriptions of VOC and HOQ. Then follows an introducing about QFD for service industry and Kano model described.

Chapter 2 covers applications of QFD. Some explanatory examples are discussed.

Research methodology of the study is described in Chapter 3. 

In Chapter 4 findings are explained and categorized with respect to Kano model in detail, planning matrix constituted and Kano model is applied to planning matrix. 

Chapter 5 includes the introduction of the HOQ for NEU library. Technical requirements are described, relationship and interrelationship matrices are prepared and HOQ formed.

In Chapter 6 conclusion of the study, recommendations for further studies and recommendations for the betterment of the library services are given. 

CHAPTER 1
HISTORY AND BACKGROUND OF QUALITY FUNCTION DEPLOYMENT
1.1 HISTORY OF QFD:

Statistical Quality Control (SQC) was introduced to Japan after World War II and became the central quality activity.  SQC was transformed into Total Quality Control (TQC), in Japan during an evolution period from 1960 to 1965. QFD was developed under the umbrella of Total Quality Control (TQC). Dr. Juan, Dr. Kaoru Ishikawa, and Dr. Feigenbaum all had a hand in the transformation.
QFD was conceived in Japan in the late 1960s.  Two issues became the seeds out of which QFD was conceived by Yoji Akao during the same 1960 to 1965 period. 

· People started to recognize the importance of design quality, but how it could be done was not found in any books available in those days. 

· Companies were already using quality control (QC) process charts, but the charts were produced at the manufacturing site after new products were being churned out of the line. 

Dr. Mizuno, professor emeritus of the Tokyo Institute of Technology, is credited with initiating the QFD system. The first application of QFD was at Mitsubishi, Heavy Industries, Ltd., in the Kobe Shipyard, Japan, in 1972. ( Prasad, 1998) A quality chart was added with the guidance of Drs. Shigeru Mizuno and Yasushi Furukawa. After four years of case study development, refinement, and training, QFD was successfully implemented in the production of minivans by Toyota. Using 1977 as a base, a 20% reduction in startup costs was reported in the launch of the new van in October 1979, a 38% reduction by November 1982, and a cumulative 61% reduction by April 1984. 
  
By 1972 the power of the approach had been demonstrated and in 1978 the first book was published in Japanese (first english publication in 1994).  QFD, “Hinshitsu Kino Tenkai”, was first named “quality function evolution” when translated to English in 1978.  Deployment has very militaristic implications in Japanese and was first avoided.  It was changed to QFD because the term evolution was thought to inappropriately connotate the meaning of change. Following the first publication on QFD in 1978 by Yoji Akao, Quality Function Deployment, the number of QFD publications leaped (ReVelle et al, 1998).  

An introduction to QFD occurred in America and Europe in 1983 when an article of Yoji Akao was published in Quality Progress. Bob King has invited Yoji Akao to give QFD lectures to American audiences every year since 1986. Mr. Larry Sullivan began disseminating QFD to the automobile industry in the early 80's. Mr. Akashi Fukuhara headed these efforts. Dr Don Clausing brought his QFD knowledge from Xerox to MIT when he became a professor there contributing to the education and dissemination of QFD in America.  Mr. Robert M. Adams initiated the North American QFD Symposium in 1989 providing a forum for QFD research and case study reports to be broadly viewed.  Mr. Glenn H. Mazur, Mr. Richard Zultner, and Dr John Terninko founded the QFD Institute in 1994.  Italy was the first country in Europe to implement QFD and hosted the 1st European QFD Symposium in 1993.  Korea was introduced to QFD in 1978, Taiwan in 1982, China officially in 1994, and Brazil in 1989. Robert J. Dika stated "We can't improve quality by continuing to reactively fix problems.  QFD gives us an opportunity to stop talking about fixing and start talking about preventing." (Specialist, Engineering Quality Assurance, Chrysler Corp.) 

Quality deployment already had a 10 year history preceding the application by the Toyota Group. Through QFD, Toyota virtually eliminated its corrosion warranty-expense. The name 'HOQ' is used in Phase 1 because the quality chart topped with a triangular peak (correlation matrix) resembles the shape of houses in America. The 'HOQ' is the brainchild of Toyota Auto Body.  

QFD is constantly being changed and adapted.  New methods have been developed, to expand QFD, which include the seven product planning tools, conjoint analysis, TRIZ, conflict management, Taguchi methods, Kano Models, SQFD, DQFD, Gemba, Kaizen, Comprehensive QFD, QFD (N), QFD (B), etc(Akao, 1997). 

QFD can be applied to practically any manufacturing or service industry. It has become a standard practice by most leading organizations, who also require it of their suppliers.
1.2 QUALITY FUNCTION DEPLOYMENT:

To thrive in business, designing products and services that excite the customer and creating new markets is a critical strategy.  And while growth can be achieved in many different ways--selling through different channels, selling more to existing customers, acquisitions, geographic expansion--nothing energizes a company more than creating new products or upgrading existing products to create customer delight. 
QFD was first systematized in Japan in the mid-1970s at Mitsubishi's Kobe shipyards. QFD refers to the functions responsible for quality a company's areas of design, manufacturing, service, and so forth. QFD includes the numerous quality deployment charts, tables, and descriptive matrices used to design the quality needed in the products or services. Simply stated, through QFD, quality becomes a function of new product development. It becomes an integral part of technology deployment, reliability deployment, and cost deployment. Beginning with customer demands and feeding all the way back to the design stage, QFD bypasses no area of a company.
QFD  is a methodology for building the "VOC" into product and service design. QFD is a team-based planning tool used to fulfill customer, expectations. The concept in QFD is not to create a product that will meet basic customer requirements but exceed them and include the unspoken requirements which all too often forgotten and lead to failure. 

It is a disciplined approach to product design, engineering, and production and provides in-depth evaluation of a product. QFD has helped to transform the way businesses:
- plan new products 

- design product requirements 

- determine process characteristics 

- control the manufacturing process 

- document already existing product specifications 
QFD is a systematic process for motivating a business to focus on its customers. It is used by cross-functional teams to identify and resolve issues involved in providing products, processes, services and strategies which will more than satisfy their customers. A prerequisite to QFD is Market Research. This is the process of understanding what the customer wants, how important these benefits are, and how well different providers of products that address these benefits are perceived to perform. This is a prerequisite to QFD because it is impossible to consistently provide products which will attract customers unless you have a very good understanding of what they want.

An organization that correctly implements QFD can improve engineering knowledge, productivity, and quality, and reduce costs, product development time, and engineering changes. QFD focuses on customer expectations or requirements, often referred to as the VOC. It is employed to translate customer expectations, in terms of specific requirements, into directions and actions, in terms of engineering characteristics, that can be deployed through (Besterfield et al, 1995)
· Product planning 

· Part development
· Process planning
· Production planning
· Service

QFD is a management tool in which the customer expectations are used to drive the product development process. Conflicting characteristics or requirements are identified early in the QFD process and can be resolved before production. Organizations today use market research to decide on what to produce to satisfy customer requirements. Some customer requirements adversely affect others, and customers often cannot explain their expectations. Confusion and misinterpretation are also a problem while a product moves from marketing to design to engineering to manufacturing. 
This activity is where the VOC becomes lost and the voice of the organization adversely enters the product design. Instead of working on what the customer expects, work is concentrated on fixing what the customer does not want. In other words, it is not productive to improve something the customer did not want initially. By implementing QFD, an organization is guaranteed to implement the VOC in the final product (Besterfield et al, 1995).

QFD helps identify new quality technology and job functions to carry out operations. This tool provides a historic reference to enhance future technology and prevent design errors. QFD is primarily a set of graphically oriented planning matrices that are used as the basis for decisions affecting any phase of the product development cycle. Results of QFD are measured based on the number of design and engineering changes, time to market, cost, and quality. It is considered by many experts to be a perfect blueprint for concurrent engineering (Besterfield et al, 1995).

QFD enables the design phase to concentrate on the customer requirements, thereby spending less time on redesign and modifications. 
The saved time has been estimated at one-third to one-half of the time taken for redesign and modification using traditional means. This saving means reduced development cost and also additional income because the product enters the market sooner (Besterfield et al, 1995). 
The power of QFD is in its effectiveness in re-examining customer defined hows in order to establish the true customer whats (Selecman, 1990). There have been many attempts to define QFD. Some of the definitions that have been widely reported in literature are listed below:

QFD is a system for translating customer requirements into appropriate technical requirements at each stage of the product-development process (Eureka, 1988).  

QFD is a systematic product development method. A unique quality tool that allows businesses to plan and design products with the customers needs in mind (Becker & Associates, 2000). A methodology for building the VOC into product and service designs.  It is a team tool which captures customer requirements and translates those needs into characteristics about a product or service (Becker & Associates, 2000).  
QFD is a systematic means of ensuring that customer requirements are accurately translated into relevant technical descriptors throughout each stage of the product development (Becker & Associates, 2000).  

QFD is a system engineering process which transforms the desires of the customer/user into the language required, at all project levels, to implement a product (Dean, 1998).  

QFD is a proactive measure in the product creation process.  You make sure you have a very good product before you attempt to design/implement it.  QFD is about planning and problem prevention, not problem solving (Eureka, 1988).  
QFD does away with the design-test-fix scenario (Eureka, 1988).  The technique is constantly evolving.  QFD is developed by the user and is continually evolving (Eureka, 1988).  QFD does require a lot of effort, time, teamwork, and support from the company.  QFD requires team effort to be successful (Eureka, 1988). 
QFD is not a panacea and it will take a lot of time and effort if you want to get the best possible results (Hales, 1990).  

QFD provides a systematic approach to identify which requirements are a priority for whom, when to implement them, and why.  The QFD process involves a series of matrices and charts.  A set for each of the four phases.  In the first Phase, customer requirements, other elicitation techniques are generally used to help gather the basic requirements. As the information source for creating a quality chart, American companies used 'personal interviews with customers', 'customer surveys specifically designed for QFD implementation', and 'focus group interviews' (Akao, 1997).  
The 'VOC' is used to determine important product attributes (Eureka, 1988).  Design requirements are customer requirements made into internal company requirements (Eureka, 1988).  Each phase requires internal iteration before proceeding to the next phase.  Once at that next phase, you do not go back (Waterfall Life Cycle like).  

As with all things, QFD is not for everybody or for every product.  The process demands a long term vision as the true benefits, of consistent customer satisfaction and fewer resources to create additional products, are realized.  Each project using QFD will employ a unique subset of the tools.  Sometimes other methods will be added to enhance the QFD model.  The case-studies from the automobile industry point to QFD providing the variety, quality and price of current vehicles; all with a start to finish development time averaging 2 years.  The automobile QFD process began in the early 70's.  Additionally, we should consider cultural views and mannerisms when trying to apply QFD.  It’s been told that QFD will help a team overcome and change its culture but more often than not, QFD has little or no long-term effect on the way the company actually does business (Hales, 1995).  Pure Japanese QFD model can not be used in North America.  
QFD is a system for designing a product or a service based on customer wants, involving all members of the supplying organization. As such, it is a conceptual map for interfactional

planning and communication (Lynch and Cross, 1991). 

A set of planning and communication routines, QFD focuses and coordinates skills within an organization, first to design, then to manufacture and market goods that customers want to purchase and will continue to purchase. The foundation of the QFD is the belief that products should be designed to reflect customers’ desires and tastes – so marketing people, design engineers, manufacturing staff must work closely together from the time a product is conceived

 (Hauser and Clausing, 1988). 

QFD may be defined as elaborate charts to translate perceptions of quality into product characteristics and product characteristics into fabrication and assembly requirements. In this
 way “the VOC” is deployed throughout the company (Garvin, 1988). 

QFD is a process that provides structure to the development cycle where the primary focus is
 the customer requirements (Bossert, 1991).

QFD can be defined as a system for designing a product or service based on customer demands and involving all members of the organization (Maddux,  Amos, and Wyskid, 1991).

A systematic means of ensuring that customer or marketplace demands (requirements, needs, wants) are accurately translated into relevant technical requirements and actions throughout
 each stage of product development (Fortuna, 1988). 


A detailed planning and design process support technique applicable to any design process whether for services or products aimed at translating “the VOC” into company specifications at every stage of the product introduction process (Adams and Gavoor, 1990).

1.2.1 PHASES OF QFD:

The basic QFD methodology involves four basic phases that occur over the course of the product development process. During each phase one or more matrices are prepared to help plan and communicate critical product and process planning and design information. 

The 4 main phases of QFD are: 

1. product planning including the HOQ
2. product design 

3. process planning 
4. process control 
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Figure 1.1: Four Phases of QFD.
Source: Phases of QFD and HOQ. Retrieved November 17, 2005 from the www:

http://www.cpsc.ucalgary.ca/~johnsonk/SENG/SENG613/Project/report.htm
This QFD methodology flow is represented below.
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Figure 1.2: Four Phase QFD approach.
Source: Reproduced from Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY.

1.2.1.1 PRODUCT PLANNING USING QFD:

Once customer needs are identified, preparation of the product planning matrix or "HOQ" can begin. One of the guidelines for successful QFD matrices is to keep the amount of information in each matrix at a manageable level. With a more complex product, if one hundred potential needs or requirements were identified, and these were translated into an equal or even greater number of product requirements or technical characteristics, there would be more than 10,000 potential relationships to plan and manage. This becomes an impossible number to comprehend and manage. It is suggested that an individual matrix not address more than twenty or thirty items on each dimension of the matrix. Therefore, a larger, more complex product should have its customers needs decomposed into hierarchical levels.
The initial process, a product plan, is developed based on initial market research or requirements definition. If necessary, feasibility studies or research and development are undertaken to determine the feasibility of the product concept. Product requirements or technical characteristics are defined through the matrix, a business justification is prepared and approved, and product design then commences.

1.2.1.2 PRODUCT DESIGN:

Once product planning is complete, a more complete specification may be prepared. The product requirements or technical characteristics and the product specification serve as the basis for developing product concepts. Product benchmarking, brainstorming, and research and development are sources for new product concepts. Once concepts are developed, they are analyzed and evaluated. Cost studies and trade studies are performed. The importance rating and target values are also carried forward and normalized from the product planning matrix. Product concepts are listed across the top. The various product concepts are evaluated on how well they satisfy each criteria in the left column using the QFD symbols for strong, moderate or weak.  Based on this and other evaluation steps, a product concept is selected. The product concept is represented with block diagrams or a design layout. Critical subsystems, modules or parts are identified from the layout. Criticality is determined in terms of effect on performance, reliability, and quality. Techniques such as fault tree analysis or failure modes and effects analysis (FMEA) can be used to determine criticality from a reliability or quality perspective. The deployment matrix is prepared in a manner very similar to the product planning matrix. These product requirements or technical characteristics are translated into critical subsystem, assembly or part characteristics. This translation considers criticality of the subsystem, assembly or parts as well as their characteristics from a performance perspective to complement consideration of criticality from a quality and reliability perspective.
Relationships are established between product requirements or technical characteristics and the critical subsystem, assembly or part characteristics. Importance ratings are calculated and target values for each critical subsystem, assembly or part characteristic are established. 

1.2.1.3 PROCESS PLANNING:

QFD continues this translation and planning into the process design phase. A concept selection matrix can be used to evaluate different manufacturing process approaches and select the preferred approach. Important processes and tooling requirements can be identified to focus efforts to control, improve and upgrade processes and equipment. At this stage, communication between engineering and manufacturing is emphasized and tradeoff's can be made as appropriate to achieve mutual goals based on the customer needs.
1.2.1.4 PROCESS CONTROL:

 In addition to planning manufacturing processes, more detailed planning related to process control, quality control, set-up, equipment maintenance and testing can be supported by additional matrices. The process steps developed in the process planning matrix are used as the basis for planning and defining specific process and quality control steps.

