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ABSTRACT

Quality Function Deployment (QFD) initially evolved from the manufacturing
organizations, but over the time has found applications in services of various
kinds. Often, it is deemed as difficult to construct the QFD house of quality and
perform the related calculations, especially by its potential users in the services
industry like education, healthcare, government etc. This paper identifies the
limitations of QFD house of quality in its present form and also highlights the
advantages of automating it. It simplifies the construction of the house of
quality by creating it on Microsoft Excel. The standard format of the automated
house of quality (AHOQ) created here has been tested to be reusable and
extendable for multiple services applications.
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INTRODUCTION AND LITERATURE REVIEW

Akao (1972) is the father of Quality Function Deployment (QFD) house of
quality. Over the years, this technique has caught the fancies of professionals in diverse
fields and nations. Akao & Mazur (2003) give an account of the popularity of QFD in
various nations across various continents. The future growth areas of this technique
have also been identified. However, the limitations of the technique in the present form
could not be addressed at all. In fact, upon analyzing these limitations, we can get to
know the hurdles in the way of this powerful technique in becoming more universal in
its application. The real Achilles’ heel of QFD is the management of designs of large
size, which involve both a high number of customer requirements and a high number of
technical characteristics. A solution could be that of introducing some tools able to
automate some activities, which are manually carried out today, and to simplify the
analysis of information contained in the house of quality (Franceschini & Terzago,
1998). Bedi & Sharma (2004, 2005) developed and tested the initial versions of the
automated QFD house of quality for reusability in different applications like improving
the quality of business case studies and benchmarking the quality of secondary
education. It was further refined in another application for benchmarking the quality of
multimedia and ICT in the classroom teaching of an MBA course (Sharma & Bedi,
2005). The absolute and relative weights had to still be calculated by entering the
formulae separately in each of the cells. In this paper, the automated house of quality
has reached the highest level of reusability as even this limitation has been overcome,
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so that the users have to only enter the relevant data and all the calculations and charts
are automatically prepared by the inbuilt formulae and charts. In this paper, the
limitations of the QFD house of quality in its present form are identified and most of
these limitations are eliminated by automating it using Microsoft Excel, the most
commonly available and inexpensive spreadsheet application world wide.

LIMITATIONS OF QFD HOUSE OF QUALITY IN ITS PRESENT FORM

Let us identify the limitations of the QFD house of quality in its present form. This will
help us understand better as to how its automation would result in overcoming these
limitations. These limitations are:-

1. The QFD house of quality is quite difficult to construct on a sheet of paper or a
chart.

2. Manual construction of the house of quality is very time consuming.

3. The various parts of the house of quality and the calculations involved are
difficult to understand especially for its potential users in the services industry.

4. Modifications/ deletions/ additions are quite cumbersome in the manually
drawn house of quality.

5. The off-the shelf QFD software are not readily available and are expensive,
especially for potential users located in the developing nations.

6. It is difficult to make the house of quality available to experts located at distant
places for their views and comments, as at times its large size hinders even
making its photocopies. Even if the photocopies can be made, it takes a long
time to send these to experts through courier services. The matter gets even
more complex when this process is repeated several times for revision of the
house of quality based upon the expert’s comments.

7. In most instances, the manual house of quality in not reusable i.e. cannot be
used for future applications.

ADVANTAGES OF AUTOMATING THE QFD HOUSE OF QUALITY

Automating the QFD house of quality has its advantages, as it overcomes the
limitations cited earlier up to great extent. The advantages are:-

1. Saving of time and effort in constructing the house of quality.

2. The automated house of quality is reusable i.e. once constructed; it can be used
for other applications as well.

3. This reusable feature of automated house of quality ensures saving of time in
construction the house for the four phases in manufacturing applications.

4, Ease in modification of content (voices of customers, technical requirements,

relationship and correlation ratings) and data.

5. More acceptability of the automated QFD house of quality especially in the
services scenario, where the users deem the house of quality as complex.

