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Introduction
In today’s classroom, textbooks
serve as a tool, tutor, guidebook, and
gauge (Association for Supervision and
Curriculum Development, 1997).
Teachers throughout the world base
approximately 50 percent of their
weekly teaching time on textbooks
(Schmidt, McKnight, and Raizen,
1996). Therefore, selecting a proper
textbook for a class has been one of the
most important tasks for teachers. In
order to help teachers select the proper
textbooks, much research has been
done to evaluate different textbooks.
However, very little research is devoted
to evaluating the textbooks used at the
college level. Thus, it is no surprise
that there is no research done in
regards to selecting textbooks for
courses in the field of manufacturing
or industrial technology. While there is
no indication of patterns of how
college instructors select textbooks and
the exact role of textbooks played in
the classroom, which needs further
study, at least one thing is certain— a
majority of the instructors teaching
technical courses would like to have a
textbook that would best fit their
students and also become a good
resource for lab teaching.
The design of education has mainly
been controlled by professional educators who decide what and how to teach
(Castro, 1994). Therefore, it is not
surprising to discover that the selection
of textbooks in the field of manufacturing technology is traditionally based on
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the preferences of the instructors. If the
instructor of a manufacturing class likes
a book or has been accustomed to using
a certain book, it is likely that he or she
would continue to use that book for a
long period of time. In other words, the
textbook that the instructor chooses
would basically satisfy the instructor,
while whether students’ needs concerning the textbook are met is not certain.
Some of the students, whose needs are
not met, will lose interest and complain
that they spent too much money on the
textbook.
Also, from the constructivist’s
point of view, which is gradually
accepted by most of educators now
(Forcier, 1999; Forrester & Jantzie,
2001), students (the receivers of the
education) are the center of the
learning. The constructivist in the field
of educational psychology believes that
learning really takes place when the
student can construct the new information into his original cognitive system.
In other words, students’ needs have to
be met in order to reach the goal of
meaningful learning. Therefore, it is
sensible to incorporate students’ desires
when considering the selection of
textbooks in order to meet their needs.
Besides instructors and students’
needs, there is another consideration
that is also important for the selection
of technical textbooks. Since technology in the manufacturing field is ever
changing, teaching technical courses
requires instructors to equip themselves
with the most up-to-date knowledge
and technology. This is also true for
technical textbooks. Therefore, one of
the qualities of technical textbooks
teachers should be looking for is
adaptability. The textbook should not
only be adaptable to new technologies,
but also be adaptable to the needs of
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QFD to determine and select a proper
textbook for manufacturing-related
technology courses.

Purpose of the study
The purpose of the study consisted of
two parts, and they were:
1. Introducing a QFD-based
approach to select functional
requirements for the purpose of
evaluating technical textbooks
and selecting the best-fit textbook based on customers’ voices;
2. Demonstrating systematically a
case study, which had been
successfully conducted for
selecting a text for an “Automated Manufacturing Processes”
course.

Overview of QFD and its
application
Quality control has been in existence for a long time, but it was not until
the 1920s that statistical theory began to
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be applied effectively to quality control
as a result of the development of
sampling theory (Prins, 2000). Since
then, the method of statistical quality
control (SQC) with sophisticated tool
control charts has been applied to many
manufacturing areas.
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 (Menks, 2000). While
SQC emphasizes the quality control of
production only, TQC is the application of quality principles for the
integration of all functions and processes within the organization
(Lockamy & Khurana, 1995). Among
many tools used in TQC, Quality
Function Deployment (QFD) is one of
the effective tools for product and
process development.
QFD was conceived in Japan in the
late 1960s by Yoji Akao. It did not