The result of this planning and decision-making is that manufacturing focuses on the critical processes, dimensions and characteristics that will have a significant effect on producing a product that meets customers needs. There is a clear trail from customer needs to the design and manufacturing decisions to satisfy those customer needs. Disagreements over what is important at each stage of the development process should be minimized, and there will be greater focus on "the critical few" items that affect the success of the product.

1.2.2 QFD PROCESS:
QFD begins with product planning; continues with product design and process design; and finishes with process control, quality control, testing, equipment maintenance, and training. As a result, this process requires multiple functional disciplines to adequately address this range of activities. QFD is synergistic with multi-function product development teams. It can provide a structured process for these teams to begin communicating, making decisions and planning the product. It is a useful methodology, along with product development teams, to support a concurrent engineering or integrated product development approach.

QFD, by its very structure and planning approach, requires that more time be spent up-front in the development process making sure that the team determines, understands and agrees with what needs to be done before plunging into design activities. As a result, less time will be spent downstream because of differences of opinion over design issues or redesign because the product was not on target. It leads to consensus decisions, greater commitment to the development effort, better coordination, and reduced time over the course of the development effort.

QFD requires discipline. It is not necessarily easy to get started with. The following is a list of recommendations to facilitate initially using QFD.

· Obtain management commitment to use QFD. 

· Establish clear objectives and scope of QFD use. Avoid first using it on a large, complex project if possible. Will it be used for the overall product or applied to a subsystem, module, assembly or critical part? Will the complete QFD methodology be used or will only the product planning matrix be completed? 

· Establish multi-functional team. Get an adequate time commitment from team members. 

· Obtain QFD training with practical hands-on exercises to learn the methodology and use a facilitator to guide the initial efforts. 

· Schedule regular meetings to maintain focus and avoid the crush of the development schedule overshadowing effective planning and decision-making. 

· Avoid gathering perfect data. Many times significant customer insights and data exist within the organization, but they are in the form of hidden knowledge - not communicated to people with the need for this information. On the other hand, it may be necessary to spend additional time gathering the VOC before beginning QFD. Avoid technical arrogance and the belief that company personnel know more than the customer. 

QFD is an extremely useful methodology to facilitate communication, planning, and decision-making within a product development team. It is not a paperwork exercise or additional documentation that must be completed in order to proceed to the next development milestone. It not only brings the new product closer to the intended target, but reduces development cycle time and cost in the process.
1.2.3 BENEFITS OF QFD:
QFD was originally implemented to reduce start-up costs. Organizations using QFD have reported a reduced product development time. For example, U.S. car manufacturers of the late 1980s to early 1990s need an average of five years to put a product on the market, from drawing board to showroom, whereas Honda can put a new product on the market in two and a half years and Toyota does it in three years. Both organizations credit this reduced time to the use of QFD. Product quality and, consequently, customer satisfaction improves with QFD due to numerous factors depicted in Figure 1.3. (Besterfield et al,1995).

QFD provides the benefit that it forces organizations to interact across their functional boundaries. After the efforts of a QFD project are deemed successful, a knowledge base is created of engineering knowledge.  QFD can be used to train entry level engineers by reviewing past QFD results, allowing the engineer to start at a higher learning level.  It also provides a good format for capturing and documenting decision making. (Besterfield et al, 1995).
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Figure 1.3: Benefits of QFD.

Source: Dale H. Besterfield, Carol Besterfield-Michna, Glen H. Besterfield, Mary Besterfield-Sacre (1995), “Total Quality Management” Second Edition, Prentice-Hall, Inc., New Jersey, page 286.

Customer Driven

QFD looks past the usual customer response and attempts to define the requirements in a set of basic needs, which are compared to all competitive information. All competitors are evaluated equally from customer and technical perspectives. This information can then be prioritized using a Pareto diagram. Management can then place resources where they will be
 the most beneficial in improving quality. Also, QFD takes the experience and information that are available within an organization and puts them together as a structured format that is easy to assimilate. This is important when an organization employee leaves a particular project and a new employee is hired.

Reduces Implementation Time

Fewer engineering changes are needed when using QFD, and, when used properly, all conflicting design requirements can be identified and addressed prior to production. This results in a reduction in retooling, operator training, and changes in traditional quality control measures. By using QFD, critical items are identified and can be monitored from product inception to production. Toyota reports that the quality of their product has improved by one third since the implementation of QFD.

Promotes Teamwork

QFD forces a horizontal deployment of communication channels. Inputs are required from all facets of an organization from marketing to production to sales, thus ensuring that the VOC is being met and that each department knows what the other is doing. This activity avoids
 misinterpretation, opinions, and miscues. In other words, the left hand always knows what the right hand is doing. Efficiency and productivity always increase with enhanced teamwork. 

Provides Documentation

A data base for future design or process improvements is created. Data that are historically scattered within operations, frequently lost and often referenced out of context, are now saved in an orderly manner to serve future needs. This data base also serves as a training
tool for new engineers.QFD is also very flexible when new information is introduced or things have to be changed on the QFD matrix.

1.2.4 THE VOICE OF THE CUSTOMER (VOC):

Because QFD concentrates on customer expectations and needs, a considerable amount of effort is put into research to determine customer expectations. This process increases the initial planning stage of the project definition phase in the development cycle. But the result is a total reduction of the overall cycle time in bringing to the market a product that satisfies the
customer.

The driving force behind QFD is that the customer dictates the attributes of a product. Customer satisfaction, like quality, is defined as meeting or exceeding customer expectations. Words used by the customers to describe their expectations are often referred to as the VOC. Sources for determining customer expectations are focus groups, surveys, complaints, consultants, standards, and federal regulations. Frequently, customer expectations are vague and general in nature. It is the job of the QFD team to break down these customer
expectations into more specific customer requirements. Customer requirements must be taken literally and not incorrectly translated into what organization official desire. . (Besterfield et al, 1995).
QFD begins with marketing to determine what exactly the customer desires from a product. During the collection of information, the QFD team must continually ask and answer numerous questions, such as
What does the customer really want?

What are the customer's expectations?

Are the customer's expectations used to drive the design process?

What can the design team do to achieve customer satisfaction?
There are many different types of customer information and ways that an organization can collect data, as shown in Figure 1.4. The organization can search (solicited) for the information, or the information can be volunteered (unsolicited) to the organization. Solicited and unsolicited information can be further categorized into measurable (quantitative) or
subjective (qualitative) data. Furthermore, qualitative information can be found in a routine (structured) manner or haphazard (random) manner (Besterfield et al, 1995).
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Figure 1.4: Types of customer information and how to collect it.

Source: Dale H. Besterfield, Carol Besterfield-Michna, Glen H. Besterfield, Mary Besterfield-Sacre (1995), “Total Quality Management” Second Edition, Prentice-Hall, Inc., New Jersey, page 265.
Customer information, sources, and ways an organization can collect data can be briefly stated as follows: . (Besterfield et al, 1995).
· Solicited, measurable, and routine data are typically found by customer surveys, market surveys, and trade trials, working with preferred customers, analyzing products from other manufacturers, and buying back products from the field. This information tells .an organization how it is performing in the current market.

· Unsolicited, measurable, and routine data tend to take the form of customer complaints or lawsuits. This information is generally disliked; however, it provides valuable learning information. 
· Solicited, subjective, and routine data are usually gathered from focus groups. The object of these focus groups is to find out the likes, dislikes, trends, and opinions about current and future products. Solicited, subjective, and haphazard data are usually gathered from trade visits, customer visits, and independent consultants. These types of data can be very useful; however, they can also be misleading, depending on the quantity and frequency of information.

· Unsolicited, subjective, and haphazard data are typically obtained from conventions, vendors, suppliers, and employees. This information is very valuable and often relates the true VOC.

The goal of QFD is not only to meet as many customer expectations and needs as possible, but also to exceed customer expectations. Each QFD team must make its product either more appealing than the existing product or more appealing than the product of a competitor. This situation implies that the team has to introduce an expectation or need in its product that the customer is not expecting but would appreciate. For example, cup holders were put into automobiles as an extra bonus, but customers liked them so well that they are now expected in all new automobiles.

1.2.5 ORGANIZATION OF INFORMATION:

Now that the customer expectations and needs have been identified and researched, the QFD team needs to process the information. Numerous methods include affinity diagrams, interrelationship diagrams, tree diagrams, and cause-and-effect diagrams. These methods are ideal for sorting large amounts of information. The affinity diagram, which is ideally suited
for most QFD applications, is discussed next (Besterfield et al, 1995).
Affinity Diagram

The affinity diagram is a tool that gathers a large amount of data and subsequently organizes the data into groupings based on their natural interrelationships(Besterfield et al, 1995). An affinity diagram should be implemented when

Thoughts are too widely dispersed or numerous to organize.

New solutions are needed to circumvent the more traditional ways of problem solving.
Support for a solution is essential for successful implementation.

This method should not be used when the problem is simple or a quick solution is needed. The team needed to accomplish this goal effectively should be a multidisciplined one that has the needed knowledge to delve into the various areas of the problem. A team of six to eight members should be adequate to assimilate all of the thoughts. Constructing an affinity diagram requires four simple steps:

1. Phrase the objective.

2. Record all responses.

3. Group the responses.

4. Organize groups in an affinity diagram.

The first step is to phrase the objective in a short and concise statement. It is imperative that the statement be as generalized and vague as possible.

The second step is to organize a brainstorming session, in which responses to this statement are individually recorded on cards and listed on a pad. It is sometimes helpful to write down a summary of the discussion on the back of cards so that, in the future when the cards are reviewed, the session can be briefly explained.

Next, all the cards should be sorted by placing the cards that seem to be related into groups. Then, a card or word is chosen that best describes each related group, which becomes the heading for each group of responses. Finally, lines are placed around each group of responses and related clusters are placed near each other with a connecting line.
1.2.6 HOUSE OF QUALITY :

The primary planning tool used in QFD is the HOQ. The HOQ translates the VOC into design requirements that meet specific target values and matches that against how an organization will meet those requirements (Besterfield et al, 1995). Many managers and engineers consider the HOQ to be the primary chart in quality planning. The structure of QFD can be thought of as a framework of a house, as shown in Figure 1.5.
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Figure 1.5: House Of Quality.
Source: Dale H. Besterfield, Carol Besterfield-Michna, Glen H. Besterfield, Mary Besterfield-Sacre (1995), “Total Quality Management” Second Edition, Prentice-Hall, Inc., New Jersey, page 291.

The parts of the HOQ are described as follows (Besterfield et al, 1995):

· The exterior walls of the house are the customer requirements. On the left side is a listing of the VOC, or what the customer expects in the product. On the right side are the prioritized customer requirements, or planning matrix. Listed are items such as customer benchmarking, customer importance rating, target value, scale-up factor, and sales point.

· The ceiling, or second floor, of the house contains the technical descriptors. Consistency of the product is provided through engineering characteristics, design constraints, and parameters.

· The interior walls of the house are the relationships between customer requirements and technical descriptors. Customer expectations (customer requirements) are translated into engineering characteristics (technical descriptors).

· The roof of the house is the interrelationship between technical descriptors. Trade-offs between similar and/or conflicting technical descriptors are identified.

· The foundation of the house is the prioritized technical descriptors. Items such as the technical benchmarking, degree of technical difficulty, and target value are listed. This is the basic structure for the HOQ; once this format is understood, any other QFD matrices are fairly straight forward.

1.3 QFD FOR SERVICE INDUSTRY :
Despite the fact that more and more service industry companies are beginning to use quality control, many people believe that promoting its wider use in this field will not be easy. The reasons for this are that data are difficult to obtain (quantifica​tion is difficult) and service is not a measurable material object. Trying to under​stand the quality of service — which is typically intangible, unstorable, and very immediate — in terms of specific characteristics does indeed seem difficult. Nonetheless, the service industry is finding it necessary to conduct quality assur​ance activities — such as setting quality targets and establishing a quality design — in order to clarify the quality of its service in relation to customer needs (Akao, 1990).
QFD can accomplish this very effectively. It enables us to clarify the quality demanded by the customer and to establish the quality targets by competitive analyses or comparison with competing business situations. These methods define the type of data that is necessary. So even when a company is dealing with such intangibles as service, QFD makes it pos​sible to clarify, plan, and design the services to be offered and to conduct quality control activities.
QFD was initially created to assist in focusing the design process to develop products that satisfy customers. Then, service industries "discovered" QFD and its ability to help in designing services. Some early applications (in 1981) of applying QFD to service organizations in Japan were for a shopping mall, a sports complex and a variety retail store. In more recent Japanese activity, QFD has been integrated with reliability and quality circle activities in hotels, shopping centers and hospitals (ReVelle et al, 1998).

Since 1983, a number of leading North American firms have discov​ered this powerful approach and are using it with cross-functional teams and concurrent engineering to improve both products and services as well as to improve the design and development process itself. Dr. Yoji Akao used QFD in 1985 to develop his Japanese translation business, Japan Business Consultants, and saw revenues increase 285% the first year, 150% the second year and 215% the third year (ReVelle et al, 1998).

Since 1990, Dr. Yoji Akao has consulted with other service organizations in distribution, education, personnel, finance, health care, repair and retail businesses. QFD has provided a structure for assuring quality and customer satisfaction in the otherwise fuzzy and intangible world of service.
1.3.1 WHY QFD FOR SERVICES?
Increasing economic pressures from competition, government, and rap​idly changing technology have forced companies to ask fewer employ​ees, often with fewer resources, to accomplish more. Internal company services such as personnel, accounting, information management, and so on, are no longer ancillary activities but have become critical pro​cesses in assuring both internal and external customer satisfaction and in achieving overall organizational objectives. How can this be accom​plished with ever-diminishing financial, time and human resources?

What about service-oriented businesses? Why look to QFD to address the problems of services? What can QFD do that is not already being done by traditional quality systems? In understanding QFD, it is helpful to understand the differences between modern and traditional quality systems. For example, there are mounting pressures for health care reform that will undoubtedly mean fewer people with fewer resources doing more for more customers. How will they assure that the quality of health care will not suffer (ReVelle et al, 1998)? 
1.3.2 "NOTHING WRONG" DOES NOT EQUAL "EVERYTHING RIGHT"
Traditional Quality Systems
Traditional approaches to assuring service quality often focus on work standards, automation to eliminate people or, in more enlightened organizations, quality improvement teams to train and empower em​ployees to solve problems.

As manufacturers are finding out, however, consistency and absence of problems is not a competitive advantage when only good players are left. For example, in the automobile industry, despite the celebrated narrowing of the "quality" (read as "fit and finish") gap between U.S. and Japanese makers, Japanese cars still predominate in the award of top honors in the J.D. Powers' Survey of New Car Quality (ReVelle et al, 1998).

Modern Quality Systems
QFD is quite different from traditional quality systems that aim at minimizing negative quality (such as poor service, inconsistency, mis​takes). With those systems, the best you can get is nothing wrong, which we can see is not enough when all the players are good. Modern quality systems move beyond eliminating poor service to maximize positive quality (such as fun, luxury, comfort, ease of use). This creates value. QFD is the only comprehensive quality system specifically aimed at satisfying the customer. It concentrates on maximizing customer satisfaction (positive quality) as measured by indicators such as return business, referred business and compliments. QFD focuses on deliver​ing value by seeking out both spoken and unspoken needs, translating these into actionable services and communicating these throughout the organization. Further, QFD allows customers to prioritize their requirements, tells the companies how they are doing compared to their competitors and then directs them in optimizing those aspects of their service that will bring the greatest competitive advantage (ReVelle et al, 1998). What business can afford to waste its limited financial, time and human resources on services that customers do not want or on services where they are already the clear leader?

