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1. Introduction and ‘Theoretical Background

In today's
companies depends on their ability to rapidly

global economy, the survival of
inovate and improve. As a result, an increasing
search is on for methods and processes that drive
improvements in quality, costs and productivity.
Successful implementation of TPM and TQM is
found to improve manufacturing performance and
help companies gain a competitive edge.

TOM is a manufacturing program aimed at
sustaining  quality
products and processes by capitalizing on the

continuously  improving and
involverment of management, workforce, suppliers,
and customers, in order to meet or exceed customer
expectations. In contemporary management, TQM
has become the major business strategy in
1990s(Witcher, 1994; Lee and Leung,1999).
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Manufacturing Industry

Table 1 provides a comparative analysis of these
empirical studies. Through a judgmental process of
grouping similar requirements, an integrated TQM
can be viewed as a composite of eight constructs as
"employee empowerment, training and education, top
management leadership, customer focus, communication
to improve quality, quality management, employee
involvement and process improvement”.

Seiichi Nakajima, vice—chairman of the Japanese
Institute of Plant Engineers JIPE., the predecessor of
the Japan Insti-tute of Plant Maintenance JIPM.,
promoted TPM throughout Japan and has become
known as the father of TPM In 1971, TPM was
defined by JIPM as: TPM is designed to maximize
equipment effectiveness improving overall efficiency
by establishing a conprehensive productive rmaintenance
system covering the entire life of the equipment,
spanning all equipment-related fields planning, use,
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<Table 1>Summary of critical factors of TQM

Factors for TQM implementation
1.top management leadership
2.role of the quality department
3.training

Saraph et|4.product design

al. 1989 | 5.supplier quality management
6.process management

7.quality data reporting
8.employee relations

1.product design

2.process management

3.quality information

4. supplier involvement
5.customer involvement

6.top management support
7.work force management
1.Flexible manufacturing

2.zero defect mentality
3.process improvement

4. measurement

5.closer supplier relationships
6.closer customer relationships
7.committed leadership
8.adoption and communication of TQM
9.0pen organization

10.employee empowerment
11.benchmarking

1.design quality management
2.SPC usage

3.internal quality information usage
4.supplier quality management
Ahire et | 5.customer focus

al. 1996 |6.top management commitment
7.employee training

8.employee involvement
9.employee empowerment
10.benchmarking

1.top management commitment
2.supervisory leadership
3.education

4 cross functional communications to

Fiynn et
al. 1994

Powell
1995

Tamimi || .
1998 improve quality

5.supplier management
6.quality training
7.product/service innovation
8.providing assurance to employees
1.process management

Samon

2.information and analysis
and 3.customer focus
Terziovsk | 4.leadership
i 1999 | 5.strategic planning
6.people management

maintenance, etc. and, with the participation of all
employees from top rmanagement down to shop-floor
workers, to promote productive maintenance through
motivation management or voluntary small group
activities (Tsuchiya, 1992). From following previous

studies in <Table 2>, we can know that the factors
that most researchers studied were focused on
"autonormous  maintenance, planned meintenance, preventive
maintenance, operator involvement, training, equipment
design and improvement and committed leadership”.

<Table 2>Summary of critical factors of TPM

Factors for TPM implementation
l.autonomous maintenance
2.scheduled maintenance
. 3.eliminate six big losses to improve
Naﬁ%éma equipment effectiveness
4.initial equipment management
S.increased skills of operations&
maintenance personnel
1.5s’s self-initiated maintenance
2.planning and management of maintenance
Takahash| 3.improvements in production efficiency and
6:&% individual improvements
1990 |4.equipment technologies
5.quality maintenance
6.human resources development
l.education for muiti-skilling
2.management-by-objectives
Tsuchly | 3-Five S's and autofocus maintenance
1992 | 4.planned maintenance
5.maintenance prevention design
6.quality maintenance
1.autonomous maintenance
Steinbach{ 2 preventive maintenance and predictive
S‘?erinelljr;%h maintenance
er 1993 | 3.corrective maintenance
4.maintenance prevention
l.operator involvement
2.preventive maintenance
Maier et | 3.teamwork
al. 1998 | 4 measurement&information availability,
work documentation
5.work environment
l.autonomous maintenance
2.planned maintenance
McKone | 3.early equipment design
\R?ggs 4.training
1999 | b.support group activities, focused
improvement teams
6. early product design

TOM is an approach to continuous improvement
that involves all levels of an organization(Tammi &
Gershon, 1995). It takes elements such as statistical
process control and overall "total quality” objective
(Benson, 1991).