Figure 1. The House of Quality
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local employers, based on the fact that
most of the graduates from industrial
technology find jobs locally. Most
technical textbooks are written in the
view of being used nationwide, but
they may not necessarily parallel the
needs of the local employers. For
example, due to the nationwide use of
manual NC programming, manufacturing processes textbook writers may
have to focus on manual NC programming. However, the local employers
may like to use more CNC machines
with CAM programs. Therefore,
identifying the local employers’ needs
and incorporating them into the
consideration of selecting textbooks is
also important.
Textbooks may not be able to be
rewritten periodically, but the selection
of textbooks can be done on a periodical basis. It is advised that the evaluation of technical textbooks should be
ongoing and frequent. For example,
teachers could evaluate textbooks every
2-3 years. Besides, when teachers
evaluate technical textbooks, the
“voices” of the students and the local
employers (the needs of the students
and the local employers in their own
language) and the instructor’s teaching
content would always have to be taken
into consideration.
There are several ways to account
for different voices. One of the ways is
to have their voices heard through the
use of surveys. Individual surveys
provide the information of needs from
the aspects of students, local employers, and instructors. However, surveys
alone cannot incorporate all the
information. To incorporate all the
voices, it is necessary to find a helpful
tool. Quality Function Deployment
(QFD) is an extremely handy tool in
this case. QFD has been known as a
very useful “decision machine” to help
customers/users select the best product
among several available choices
(Lockamy and Khurana, 1995).
However, QFD is best known for its
capability of transforming the desires
of the customer/user into the language
required to implement a product.
Therefore, this paper attempts to
include customers’ voices (from
students and future employers) using
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Relationship Matrix
This Matrix details
how strong the link is
between a given
WHAT & a given
HOW

Value for strength of
relationship: Strong
(5pts.); Medium (3
pts.); Weak (1 pt.)
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at Florida A & M University, Benjamin
and his colleagues came to a conclusion
that QFD is effective in facilitating
effective communication, timely
information transformation, and
efficient resource utilization (Benjamin, et al., 1999). In light of the
successful cases with QFD in curriculum planning at Florida A & M
University, the authors were convinced
that, even without any previous cases,
the study of QFD in evaluating
textbooks could also be practical as a
part of curriculum planning.
With above mentioned literature
reviews, one could conclude that QFD
has been a successful tool implemented
in both the industry and academia
arenas for product design via customers’ voices. Therefore, the authors
would like to further the research to
the study of textbook evaluation with
the QFD approach. The following will
be the proposed QFD-based procedure
for textbook evaluation in the study.

Proposed procedure of QFDbased approach for textbook
evaluation
The intent of this study was to
introduce the procedure of a proposed
QFD-based approach to include the
voices from local employers and
students in the evaluation of textbooks.
The voices heard from these two
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groups also have different purposes.
Therefore, the task is more complex
than what a single house of quality can
do. Thus, researchers decided to use a
two-phase approach to the House of
Quality, which was modified from the
four-phase approach. The procedure
for the textbook evaluation was
proposed to consist of six steps.
Step One: The product is identified
The product of the study would be the
textbook(s) of the course. In this step,
it is necessary to identify the course
competency/objectives and review the
departmental curriculum core.
Step Two: The voices of the internal
and the external customers are
collected
The opinions of students (internal
customers) concerning the textbooks
for the course are gathered. Also, the
desires of local and related industries
(external customers) that have a
demand for the outcome of the course
for the students are collected
Step Three: Customer requirements
are documented
In this step, student opinions of
textbooks for a certain course and the
key knowledge that local and related
industries require are documented.

Figure 2. Four phases of QFD (ReVelle, Moran, and Cox, 1998)
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become a viable methodology until
1972 when it was applied at the Kobe
shipyards of Mitsubishi Heavy Industries in Japan (Prasad, 1998). QFD
reached its peak in Japan in the 1970s
when Toyota Auto Body developed a
quality table that had a “roof” on top,
and nicknamed this quality table as a
“quality house,” which is also known as
“the House of Quality” (see Figure 1)
in the United States (ReVelle, et al,
1998). The formal introduction of
QFD to the United States and Europe
was not until 1983 (Menks, 2000). And
the first recorded case studies in QFD
were in 1986 when Kelsey Hayes used
QFD to develop a coolant sensor,
which fulfilled critical customer
requirements (Prasad, 1998). As QFD
became more popular, QFD users
started to realize that including more
tables and matrices could make QFD
more useful. The “Four Phase approach” (see Figure 2), developed by
the American Supplier Institute, is
among the most popular approaches
that could assist in the design of
complex tasks (ReVelle, et al., 1998).
Since then, QFD has not only been
implemented in several major industries and service organizations but also
successfully reported in the field of
education in the United States. In the
spring of 1991, the Mechanical
Engineering (ME) Department of the
University of Wisconsin-Madison used
QFD to obtain students’ feedback on
the ME undergraduate curriculum and
to help change the curriculum. This has
been claimed as the first application of
QFD in education (Ermer, 1995).
There have been other studies of
quality done in the field of education
with the implementation of QFD, such
as to improve the quality of teaching
(Lam & Zhao, 1998), to improve the
academic programs (Pitman, et al.,
1996; Benjamin, et al., 1999), to
improve the school system (Kushner, et
al., 1994), to improve higher education
access and persistence (Stampen &
Hansen, 1999), to improve the academic advising process (Barrows &
Murray, 1997), and so on. With the
experiences gained from using QFD to
provide a structured approach for
planning in academia in different areas