1.3.3 THE KEYSTONE CUSTOMER
Many service organizations are part of a chain of customers. For exam​ple, an auto parts warehouse distributor purchases a muffler from a manufacturer and redistributes it to a retailer, who in turn sells it to a repair facility, which then installs it on a car driven by the customer's wife. The retailer, the installer and the customer are all part of a customer chain; they have different needs, occasionally conflicting ones. QFD can accommodate multiple customers. The first step, though, is to uncover what is called the "keystone" customer (see Figure 1.6). Who ultimately determines the success or failure of our service? Like the keystone that holds a Roman arch in place, if we do not satisfy the keystone customer's needs first, the whole customer chain can collapse. In our muffler example, the keystone is the wife. If she is unhappy with the sound or smell of the car after the new muffler is installed, she may ask that it be checked again (time for which the installer will not be paid), and if she is still not satisfied, she may not want her car taken to that installer for other services. Conversely, if the keystone customer is satisfied, good will and word-of-mouth advertising may result. In QFD, it is important that the needs of the keystone customer be addressed first (ReVelle et al, 1998).

[image: image6.png]



Figure 1.6: The Keystone Customer.
Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 144.

1.3.4 COHERENT SERVICE PLANNING
Once customer requirements are obtained, they must be translated into actionable plans and communicated throughout the service organi​zation. This requires analyzing the customer needs for expected and exciting requirements, designing and planning new services and facili​ties, developing training programs and finally implementing the new service.
Traditional development lacks the structure to communicate what matters most to the customer and to align organizational compo​nents and employees behind these critical requirements. Such a system is incoherent and inefficient. Thus, more time and resources are spent correcting and adjusting customer complaints than planning it right the first time (see Figure 1.7). This reduces profits for the service organization in two ways. In the short run the costs to operate (to get current service completed) are increased while customer satisfaction (and chances that future services will be sold to that customer) and revenues from service are reduced in the long run (ReVelle et al, 1998).
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Figure 1.7: Incoherent Planning and Development. 
Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 145.

1.3.5 QFD IS COHERENT
When constrained by financial, time, human and other resources, when faced with regulatory, competitive and other pressures, it is necessary to concentrate the best efforts of all members of the organization on what matters most to the customer. It is necessary for these best efforts to be aligned, or coherent. This way, each person builds on and rein​forces the efforts of others to deliver what matters most to the customer (see Figure 1.8). The result is a superb service that exhibits features that have the greatest value to the customer.
To accomplish this, customer needs must be analyzed for unspoken requirements and prioritized. Then both the needs and the priorities must be translated into responses by the organization. The activities of each individual in the service organization are then developed ac​cordingly, so that they may concentrate on the vital few aspects of their job without constraint. In effect, we "pull out all the stops" to satisfy our customers. This analysis, prioritization, translation and par​ticipation by everyone is called QFD (ReVelle et al, 1998).
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Figure 1.8: Coherent Planning and Development. 

Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 145.

1.3.6 WHAT IS QFD FOR SERVICE INDUSTRIES ?
Yoji Akao, the man who developed QFD with Katsuyo Ishihara of Matsushita Electric in 1965-1967, defines QFD as "a method for developing a design quality aimed at satisfying the consumer and then translating the consumer's demands into design targets and major quality assurance points to be used throughout the production stage." Change production to service and we might para​phrase this to "a system and procedures to aid the planning and develop​ment of services and assure that they will meet or exceed customer expectations." (ReVelle et al, 1998) 
QFD is a philosophy for quality assurance, not merely a series of steps to follow. The reduction of QFD to four phases in the West (as used by many practitioners) has prompted Akao, in the introduction of his book, to regret this "misapplication or incomplete use of QFD. . . that often elevates the mechanics of a product above cus​tomer satisfaction." Rather, a comprehensive QFD system "must re​flect technology, reliability, and cost considerations" (see Figure 1.9).
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Figure 1.9: Comprehensive QFD is a System. 

Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 147.

The name QFD expresses its true purpose, which is satisfying custom​ers (quality) by translating their needs into a design and assuring that all organizational units (function) work together to systematically break down their activities into finer and finer detail that can be quantified and controlled (deployment).
1.3.7 THE TOOLS OF SERVICE QFD
While traditional quality tools were developed to handle quantitative data, new tools were created to handle the more qualitative language and relationships often associated with non-manufacturing activities. The tools aid process re-engineering, in improving existing services as well.

Matrix data analysis charts are used to present the results of multivariate analysis of data. Particularly for customer segmentation, tech​niques such as conjoint analysis, cluster analysis, factor analysis, multiple regression analysis and other techniques are useful when substantial quantitative customer data exist. This is the most math​ematically sophisticated quality tool.

Affinity diagrams are used to surface the "deep structure" in voiced customer requirements. This rightbrained tool is generally produced by the KJ Method™ developed by cultural anthropologist Jiro Kawakita (1986). Team members can directly elicit customers' natural organization of requirements (ReVelle et al, 1998). Also, this approach makes a good first step for creating hierarchy diagrams.

Relations diagrams (also called interrelationship digraphs) can be used to discover priorities, root causes of service process problems and unvoiced customer requirements.

Hierarchy diagrams (also called tree diagrams or systematic dia​grams) are found throughout all QFD to check for missing data, to align levels of abstraction of the data, to diagram the why/how nature of functions and to diagram failures.

Matrices and tables are used to examine two or more dimensions in a deployment. Common types include relationships matrix, prioritization matrices and responsibility matrices.

Process Decision Program Diagrams (PDPCs) are used to analyze potential failures of new processes and services.

1.3.8 DEPLOYMENTS OF SERVICE QFD
Organization Deployment
This is used to map the QFD steps to the different organizational functions such as the president, Marketing and Planning, Development, Training, Customer Service, and so on. It shows who is responsible for what activities and when it occurs during the service planning and development process. Often, it is used with a responsibility matrix to clarify organizational roles (Chalmers, 1992; Mizuno and Akao, 1993; Nakui and Terninko, 1992b). This deployment is often ignored in the West, although, ironically, in Japan it proceeded the matrix deploy​ments. 
It is highly recommended that Organization Deployment be done before QFD is applied to a specific service, so that the necessary team players understand their respective roles, activities and schedules. The tools used are flow charts and matrices, (see Figure 1.10).
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Figure 1.10: Organization Deployment.
The Quality Design Process Chart defines organizational, responsibilities as well as determining which matrices, tables, etc. get done by whom and when. 

Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 148.

Customer Deployment
This is the deployment of organizational goals (profit, utilization rate, etc.) into core competencies (skills, location, etc.) into customer attri​butes (high disposable income, impulse buyers, etc.) into target cus​tomer segments [yuppies, DINKS (Dual Income, No Kids), seniors, etc.] (ReVelle et al, 1998). This helps tailor our service offerings to the needs of those custom​ers who can best help us achieve our goals. Unlike mass-produced products, services often focus on niche markets. 

Voice of the Customer Deployment
These tables are used to record raw customer data, use characteristics, and separate the different types of service attributes, such as demanded quality, consistency, reliability, safety, and so on. These tables are also used to uncover unspoken customer needs such as expected and exciting requirements. The tools are VOC tables.

Quality Deployment
This is used to translate customer demanded quality and priorities into measurable service quality attributes such as accuracy, responsiveness, atmosphere, privacy, and so on. Targets can then be set for these attributes so that customer satisfaction can be assured. The tools are affinity diagrams, hierarchy trees, prioritization matrices, tables and the Analytical Hierarchy Process (AHP).

Function Deployment
This is used to identify functional areas of the organization that are critical to performing tasks that must achieve the quality attribute targets. The tools used are affinity diagrams, hierarchy diagrams (func​tion trees) and relationships matrices.

Process Deployment
This is used to diagram the current and reengineered processes. Blue​printing is the tool used.

New Concept Deployment
This is used in conjunction with Quality Improvement Stories (a struc​tured problem-solving approach) to select a new process that will best satisfy customer needs ((ReVelle et al, 1998). The tools are blueprinting and concept selection matrices.

Task Deployment
This is used to break down critical jobs into tasks and steps. It identifies what the tasks and steps are, who does them, where they do them, when, how, how well (measurable standard), with what equipment, required training and skills and personality and human relations. The Task Deployment Table can be sorted to yield valuable information such as job descriptions, schedules, floor plans, standards, equipment and training requirements (Mazur, 1992; Mizuno and Akao, 1993). The tools are blueprinting and tables (e.g., a Task Deployment Table).
Reliability Deployment
This is used to identify and prevent failures of critical customer require​ments. The tools are hierarchy diagrams (fault trees), PDPCs (Process Decision Program Diagrams) and relationships matrices.
1.4 KANO MODEL
Types of Requirements
To satisfy customers, we must understand how meeting their require​ments affects satisfaction. There are three types of customer require​ments to consider. See Figure 1.11, QFD and the Expanded Kano Model.
Revealed requirements (also called "spoken" performance needs) are typically what we get by just asking customers what they want. These requirements satisfy (or dissatisfy) in proportion to their presence (or absence) in the delivered service. Fast service would be a good example. If the customer is expecting fast service, the faster (or slower) the service, the more they like (or dislike) it. It is important that the customer (or market) segment you are trying to satisfy is truly under​stood. 
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Figure 1.11: The Kano Model (adapted). 

Source: Jack B. ReVelle, Moran, John W., Cox, Charles A. (1998), “The QFD Handbook”, John Wiley & Sons, Inc., New York, NY, page 142.
For example, a husband and wife going to an upscale restaurant in the evening to celebrate their wedding anniversary would probably prefer to dine at a leisurely pace and would be upset by a pushy waiter trying to "turn" his tables as many times as possible in an evening. Given the same restaurant, the same man (or woman) and a different waiter at lunch time and there may not be the time or desire for a leisurely pace; in fact, the customer may be really upset if there is not prompt service allowing him or her to lunch and then get on with the afternoon's business ( ReVelle et al, 1998).
Expected requirements (also called "unspoken, unless violated" basic needs) are often so basic the customer may fail to mention them, until we fail to deliver them. They are basic expectations of the service without which the service may cease to be of value; their absence is very dissatisfying. Further, meeting these requirements often goes unnoticed by most customers. For example, if an airplane takes off safely, passengers barely notice it. If it fails to take off safely, dissatisfac​tion, though brief, is intense. Expected requirements must be fulfilled.

Exciting requirements (also called "unknown" excitement needs) are difficult to discover. They are almost always beyond the customer's knowledge or expectations. Their absence does not dissatisfy, but their presence excites. For example, if champagne and caviar were served in coach class on a flight from Detroit to Cleveland, passengers would be ecstatic. If the eating fare were more mundane, passengers would hardly complain. These are the things that wow the customers and bring them back. Since customers are not apt to be aware of the potential for fulfilling these requirements, it is the responsibility of the service organization to explore customer problems and desires to determine opportunities for new levels of service.

Kano's Model is also dynamic in that what excites us today is ex​pected tomorrow. That is, once introduced, an exciting service will soon be imitated by the competition and customers will come to expect it from everybody. An example would be special long-distance tele​phone rates at certain hours. On the other hand, expected requirements can become exciting after a real or potential failure. An example might be the passengers applauding a pilot who has safely maneuvered a landing despite severe weather conditions.

The Kano Model has an additional dimension regarding which cus​tomer segments the target market includes. For example, the cham​pagne and caviar that might be exciting in the coach section might be expected on the Concord flight from New York to Paris. Knowing which customer segments you wish to serve is critical to understanding their requirements.

Thus, eliminating service problems can be likened to expected re​quirements. There is little satisfaction or competitive advantage when nothing goes wrong. Conversely, great value can be gained by discover​ing and delivering on exciting requirements ahead of the competition, QFD helps assure that expected requirements do not fall through the cracks and points out opportunities to build in excitement in the service offering.

CHAPTER 2
APPLICATION OF QUALITY FUNCTION DEPLOYMENT

2.1 STEPS OF QFD
How to design a quality product is a common question that designers have to answer: customers have needs that relate to using products; the needs must be addressed by designers who have different technical alternatives. QFD is a quality tool that can help improve product quality.  

Quality of a product is mainly the matter of satisfying customer needs. In order to build a quality product, customers' requirements have to be considered and addressed. Hence the first goal for developing a quality product is to establish correct requirements. Here comes the problems, how does a product developer know what customers want and what exactly they want? If designers know what customers want, how customer’s requirements can be taken into design?  

From the designer perspective, customer needs are usually vague, qualitative, incomplete and sometimes inconsistent. Customers only express what they want. Most likely these what's don't imply any "what exact" in terms that make sense to designers, i.e. easy to use. Designers need to figure out how these what's can be satisfied by a product. Designers need detailed, technical-oriented requirements (how's) for design. There is an obvious gap between what's and how's. Customers "what's" are usually expressed in customers own language without any implication of technology and implementations. These customers what's need be translated in designers how's, which are quantitative, measurable and actionable technical specifications, so that they can be used by designers for design. How's are designers understanding in technical terms of customers what's. QFD is the kind of tool that can bridge the gap and help translate customers what's to designers how's.  

Another purpose of using QFD is to make decisions. When dealing with customer’s requirements, the number of requirements can sometimes be quite significant, even for a simple product, such as coffee mug. The importance of the requirements also varies, in other words, some of the requirements are important for the success of the product and some of them simply not that critical to the final product. Each requirement can be addressed by one or more technical specifications, which are the technical measures or product features that can address requirements. This is a tremendous challenge to product developer in terms of coming up to a good product design to meet customers' needs. There are so many requirements and alternative solutions. Making decision may take a huge amount of efforts. QFD is a kind of tool that can help product developers to make design and development decision while taking customers' requirements into consideration. QFD can be used to help development teams decide how best to meet customer needs with available resources, regardless of the technology underlying the product or service.  

QFD is a structured, systematic, mathematical tool that deals with many factors in the context of product design, such as customers' requirements, technical specifications, customer and technical staff ratings, competition assessment, factors correlation and so on. QFD organizes various parts together nicely. The goal is to find the relationship among these factors and come up with the technical decision in terms of the overall importance ratings.  

The overall objective to build a HOQ for phase 1 is to take customers requirements and understand and interpret them, and furthermore to make design decision as to what features the designed product should have in order to satisfy customer’s needs. 

2.2. BUILDING A HOQ

The major task involves using QFD is to build what is so called "HOQ", a table containing quantified values and assessment to these factors and computed values. It infers that items and factors used in QFD are quantifiable except customer’s requirements.  

Building a HOQ can be very time consuming because HOQ contains many parts. It is probably the main reason that intimidates people who want to use it. However, it is evidenced that using QFD is awarded by saving total design time and producing quality products.  

QFD is not a fixed model. In fact, over more than two decades, QFD has evolved greatly. People who used it have made many major improvements and alternations for different business context. There are many versions of QFD out there for different application domains. As a result, the HOQ can be built in many shapes and forms. In the paper, it is our intention to firstly introduce a generic QFD model. It can be tailored to fit users own needs.  

The general purpose of QFD model includes the following components: customer requirements, customer importance ratings, customer market competitive evaluations, developer technical product control characteristic, a correlation matrix, target goals, a technical difficulty assessment, a relationship matrix, a technical control characteristics competitive evaluation and overall importance ratings. See Figure 2.1.
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Figure 2.1: House of Quality in QFD.
Source: Phases of QFD and HOQ. Retrieved November 17, 2005 from the www:

http://www.cpsc.ucalgary.ca/~johnsonk/SENG/SENG613/Project/report.htm

 HYPERLINK "http://www.cpsc.ucalgary.ca/~johnsonk/SENG/SENG613/Project/report.htm" 
There is no strict order for building the HOQ. However, customer requirements component has to be completed first. It initializes building the HOQ for the first phase as well as the whole QFD process of four phases.  

For the purpose of illustration, this paper uses the following order in explaining how to build the HOQ. 

2.2.1 CUSTOMER REQUIREMENTS 

Also known as "Voice of Customer" or VOC, they are the "what's" the customers want from the product to be developed. They contain customer’s wishes, expectations, and requirements for the product. Customers requirements is the general term for these "what's". Customer’s requirements usually are expressed verbally. Many times they are vague, incomplete and inconsistent. These requirements can not be used until they are organized and refined. There are many iterative steps needed to refine requirements so that they can be used both for product design and legal bounding.  