TOM takes every process in an organization and
strives to improve it by using simple quality
improvement techniques. TPM is able to define
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performance conditions to realize equipment quality
and to maintain it so that product quality can be
accomplished by equipment. TPM is a very
important subset of TQM.

The TPM process increases equipment reliahility,
makes the process more repeatable, and reduces
waste. The key ingredient to the success of a TPM
and TQM process is the involvement of the worker.
The true power in both TPM and TQM is using the
knowledge and experience of all the workers to
generate ideas and contribute to the goals and
objectives of the company. The goal of TPM is
waste reduction and process repeatability. This ties
conveniently to the process improvement goals
characterized by TQM.

In this research, we are measuring production
performance at the plant level. Since the plant does
not control sales or costs outside the plant, overall
financial measures of production performance are not
appropriate. There are many different ways of
measuring production performance. The most
predominant approach in the literature is to use
"cost, quality, delivery, and flexibility” as the four
dimensions to exam production performance.

2. Research Methodology and Hypotheses

2.1 Data collection methodology

This research sampled manufactures in Korea with
simple random sampling method, and a list of 200
names is obtained from Korea National Statistical
Office. The swvey was conducted by using an
e-mail questionnaire. All the contact persons were
managers or operators in quality department and
maintenance department.

For the measuring
performance, the informations were asked to indicate
their agreement or disagreement with statements

items practices  and

provided using fivepoint Likert scale. 3 weeks after
this e-mailing, 111 of 430 e-mails were replied,
yielding approximately a 12.32% usable response rate
after eliminating 29 unusable questionaries.

Production

performance

<Figure 1>Research model

ﬁndependent variables j

Employee empowerment(Q1)
Customer focus(Q2)

Communication to improve quality(Q3)
Quality management(Q4)
Process improvement(Q5)

Dependent
variables

lit 1
Training and education(C1) Qéﬁslté\(/ll\g) )
Top management leadership(C2) .
Ernol irrvol HC3) Delivery(M3)
mployee mvolvemen Flexibility(M4)

Autonomous maintenance(P1)
Planned maintenance(P2)
Preventive maintenance(P3)
Equipment design&improvement(P4)

<Figure 2> Factors in research model

2.2 Research hypotheses

Based on the review of the literature on the
factors related to the TPM and TQM, the following
hypotheses are presented:

Hl: Employee empowerment has a positive
relationship with production performance.

H2: Customer focus has a positive relationship
with production performance.

H3: Communication to improve quality has a
positive relationship with production performance.

H4: Quality management has a positive relationship
with production performance.

Ho: Process
relationship with production performance.

improvement has a  positive
H6: Traming and education has a positive
relationship with production performance.

H7: Top management leadership has a positive
relationship with production performance.

H8: Employee involvement has a positive
relationship with production performance.

H9:  Autonomous maintenance has a positive

relationship with production performance.
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H10: has a
relationship with production performance.

Hil:
relationship with production performance.

Planned  maintenanc positive

Preventive maintenance has a positive
H12: Equipment design & improvement has a
positive relationship with production performance.

3. Data Analysis and Procedure

The research model was analyzed using SPSS 150
program. Data analysis proceeded into reliability
and multiple
regression analysis in this study.

Detailed descriptive  statistics relating to the
respondents’ characteristics are shown in <Table 3>.

analysis, factor analysis linear

<Table 5> Factor analysis results

NO. 1 2 3 4 5 6
Q11 | 0.724
Q12 | 0.721
Q13 | 0.680
Q14 | 0.875
Q15 | 0.649
Q21
Q22
Q23
Q24
Q31
Q32
Q33
Q34
Q41
Q42
Q43
Q44
Q45
Qb1
Q52
Q53
Q55
C11
C12
Ci3
C14
C16

0.721
0.547
0.749
0.652
0.753
0.658
0.675
0.650
0.835
0.715
0.668
0.656
0.787
0.785
0.846
0.758
0.626
0.751

