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Abstract 

Since Quality Function Deployment (QFD) was proposed by Yoji Akao, QJ!"D researchers 

and practitioners could not help but accept a considerable effort to make quality tables. However it 

seems to be true that some would have refused the effort because of its amount. Even if QFD is 

effective to develop a new product or service, it should be resolved that QFD requires considerable 

amount of work for making tables. 

So far, MS Excel has been used to make tables which are required for QFD. It results from a 

fact that MS Excel was designed for manipulating tables. However, we were not able to be satisfied 

with· it. The reason is that we make a table by using another means such as the "KJ method" or the 

"Affinity Diagram Method" and then input it into computer through MS Excel. This means that a tool 

which helps not only the process of input but also the process of making tables would be necessary. 

In this report we propose a new software tool that directly helps one make tables such as a 

quality table. Moreover, we are able to make a table well-structured by using the Quantification 

Method of type three (QM3). The resultant table is easily transferred to MS Excel through a clipboard 

function. The development is being carried out from the point of view of the fusion ofUML and QFD. 
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1. Introduction 

Since Quality Function Deployment (QFD) was proposed by Yoji Akao, QFD researchers 

and practitioners could not help accepting a large amount of effort to make various tables [1,2]. 

However it seems to be true that some would not have accepted the effort of making tables because of 

its much work. Even ifQFD is effective to develop a new product or service, it should be resolved that 

QFD requires considerable amount of work for making tables [3]. 

So far, MS Excel has been used to make tables which are required for QFD [4]. It results 

from the fact that MS Excel was designed for manipulating tables. However, we were not able to be 

satisfied with it. The reason is that we make a table by using another means such as the "KJ method" 

or the "Affmity Diagram Method" and then input it into computer through MS Excel. The 

development process can be made more efficient by integration with idea generation support. This 

means that a tool which helps not only the process of input but also the process of making tables 

would be necessary. 

In this report we propose a new software tool that directly helps one make tables such as 

quality tables. The associative listing of items can be utilized through making a table. Moreover, we 

are able to make a table well-structured by using the Quantification Method of type three (QM3). 

Because of different ways of expression or other reasons, the table in the early stage of development 

may contain similar items. This tool helps subgrouping of such items to be merged into one. 

The resultant table is easily transferred to MS Excel through a clipboard function. The 

development is being carried out from the point of view of the fusion ofUML and QFD. 

2. A framework of an application of QFD to developing software tool 

From the point of view of quality assurance, a series of procedure of QFD is thought to have 

been almost established in developing a tangible product However, applying QFD to software 

development remains unsatisfactory. In software engineering field, a recent attention is being headed 

for UML (Unified Modeling Language). Reflecting such trend of the software engineering, Watanabe 

et al. [5] proposed a fusion ofQFD and UML to develop a software system. We are conscious of their 

proposition and set a framework to apply QFD to developing a software tool. 

Following the input-process-output model, the framework is depicted as shown in Figure 1. 

The most important thing is, needless to say, to understand use cases employed in UML. We can then 

derive the information regarding how to use and requirements for quality. These should be considered 

in designing the tool. As output we need to determine component layouts on each screens and menus. 

The process can be regarded as methods or algorithms that transform input data into output data. 
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Figure I A framework of applying QFD to developing the software tool 

3. Enforcement of the framework 

3.1 Gathering use cases 

In order to grasp use cases, we first examined traditional procedures of QFD and those used 

in existing QFD tools. However users themselves can not always recognize all the requirements for 

the tool. Besides, it is difficult for users to express adequate requirements because the tool has not 

been clarified and completed yet. Therefore, it is of practical importance for us to try to derive latent 

requirements for the tool to be realized. 

From the point of view of developing the new tool, it should provide new functions or 

improvements. Although there have been many software tools for QFD, it can be said that no tool has 

helped us put every procedures of QFD into practice. One of the reasons is that tools have left most 

burdensome and difficult works to practitioners. In fact, these works have been almost embedded in 

"KJ method" or the "Affmity Diagram Method". 