This doesn't imply that customer’s requirements have to be precise and complete. In fact, one of the strength QFD is that it can help translate vague customer’s requirements into actionable technical requirements.  

As a requirements-driven quality control process, QFD starts with capturing VOC. It is very important to fully understand what a customer wants. Any errors or misunderstanding of customer requirements may lead to a failure of a product. There are many techniques that can be employed in eliciting customer requirements, like interview, survey or questionnaire, customer focus group etc. All these underlying RE techniques can be used for QFD. QFD focuses on group session. Both technical team and customer representatives should participate the group session. The group session can better facilitate the process for technical team in understanding customer’s requirements and capturing more background stories and rationale of the requirements. It would help eventually generate technical solutions in later process.  

Once requirements are captured and organized, they can be put into QFD customer requirements block. There are a couple of considerations in entering customer’s requirements. First, a manageable number of 20 requirements are usually selected for each HOQ. Second, requirements are often categorized before putting into the QFD table. Hence multiple columns can be added in this block to accommodate categories.
 A multiple QFD tables can be used for a large number of requirements project with one or more categories go into one HOQ. 

2.2.2 CUSTOMER IMPORTANCE RATINGS 

Once these "what's" are in place, the customer needs to provide numerical ratings to these "what's" items in terms of their importance to the customer. The process is quite similar to requirements prioritization. Hence Analytic Hierarchy Process or AHP technique can be used.  A numerical rating of 1 to 5 is often used, in which the number 5 represents the most important and 1 the least.  

The ratings are to be taken into consideration along with other factors such as relationship level, technical difficulties for making design decisions. 

2.2.3 CUSTOMER MARKET COMPETITIVE EVALUATIONS 

In this block, a comparison is made between a company's product and similar competitive products on the market by the customer. The customer evaluates all products compared against each requirements item. The comparison results will help the developer position the product on the market as well as find out how the customer is satisfied now. The most important usage of this block is to identify the gaps and incompetent of the developer's own product so that the developer can better position its own product on the market.  

Symbolic notations are used to represent the compared products. For each product, the customer gives 1 to 5 ratings against each customer requirement, 5 being best satisfied and 1 the worst. After rating is finished, a line is used to connect symbols representing the product to be developed. 

2.2.4 TECHNICAL SPECIFICATIONS 

Also known as developer technical product control characteristic, or product features, or design requirements, these are the "Voice of Engineers" or "Voice of Designers" as opposed to the VOC. They are the technical specifications that are to be built into a product with the intention to satisfy the customer requirements. They are sometimes referred as "how's" because they are the answers to customer’s requirements: how can the requirements be addressed or satisfied. They are the engineers' understanding in technical terms what customers really want.  

The "how's" are developed by technical team based on "what's". It is considered a further refinement process of "what's". Each "what" must be refined so that it can be realized technically, or in other words, measurable. Quite often, the number of "how's" are more than that of the "what's" as one "what's" item can be satisfied by more than one "how's".  

As stated earlier, the goal of this step is to develop technical specifications based on the customer requirements for design. The technical specifications must be quantifiable or measurable so that they can be used for design. If they are not measurable, it means customer requirements are not fully understood and iteration steps have to be taken to further refine the specifications until they are all measurable.  

As refinement progresses, so does the relationship between what's and how's get more complicated and difficult to keep track of. It is now the time for using the next block, which is correlation matrix. 

2.2.5 RELATIONSHIP MATRIX 

Relationship matrix is used to maintain the relationship between customer requirements and design requirements. In other words, the matrix corresponds to the "what's" vs. "how's". It is the center part of the HOQ. It is to be completed by technical team.  

The notion of the relationship is symbolic but the representation of the relationship is numerical. Symbols are used to depict weak, medium, and string relationships between "what's" and "how's". A weight of 1-3-9 or 1-3-5 is often used for internal representation of relationship, 1 being the weak and the biggest number being the strong relationship.  

The relationship is usually established by asking question to team members themselves, such as "Can this How help us achieve this What?" If the answer is yes, a weight of the relationship should be given as well. Then a symbol of the relationship is filled into the corresponding matrix space. Matrix space is left blank if no relationship exists, for instance the answer to the above question is no. If a bland row or column exists, it indicates that the translation of "what's" to "how's" is inadequate. One of the strengths of QFD process is that it provides the "cross-checking" capability. If one row or column contains no symbols at all, something is wrong with that "how's" item. It may be deleted. 

2.2.6 CORRELATION MATRIX 

It is the only triangular part in the HOQ (the "roof"). The matrix describes the correlation between each "how's" item via unique symbols that represent positive or negative ratings and the strength of each relationship.  

The correlation matrix is used to identify which "how's" items support one another and which are in conflict. Positive correlation help identify "how's" items that are closely related and avoid duplication of efforts. Negative correlation represent conditions that will probably require trade-offs. Trade-offs that aren't identified and resolved lead to unfulfilled customer requirements or downgraded product functionality.  

The positive and negative ratings are usually quantified using 2, 1, -1, and -2 ratings, with 2 being the two "how's" items are strongly supportive to each other and -2 being the conflicting. Sometimes only 1 and -1 are used. 

When completing this matrix, each angle row is summed up to see how each "how's" item supports or conflicts to other items. If negative numbers are found, it means trade-offs have to be made.  

Trade-offs are resolved by adjusting the "how much" values to be explained below. 

2.2.7 TARGET GOALS 

Completed by technical team, these are the "how much's" of the technical "how's" items. They are kept separate from the "how's" because they are not known yet at the time when the "how's" are determined. These goals are determined through analysis.  

A target goal answers a common design question: "How much is good enough (to satisfy the customer.)?" Usually the goals are set to minimum to make the product price competitive. But most of the time target goals are assessed against competitors' target goals to make the product more competitive on the market by surpassing competitors' goals.  

"How much" items provide not only the technical goals that will meet customer requirements but also targets for further detailed development. They provide designers with specific technical guidance for what have to be achieved as well as objectively measuring the progress.  The goals have to be quantified in order to be specific and measurable.

2.2.8 TECHNICAL DIFFICULTY ASSESSMENT 
Technical team conducts the assessment. Consider technology maturity, personnel technical qualifications, business risk, manufacturing capability, supplier/subcontractor capability, cost, and schedule. It helps to establish the feasibility and realizability of each "how's" item. A 1 to 5 ratings are used to quantify technical difficulty with 5 being the most difficult and 1 being the easiest. 
2.2.9 TECHNICAL COMPETITIVE EVALUATION

It is similar to customer market competitive evaluations except that it is conducted by the technical team. It is used for compare the new product with competitor's products to find out if these technical requirements are better or worse that competitor's. Again, 1 to 5 ratings are used with 5 being the fully realized each particular "how's" item and 1 being the worst realized.  

The results from two evaluations should be in line with each other if the "how's" are in agreement with "what". If not, conflicts may be found, such as when one particular what has strong relationship with one particular how, customer evaluation of that what is low whereas technical evaluation of that how is high. 

2.2.10 OVERALL IMPORTANCE RATINGS 

This is the final step of finishing the HOQ for phase 1. For each column, sum all the row numbers each of which is equal to the production of relationship rating and customer's important rating.  

The results help identify critical product requirements and assist in the trade-off decision making process. Note that to reduce the effort, only the important technical requirements are taken to the next phase.

2.3 QFD EXAMPLES IN SERVICE INDUSTRY
2.3.1 QFD FOR THE SERVICE INDUSTRY
Despite the fact that more and more service industry companies are beginning to use quality control, many people believe that promoting its wider use in this field will not be easy. The reasons for this are that data are difficult to obtain (quantifica​tion is difficult) and service is not a measurable material object. Trying to under​stand the quality of service — which is typically intangible, unstorable, and very immediate — in terms of specific characteristics does indeed seem difficult. 

Nonetheless, the service industry is finding it necessary to conduct quality assur​ance activities — such as setting quality targets and establishing a quality design — in order to clarify the quality of its service in relation to customer needs.
QFD can accomplish this very effectively. It enables us to clarify the quality demanded by the customer and to establish the quality targets by competitive analyses or comparison with competing business situations. These methods define the type of data that is necessary. So even when a company is dealing with such intangibles as service, QFD makes it pos​sible to clarify, plan, and design the services to be offered and to conduct quality control activities (Akao, 1990).
2.3.2 OUTLINE OF QFD FOR SERVICE COMPANIES
Figure 2.2 illustrates the generalized flow of QFD in the service industry. Because customer demands must be understood, we first make a demanded quality deployment chart followed by a quality element (quality char​acteristics) deployment chart. In manufacturing industries, we generally make a quality characteristic deployment chart. In the service industry, however, it should be called a quality elements chart. 
Quality elements are the basic elements that can be measured in evaluating quality; the measurable aspects of those elements are called quality characteristics.
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Figure 2.2: Quality Deployment For the Service Industry.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 313.
The next step is to make a quality chart (1), which is a matrix made by combin​ing the demanded quality deployment chart and the quality element deployment chart. Once the quality chart is complete, conduct a competitive analysis of the de​manded qualities and then establish the quality design by correlating the results of the analysis in the matrix. Then, perform a function deployment for the service op​erations and make a service operations/quality elements deployment table (2), which will be a two-dimensional chart linked to the quality element deployment chart. 
Identify the factors in the service process that form the service and extract them to make a matrix like chart 3, which we call the service operations deploy​ment chart. 
Now, make a QC process chart from matrices 2 and 3. Matrix chart 2 should make the control points for management easy to identify and matrix chart 3 (which is included in the QC process chart) should make the checkpoints for work​ers clear.
2.3.2.1 UNDERSTANDING DEMANDED QUALITY
Although we have said that it is difficult to obtain quantitative data in the ser​vice industry, numbers are not the only kind of data. Reworded customer "verbatims" can be very good data for learning about demanded quality. Thus, even in the service industry, we can conduct QFD. I have studied examples of QFD in the service industry and found that demanded qual​ity is generally surveyed and studied by one of the following four methods (Akao, 1990):
1.   Conduct a survey by questionnaire.
2.   Have company employees put themselves in the customer's place and come up with quality demands.
3.   Observe and analyze customer behavior.
4.  Analyze past demands and complaints filed by customers.
2.3.2.2 MAKING THE QUALITY CHART
Once we have gathered information about demanded quality and studied it, we can extract the quality elements. Then we can construct a quality element deployment chart and a quality chart. Although we can use these procedures in the service industry in much the same way that we use them for other industries, quality elements in the service in​dustry tend to include many feelings and subjective impressions. We therefore need to use our ingenuity to come up with characteristics that can be expressed numer​ically. Figure 2.3 through 2.5 show how these deployments can be applied in service industries. We suggest using quantification method 3 to arrange the quality chart.
[image: image14.png]Demanded ltems
T2 = Quality Elements
level | level tevel
2 | Pleasant atmosphere | Attitude, kindness, etc.
H
3
2 | 3 | Liveliness Service response speed/promptness, attitude, etc.
2l e
g |2
a2 Degree of cleanliness of employees,
£ 1 5 | Clean e Pl
G| a degree of friendiness, etc.
3 £
i Degree of cleanliness of employees,
6|3 3
2 | Clean clothing degree of attentiveness/service, efc.
<
3 | Good language,
Language, manners, hay impressions, etc.




Figure 2.3: Listing Example of Quality Elements.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 313.
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Figure 2.4: Quality Elements Deployment (Partial)
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 314.
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Figure 2.5: Quality Chart (Partial)
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 315.
2.3.2.3 DETERMINING QUALITY TARGETS AND DESIGN QUALITY
In the service industry we must assess the quality demands very accurately by stratifying the target customer group, because the targeted quality and the qual​ity design will differ according to the customer's age, sex, and intended use of the service. The degree of the customer's interest can be stratified and tabulated by cus​tomer attribute and the service plan and design can then be formulated to fit the targeted market. It is also important to make a comparative analysis of competitors' services or business situations. Figure 2.6 is an example of a comparative analysis of potentially competitive business situations. This technique will be discussed in greater detail in the case study "QFD at Okajima" in this chapter. In determining targeted quality and design quality in the service industry, we will analyze and study from the aspect of "must-be quality" and "attractive quality."(Akao, 1990)
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Figure 2.6: Demanded Quality Deployment for Investigating Business Conditions.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 316.
2.3.2.4 SERVICE OPERATIONS DEPLOYMENT
Once the quality targets and quality design have been determined, the methods for realizing them should be clarified and built into the service process. To do this, we determine the points for assuring the quality design in the service QC process chart and describe them clearly. Next, we carry out QFD for the service operations in order to make the quality element deploy​ment chart and the matrix — which will enable us to clarify the control points for workers. The checkpoints for workers will be clarified through the matrix made up of the service process chart factors and the operations function deployment chart. These control points and checkpoints will be used in the QC service process chart. Actual examples of service operations deployment will be discussed in the “Yaesu Book Center” case study ( Akao, 1990) later in this chapter.
2.3.3 QFD AT OKAJIMA
2.3.3.1 USING THE DEMANDED QUALITY DEPLOYMENT CHART IN A RETAIL BUSINESS
The demanded quality deployment chart, in which the customer's demanded items are systematically arranged, is being used very effectively in new product planning, development, and evaluation. We have also been studying a method for using this demanded quality deployment chart in a retail business. Figure 2.7 shows a representative example of such a deployment. Two situations in which a method could be applied in a retail business are:
1.   Developing private labels and original merchandise. The method can be used in essentially the same way as in new product development for the manufacturing sector.
2.  The quality of a retailer's work could be clarified by listing the customer's demands for each store (sales area) and product in the demanded quality de​ployment chart (Akao, 1990).
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Figure 2.7: Demanded Quality Deployment Chart in a Retail Business.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 317.
Let's examine some of the ways that a demanded quality deployment chart can be used in the second of these two situations.
1. Evaluating the store or the sales area. Determine the degree of importance for each demanded quality item and evaluate each item on a scale of 1 to 5. To cal​culate the scores, multiply the degree of importance by the evaluation points. The total scores for each item will be the composite score. Regular evaluations can be useful for analyzing changes in the store's or sales area's performance level and for making comparisons with the competition in other types of evaluations. The se​quence of steps for using such evaluations is:
1.  Evaluate
2.   Organize problems

3.   Determine strategies and counter-measures
4.  Implement countermeasures
5.  Re-evaluate (confirm results)
2.  Planning, designing and building new stores. Once a store is built it is very difficult to do major remodeling. It is therefore important to make every effort at the beginning to plan, design, and construct a store that will satisfy the needs of the customer. With the aid of a matrix, you can arrange demanded qualities in an easy-to-understand order and see which ones should be studied at each step of planning, design, and development. Using this chart, you can identify the items that must be studied and determine when they should be studied. All of this can be recorded in a manual. Furthermore, by combining this chart with PERT (project evaluation and review technique), you can control the construction schedule for the new store.
3.  Layout of the sales area. Consider the modifications that might be made in response to each demanded quality — for example, demanded qualities such as ease of purchase, ease of selection, and enjoyment. Determine which modifications should be made.
4.  Development and deployment of the business environment characteristics (area stores, supermarkets, discount stores, etc.). As Figure 2.6 indicates, this demanded quality deployment chart can be used to study suitable business opportunities when demands for new types of services or new service outlets arise. For example, because of the number of families in which (1) both husbands and wives are work​ing is increasing and (2) young people stay out later at night, we encounter the qual​ity demand "to be able to shop late at night" much more often. As a result, many stores are extending their business hours (Akao, 1990).
Application I (1981): Planning the FamilyCo Mall
After receiving a request to help Okajima find some use for the site where the QRS Food Plant was once located, we were able to use quality development to deter​mine what kind of business should be run and how it should be run.
Correlating the degrees of importance in the demanded quality deployment chart with the characteristics of various types of retail business situations indicated that we should choose a convenience store with extended hours of operation. 