•

Customer
Requirements

Journal of Industrial Technology

How Much

Journal of Industrial Technology

Step Four: The house of quality of
course planning
After collecting the local employer
requirements, the students’ opinions about
the textbooks, and the course outline, the
house of quality of course planning could
be built as indicated in the first step of
Figure 3. This phase of the house of
quality focuses on having the local
employers’ voices heard. For the purpose
of textbook evaluation, five tasks are
identified for this process as follows:
1. The customers’ voices from the
result of the survey of the local
employers are transferred to be
the “local employer needs” (see
Figure 3).
2. The importance scale of each
customer need is determined on
a scale of one-to-five, based on
the result of the survey with one
as the least important and five as
the most important.
3. The course design features are
listed, which are basically based
on the course outline.
4. The relationship between the
customers’ voices (the local
employers) and the course design
features is decided.
5. The absolute weight for each
course design feature is calculated by adding all the cell
numbers, each multiplied by its
importance scale.
Step Five: The house of quality of
textbook evaluation planning
After the first phase of house of quality
is built, the second phase of the house
of quality is to identify the textbook
evaluation features via the voices from
(see Figure 3). Similar to the construction of the house of quality for course
planning, there are five tasks in
developing the textbook evaluation
planning house of quality as follows:
1. The course design features are
transferred from the first phase
to be the voice of customer
(VOC) of the second phase.
2. The absolute weights from the
result of the first phase are
transferred as the importance
scale from one-to-five, whereas
one is the least important and
five is the most important.
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3.

The items from the survey of
students of what they feel should be
the important features of the
textbook(s) for the course are listed.
4. The relationship between the
weighted course design features
and the textbook features from
the opinions of the students is
determined.
5. The absolute weight for each
textbook feature is calculated by
adding up the cell numbers, each
multiplied by its importance
scale. Then, the relative rankings
are produced through prioritizing the absolute rankings. These
become the rankings for the
textbook evaluation features,
starting from one as the highest
absolute ranking and moving to
two, three, etc.
Step Six: The finalized items for the
evaluation of textbooks are identified,
and the evaluation of several textbooks is conducted.
The top five to seven prioritized
textbook features from the second phase
of the house of quality for the textbook
evaluation matrix are chosen. Then, at
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least two raters evaluate all the available
textbooks with these finalized items.
The final scores of the textbooks would
be the totals of the scores from all the
raters. From the final scores, one is able
to identify/select the best-fit textbook
for the course.

A Successful Case Study
The proposed approach has been
implemented successfully in a course in
the institution of the researchers. The
following is the detailed procedure in
our case following the proposed
procedure of the QFD-based approach
for the evaluation of textbooks mentioned previously.
Step One: A course entitled “Automated Manufacturing Processes” in the
institution of the researchers was
identified. The course description and
objectives are summarized in Table 1.
Steps Two and Three: Surveys to local
employers and students and interviews
with local employers, advisory broad
members, and former students were
collected and documented.

Figure 3. Two phases of house of quality for textbook evaluation.

Course Design
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Course
Planning
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See detail in Table 1
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Task 2: Transfer the absolute weight
from the house of quality to be the
importance scale for each course design
feature by dividing the absolute ranking
by twenty and rounding off to the next
whole number. For example, the weight
for “G/M code introduction” is 95.
Therefore, an importance scale of 5 is
assigned as shown in Table 3.

involved accessing the opinions of the
students, the internal customers of the
program, about the textbooks of
automated manufacturing processes and
incorporating the results. The tasks of
building the second phase of the house
of quality were as follows:
Task 1: Transfer the course design
features to be the customer requirements
in Table 3.

Table 1. “Automated Manufacturing Processes” Course information
Course description

Students will gain familiarization through working with NC
programming operations for CNC mills and lathes. Students will be
able to transfer parts descriptions into detailed process plans, tool
selection, and NC machine codes. Computer-assisted CAD/CAM NC
programming for 2D machining is emphasized.
1. Acquaint students with various forms of numerical control data
storage and input methods while providing hands-on experience in
numerical control programming, process planning, and cutting tool
selection.
2. Application of previously acquired knowledge of manual machine
tool methods to automated machining technology.
3. Exercise knowledge of numerical control programming by cutting
parts as assigned on the CNC machines in the lab.
4. Develop the ability to manually write NC programs in terms of
defining work coordinate systems, tool offset and compensation,
tool motion, feed function, tool function, miscellaneous functions,
and reference point return.
5. Use computers to write NC programs with CAD/CAM software
(MasterCAM).