0.695

0.810
0.746
0.687

<Table 3> The Characteristics of respondents

Category Items Frequency %
Electric machinery 26 317
Industrial Textile industry 24 29.3
Food industry 15 18.3
Category A ytomobile industry 13 159
Others 4 49
Company Foreign corporation - 16 195
Small & medium enterprise 26 31.7
form large enterprise 40 488
Capital Less tl}a.rl 1 billion 19 23.2
1-50 billion 21 25.6
volume 14y ve 51 billion 42 51.2
Employee Less than 200 43 585
201-500 persons 21 25.6
number Above 501 persons 13 159
Executive manager 26 31.7
Position Plant manager 27 329
Engineer 16 195
Others 13 159
Years for|Less than 5 years 29 35.4
TQM & (5710 years 38 46.3
TPM |Above 10 years 15 18.3
on Independent variables
NO. 7 8 9 10 11 12
C21 0.845
C22 | 0.685
C24 | 0.726
C25 | 0.685
C26 | 0.785
C31 0.696
C32 0.736
C33 0.685
C34 0.845
P11 0.685
P12 0.785
P13 0.615
P14 0.685
P21 0.785
P22 0.851
P23 0.646
P24 0.659
P31 0.691
P32 0.685
P33 0.785
P34 0.712
P41 0.785
P42 0.685
P43 0.675
P44 0.708
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3.1 Reliability analysis

In order to ensure that the variables were
internally  consistent, reliability assessment was
carried out using Cronbach’s alpha. As <Table 4>
shows, all Cronbach’s alpha values were greater than
07, satisfying a minimum requirement of 0.6 while
the variable Q54, C15 and C23 were deleted.

<Table 4> Reliability analysis results of the
independent variables

Variable| Cronbach’s a | Variable | Cronbach’s a
Q1 0.7673 Pl 0.7828
Q2 0.7021 P2 0.7560
Q3 0.7157 P3 0.6980
Q4 0.6911 P4 0.7200
Qb 0.7386 M1 0.8471
C1 0.8259 M2 0.6947
C2 0.7005 M3 0.7125
C3 0.7713 M4 0.6852

3.2 Factor analysis

To verify the content validity of measures, factor
analysis was performed. The purpose of the factor
analysis in this study was to perform the validity
and to reduce the independent variables mto 12
factors as <Table 5>.

The loading of each variables were greater than
0.6 satisfied the minimum requirement of 0.5.

3.3 Multiple linear regression analysis
Here under are the tests for the predictors’
goodness of fit of the regression model and the

regression equation.

<Table 6> Output of model testing

Model R R Adjusted | Std. Error of
ode Square | R Square | the Estimate
L 1 658 433 427 54358

In the above <Table 6>, the R2 is 0433. This
suggests that there is 43.3% goodness of fit of the
model produced by the regression equation.

<Table 7> ANOVA output of hypotheses testing

Model | Sum of g | Mean | g
Squares Square
1Regression 77.34 12 6.44 |121.34| .000%
Residual 3.66 69 0.0

Total 81

In <Table 7>, ANOVA tests the hypothesis that
there is a linear relationship between the predictors
and the dependent variable. F is the ratio of the
mean square for regression to the mean square for
the residual. In <Table 7>, when all predictors are
entered, the significance level associated with the
observed value of F is 121.34(=0.000).

Thus, the hypothesis can be accepted and we may
conclude that there is a significant linear relationship
between the set of independent wvariables and the
dependent variable.

<Table 8> Regression coefficients analysis

Unstandardized |Standardized
Coefficients Coefficients
Model B Std.Error Beta t Sig.
1St0“5ta 3233 | 0219 14763 0.113
Q1 | 0374 0.026 0671 14.335 | 0.00
Q2 0.286 0.064 0.101 4.469 |0.002
Q3 0.486 0.058 0.212 8.379 | 0.00
Q4 0.017 0.072 0.005 0.236 10.217
Q5 0.263 0.060 0.179 4.383 10.002
Cl 0.317 0.047 0.252 6.748 |0.001
C2 0.192 0.028 0.261 6.845 {0.001
C3 0.447 0.034 0.531 13.144 | 0.00
P1 0.364 0.031 0412 11.757 | 0.00
P2 0.421 0.035 0.501 12029} 0.00
P3 0.501 0.029 0.393 11.133 | 0.00
P4 |-0.028 0.040 -0.01 -0.700 { 0.416

a. Dependent Variable: M

4. Conclusions and Limitations

In the multiple linear regression analysis, R2 is
0433. Thus, there is 43.3% goodness of fit of the
model produced by the regression equation.
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F-value is 121.34. Thus, the hypothesis can be
accepted and we may conclude that there is a
significant linear relationship between the set of
independent variables and the dependent variable.

So, ‘Sig. (p-value<0.05) is the significance level
for the test of the hypothesis. The ‘Sig’ value
(p~—value<0.06) for factor Q4 and factor P4 is
greater than 0.05(0.217>0.06, 0.416=0.05). Therefore,
the hypothesis H4 and HI2 that there is linear
relationship between this predictor and attractiveness
can be rejected.
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Appendix: Survey Questionnaires

Student: Cui Ranhong
Advisor: Dr. Kim Chang-~Eun
Industrial & System Engineering Department, Myongji University

This is a research questionnaire for study on the relationship between TPM and TQM and
production performance of manufacturing industry. Your answers will only be used as academic
research. Please take your time to answer the questions and make sure you have answer all
completely. Thank you.