Using examples from other cities as our guide, we came up with many ideas for various types of convenience stores and then combined the ideas in new ways to create several alternative plans. Finally, using the degree of importance values from the de​manded quality deployment chart, we decided on a multipurpose type conveni​ence store that sells "fun" - which we named the FamilyCo Mall. Figure 2.8 shows how we used the chart to make this series of decisions based on classification by business opportunity (Akao, 1990).
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Figure 2.8: Chart of Study Concept of Familyco Mail.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 318.
Application II: Planning a Swimming School
Our proposal to include a sports facility in the FamilyCo Mall was accepted, A swimming school, a tennis school, and a golf driving range were considered for in​clusion in this project. We finally decided on the swimming school because one of our targets was to maximize the probability that this facility would be used by housewives (See Figure 2.9). We surveyed the political users' quality demands for a swimming school and made a demanded quality deployment chart. Using this chart, we conducted evaluations of our competitors' swimming schools and then designed a product (service) that could be clearly distinguished from those of our competitors (Akao, 1990).
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Figure 2.9: Case Study of Swimming School.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 319.
Application II: Planning the Tome FamilyCo Store
After analyzing the results of door-to-door questionnaire surveys at FamilyCo stores in the towns of Ryuo and Showa and another survey done in Tome City, we modified the degrees of importance of some items in the demanded quality deploy​ment chart. In some cases the changes increased the degree of importance in our planning and designing stages. The following examples show how we used the vari​ous types of information (Akao,1990).
· Information obtained from door-to-door surveys in the neighborhoods of exist​ing stores.
· The customer verbatim "purchasing even one sewing item requires me to go through the general (food section] check-out line" can be translated into "1 shouldn't have to wait to make my purchase" which will be included among the demanded quality items. In response to this demand we introduced sepa​rate express check-out lanes.
· The customer verbatim "I can never find a clerk available to answer my ques​tions about products" can be translated into "Store clerks must be available to assist customers in their buying decisions," which should be included among the demanded quality items. In response to this demand, we introduced part-time person-to-person sales clerks in what otherwise would have been a self-service area.
· The customer verbatim "We want more varieties of Gelica (a diet supple​ment) as well as better-tasting ones" can be translated into "has a wide variety of related brand-name goods" and "has fine-quality goods" to be included in.
Using QFD: The Case of Yaesu Book Center
The Yaesu Book Center (YBC) opened in September 1978. When it first opened, the store had few employees experienced in book selling. Most of the bus​iness was conducted by employees who had recently graduated from school. In spite of this, YBC attracted a great deal of attention and was highly regarded by book lovers. Since the doors opened, the company has been blessed with a large and loyal following (Akao, 1990).
As a bookstore, YBC is part of the service industry. It started out as a specialty store with management and staff who recognized their serious lack of business knowledge. To enable them to conduct their business and meet the demands of their customers, we introduced QC circles as a first step. However, we introduced QC with somewhat different goals than those usually pursued in manufacturing in​dustries; we envisioned using it as a way to seek improved efficiency in business op​erations rather than as a response to poor performance.
In our QC circle, the managers of each area became the group leaders. They brought up problems that were occurring in the daily course of business so that the group could discuss ways to solve them. In promoting QC circle activity, we con​centrated on the following three points to achieve the objectives of YBC — to solve problems that have resulted in customer dissatisfaction with the way bookstores have always been operated. To satisfy our clientele, our goals were:
•  to have enough books available
•  to have enough product information
•  to provide enough service
In April 1981 YBC advanced its QC program by setting up its own QA and TQC activities. We first agreed that we should be organized and ready so that the customers could buy their books fast and pleasantly. With this definition of objec​tives we went about our sales activities, but soon we realized that we had not studied the customers themselves. Thus, we extended our TQC activity to include customer input.
Making the Quality Chart
Our failure to study customer's needs had left us with the following three problems:
1.   Specific customer demands were net clear.
2.  We had no specific quantitative measurements to use to substantiate the facts of the customers' demands.
3.  The relationship between the customers' demands and YBC's service product was not clear.
To solve these problems we made a quality chart and deployed the quality as​surance activity. What follows is the procedure we used to make the quality chart and its contents.
1.  Determining demanded quality items. In a brainstorming session we gathered together all the customers' demands as they had been expressed in their own words. We translated these verbatims into demanded quality items, using this procedure:
•  We changed vague comments into precise expressions.
•  We changed comments expressing negative conditions into positive comments.
•  We eliminated expressions that were really numerical values of quality charac​teristics.
•  We divided comments into subcategories if they contained two or more sub-categories. We grouped comments expressing the same thing together so that each item in that group related to a single idea.
2.  Deploying demanded quality. Arrange the demanded quality items that have been translated from verbatim comments in groups of increasing specificity of detail, from first level (most general) corresponding to the fourth level (most specific) using a KJ-like method (described in Chapter 1). Then transfer these grouped items to a chart arranging them according to the rank of the deployment items. We made YBC's QA philosophy, "fast and pleasant service," the first item for deployment in the demanded quality chart (see Figure 2.10).
3.   Determining control items (quality characteristics). Control items are ex​tremely important, since they will clearly describe the results of QA operations within the overall QA activity. YBC tried extracting these items, but encountered some difficulty in finding ways to measure the customer demands with data. We tried to make sure we had not missed any demands by referring to measurements used in the QC circle (see Figure 2.11).
4.  Determining operations items. Even before we introduced the quality chart, QA operations had existed at YBC, and we were aware of the customers' demands. So we collected and arranged them as operations items, using the KJ method (see Figure 2.12). In doing this, we paid attention to "the Big Picture" of before sales, at sales, and after sales, so that we could fully understand that a bookstore's main pur​pose was selling.
5.  Assigning degree of importance to the demanded quality items. To assign de​gree of importance, weight the demanded quality items against each other using data developed from the quantification method. Assigning a degree of importance based on experience, however, is also important. YBC tried both ways. We quan​tified in the following manner:
•  We asked customers to fill out a survey questionnaire (see Figure 2.13(a)).
•  We obtained a measure of the degree of importance of various demands by analyzing the questionnaire. (see Figure 2.13(b) for survey results)
•  We constructed a matrix (Figure 2.14(a),2.14(b)) that combined the demanded quality items, control items, and operating items.
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Figure 2.10: Demanded Quality Deployment Chart.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 320.
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Figure 2.11: Determining Control Items (Quality Characteristics).
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 321.
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Figure 2.12: Operation Deployment Chart.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 322.
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Figure 2.13(a): Survey Questionnaire.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 323.

[image: image25]
Figure 2.13(b): Survey Results.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 326.
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Figure 2.14(a): Quality Deployment lor TQC in the Yaesu Book Center.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 325.
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Figure 2.14(b): Quality Deployment for TQC in the Yaesu Book Center.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 324.
Application: Increasing Satisfaction by Improving Book Classification and Displays
1.   Why? In the quality chart, "book classification is easy to understand" is an item with a high degree of importance. However, in the survey questionnaires filled out by customers, our "classification and display" received low marks. This meant that classification and display were very important to our customers, and these items were also important to the operation, but the ratings received were not satisfactory (Akao, 1990).
2.   Understanding the current situation. After stratifying the survey question​naire results, we were able to pinpoint the source of the problem in the second-floor operations by using a Pareto diagram divided by the floor numbers (see Figure 2.15).
3.  Analysis. As a result of our experience, we found that our response to cus​tomer demands was not satisfactory, particularly in the case of books whose topics could fall between classifications and also books that included multiple topics. We then used a classification checksheet and found that the level of classification in the control items was lowered when books that overlapped several fields were dis​played. The following three operations were selected on the basis of the level of classification in the control items (see Figure 2.16).
•  Determine how to organize the merchandise.
•  Correct wrong classifications.
•  Make rounds in the store.
Since "wrong classifications" was not the cause of our problems, we came up with specific strategies to address the other two items.
4.   Strategies. In determining the organization of our floor, we decided to dis​play the books that fell into more than one category in more than one area. We posted point-of-purchase (POP) clerks at the boundary areas between book sections to provide POP information.
5.   Results. According to the results of the survey questionnaire, customer satisfaction with the classification and display increased, so we considered the re​sults to be good.
6.   Standardization. We conducted a multiple-point survey to study the mer​chandise organization. In response to the survey results, we decided to provide point-of-purchase information in the floor areas near sections of books that fell on classification borderlines.
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Figure 2.15: Pinpointing the Problem Using Pareto Diagrams.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 327.
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Figure 2.16: Quality Characteristics (Control Items) Deployment.
Source: Yoji Akao (1990), “Quality Function Deployment: Integrating customer requirements into product design”, Productivity Press, Cambridge, Massachusetts, page 326,328.
Conclusion
The quality charts used for this bookstore project differed from previous qual​ity charts in these ways:
Demanded quality. Our customer demands related to the functions of the bookstore as a service, rather than to the functions of the books and their contents. This situation is unlike that in manufacturing industries, where the product that the customer wants to buy (books) does not correspond to the function that controls the quality (in this case die bookstore).
QA operations. The basic functional services for bookstore operations, such as answering questions regarding books, are not the only important services. Services such as responding to customers in a kind and polite manner are also important.
Control items. Since there is no scientific way to measure things in this industry — like length or weight — we needed to create an evaluation system suitable to our experience. We needed to rationalize our measuring method because measuring determines the outcome of the service.
As you can see, in QA activity in a service industry, the attitude toward cus​tomer demands is the important point. Using a quality chart enables us to sys​tematize our sales activities in response to customer demands. It can also be very useful in designing management.
In making the quality chart, we realize that assessments of customer needs, as well as those of society, involve some guesswork. They are made relatively quickly — like photographic snapshots — and reflect a particular time. It is neces​sary then, especially in the service industry, to review them constantly for new de​velopments to determine the organization structure.
CHAPTER 3
RESEARCH METHODOLOGY

3.1 OBJECTIVE OF THE STUDY
The study aims to determine important user requirements for NEU Library services. Besides, it is intended to differentiate the requirements found according to the user satisfaction they will create. In order to accomplish the intended objectives of the study, Kano method is applied to the QFD process. Therefore, another objective of the study is to integrate Kano technique with the QFD process.

The research questions are given below:

· What are the user requirements for library services?

· Which requirements are one-dimensional, must-be, attractive or indifferent needs?

· What is the order of the requirements with respect to their importance?

· Which requirements need more attention and resources for improvement?

3.2 GRAND LIBRARY OF NEU
NEU is one of the private universities located in Nicosia. It was founded in 1988. Presently NEU owns 10 faculties, 5 schools and 3 institutes. 

The Central Library of NEU is one of the largest academic reference centre in Nicosia. It started as 8 faculty library and now all in one place. It took 5 years for construction. 50 personnel hired and trained 14 months before. All personnel were graduated from university, and they have master and doctorate degrees. Every information is transferred to computer medium The Central Library of NEU was established in December, 2005 and now has 85,000 printed books, and 65,000 books are in registration. It has a book store capacity of 1,500, 000. It has a electronic journal more than 50,000 (ANKOS membership), 200 printed journals and 

5 online databases. Unique works unit was formed. It has a special Cyprus collection, USA, and EU divisions. The library has a 3 floor, 4 block and 2 culture complex, 15,000 m² usage area; 4 amphitheater for 1000 people. VIP lounge for 150 people. Reading and working area for 600 people. Besides, it supplies 50 computer terminals; 16 audio-visual cabin( TRT movie archive, current DVDs); 74 user computer; photocopy and print-out facilities. It has a cafeteria for 400 people open 24 hours. Services of the central library consist of reference (books, periodicals, dissertations) facilities, online searching, photocopying service, study rooms and inter-library loan. 

3.3 SAMPLE
The initial point of QFD process is determining the user requirements. Before starting to identify user needs, the user profile of the Library of NEU was characterized. The core user segments of the central library are academicians, graduate students, undergraduate students, external visitors and administrative staff of the university. Different requirements related to library services are a result of distinct characteristics of the segments. For that reason, it was focused only on one segment, and selected the academicians. In total, there were 381 academicians in the NEU structure. Out of these 381 academicians, 106 of them are part-time instructors. Therefore the total population of the study was 275. However, because some academicians refused to contribute to the research only 140 questionnaires could be distributed and 84 usable questionnaires were received. The response rate was 60 %.

There were three phases in this study. In the first phase, depth interviews was conducted to identify user requirements. In the second phase, data were gathered through a questionnaire related to the identified requirements from the academicians. In the third phase technical requirements were described and HOQ constituted. 

3.4 DEPTH INTERVIEWS 
The depth interviews were conducted with 20 academicians. According to Griffin and Hauser, 20-30 users should be interviewed to obtain 90-95 % of possible user requirements (Griffin and Hauser, 1993). Depth interviews were used to reduce the disadvantages of each method. The contributors or participants  in the depth discussions were asked to explain the characteristics of an ideal library, to determine the most frequently used services of libraries and to share their experiences (positive or negative) and complaints about library services. The depth interviews took about 20 minutes. The discussion and all of the depth interviews were recorded to sound recorder. Depth interviews were conducted by a single interviewer. Participants of the depth interviews were selected randomly. Cluster analysis was used to form and structure library user requirements and 16 requirements were identified. These 16 secondary requirements were grouped under 5 primary requirements: 
· Attributes related to sources 
· Attributes related to library staff
· Administrative attributes
· Attributes related with computers 
· Attributes related to atmosphere of the library. 

3.5 QUESTIONNAIRE SURVEY

3.5.1 QUESTIONNAIRE DESIGN
After identifying the requirements, a structured questionnaire, which was composed of 6 parts, was developed (Appendix 1). In the first part, demographic characteristics such as gender, age, faculty, and academic degree were asked. In addition to the demographic questions, the first part of the questionnaire included questions on frequency of visiting the library and accessing online library, the university libraries visited before, and the ranking of the library services regarding the frequency of usage. 

There were mainly two questions in the second part. The first question asked the respondents to rank 16 secondary requirements in relation to their importance. The second questions asked the respondents to evaluate the performance of The Library of NEU. The university library is assessed considering 16 requirements.

The third and the fourth part covered statements used in categorizing the requirements with respect to the Kano model. In the Kano model, the needs are asked in paired questions. The first question asks how one feels if a specific feature exists. The second question asks how one feels if that specific feature does not exist. Therefore, the third part consisted of positively stated requirements while the fourth part contained their negatives reflecting the functionality and dys-functionality of the requirements. The scale used was a five-point scale ranging from 1=“I like it”, 2=“I expect it”, 3=“I am neutral”, 4=“I can tolerate it”, and 5=“I dislike it” which was one of the scales recommended by Berger et al (Berger et al, 1993).

The fifth part of the questionnaire contained a table of five primary requirement groups. The respondents were asked to evaluate each group and distribute 100 points to all according to their contribution to providing better and high quality library services. This method is used to find the relative importance of each five primary level requirement. This gives us the ordinal importance and indicates that one attribute is more or less important than the other. The highest number in the ordinal importance points out that the feature is the most important one for the customer. 

The sixth part of the questionnaire contained 16 secondary requirements under 5 primary requirement groups. The respondents were asked to evaluate each secondary requirement with related to their importance level under own primary requirement group. The scale used was a four-point scale ranging from “The most important   1    2    3    4   The least important”. 
3.6 DATA ANALYSIS
Frequency analysis was conducted to evaluate demographic characteristics of the sample. A table was formed to evaluate the frequency of answers to the Kano questions. Cross matching was done with the answers to the pair of functional and dys-functional questions. Each requirement was attained to one of the Kano categories regarding the highest frequency they had.

The ranking of 16 requirements was calculated in two steps. First, the raking of each requirement within its primary requirement category was considered. The importance levels of user requirements are calculated in two steps. In the first step, we want respondents to distribute 100 points among the items this method is used to find the relative importance of each five primary level requirement. This gives us the ordinal importance and indicates that one attribute is more or less important than the other. The highest number in the ordinal importance points out that the feature is the most important one for the customer. Average of each attribute is calculated and after divided to 100 the normalized values or the final weights found.