Course objectives

Table 2: The first phase of the House of Quality (course planning) that
Incorporates the Voice of Local Employers
Relationship Scale 5 -1
5: very strong
1: very weak

Importance Scale 5-1
5: most important
1: least important

6

5

5

3
94

3
94

3
94

5

5

5

5

5

80

80

80

5
3
3

5
3
3

5
3
3

39

39

39

Tool selection/tool life exercises

5

Tool selection/tool life examples

4
5

Tool selection/Tool life introduction

4
5

5
5

5
5

5
5

35

35

35

CAD/CAM programming
applications

5

4
5

Documentation exercises

5
5
3

Documentation examples

5
5
3

Documentation introduction

5
5
3

CAD/CAM programming theories

5
5
3
4
4
3
5

Cutting parameter exercises

Local Employer Needs
Basic G/M codes
Optimization programming
Documentation setup
Understand CNC controller
Understand tooling setup
Tool life prediction
CAD/CAM interface
Absolute Weight

G/M codes exercises

Course Design Features
(CDF)

Cutting parameter examples

blank: no relationship

Cutting parameter introduction

Step Five: The second phase of the
house of quality (the house of quality
of textbook evaluation features). The
second phase of the house of quality
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Step Four: The first phase of the house
of quality (the house of quality of
course planning). This phase of the
house of quality involved assessing the
needs of local employers as the external
customers of the program and how their
needs have been incorporated into the
course design. The tasks of building the
house of quality were as follows:
Task 1: The local employers’
requirements were identified
through a survey and interviews
with several local employers and
the advisory board members.
The most mentioned items were
listed as the “Local Employer
Needs” (see Table 2).
Task 2: The value of the importance
scale for each local employers’
needs were assigned from oneto-five, based on the results of
the survey with one being the
least important and five being
the most important.
Task 3: All the important course
design features have been
identified according to the
course outline from this class as
the “Course Design Features
(CDF)” in Table 2.
Task 4: All four raters met to
determine the relationship
between the local employers’
needs and course design features
with a scale from one-to-five,
with one being the least related
and five being the most related.
Task 5: The cell numbers were
multiplied by the corresponding
importance scale for each course
design feature, which resulted in
the absolute weight. For
example, the absolute weight of
“G/M codes introduction”= 5´5
+ 5´5 + 3´3 + 5´4 + 3´5 =94.
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After collecting the basic information for the study (surveys from the
local employers and students and the
course outline), the major procedure of
the study (Steps Four, Five and Six), is
recorded as follows:
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5
5

5
5

2
3

2
3

5
95

5
95

Note(*): These four textbooks were:
Gibbs, D. and Crandell, T.M. (1991).
“An introduction to CNC machining
and programming”, Industrial
Press, Inc.: New York, New York.
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Table 3: The second phase of the House of Quality (Textbook Evaluation Planning)
that Includes the Voice of Students

Cutting parameter exercises

4

2

5

3

4

Documentation introduction
Documentation examples

2
2

3

1
1

Documentation exercises
Tool selection/tool life

2
2

2

1
4

5

4
4

Tool selection/tool life examples

2

2

4

5

4

Tool selection/tool life exercises
CAD/CAM theories

2
5

2
2

4

5

4
3

CAD/CAM applications

5
Absolute

Importance Ranking

Relative

5
5
5

4
4

3
3

5
5
5
5

3
13

2

5

5
5

5
5
5
3

5

5

2
2

5

2

2
2

2
2

5

2
2
2

3
3

2
2

5

2
2

5

2

3

3

123 140 75 198
6

5
5

2

2
2
5

5

Suggestions for additional resources

4
4

2
2
2

5

5

Up-to-date information

3
3

2
2
2

Explanation of relations to industrial
practices

5
5

5

Adequate sequence

2
2

5
5
5

Adequate examples

4
4

5

Easy to read

Cutting parameter introduction
Cutting parameter examples

4
4
4

Fewer lengthy passages

2
2

Adequate tables, figures and photos

3
5
5

Proper home work practices

5
5
5

Tool life introduction

G/M codes introduction
G/M codes examples
G/M codes exercises

Course
Design
Features
(CDF)

Adequate hints for difficult/tricky
homework questions

Textbook
Evaluation
Features
(TEF)