6. Ease of inserting more number of voices of customers and/ or technical
requirements than initially available in the standard format of the automated
house of quality.



7. Automatic calculations of scale-up factor, absolute and relative values save a lot
of time and effort.

8. Various types of graphs and charts are automatically prepared for aiding in
analysis of the house of quality.
9. The QFD house of quality can be made available simultaneously at the

computer terminals of various experts for their comments and suggestions.

10.  The automated house of quality can be easily sent as an attachment to an email
to geographically distant places.

11.  Automated house of quality created on MS Excel is free of cost compared to the
other QFD software, as MS Office is most commonly used software in any
organization even in the developing nations.

METHODOLOGY

For creating the QFD house of quality on Microsoft Excel, we keep in mind the
basic shape of a standard house of quality. In MS Excel spreadsheet, the width of rows
and columns can be modified by moving the cursor to their boundaries near their names
(columns A, B, C and so on or rows 1,2,3 etc.) and then dragging either to increase or
decrease their size. In fig. 1, we demonstrate an application of QFD in improving the
quality of business case studies at MBA (Marketing Economics) programme of
University of Lucknow using the automated house of quality constructed on Microsoft
Excel*. We decrease the default width of columns A and B as shown in fig.1, keeping
in view that we would be writing the categories of the voices in these columns. We
increase the width of row 24 up to great extent so that we may be able to write the
technical requirements in cells D24, E24, F24 and so on. Similarly, we increase the
width of column C up to great extent, so that the voices of customers can be
accommodated in cells C26 to C41. We have not disturbed the default width of rows 1
to 23, because, we know that in this region, we would be forming the correlation matrix
(i.e. the roof of the house of quality). Similarly, we decrease the width of the columns
D EF,..... , W, so that the technical requirements may be accommodated here in
these columns.

The categories of the voices of customers like Design, Discussion, and
Instructor etc. have been created by selecting the cells (e.g. cells A26 to A29) and right
clicking the mouse so that a menu appears. We choose format cells from this menu, so
that the format cells dialog box appears. We (left) click on the “Patterns” button and
then, select a pattern from the patterns pull-down menu. Next, we click on the View
button on the MS Excel toolbar. From the pull-down menu, we choose “Toolbars” and
further choose “Drawing”. The drawing toolbar appears at the bottom of the Excel
window. From the drawing toolbar, we select the vertical text box to write “DESIGN”
as a category of the voices of customers. In the same way, we create the other
categories of the voices.

* This is a new QFD work object developed exclusively for this paper and is different from the one used
in Bedi & Sharma (2004).
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Fig.1 Automated house of quality used in a QFD application.

For creating the roof of the house of quality, we again make use of the drawing
toolbar. This time, we use the line tool of this toolbar in creating the mesh of the roof.
We cannot directly enter the correlation ratings of the technical requirements in this
mesh. For doing so, we make use of the text box tool of the drawing toolbar. It is
necessary to make this text box transparent and without border so that the mesh should
remain visible at the background. We select a text box and right click on it so that a
menu appears. We choose Format text box from this menu and using the dialog box,
which appears we make the transparency of the text box 100% and choose the “no line”
option in “colors and lines” pull-down menu. We select this text box, right click on it
and choose the copy option from the menu. Then, right click anywhere on the screen to
choose the paste option from the menu, so that a copy of the text box gets pasted. We
can create as many copies of this text box and move these to the required places where
a correlation value is to be displayed.