In the second step, the ranking scale used in the questionnaire is normalized to be able to rank all of the secondary level requirements.  16 requirements are classified with respect to five categories. Respondents ranked these 16 requirements under 5 categories. Most frequent response was used to determine the ranking of the requirement under its own category.

3.7 LIMITATIONS 
The users of university libraries can be academicians, graduate students, undergraduate students, university staff, and external visitors. This study investigated the evaluations of the academicians of NEU. In addition, the academicians who contributed to this study were full-time instructors; part-time instructors neglected. In short, the study is restricted to only one type of user of the library. The research did not include all the users, but only those willing to participate, this fact could bring some deviation of results; low response rate of the academicians in The School of Tourism Hotel Management, Faculty of Maritime Studies, Faculty of Architecture and Faculty of Law might have affected the results.

The study contains 16 requirements. In order to analyze them, it is necessary to categorize them. As Griffin and Hauser described, user needs can usually be structured into a hierarchy of primary, secondary, and tertiary needs (Griffin and Hauser, 1993). Depending on this proposition, the authors classified these requirements under this hierarchical structure. Authors selected two of these levels: general and specific. In future studies, tertiary level requirements would be incorporated in the study.

CHAPTER 4
FINDINGS
4.1 SAMPLE
Table 4.1 demonstrates a summary of the demographic characteristics of the respondents. This survey included all Faculties of NEU. 18 respondents (21.40 %) are from the Engineering Department, 17 (20.24 %) from Applied and Social Sciences Faculty, 17 (20.24 %) from Preparatory School, 13 (15.50 %) from Arts and Sciences Faculty, 6 (7.14 %) from Education Faculty, 5 (5.95 %) from Communication Faculty, 5 (5.95 %) from Physical Training Faculty, 2 (2.38 %) from Architecture Faculty, and 1 (1.19 %) from the Performing Arts Faculty. 

Most of the participants (38.09 %) are between 25 and 30 years old. More than half of the respondents (52.38 %) are males. Most of the participants (55.95 %) are Instructor with Masters Degree.

Additionally, the analysis of data shows that one third of the respondents (29.76 %) visited the library once a month or less. For accessing the online library (33.33 %) of the respondents mentioned that they utilized the online library twice or three times a week.

Table 4.1: Characteristics of Sample

	Characteristics
	n
	%

	Faculties
	Engineering Faculty
	18
	21.40

	
	Applied and Social Sciences Faculty
	17
	20.24

	
	Preparatory School
	17
	20.24

	
	Faculty of Arts and Sciences
	13
	15.50

	
	Education Faculty
	6
	7.14

	
	Communication Faculty
	5
	5.95

	
	Physical Training Faculty
	5
	5.95

	
	Architecture Faculty
	2
	2.38

	
	Performing Arts Faculty
	1
	1.19

	Age
	25-30
	32
	38.09

	
	31-34
	13
	15.47

	
	35-40
	21
	25.00

	
	41-45
	8
	9.52

	
	45 and +
	10
	11.90

	Gender
	Male
	44
	52.38

	
	Female
	40
	47.62

	Academic Degree
	Instructor making Masters Degree
	6
	7.14

	
	Instructor with Masters Degree
	47
	55.95

	
	Instructor with PhD Degree
	14
	16.66

	
	Asst. Prof. Dr.
	13
	15.47

	
	Assoc. Prof. Dr.
	4
	4.76

	
	Prof. Dr.
	-
	0.00

	Visiting Library
	Everyday
	1
	1.90

	
	Twice or three times a week
	17
	20.23

	
	Once a week
	20
	23.80

	
	Once in every two weeks
	18
	21.42

	
	Once a month or less
	25
	29.76

	
	Never
	3
	3.57

	Accessing Online Library
	Everyday
	10
	11.90

	
	Twice or three times a week
	28
	33.33

	
	Once a week
	8
	9.52

	
	Once in every two weeks
	8
	9.52

	
	Once a month or less
	20
	28.80

	
	Never
	10
	11.90


In the second part of the questionnaire, respondents were asked to rank first four most frequently used library services. The services and their rank frequencies are given in Table 4.2. The weighted average of usage frequencies are calculated by giving weights to each rank and taking an average. The formula used for this procedure is: 
	Weighted Average of Usage Frequency = [(1st ranked frequency * 4)+(2nd ranked frequency * 3)+(3rd ranked frequency * 2)+(4th ranked frequency * 1)] / 10  


According to these weighted frequencies, mostly used library service is related to books (22.9). This is followed by online publications (15.6), periodicals (14.3) and interlibrary loan (12.8), respectively. User Services and computer usage other than catalogue search are the least used services.  

Table 4.2: Usage of Library Services

	   
	1st
RANKED
	2nd RANKED
	3rd
RANKED
	4th
RANKED
	Weighted Average of Usage Frequencies

	
	n
	n
	N
	n
	

	Books
	38
	11
	18
	8
	22.9

	Periodicals
	11
	21
	14
	8
	14.3

	Published Thesis
	2
	5
	6
	12
	4.7

	Online Publications
	22
	13
	10
	9
	15.6

	User Services
	-
	1
	3
	1
	1

	Interlibrary Loan
	6
	19
	17
	13
	12.8

	Conference Rooms
	1
	2
	5
	6
	2.6

	Study Rooms
	2
	7
	3
	10
	4.5

	Canteen
	2
	-
	5
	7
	2.5

	Computer Usage Other than Catalogue Search 
	-
	3
	2
	-
	1.3


4.2 THE CATEGORIZATION OF THE ATTRIBUTES REGARDING THE KANO MODEL
The paired questions used in the Kano model are analyzed and 16 requirements are classified with respect to five categories suggested by Berger et al (Berger et al, 1993):  
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Figure 4.1: The Kano chart.

The first three are the original categories of the Kano model. “Indifferent” indicates that the user is neither satisfied nor dissatisfied whether the products/services are dysfunctional or fully functional. “Reversal” is the reverse of what the user feels and how he/she judges functionality and dys-functionality of requirements. If there is a contradiction in the user’s answers to the questions, the finding is evaluated as “questionable”. Seven of the requirements were found to be indifferent and 2 of the requirements were found expected;

the rest was categorized as one-dimensional. 
The following tables (Table 4.3-4.7) show the most frequent responses related to each requirement. The extent of satisfaction and dissatisfaction columns indicates the user satisfaction (CS) coefficients. The CS coefficient shapes whether satisfaction can be increased by meeting a product/service requirement, or whether fulfilling this product requirement merely prevents the user from being dissatisfied (Berger et al, 1993). 
The CS coefficient indicates how strongly a product attributes may affect satisfaction or dissatisfaction -in the case of its non-fulfillment (Matzler and Hinterhuber, 1998). The formulation of CS coefficients is:

	For satisfaction (Extent of satisfaction): 
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Since most of the requirements are found to be one-dimensional, to see how close each one-dimensional requirement is to attractive or must-be characteristics, authors eliminated the frequencies of one-dimensional responses from the equation by adding CS coefficients for satisfaction and dissatisfaction. If the sum of the CS coefficients is positive, the requirement can be said to be closer to attractive characteristics. If the sum is negative, the requirement can be said to be closer to must-be characteristics. As the absolute value of the sum increases, the requirements reflects the must-be or attractive characteristics more.    
	The sum of the CS coefficients: 
	
[image: image34.wmf])

(

)

(

*

)

1

(

)

(

M

I

O

A

M

A

M

I

O

A

M

O

M

I

O

A

O

A

+

+

+

-

=

+

+

+

-

+

+

+

+

+

+




Although the table gives the most frequent responses as one-dimensional or indifferent, second or third most frequent responses may perhaps give must-be or attractive characteristics. For that reason, the sum of the CS coefficients is investigated to understand which characteristics can be carried by the requirements.        

“The order of resources (Ability to find a specific source on the shelf easily)”, “The amount and variety of resources”, “Up-to-dateness of resources” are found to be closer to must-be characteristics since non-existence of these features increases dissatisfaction while their existence does not affect the satisfaction level much. On the other hand, “Unworn out sources”, has indifferent response but it found to be closer to must-be needs. 

However, the requirement perceived as indifferent contains the least must-be characteristic relative to others. 

Table 4.3: Kano Evaluation of the Attributes Related to Sources.

	 

 
	Most frequent response
	Extent of satisfaction
	Extent of dissatisfaction
	The sum of the CS coefficients

	1
	The order of resources. (Ability to find a specific source on the shelf easily)
	O (52)
	0.66
	-0.90
	-0.24

	2
	The amount and variety of resources. 
	O (51)
	0.69
	-0.81
	-0.12

	3
	Up-to-dateness of resources.


	O (46)
	0.61
	-0.74
	-0.13

	4
	Unworn out sources.

	I (40)
	0.33
	-0.37
	-0.04


“Accessibility of online resources from within and outside of the library and the ability to search books.”, “availability of computer usage possibilities” are found to be closer to must-be needs, respectively.

Table 4.4: Kano Evaluation of the Attributes Related to Computers
	 

 
	Most frequent response
	Extent of satisfaction
	Extent of dissatisfaction
	The sum of the CS coefficients

	1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	O (33)
	0.54
	-0.69
	-0.15

	2
	Availability of computer usage possibilities.
	O (31)
	0.53
	-0.61
	-0.08


All of the requirements within “Attributes related to library staff” category carry must-be characteristics. 

Table 4.5: Kano Evaluation of the Attributes Related to Library Staff
	 

 
	Most frequent response
	Extent of satisfaction
	Extent of dissatisfaction
	The sum of the CS coefficients

	1
	Fulfilling their duties completely. 
	O,E (28)
	0.42
	-0.66
	-0.24

	2
	Being successful in human relations.
	E (29)
	0.35
	-0.57
	-0.22


There are three indifferent requirements related to “management of the library”, “the availability and easiness of photocopying opportunities”, and “Informing the users about the settlement of the library”. (See Table4.6) All these three requirements are not effectively applied by the library administration. So, academicians may perceive these as indifferent because of inexperience. “Conditions of checking out books” is the only one-dimensional requirement. All of the requirements within “Administrative attributes” category carry must-be characteristics. 

Table 4.6: Kano Evaluation of the Administrative Attributes
	 
	 
	Most frequent response
	Extent of satisfaction
	Extent of dissatisfaction
	The sum of the CS coefficients

	1
	Conditions of checking out books.
	O (27)
	0.44
	-0.60
	-0.16

	2
	Management of the library.
	I (30)
	0.40
	-0.50
	-0.10

	3
	The availability and easiness of photocopying opportunities.
	I (29)
	0.34
	-0.58
	-0.24

	4
	Informing the users about the settlement of the library.
	I (30)
	0.42
	-0.58
	-0.16


According to academicians, “availability of resting and other necessary places”, “Transportation to the library”, and “periphery design”, are indifferent needs. Only “working environment” is one-dimensional need .These features are found to be closer to the attractive characteristics. 

Table 4.7: Kano Evaluation of the Attributes Related to Atmosphere 
	 

 
	Most frequent response
	Extent of satisfaction
	Extent of dissatisfaction
	The sum of the CS coefficients

	1
	Working environment.

	O (40)
	0.67
	-0.61
	0.06

	2
	Availability of resting and other necessary places.
	I (32)
	0.42
	-0.42
	0.00

	3
	Periphery design.

	I (44)
	0.35
	-0.30
	0.05

	4
	Transportation to the library.

	I (36)
	0.42
	-0.32
	0.10


4.3. IMPORTANCE AND PERFORMANCE LEVELS OF USER

 REQUIREMENTS:
4.3.1. IMPORTANCE LEVELS
The importance levels of user requirements are calculated in two steps. In the first step, respondents were asked to distribute 100 points among the items this method is used to find the relative importance of each five primary level requirement. This gives the ordinal importance and indicates that one attribute is more or less important than the other. The highest number in the ordinal importance points out that the feature is the most important one for the customer. Average of each attribute is calculated and after divided to 100 the normalized values or the final weights found (See Table 4.8 and Figure 4.2). In the second step, the ranking scale used in the questionnaire is normalized to be able to rank all of the secondary level requirements.  16 requirements are classified with respect to five categories. Respondents ranked these 16 requirements under 5 categories. Most frequent response was used to determine the ranking of the requirement under its own category.

The final weight showed that “Attributes related to sources” was the most important category among primary level requirements. This was followed by “Attributes related to computers” and “Attributes related to atmosphere and location”, respectively. “Attributes related to library staff” and “Administrative attributes” categories was evaluated as the least important categories. 

Table 4.8: Primary Level Requirements

	
	Sum
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	1. Attributes related to library staff 
	1390
	16.547
	0.16547

	2. Attributes related to sources 
	2355
	28.036
	0.28036

	3. Attributes related to computers
	1755
	20.893
	0.20893

	4. Administrative attributes
	1390
	16.547
	0.16547

	5. Attributes related to atmosphere
	1510
	17.977
	0.17977
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Figure 4.2: Weighted Importance Levels of Primary Requirements.
Table 4.9: Secondary Level Requirements

	Attributes Related to Library Staff
	Most frequent response

	1
	Fulfilling their duties completely 
	1 (80)

	2
	Being successful in human relations
	2 (80)

	Attributes Related to Sources
	

	1
	The order of resources (Ability to find a specific source on the shelf easily)
	1 (53)

	2
	The amount and variety of resources. 
	2 (50)

	3
	Up-to-dateness of resources 
	3 (63)

	4
	Unworn out sources
	4 (79)

	Attributes Related to Computers
	

	1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	2 (44)

	2
	Availability of computer usage possibilities. 
	1 (44)

	 
Administrative Attributes
	

	1
	Conditions of checking out books.
	1 (57)

	2
	Informing the users about the settlement of the library.
	2 (39)

	3
	Management of the library.
	3 (31)

	4
	The availability and easiness of photocopying opportunities.
	4 (41)

	Attributes Related to Atmosphere
	

	1
	Working environment.
	1 (73)

	2
	Availability of resting and other necessary places.
	2 (65)

	3
	Periphery design.
	4 (60)

	4
	Transportation to the library.
	3 (55)


Importance level calculated as:

Importance level = (Weighted average of requirement) * (Ordinal importance)

Table 4.10: Importance Levels
	Attributes Related to Library Staff
	Weighted

Average
	Ordinal

importance
	Importance level

	1
	Fulfilling their duties completely 
	33.2
	0.16547
	5.49

	2
	Being successful in human relations
	25.6
	0.16547
	4.23

	Attributes Related to Sources
	
	
	

	1
	The order of resources (Ability to find a specific source on the shelf easily)
	29.6
	0.28036
	8.29

	2
	The amount and variety of resources. 
	26.6
	0.28036
	7.34

	3
	Up-to-dateness of resources 
	15.6
	0.28036
	4.37

	4
	Unworn out sources
	9.3
	0.28036
	2.60

	 
Attributes Related to Computers
	
	
	

	1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	29.2
	0.20893
	6.10

	2
	Availability of computer usage possibilities. 
	29.6
	0.20893
	6.18

	Administrative Attributes
	
	
	

	1
	Conditions of checking out books.
	29.0
	0.16547
	4.79

	2
	Informing the users about the settlement of the library.
	21.0
	0.16547
	3.47

	3
	Management of the library.
	17.7
	0.16547
	2.92

	4
	The availability and easiness of photocopying opportunities.
	16.2
	0.16547
	2.68

	Attributes Related to Atmosphere
	
	
	

	1
	Working environment.
	31.9
	0.17977
	5.73

	2
	Availability of resting and other necessary places.
	23.3
	0.17977
	4.18

	3
	Periphery design.
	11.8
	0.17977
	2.12

	4
	Transportation to the library.
	15.6
	0.17977
	2.80


4.3.2. PERFORMANCE LEVELS AND EXPECTED PERFORMANCE
In the preceding section, the respondents’ assessment of the importance of the requirements is examined. The mean values of the performances are illustrated in the following table. 