Clear explanation of concepts

Relationship Scale 5 -1
5: very strong
1: very weak
blank: no relationship

Importance Scale 5-1
5: most important
1: least important

Adequate information of optimization

Step Six: The final evaluation of the
textbooks, which was the final and
most crucial step: evaluating all the
available textbooks and selecting the
best-fit textbook for the course. The
top seven items were selected from the
results of the second phase of the
House of Quality as the finalized
evaluation items for selecting the best
textbook from four textbooks (*) about
automated manufacturing processes.
There are four reviewers that provided
their rating of each textbook based on
these seven items. The final result from
adding up the scores of all the raters is
shown in Table 4. The textbook
authored by Lin (1994) is selected as
the textbook for the course by implementing this QFD-based approach.
This book has been used for a couple
of years since the study was done. Both
the students and the local employers
are satisfied with the teaching with the
aid of this book. The evaluation of
textbooks is going to repeat again in
the near future once new textbooks are
available.

Volume 18, Number 1

Adequate programming exercises

Task 3: Collect students’ opinions
about what a good automated
manufacturing processes textbook
consists of and list the results as
the “Textbook Evaluation
Features (TEF)” (see Table 3).
Task 4: Conduct the rating. All the
raters met again and determined
the relationship between the
CDF and TEF with a scale from
one-to-five. Again, one is the
least related and five the most
related.
Task 5: Calculate the rating as
example shown in Task 5 of Step
Four. With the ranking numbers, one could find that the
“Adequate tables, figures, and
photos” feature (Table 3) stands
out as the most important in
deciding the textbook for the
automated manufacturing
processes curriculum.
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5

4
4

5

4
5

5

5

5

5

2

5

5

2
2

3

5
5

5
5

2

5

5

5

70

95 228 95 104 95 104 110 140 140

14

10

1

10

9

10

8

7

3

3

Table 4: The Evaluation Sheet and the Results for the Four Textbooks
Gibbs & Crandell

Krar & Gill

Lin

Pusztai & Sava

Adequate programming exercises

5+4+4+4=17

4+3+3+4=14

5+5+5+5=20

3+3+2+4=12

Adequate information of optimization
Proper home work practices

3+3+2+3=11
4+4+4+5=17

2+2+2+3=9
3+4+4+3=14

5+4+5+2=16
4+4+5+3=16

3+3+4+2=12
1+1+1+2=5

Adequate tables, figures and photos

3+4+4+4=15

4+4+4+5=17

4+4+5+4=17

4+5+5+5=19

Explanation of relations to industrial practices 5+5+5+4=19

4+4+4+4=16

4+4+4+4=16

3+3+3+3=12

Up-to-date information

3+4+4+4=15

4+3+3+4=14

4+4+4+4=16

3+3+2+3=11

Suggestions for additional resources

4+4+4+3=15

Total (with all four raters)

3+3+3+3=12
111

Please evaluate these four textbooks and assign point 0-5 for each cell.
5: excellent
4: above average
3: average
2: below average
1: bad
0: if you cannot find any information in that book.

7

4+4+5+3=16
96

2+2+1+3=8
119

75
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Krar, S. and Gill, A. (1990). “CNC
technology and programming”,
McGraw Hill: New York: New York.
Lin, S.C.J. (1994). “Computer Numerical
Control- from programming to networking”, Delmar: Albany, New York.
Pusztai, J. and Sava, M. (1983).
“Computer Numerical Control”,
Reston, Inc.: Reston, Virginia.

Conclusion
A modified QFD “decision
machine” that incorporated the voices
of instructors, students, and future
employers was successfully built for
the purpose of selecting the best-fit
technical textbook for the course
“Automated Manufacturing Processes”
through the QFD-based procedure
introduced in the paper. The authors
would like to present this new approach of selecting textbooks to the
field of industrial technology as an
alternative for all the technical textbook selection.
QFD is a very effective and
efficient tool for the evaluation of
technical textbooks, program review,
and curriculum development as
indicated in this paper. In the future,
the authors plan to implement the QFD
theory to more education aspects for
quality improvement, such as laboratory activity selection and the content
of instructor training.
The results presented above were
mainly issued from the data collected
from the local employers and ISU
students. The four textbooks chosen in
this study were ones researchers had on
hand, which may not speak for all the
good CNC textbooks on the market.
Therefore, researchers in this study
want to emphasize that these results
may not apply to other situations.
However, the purpose of presenting the
idea and the approach of selecting the
best textbook has been served.
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