From above, we determined the following ideas of the tool to be developed: 

(1) We can optionally pick out two viewpoints which may constitute an object of QFD such as 

"quality requirements" and "quality elements". 

(2) Input is done in order of users' hitting on the idea of items of each viewpoint. 

(3) Items of each viewpoint can be input in such a manner as "Al" relates "BI" with degrees of 

relationship 1-9 or "?" . The lnput symbol "?" is temporarily used in the case that it is difficult to 

determine the value of relationship between items. Needless to say, the value should be determined 

and input ~ a defmite value later on. 

(4) A two-way table is automatically composed on the basis of input information at any time users like. 

If the table contains temporary values, it is indicated in order to be substituted by their deflnite values. 
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(5) "Quantification Method of Type Three (QM3)" should be applied to the two-way table instead of 

"KJ Method" or "Affinity Diagram Method'> The QM3 will give us necessary infonnation for 

subgrouping items of each viewpoint. It is important that sub grouping is simultaneously carried out 

against two viewpoints. 

(6) Tree-view components enable users to manipulate hierarchies of items of each viewpoint. 

(7) The fmally established two-way table can be exported to other application program such as MS 

Excel. 

3.2 Functions and data derived from use cases 

We examined use cases and derived relevant functions and data as shown in Table 1. In this 

step, it is important to be aware of sequences of the QFD process. 

Table 1 Functions and data derived from use cases 

No. Use case Function Data 
Input two viewpoints Viewpoints A and B 

1 Input a two-way table Input items of each viewpoint and IteIJ1. of A, Item ofB, and 
its degree of relationship its degree of relationship 

2 View a table 
Display a two-way table Ditto 
Displav each items by tree-view Ditto 

3 Edit items and hierarchy 
Edit items Table, item, degree 
Edit hierarchy Tree-views 

4 Analyze the table 
Apply QM3 to the table 

Table, eigen values, and 
scores of each items 

5 Prioritize items Compute weights of items 
Weights of "A" and "B" 
items 

Reuse a table 
Import a table Table data • 6 
Export a table Table data 
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Table 2 A table for designing the menu 

CreatE S'OeC:ID.r two v:i:wponts; :hput i::e:n s and. --:; of:reh ' -'-' between them 
Save o veJWrl:e data an the ;:, ~T opened fie 
Save as Illput the nam e of the fie and add the extens:bn cOOe 

FiE 
Open. Spec:iD,r the nam e of the fie 
liloort S'OeC:ID.r the nam e of the csv :lbmt at fie 

I Export Spec:ny the nam e of the fie 
Prnt Spec:iD,r the name of data 

IQuit Can pl:te a.n.processhq 
lli::BJZe C :ear the t::ree-v:i:w can panents 
Add . nput the i::e:n 

Ed± AddChitl ·llput the i::e:n and ~ the :re:Evant i::e:n and is ~, of :reht+m~h h 
Melge Spec:ny i::e:n s tD be m erged 

Del:te S'OeC:ID.r i::e:n s) tD be de1:tEd 
D el:te C h:frlren Spec:iD,r the i::e:n 

D:Sphy Two-way Tabl: D :Sohv the data n a tabl: :lbmt 
T:ree-v:i:w D:Sohv the data n a t:J:ee-v:i:w :lbmt 

QM3 Sort the tabl: w ih t tD SPeC:ifud scores 
Tool D:Sow the scatter -,' w ih soec:ifud e:ben vectDIS 

P:r:brl:izatbn C anvert wehhts 

Hep VeIS:Dn D:Sow the veISDn ilIDmt atbn 
Usages D:Ephythe"~ 

3. 3 Design of menus 

In order to design the menus of this tool, we extracted functions to be implemented 

considering above-mentioned ideas and use-cases as shown in Table 2. The menu items basically 

followed those of MS windows applications. 