Table 4.11: Performance Levels and Expected Performance 
	Attributes Related to Library Staff
	NEU Library Performance
	Expected

Performance
	Performance Gap *

	1
	Fulfilling their duties completely 
	3.35
	4.80
	-1.45 **

	2
	Being successful in human relations
	3.28
	4.80
	-1.52 **

	Attributes Related to Sources
	
	
	

	1
	The order of resources (Ability to find a specific source on the shelf easily)
	3.50
	4.70
	-1.20 **

	2
	The amount and variety of resources. 
	3.80
	4.10
	-0.30 **

	3
	Up-to-date ness of resources 
	3.96
	4.65
	-0.69 **

	4
	Unworn out sources
	4.10
	4.56
	-0.46 **

	 
Attributes Related to Computers
	
	
	

	1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	3.73
	4.52
	-0.79 **

	2
	Availability of computer usage possibilities. 
	3.61
	4.34
	00.73 **

	Administrative Attributes
	
	
	

	1
	Conditions of checking out books.
	3.98
	4.30
	-0.32 **

	2
	Informing the users about the settlement of the library.
	3.86
	4.40
	-0.54 **

	3
	Management of the library.
	4.07
	4.60
	-0.53 **

	4
	The availability and easiness of photocopying opportunities.
	4.15
	3.91
	0.24 ***

	Attributes Related to Atmosphere
	
	
	

	1
	Working environment.
	4.33
	4.10
	0.23 ***

	2
	Availability of resting and other necessary places.
	3.98
	3.83
	0.15 ***

	3
	Periphery design.
	3.85
	4.45
	-0.60 **

	4
	Transportation to the library.
	3.84
	4.20
	-0.36 **


* 
NEU library performance – Expected Performance

**
Negative values indicate the requirements that need to be improved.

***
Positive values indicate the requirements that above the expectations.

4.4. THE INTEGRATION OF KANO MODEL TO THE PLANNING MARTIX

In the previous sections, secondary level requirements were assessed regarding the Kano model. The aim of this section is to integrate previous findings with the planning matrix of QFD. In this process, all of the 16 tertiary requirements are considered rather than analyzing them within their categories. This provides a comparison and a better understanding of user requirements. 

In Table 4.13, the first column contains abbreviations of the category names. “S” denotes for “Attributes related to sources”, “LS” for “Attributes related to library staff”, “A” for “Administrative attributes”, “C” for “Attributes related to computers” and “ATM” for “Attributes related to atmosphere and location”. The numbers next to the abbreviations are the same with their order in the category. For example, “S1” symbolizes the first requirement in the “Attributes related to sources” category. 

The relative importance column is different than the one used in the previous section. For the planning matrix, the relative importance is found by dividing individual weighted importance value of each secondary requirement by the sum of the weighted importance values of all secondary requirements. This enables to distinguish the relative importance of all 16 requirements at once. 

Table 4.12: Relative Importance Levels
	Attributes Related to Library Staff
	Importance level
	Relative

Importance
	Percentage Importance

	1
	Fulfilling their duties completely 
	5.49
	0.075
	% 7.5

	2
	Being successful in human relations
	4.23
	0.058
	% 5.8

	Attributes Related to Sources
	
	
	

	1
	The order of resources (Ability to find a specific source on the shelf easily)
	8.29
	0.113
	% 11.3

	2
	The amount and variety of resources. 
	7.34
	0.100
	% 10.0

	3
	Up-to-dateness of resources 
	4.37
	0.060
	% 6.0

	4
	Unworn out sources
	2.60
	0.035
	% 3.5

	 
Attributes Related to Computers
	
	
	

	1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	6.10
	0.083
	% 8.3

	2
	Availability of computer usage possibilities. 
	6.18
	0.084
	% 8.4

	Administrative Attributes
	
	
	

	1
	Conditions of checking out books.
	4.79
	0.066
	% 6.6

	2
	Informing the users about the settlement of the library.
	3.47
	0.048
	% 4.8

	3
	Management of the library.
	2.92
	0.040
	% 4.0

	4
	The availability and easiness of photocopying opportunities.
	2.68
	0.036
	% 3.6

	Attributes Related to Atmosphere
	
	
	

	1
	Working environment.
	5.73
	0.078
	% 7.8

	2
	Availability of resting and other necessary places.
	4.18
	0.057
	% 5.7

	3
	Periphery design.
	2.12
	0.029
	% 2.9

	4
	Transportation to the library.
	2.80
	0.038
	% 3.8

	TOTAL
	73.29
	1.000
	% 100


The organization can set a target point and determine how much they have to improve their attributes by computing the improvement ratio. Improvement ratio has the equation: 

Improvement Ratio (IR) = (Target) / (Organization’s current performance level)

The improvement ratio is the proportion of perceived ideal library to NEU library performance. “Ideal” library performance is considered as the target level.
Table 4.13: The Planning Matrix

	 
	Kano Category
	Relative Importance
	NEU Performance
	Target  Performance 
	Improvement Ratio
	Strategic Importance
	Percent Importance

	S1
	The order of resources (Ability to find a specific source on the shelf easily)
	O
	0.113
	3.50
	4.70
	1.34
	0.152
	12.9

	LS1
	Fulfilling their duties completely 
	O,E
	0.075
	3.35
	4.80
	1.43
	0.108
	9.2

	S2
	The amount and variety of resources. 
	O
	0.100
	3.80
	4.10
	1.07
	0.107
	9.1

	C2
	Availability of computer usage possibilities.
	O
	0.084
	3.61
	4.34
	1.20
	0.101
	8.5

	C1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	O
	0.083
	3.73
	4.52
	1.21
	0.100
	8.4

	LS2
	Being successful in human relations
	E
	0.058
	3.28
	4.80
	1.46
	0.085
	7.2

	ATM1
	Working environment.
	O
	0.078
	4.33
	4.10
	0.94
	0.073
	6.3

	A1
	Conditions of checking out books
	O
	0.066
	3.98
	4.30
	1.08
	0.072
	6.2

	S3
	Up-to-dateness of resources 
	O
	0.060
	3.96
	4.65
	1.17
	0.070
	6

	A4
	Informing the users about the settlement of the library.
	I
	0.048
	3.86
	4.40
	1.14
	0.055
	4.7

	ATM2
	Availability of resting and other necessary places.
	I
	0.057
	3.98
	3.83
	0.96
	0.055
	4.7

	A2
	Management of the library.
	I
	0.040
	4.07
	4.60
	1.13
	0.045
	4

	ATM4
	Transportation to the library.
	I
	0.038
	3.84
	4.20
	1.09
	0.042
	3.6

	S4
	Unworn out sources
	I
	0.035
	4.10
	4.56
	1.11
	0.039
	3.4

	ATM3
	Periphery design.
	I
	0.029
	3.85
	4.45
	1.15
	0.034
	2.9

	A3
	The availability and easiness of photocopying opportunities
	I
	0.036
	4.15
	3.91
	0.94
	0.034
	2.9

	TOTAL
	
	1.000
	
	
	
	1.172
	100


The strategic importance values in the planning matrix which are ranked in descending order demonstrate that the most important secondary requirements are related to “sources”. This is congruent with the primary level requirements results showing that the most important primary requirement category is related to “sources”. The secondary requirements related to sources and library staff are within the first 6 most important requirements except S3 (Up-to-dateness of resources) and S4 (Unworn out sources). On the other hand, most of the secondary requirements related to atmosphere except ATM1 (Working environment), and administrative attributes except A1 (Conditions of checking out books)appear within the six least important requirements in addition to all other library service requirements. This is also expected since primary requirement categories related to atmosphere and other library services were found to be the least important categories in primary level requirements assessment. Although secondary requirements related with computers had average level of importance in primary level requirements assessment, they occur in the list of 5 strategically most important requirements. 

The requirements perceived as indifferent by the respondents tend to have lower strategic importance; hence they generally appear towards the end of the list. This is due to the low relative importance values. 

CHAPTER 5
APPLICATION OF HOQ FOR NEU LIBRARY
The primary planning tool used in QFD is the HOQ. The HOQ translates the VOC into design requirements that meet specific target values and matches that against how an organization will meet those requirements. Many managers and engineers consider the HOQ to 
be the primary chart in quality planning. 


The parts of the HOQ are described as follows:

The exterior walls of the house are the customer requirements. On the left side is a listing of the VOC, or what the customer expects in the product. On the right side are the prioritized customer requirements, or planning matrix. Listed are items such as customer benchmarking, customer importance rating, target value, scale-up factor, and sales point.

The ceiling, or second floor, of the house contains the technical descriptors. Consistency of the product is provided through engineering characteristics, design constraints, and parameters.

The interior walls of the house are the relationships between customer requirements and technical descriptors. Customer expectations (customer requirements) are translated into engineering characteristics (technical descriptors).

The roof of the house is the interrelationship between technical descriptors. Trade-offs between similar and/or conflicting technical descriptors are identified.

The foundation of the house is the prioritized technical descriptors. Items such as the technical benchmarking, degree of technical difficulty, and target value are listed. This is the basic structure for the HOQ; once this format is understood, any other QFD matrices are fairly straight forward.

5.1 BUILDING A HOQ
The matrix that has been mentioned may appear to be confusing at first, but when it is looked at by parts, the matrix is significantly simplified. It is easier to comprehend once each part is discussed in detail.

5.1.1 CUSTOMER REQUIREMENTS (WHATs)

QFD starts with a list of goals/objectives. This list is often referred as the WHATs that a customer needs or expects in a particular product. This list of primary customer requirements is usually vague and very general in nature. Further definition is accomplished by defining a new, more detailed list of secondary customer requirements required to support the primary customer requirements. In other words, a primary customer requirement may encompass numerous secondary customer requirements. Although the items on the list of secondary customer requirements represent greater detail than those on the list of primary customer requirements,
 they are often not directly actionable by the engineering staffand require yet further definition. Finally, the list of customer requirements is divided into a hierarchy of primary, secondary, and tertiary customer requirements, as shown in Figure 5.1. For example, a primary customer requirement might be dependability and the corresponding secondary customer requirements could include reliability, longevity, and maintainability.
Table 5.1: Primary and Secondary level Customer Requirements.

	Primary Level
	Secondary Level

	Attributes related to library staff
	Fulfilling their duties completely 

	
	Being successful in human relations

	Attributes related to sources
	The order of resources (Ability to find a specific source on the shelf easily)

	
	The amount and variety of resources. 

	
	Up-to-dateness of resources 

	
	Unworn out sources

	Attributes related to computers
	Accessibility of online resources from within and outside of the library and the ability to search books.

	
	Availability of computer usage possibilities. 

	Administrative attributes
	Conditions of checking out books.

	
	Informing the users about the settlement of the library.

	
	Management of the library.

	
	The availability and easiness of photocopying opportunities.

	Attributes related to atmosphere
	Working environment.

	
	Availability of resting and other necessary places.

	
	Periphery design.

	
	Transportation to the library.


Table 5.2: List of Customer Requirements.
	 
	Kano Category
	Relative Importance
	NEU Performance
	Target  Performance 
	Improvement Ratio
	Strategic Importance
	Percent Importance

	S1
	The order of resources (Ability to find a specific source on the shelf easily)
	O 
	0.113
	3.50
	4.70
	1.34
	0.152
	12.9

	LS1
	Fulfilling their duties completely 
	O,E 
	0.075
	3.35
	4.80
	1.43
	0.108
	9.2

	S2
	The amount and variety of resources. 
	O
	0.100
	3.80
	4.10
	1.07
	0.107
	9.1

	C2
	Availability of computer usage possibilities.
	O 
	0.084
	3.61
	4.34
	1.20
	0.101
	8.5

	C1
	Accessibility of online resources from within and outside of the library and the ability to search books.
	O
	0.083
	3.73
	4.52
	1.21
	0.100
	8.4

	LS2
	Being successful in human relations
	E 
	0.058
	3.28
	4.80
	1.46
	0.085
	7.2

	ATM1
	Working environment.
	O 
	0.078
	4.33
	4.10
	0.94
	0.073
	6.3

	A1
	Conditions of checking out books
	O 
	0.066
	3.98
	4.30
	1.08
	0.072
	6.2

	S3
	Up-to-dateness of resources 
	O
	0.060
	3.96
	4.65
	1.17
	0.070
	6

	A4
	Informing the users about the settlement of the library.
	I 
	0.048
	3.86
	4.40
	1.14
	0.055
	4.7

	ATM2
	Availability of resting and other necessary places.
	I 
	0.057
	3.98
	3.83
	0.96
	0.055
	4.7

	A2
	Management of the library.
	I 
	0.040
	4.07
	4.60
	1.13
	0.045
	4

	ATM4
	Transportation to the library.
	I 
	0.038
	3.84
	4.20
	1.09
	0.042
	3.6

	S4
	Unworn out sources
	I
	0.035
	4.10
	4.56
	1.11
	0.039
	3.4

	ATM3
	Periphery design.
	I 
	0.029
	3.85
	4.45
	1.15
	0.034
	2.9

	A3
	The availability and easiness of photocopying opportunities
	I 
	0.036
	4.15
	3.91
	0.94
	0.034
	2.9

	TOTAL
	
	1.000
	
	
	
	1.172
	100


5.1.2 TECHNICAL DESCRIPTORS (HOWs)

The goal of the HOQ is to design or change the design of a product in a way that meets or exceeds the customer expectations. Now that the customer needs and expectations have been expressed in terms of customer requirements, the QFD team must come up with engineering characteristics or technical descriptors that will affect one or more of the customer requirements. These technical descriptors make up the ceiling, or second floor, of the HOQ. Each engineering characteristic must directly affect a customer perception and be expressed in measurable terms.

Implementation of the customer requirements is difficult until they are translated into counterpart characteristics. Counterpart characteristics are an expression of the VOC in technical language. Each of the customer requirements is broken down into the next level of detail by listing one or more primary technical descriptors for each of the secondary customer requirements. This process is similar to refining marketing specifications into system-level engineering specifications. Further definition of the primary technical descriptors is accomplished by defining a list of secondary technical descriptors that represent greater detail than those on the list of primary technical descriptors. This is similar to the process of translating system-level engineering specifications into part-level specifications. 
Often the secondary technical descriptors are still not directly actionable, requiring yet further definition. This process of refinement is continued until every item on the list is actionable. Finally, the list of technical descriptors is divided into a hierarchy of primary, secondary and tertiary technical descriptors, as shown in Table 5.3. This level of detail is necessary because there is no way of ensuring successful realization of a technical descriptor that the engineering staff does not know how to accomplish. The process of refinement is further complicated by the fact that through each level of refinement, some technical descriptors affect more than one customer requirement and can even adversely affect one another. For example, a customer requirement for an automobile might be a smooth ride. This is a rather vague statement; however, it is important in the selling of an automobile. Counterpart characteristics for a smooth ride could be dampening, anti-roll, and stability requirements, which are the primary technical descriptors. Brainstorming among the engineering staff is a suggested method for determining the technical descriptors.

Table 5.3: Technical descriptors

	1-
	Ability to find a specific source on the shelf easily

	2-
	Existence of sufficient number of copies of a specific source 

	3-
	Ability to reach sources on a wide range of subjects 

	4-
	Ability to reach numerous sources on a specific subject

	5-
	Ability to reach numerous periodicals of a certain quality through internet 

	6-
	Ability to reach audio-visual sources (VCD, DVD, cassette, CD etc.) 

	7-
	Ability to reach sources in different languages 

	8-
	Unworn out sources

	9-
	Ability to reach the current sources

	10-
	Ability to search sources easily and without any problems

	11-
	Ability to request sources from other libraries

	12-
	Ability to reach online sources that are included in the library’s database without going to the library

	13-
	Ability to save the online information reached in the library as printout, e-mail, on CD etc.