We have pasted vertical text boxes over cells D24 to W24 in order to display
the technical requirements. Note that we have used text boxes to give details about the
data displayed in columns X, Y, Z,........ , AC e.g. column X contains data about
“Importance to customers”., column Y contains data about “performance of the
company” and column Z about “performance of the competitor”. Column AA contains
the “target values” for the company with respect to various voices of customers.
Column AB contains the scale-up factor i.e. target value divided by the current
performance level of the company. We enter the formula =AA26/Y26 in cell AB26 to
get the target value for the corresponding voice of the customer displayed in cell C26.
We now select this cell C26 and drag downwards up to cell AB41 while pushing the
left mouse, so that rest all the target values are automatically available in the cells from



C27 to C41. Now, in column AC, we find the absolute value of the importance ratings
by multiplying the importance ratings (column X) with the scale-up factor (column AB).
We enter the formula =X26*AB26 in cell AC26 to get the absolute value for the voice
displayed in cell C26. We select cell AC26 and drag downwards to automatically get
rest all the values. For creating the bar chart for the company’s performance and the
competitor’s performance, we select the columns Y & Z and use the Insert chart option
from the Excel toolbar. The chart wizard guides us through to get the chart as shown on
the right of fig. 1.

Rows 42 and 43 have been devoted to Technical Competitive assessment. Row
42 concerns the company’s product performance with respect to various technical
requirements, while row 43 concerns the competitor’s performance. Rows 44 and 45
are reserved for degree of technical difficulty (to implement a technical requirement)
and target value (for improving the current performance level of the company’s product)
respectively. In row 46, absolute values are found for each technical requirement by
multiplying the relationship values (in rows 26 to 41) with the corresponding
importance ratings (column X) and then adding all such product values for each
technical requirement. For example, in cell D46, we have entered the formula
=D26*X26+D27*X27+D28*X28+D29*X29+D31*X31+D32*X32+D33*X33+D34*X
34+D35*X35+D36*X36+D37*X37+D38*X38+D39*X39+D40*X40+D41*X41. If a
cell in the relationship area is empty, its value would be deemed as 0. Similarly, we
enter the formulae in cells E46 to W46. Note that this activity cannot be performed by
selecting the first cell and dragging row wise to automatically get rest all the values,
like we have been doing earlier. Similarly, we find the relative weights in row 47. In
cell D47, we have entered the formula
=D26*AC26+D27*AC27+D28*AC28+D29*AC29+D31*AC31+D32*AC32+D33*A
C33+D34*AC34+D35*AC35+D36*AC36+D37*AC37+D38*AC38+D39*AC39+D40
*AC40+D41*AC41 to get the relative weight for the first technical requirement
displayed in cell D24. We have to enter such formulae separately in cells E47 to W47.
We select the rows 46 & 47 and use the Insert chart option to create the column chart
for absolute and relative weights. The chart wizard guides us through to get the chart as
shown on the bottom of fig. 1.

Fig.1 shows the page break preview of the automated house of quality. For
getting this preview, we click on the View button on the Excel toolbar and select the
“page break preview” option. Further, after getting the page break preview, we again
follow the links View-Full Screen to get a full screen view, which covers the entire
screen to display the house of quality.

ANALYSIS
User-friendly automated house of quality

Fig. 2 shows the blank format of the automated house of quality. In this automated
house of quality, the users do not have to design the house as it is readymade for them.

All they have to do is to enter information relating to:

e Voices of customers (in cells C26 to C41)



¢ Importance ratings for various voices (cells X26 to X41) — average values of the
ratings can be found in another worksheet and then, copied & pasted in column
X)

e Performance ratings of the company (cells Y26 to Y41) — average values of the
ratings can be found in another worksheet and then, copied & pasted in column
Y)

e Performance ratings of the competitor (cells Z26 to Z41) — average values of the
ratings can be found in another worksheet and then, copied & pasted in column
Z)

e Target values for the company with respect to various voices of customers (cells
AB26 to AB41)

e Technical requirements to satisfy the voices of customers (in cells D24 to W24)

¢ Relationship ratings between various combinations of voices of customers and
technical requirements (cells D26 to W41)

e Correlation ratings between various combinations of technical requirements (in
the roof of the house of quality)

e Company’s and competitor’s performance in technical competitive assessment
with respect to various technical requirements (rows 42 and 43 respectively) —
ratings between 0 and 5.