Best regards

(DStrongly disagree @Disagree @ Average @Agree ®Strongly agree

NO.

Question

Q11

A more active employee suggestion system

Q12

Ideas from production operators are actively used in production management

Q13

Employee training in problem-solving skills

Q14

All employees protection issues are precatively management

Q15

Database is built for analysis

Q21

Commitments to customers through strengthening of polices, etc

Q22

Comparisons of customer satisfaction with competitors and internal indicators.

Q23

Determination of improvements in customer satisfaction

Q24

Have the customer service training budget

Q31

Use of quality techniques/tools to solve problems

Q32

Good communications between different department

Q33

Work standards are based on quality and quantity rather than quantity alone

Q34

effective tip—down and bottom-up communication

Q41

Implementation of strategies focused on quality

Q42

Degree of participation by major department heads in the quality improvement process

Q43

There are varies of quality activities

Q44

Self-inspection of work by workers

Q45

Good relation with suppliers

Q51

Reduce material handling

Q52

Design for manufacturability

Q53

Reduce cycle time

Q4

Reduce setup time

Q55

Reduce unit cost

P11

The plant is kept clean at all times, and easy to find tools

P12

Production employee dedicates a portion of every day solely to maintenance

P13

Many problems have been solved through small group sessions

P14

Employees are cross trained so that they can fill in for others if necessary

P21

Maijntenance department focuses on assisting machine operators who
perform their own preventive maintenance

P22

Information on productivity is readily available to employees

P23

Emphasize good maintenance as a strategy for achieving quality and schedule compliance

P24

To have a separate shift, or part of a shift, reserved each day for maintenance activities

P31

Maintenance department focuses on preventive maintenance

P32

Have the evaluation of equipment failure

P33

Classify the facility and evaluate the importance of equipment

P34

The equipment failure and MP information are in control

P4]

To actively develop proprietary equipment

P42

Rely on vendors for most of our equipment

P43

Have equipment which is protected by the firm’s patents

P44

Proprietary equipment helps us gain a competitive advantage
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DStrongly disagree @Disagree @ Average @D Agree (B®Strongly agree

C11 |Programs to develop team work between employees

C12 |Quality-related training given to managers, supervisors and employees

C13 |Have organization-wide training and development process for all employees

Cl4 (Employees are trained in statistical improvement techniques

C15 |Quality awareness building among employees is ongoing

C16 |Management training in quality principles

C21 |Top management assumes responsibilities for quality performance

C22 |Top management supports long-term quality improvement process

C23 |Commitment of the top management to employee training

C24 Degree to which the top management considers quality improvement as a
way to increase profits

C25 |Plant management is personally involved in quality improvement projects

C26 {Plant management creates and communicates a vision focused on quality improvement

C31 |Quality circle or employee involvement type programs are implemented

C32 |[Employees involve in design and planning

C33 |Top management pushed decision making to the lowest practical level

(C34 |[Employees are recognized for superior quality performance

MI11 |Quality cost decreased significantly.

M12|Customer complaints decreased significantly

M13|Conformance to specifications decreased significantly

M?21 |Manufacturing cost decreased significantly

MZ22 |Inventory turnover cost decreased significantly

M31 |On-time delivery increased significantly

M32Z|Fast delivery turnover decreased significantly

MA41 |Production efficiency increased significantly

M42 |Inferior product volume decreased significantly

M43 |Product changeover flexibility increased significantly
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M44 [Product mix flexibility increased significantly
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1. Your major business in your company is:

How long has your company come into existence?

Less than 2 years O 6-10 years 0 above 21 years
2-5 years 0O 11-20 years

O Food industry O Paper industry [0 Textile industry O IT industry

O Iron & steel industry 0O Plastic industry O Automobile industry 0O Electric machinery
O Shipping industry O Glass industry O Conveyance industry O Others

O Cement industry O Construction industry 0O Rubber industry

2. Your company is:

O Foreign corporation O Small & medium enterprise O large enterprise

3. The capital of your company is:

O Less than 50 million O 0.5-1 billion O 10-50 hillion

O 50-100 million O 1-10 billion O above 50 billion

4. How many employees are there in your company?

O Less than 50 O 51-100 O 101-200 O 201-500 O Above 500
5, What’s your position

O President O Plant manager O Engineer

O Chief executive manager O Manager O Others

6.

O

(]
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