3.4 Brief specifications of some new functions 

The object-oriented system development helps us think about details of implementation. For 

example, saving data as a file is easily implemented by using the standardized "file save dialogbox". 

Then we introduce the following three functions that characterize this tool. 

(1) A function of creating a two-way table 

So far, "KJ method" or "Affinity Diagram Method" has been indispensable to put QFD into 

practice. In fact, carrying out "KJ Method" twice seems to be necessary for uS.to make quality tables. 

It is no exaggeration to say that most of time required for QFD is devoted to making quality tables. 

Instead of "KJ Method" or "Afftnity Diagram Method", we have proposed the application 

of " Quantification Method of type three (QM3)" [6]. Offour quantification methods, QM3 is used for 

analyzing inside structure of two-way tables. Subgrouping items which seem to be similar to each 

other can be performed on the basis of scores obtained by solving an eigen-value problem in QM3. 

Therefore, the first thing we should do is to make a two-way table even if it is not 

well-formed. The following two ways of inputting items and degrees of relationship were designed for 
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the tool. At fIrst, we specify two viewpoints "A" and "B". After inputting the item "AI" which 

belongs to "A", we can input items "B 1", "B2", etc. with each degrees of relationship as shown in 

Figure 3. 

Another way of inputting data was designed for inputting items "AI" and "B 1" together 

with degrees of relationship between them. Figure 4 indicates this input method called "the triplet 

input method". 

:.\,' .': ~.: ~ ,.: +-, ::' ,",: --:";" -';"","-:. ,. 't ":: ,": . 

r ;. ~ ~> ~~.;~~;~~~::{~~<~ : ::::; : .; :.- .' 
. ../ -.... ..' ,:2;':.:~:~~fY!.;>~~ : ". ,"~I :. [ 

' ri~'-;·-'-:':'-< -'·· -.:..--,,-.,' '.;.;;.~:;;::'., ':~. h.;:::.'-,.Vtz~;;.::!':~~i:::.:.j~=.~",-·i:·.;;.;.!i;,~: ,-' _",,,,,,,, "-.-':~:~: ~'"-';iJ....,'~;~:~>=,±;+.i.-"+;+h-::<-'!';;':'+-F~F:-'-::i:-T 
•. ,;'; .. ' ',: '. ·'i~ ;.':~Jq\ '.' ; ; .. '>:L:'~~;'~li:,~ •• iIIIlt~~~~2 ~~ 
I I "-lbl -"-'-'-'-"'--'- -- " ,-" 
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~ .... , 
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Figure 3 A screen image of inputting items and relationship 
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Figure 4 Triplet input method 
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(2) Applying QM3 

We have already reported QM3 to analyze the inside structure of two-way tables [7J. After 

completing inputting items and degrees of relationship, the two-way table is automatically composed. 

This table may contain such similar items as are merged into one. Besides, the table may be missing 

important items. If so, the sorted table with respect to items' scores provides us with chances of 

merging or deleting items. Needless to say, the scatter diagram of scores with respect to specified two 

engen-values helps us examine to merge or delete items. 

Table 3 A two-way table Table 4 Eigen-values and scores 

BI B2 B3 B4 BS B6 B7 
Al 0 0 EVNo 1 2 3 4 
A2 0 0 EV 1DO 1DO 1DO ' 050 
A3 0 0 A1 173 aDO aDO aDO 
A4 0 0 A2 aDO aDO 173 173 
AS 0 0 A3 aDO 113 aDO aDO 
A6 0 0 A4 aDO 173 aDO aDO 

AS 173 aDO aDO aDO 
Table 5 The sorted table A6 aDO aDO 113 -173 

BI B4 B2 B3 BS B6 B7 B1 173 aDO aDO aDO 
Al 0 0 B2 aDO 173 aDO aDO 
AS 0 0 B3 aDO 113 aDO aDO 
A3 0 0 B4 173 aDO aDO aDO 