e Degree of technical difficulty with respect to various technical requirements
(row 44) — ratings between 1 to 9.

e Target values with respect to various technical requirements (row 45) — ratings
between 0 to 5.
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Fig. 2 The blank format of the automated house of quality



Activities automatically performed by the AHOQ

The automated house of quality (AHOQ) performs the following activities
automatically, thus aiding the users:-

e Provides a readymade format to the users for entering the relevant information
directly.

o Automatically calculates the scale-up factor for various voices of customers in
column AB.

e Automatically calculates the absolute value for various voices of customers in
column AC.

e Automatically creates a chart for comparing the performances of the company
and its competitors (ratings in columns Y & Z).

e Automatically calculates the values of absolute weight for various technical
requirements in row 46.

e Automatically calculates the values of relative weight for various technical
requirements in row 47.

e Automatically creates a chart for comparing the absolute and relative weights
(values in rows 46 and 47).

Changing the size of the automated house of quality

The maximum number of voices of customers, which can be accommodated in
the standard format of the automated house of quality (AHOQ) shown in fig. 2 is 15. In
case, the number of voices of customers is less than 15, there is no need to change the
size of the AHOQ. The excess rows can just be left blank and it does not effect the
calculations in any way. Similarly, the maximum number of technical requirements,
which can be accommodated in the standard format of the AHOQ is 20. When the
number of technical requirements is less than this number, the excess number of
columns can be left blank and the calculations do not get affected in any way.

On the other hand, when the number of voices are more than 15, extra rows can
be inserted by selecting an existing row of the voices and then, click on the Insert
button on the Excel toolbar. From the pull-down menu, choose “rows”, so that a new
row gets added for accommodating one additional voice. For example, in fig. 3, we
have shown insertion of an additional row 41. The earlier row 41 has now become row
42. Note that we have selected the cell D47 of the absolute weight for the first technical
requirement. The formula entered in this cell is shown in the formula text box shown on
top of the fig. 3. Note that we have to include an additional term in this formula for this
new row i.e. +D41*X41. Similarly, we have to add the term +E41*X41 in the formula
entered in cell E47. In the same way, the formulae of cells F47 to W47 have to be
updated. Also, for the relative weights, say in cell D48, we have to include an
additional term in the formula i.e. +D41*AC41. In the same way, the formulae of cells
E48 to W48 have to be revised. When more than one additional row is inserted all these
formulae for absolute and relative weights have to be revised accordingly.
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Fig. 4 Inserting an additional column for technical requirements



When the number of technical requirements is more than 20, we can add an
additional column in the standard AHOQ. In fig. 4, we select a cell in column X and
follow the links Insert-columns in the Excel toolbar so that a new column X gets added.
Rest all the columns on the right have shifted towards the right by one column. We
have to use the drawing toolbar to create more cells in the roof of the house of quality
corresponding to this additional column. Also, we have to enter the formulae for
absolute weight and relative weight in the cells X46 and X47. MS Excel automatically
updates the formulae for absolute and relative weights in rows 46 and 47, as now the
importance ratings are there in column Y and the absolute values in column AD (see
the formula text box in fig. 5).
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Fig. 5 Automatic change of formulae in rows 46 and 47 by Excel upon insertion of a new
column for technical requirements.

CONCLUSION

Automated house of quality made on Microsoft Excel is user-friendly and
reusable for many applications. It is also easily extendable i.e. more number of voices
of customers and technical requirements can be easily added to the standard AHOQ. It
will help to further proliferate the use of QFD in services like education, healthcare,
government etc. where it is currently deemed as difficult to construct the house of
quality. The AHOQ requires the users to only fill in the relevant information and it
automatically perform the various calculations required by the formulae inbuilt in it. It
also creates the charts by itself, which help in the analysis of the technical requirements
to be implemented. Hence, the automated house of quality overcomes the limitations of
the manually created house of quality in a big way.
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