	14-
	Having no queues to use computers

	15-
	Ability to examine the contents of the sources of the library from the internet

	16-
	Ability to follow up borrowed books from the internet

	17-
	Ability to use notebook computers in the library

	18-
	Having no problems while taking photocopies

	19-
	Behaving ethically

	20-
	Fulfilling their duties carefully 

	21-
	Being successful in human relations 

	22-
	Recognizing the library staff enjoy doing their work

	23-
	Having sufficient knowledge about their jobs

	24-
	Understanding the users’ requirements  

	25-
	Obeying the library rules

	26-
	Ability to borrow more than thirty books

	27-
	Ability to borrow books longer than 3 months 

	28-
	Having photocopy prices at the market level at maximum

	29-
	Taking suggestions and criticisms into consideration

	30-
	Solving the problems related to the library rapidly

	31-
	Utilizing the membership system effectively

	32-
	Ability to make all the payments within the library with a rechargeable card

	33-
	Promoting the library facilities

	34-
	Ability to enter the library with personal belongings

	35-
	Informing the users about the internal settlement

	36-
	Providing rooms for individual or group studies

	37-
	Existence of book sales office

	38-
	Existence of smoking room

	39-
	Ability to use computers for different purposes than searching sources

	40-
	Existence of canteen 

	41-
	Existence of comfortable reading rooms

	42-
	Easy access to the library 

	43-
	Adequacy of illumination

	44-
	Effectiveness of the air-conditioning

	45-
	Providing a silent environment

	46-
	Providing a clean environment

	47-
	Ability to examine the sources in the library garden


5.1.3 DEVELOPING THE RELATIONSHIP MATRIX BETWEEN WHATs AND HOWs

The next step in building a HOQ is to compare the customer requirements and technical descriptors and determine their respective relationships. 

The inside of the HOQ, called the relationship matrix. The relationship matrix is used to represent graphically the degree of influence between each technical descriptor and each customer requirement. 
It is common to use symbols to represent the degree of relationship between the customer requirements and technical descriptors. For example, 
Table 5.4: Relationship degree symbols and points.

	Relationship degree
	Symbol
	Point

	Strong relationship
	
[image: image39.emf]
	9

	Medium relationship
	
[image: image40.emf]
	3

	Weak relationship
	
[image: image41.emf]
	1


The box is left blank if no relationship exists.

It can become difficult to comprehend and interpret the matrix if too many symbols are used. Each degree of relationship between a customer requirement and a technical descriptor is defined by placing the respective symbol at the intersection of the customer requirement and technical descriptor, as shown in Figure 5.1. This method allows very complex relationships to be depicted and interpreted with very little experience.
The aim of determining the relation between technical descriptors and customer requirements is to determine the level of influence for every single technical descriptor on customer requirements. So priority of technical characteristics which need to improve can be determined. 
  The way of determining this is to calculate the technical importance level of every technical characteristic. 

Technical importance level can be calculated by adding the multiplication of the percentage importance and the relation points. For example, for first technical characteristic “Ability to find a specific source on the shelf easily” the technical importance level is :

9 x 12,9 + 9 x 9.2 + 3 x 4 + 3 x 4.7 = 225 

These weights will be used later in determining trade-off situations for conflicting characteristics and determining an absolute weight at the bottom of the matrix.

After the relationship matrix has been completed, it is evaluated for empty rows or columns. An empty row indicates that a customer requirement is not being addressed by any of the technical descriptors. Thus, the customer expectation is not being met. Additional technical
descriptors must be considered in order to satisfy that particular customer requirement. An empty column indicates that a particular technical descriptor does not affect any of the customer requirements and, after careful scrutiny, may be removed from the HOQ.

Technical descriptors which have same column value in the HOQ can be unified such as:

· “Having sufficient knowledge about their jobs”, “Fulfilling their duties carefully” and “Obeying the library rules”; “ Having sufficient knowledge, fulfilling their duties carefully and obeying the library rules ”,

· “Providing rooms for individual or group studies” and “Existence of comfortable reading rooms”; “Providing comfortable rooms for reading, individual or group studies”, 
· “Ability to borrow more than thirty books” and “Ability to borrow books longer than 3 months”; “Ability to borrow more than thirty books and longer than 3 months”,

· “Existence of a canteen” and “Existence of a book sales office”; “Existence of a canteen and book sales office”,

· “Effectiveness of the air-conditioning” and “Adequacy of illumination”; “Adequacy of illumination and air-conditioning”.

· “Ability to reach online sources that are included in the library’s database without going to the library” and “Ability to examine the contents of the sources of the library from the internet”; “Ability to reach online sources that are included in the library’s database without going to the library ; through the internet”
After these unifications HOQ changed as Figure 5.2.
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Figure 5.1: Relationship matrix.
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Figure 5.2: Renewed relationship matrix.
5.1.4 DEVELOPING AN INTERRELATIONSHIP MATRIX BETWEEN HOWs

The roof of the HOQ, called the correlation matrix, is used to identify any interrelationships between each of the technical descriptors. The correlation matrix is a triangular table attached to the technical descriptors. Symbols are used to describe the strength of the interrelationships; for example, 
Table 5.5: Interrelationship degree symbols and points.

	Relationship degree
	Symbol
	Point

	Strong positive
	
[image: image44.emf]
	9

	Positive
	
[image: image45.emf]
	3

	Strong negative
	
[image: image46.emf]
	-9

	Negative
	
[image: image47.emf]
	-3


The symbols describe the direction of the correlation. In other words, a strong positive interrelationship would be a nearly perfectly positive correlation. A strong negative interrelationship would be a nearly perfectly negative correlation. This diagram allows the user to identify which technical descriptors support one another and which are in conflict.
Conflicting technical descriptors are extremely important because they are frequently the result of conflicting customer requirements and, consequently, represent points at which trade-offs must be made. Trade-offs that are not identified and resolved will often lead to unfulfilled
requirements, engineering changes, increased costs, and poorer quality. 
Some of the trade-offs may require high-level managerial decisions, because they cross functional area boundaries. 

An example of trade-offs is in the design of a car, where the customer requirements of high fuel economy and safety yield technical descriptors that conflict. The added weight of stronger bumpers, air bags, antilock brakes, and the soon-to-come federal side-impact standards will ultimately reduce the fuel efficiency of the car. 
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Figure 5.3: Interrelationship matrix to the HOQ.
5.2 RESULT OF HOQ
As a result of QFD study with related to improving service quality for Library of NEU; technical requirements are arranged in order for improving service quality as Table 5.6. Technical requirements are arranged in order according to their importance level.

Table 5.6 Important technical requirements for improving service quality.

	Technical Requirements
	Importance
Level
	Percentage

Importance

	Ability to search sources easily and without any problems
	316.8
	7.40

	Ability to reach numerous periodicals of a certain quality through internet 
	270.0
	6.30

	Ability to find a specific source on the shelf easily
	225.0
	5.25

	Ability to reach numerous sources on a specific subject
	199.5
	4.70

	Ability to reach audio-visual sources (VCD, DVD, cassette, CD etc.) 
	194.4
	4.51

	Ability to reach sources in different languages 
	193.5
	4.50

	Ability to reach sources on a wide range of subjects 
	184.0
	4.30

	Ability to request sources from other libraries
	170.4
	4.00

	Ability to follow up borrowed books from the internet
	131.4
	3.10

	Ability to reach the current sources
	129.6
	3.00

	Taking suggestions and criticisms into consideration
	128.4
	3.00

	Having sufficient knowledge, fulfilling their duties carefully and obeying the library rules 
	118.8
	2.77

	Recognizing the library staff enjoy doing their work
	118.4
	2.76

	Ability to use notebook computers in the library
	112.5
	2.61

	Ability to save the online information reached in the library as printout, 
e-mail, on CD etc.
	102.6
	2.40

	Providing comfortable rooms for reading, individual or group studies
	99.0
	2.30

	Providing a clean environment
	96.3
	2.25

	Understanding the users’ requirements  
	92.4
	2.15

	Providing a silent environment
	91.5
	2.13

	Ability to borrow more than thirty books and longer than 3 months
	91.8
	2.10

	Ability to use computers for different purposes than searching sources
	88.5
	2.00

	Existence of sufficient number of copies of a specific source 
	85.3
	2.00

	Easy access to the library 
	82.8
	1.90

	Behaving ethically
	82.8
	1.90

	Informing the users about the internal settlement
	78.3
	1.80

	Having no queues to use computers
	76.5
	1.79

	Ability to examine the sources in the library garden
	76.5
	1.79

	Ability to reach online sources that are included in the library’s database without going to the library; from the internet
	75.6
	1.77

	Having no problems while taking photocopies
	56.9
	1.32

	Adequacy of illumination and air-conditioning
	56.7
	1.30

	Being successful in human relations 
	64.8
	1.50

	Solving the problems related to the library rapidly
	63.6
	1.50

	Existence of smoking room
	61.2
	1.40

	Ability to make all the payments within the library with a rechargeable card
	44.7
	1.10

	Unworn out sources
	42.6
	1.00

	Existence of book sales office and canteen
	42.3
	1.00

	Promoting the library facilities
	36.0
	0.85

	Ability to enter the library with personal belongings
	36.0
	0.85

	Having photocopy prices at the market level at maximum
	36.0
	0.85

	Utilizing the membership system effectively
	36.0
	0.85

	TOTAL
	4289.4
	100


· Ability to search sources easily and without any problems

· Ability to reach numerous periodicals of a certain quality through internet 

· Ability to find a specific source on the shelf easily

· Ability to reach numerous sources on a specific subject

· Ability to reach audio-visual sources (VCD, DVD, cassette, CD etc.)

· Ability to reach sources in different languages

· Ability to reach sources on a wide range of subjects

· Ability to request sources from other libraries
These technical requirements are the requirements that have highest importance levels which mean that any improvement on these requirements yields higher service quality for the Library of NEU.  


As a suggestion the requirements below can be the starting point for improvement of service quality in NEU Library.
CHAPTER 6
CONCLUSION AND RECOMMENDATIONS
Services have different properties compared to physical products which make it harder to assess service quality. Understanding the customer requirements is an essential and critical point for service providers to meet and satisfy their customers’ needs. In this sense, QFD is a powerful and structured tool for listening to the voices of customers and for assuring that quality is implemented into new products/services (Kogure and Akao, 1983)
QFD is generally applied to tangible products. It can also be a beneficial tool in the services sector. Services vary with respect to the nature of the providers, time, place, and presentation style. Variability of services is affected by customer requirements that identify who will provide services and when, where and how these services will be provided. In addition, services are perishable hence; services are consumed at the same time they are produced. If the customer‘s first experience is negative, the organization can lose its customer forever. It is also very hard to convince customers that the service is improved since it is intangible. Therefore, service organizations require a careful analysis of customer requirements prior to effective service production.

QFD has been applied to services such as banking, healthcare, education, etc. The organizations that work in service sector need differentiation to create competitive advantage in the market. Understanding the customer requirements and providing higher quality service for them is the first step to differentiate services and improve the performance of the service organizations. Under current business circumstances, QFD as a tool to integrate other strategic approaches is a requirement for high quality service design and development. 

The most important process in QFD is identifying the right customer requirements. Service elements are determined after customer requirements are identified in building the HOQ. Consequently, listening to the voices of the customers is the critical point for organizations. QFD is a useful tool to rank these requirements with respect to their relative importance levels. Kano model can be integrated into QFD process in order to understand customer requirements in more detail and to differentiate them. 

In this study, user requirements were gathered from depth interviews. After identifying the user requirements, survey was employed to integrate the Kano model to QFD, to determine the importance level of requirements. In the questionnaire, there were 5 primary requirement categories: (1) items related to sources, (2) library staff, (3) administrative attributes, (4) computer services, (5) atmosphere quality. In total, there were 16 items under these 5 primary requirement categories. The sample consisted of all academicians in NEU. The questionnaires were applied to 140 academicians and 84 usable questionnaires were received with a response rate of 60 %. 

Before applying the QFD planning matrix, the data were analyzed based on Kano Model. According to Kano model analysis, most of the requirements were perceived as a one-dimensional need while few of them were identified as an indifferent need by the respondents. However, no attractive need was found within 16 items. This could be due to the implicit characteristics of attractive needs. A detailed research can be conducted to determine attractive needs for library services.

Sources, computers and atmosphere were found to be the most important primary requirement categories. Library management should emphasize its collection of sources, improve computer usage possibilities, working and resting environment to improve its quality. The primary requirement categories “administrative attributes” and “attributes related to library staff” were evaluated as the least important requirement categories.
The reason for this might be simply because of sample was drawn from full-time academic staff. As seen in Table 4.1, about 22 % of the academicians visit the library more than 2-3 times a week, while about 35 % of them access the online library more than 2-3 times a week. Academic staff physically visit the library rarely. Instead they use the online library. Thus they are not in face to face contact with neither the library staff nor the management. Besides, when they physically visit the library, since they are full-time academicians, the library staff would probably provide appropriate service to them. These results offered a general perspective about user requirements with respect to library activities. On the other hand, items within each category should be analyzed in order to understand user requirements in depth.

Within the “Attributes related to sources” category; “The order of resources (Ability to find a specific source on the shelf easily)”, and “The amount and variety of resources” were the most important requirements.  Libraries can design effective and comprehensible coding system, make numerous sources available on a wide range of subjects, and increase the number of copies of most used sources. Respondents were indifferent to the requirement “Unworn out sources”. Hence, library management can pay less attention to these requirements.
Under category of attributes related to computers, “Availability of computer usage possibilities.” had the highest level of relative importance while “Accessibility of online resources from within and outside of the library and the ability to search books” had the lowest. According to this finding, it can be concluded that it is very important for library administration to provide better and broad computer usage possibilities for their users.
Under category of attributes related to library staff, “Fulfilling their duties carefully” had a greater relative importance. Library administration should monitor the performance of library staff very closely in order to fulfill these requirements. Besides, library staff should be educated about ethical issues and communication strategies.    

The above mentioned requirements and recommendations are related to general expectations of respondents from any university library. The Kano results were found consistent with the relative importance levels. And they were employed to support planning matrix.  
Last part of the study engineering characteristics or technical descriptors that will affect one or more of the customer requirements is found that the customer needs and expectations have been expressed in terms of customer requirements. 
The goal of the HOQ is to design or change the design of a product in a way that meets or exceeds the customer expectations. 

· Ability to search sources easily and without any problems

· Ability to reach numerous periodicals of a certain quality through internet 

· Ability to find a specific source on the shelf easily

· Ability to reach numerous sources on a specific subject

· Ability to reach audio-visual sources (VCD, DVD, cassette, CD etc.)

· Ability to reach sources in different languages

· Ability to reach sources on a wide range of subjects

· Ability to request sources from other libraries
As a result of HOQ these technical requirements are participated the requirements that have highest importance levels which mean that any improvement on these requirements yields higher service quality for the Library of NEU. 

Limitations of the study and Recommendations in Future Studies:

The users of university libraries can be academicians, graduate students, undergraduate students, university staff, and external visitors. This study investigated the evaluations of the academicians of NEU. In addition, the academicians who contributed to this study were full-time instructors; part-time instructors neglected. In short, the study is restricted to only one type of user of the library. The research did not include all the users, but only those willing to participate, this fact could bring some deviation of results; low response rate of the academicians in The School of Tourism Hotel Management, Faculty of Maritime Studies, Faculty of Architecture and Faculty of Law might have affected the results.

In further researches, the study may be applied to other groups of users of library services such as undergraduate students, graduate students, external visitors, etc. This will provide a comparison of requirements among user groups and different strategies may be generated for different segments. 
In this study, NEU library was compared with the “ideal” library that respondents would like to have. In further studies other rival libraries can be included in the research, and target point may be selected according to their performances. 
The study contains 16 requirements. In order to analyze them, it is necessary to categorize them. As Griffin and Hauser described, user needs can usually be structured into a hierarchy of primary, secondary, and tertiary needs(Griffin and Hauser, 1993). Depending on this proposition, the authors classified these requirements under this hierarchical structure. Authors selected two of these levels: general and specific. In future studies, tertiary level requirements would be incorporated in the study.
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