B5 aDO aDO 173 245 
B6 aDO aDO l73 aDO 
B7 aDO aDO 173 -2:45 

A4 0 0 

A2 0 0 

A6 0 0 

For example, suppose that a two-way table as shown in Table 3 is given. Applying QM3 to 

the table, we can get the eigen-values and scores for respective viewpoints. It is possible to make a 

scatter diagram from these scores, which may bring about useful information to make the table 

well-structured. Items being sorted with respect to scores belonging to eigen-value number 2, we can 

get the structuralized table as shown in Table 5. In the case of making a quality table in the traditional 

QFD, we must use twice the "KJ Method" or the "Affmity Diagram Method". If we resort to QM3 

instead of these methods, we can simultaneously sort items by their scores. 

(3) Manipulation of hierarchy of items 

One of features of QFD is to process a variety of information by hierarchically 

stracturalizing. Nevertheless, it seems that there have been no existing tools for QFD that support 

hierarchical processing of information, which results from the technological difficulty of hierarchical 

information processing. 
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We then devised a method using "tree-view" component that is widely used in MS windows 

software applications such as MS "Explorer". This is because it is difficult to edit the hierarchy of 

items that are in the form of a table. As a consequence, we first edit the hierarchy by the same 

operations as are employed in MS "Explorer", then We map it into corresponding two-way table. The 

resultant table is illustrated as shown in Table 6. 

Table 6 The structuralized table 

000 000 0000 
Bi B4 B2 B3 B5 B6 B7 

000 Ai 0 0 

A5 0 0 

000 A3 0 0 

A4 0 0 

000 A2 0 0 

A6 0 0 

4. Menu, events and screen iayout 

In order to implement these functions so that they are satisfied with users' requirements, we 

must select suitable software components with considering their layout on each screen. The table 7 

shows suitable software components we have selected 

Table 7 Menu, events and screen layout 

sc:rsens Vi :hdOIl s) 
Rl"'CnlirM CanpenentE :lbr±npl:ment:b:r 1 2 3 4 

Create Label C an roB ox, FlBook, S 1::!::hcQ m, Buttnn 0 0 

Save SaveD ::61:xr 0 0 

Save as SaveD:6.bg 0 0 

Open o penD ::61:xr 0 
Fie 

In POrt FlBook 0 

iEXDort FlBook 0 

Pmt PmtD :6.bg 0 

iQU± M essaqeD:6.bg 0 

Il:i::iilize T:reeV:i::M , T:reeV:i::M PooUnM enu, 0 0 

Add. T:reeV:i::M T:reev:i::MPooUd.>1enu, 0 0 

Add. chili T:reeV:i::M , T:reeV :i::M PooUoM erru, 0 0 
Ed±. 

Meme T:reeV:i::M ,T:reeV:i::M PooUoM erru, 0 0 

De1:te T:reeV:i::M ,T:reeV:i::MPOPUnM enu 0 0 

D e1:te C hfrh:en T:reeV:i::M T:reeV:i::MPOOUoM enu 0 0 

Two wavTab1: FlBook 0 0 
D:Ephy 

Tree-vEw T:reeV:i::M ,T:reeV:i::MPooUuM erru, - 0 0 

Canvas, TeeC hart FlBook, 0 0 

Tool 
QM3 

Canvas TeeC bart, FlBook, 0 0 

pr:brl::izatbn un±n pl:m ented 0 

Vel:SDn ShewM essage 0 
Hep 

Usaaes un±n pl:m ented 0 
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5. Implementation and evaluation 

As a software integrated development environment, "Delphi Version 7"i was determined 

This was because we have been familiar with "Delphi" for the object oriented software development 

[7,8,9]. The software tool was almost implemented on the basis of the framework that has been 

proposed as a fusional methodology of QFD and UML. Although the framework should be more 

examined to establish a fusional methodology, our experience of applying it to developing the tool 

seemed effective. 

The improvement of the tool is now on-going. We will make every effort to make the tool 

more useful. 
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