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APPENDIXES



APPENDIX A PRIMARY STUDY QUESTIONNAIRE SURVEY

University-Industry Joint Research for Photovoltaic

Technology Transfer in Thailand

This survey aims to gather data for developing a model for effective
university-industry joint research for photovoltaic technology transfer in Thailand.
You are requested to kindly fill in the questionnaire. The information will be used for
academic purposes only, as one critical part of a PhD research project. Individual
responses will be kept confidential. Only a consolidated summary of the result may be
published.

Definition: University-Industry Joint Research for Photovoltaic Technology
Transfer in Thailand

For the purpose of this study, the university-industry joint research for
photovoltaic technology transfer in Thailand has been defined as sponsored research,
collaborative research, research partnerships, consortia, technology licensing and
exchange of research materials between Thai university and industry that conduct
research "and business relates to photovoltaic technology with an aim to develop
technology and to transfer technology and knowledge to and between parties such as

persons and organization that arrange to receive it.

Part A: Background Information

1. Name and Family Name:

......................................................................................................

......................................................................................................
......................................................................................................

......................................................................................................
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3. Position:

......................................................................................................

......................................................................................................

5. How many researches have you been involved with photovoltaic technology? Please

specify. (Project name and budget)

......................................................................................................
......................................................................................................
......................................................................................................

......................................................................................................

6. How do you view the necessity of university-industry joint research for photovoltaic

technology transfer?

......................................................................................................
......................................................................................................

......................................................................................................

7. How many joint researches your organization has experienced?

Please indicate the type of joint research in (a) sponsored research - companies
directly funding university research (b) collaborative research - university-industry
research partnerships through partial governmental funding (c¢) consortia - groups of
companies and universities engaged in various research efforts of common group
interest , (d) technology licensing - licensing of university patents and (e) exchange
of research materials - performance of research and accomplished through material

transfer agreements.

No. Type Partner Issue Year Value
(Baht)

Eg. |A Bangkok Solar Packaging 2004 5

Improvement million
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Part B: Factor affecting growth of university-industry joint research for

photovoltaic technology transfer in Thailand

Please circle your selected rating number according to our opinion in the column of

statements (A and B) related to the factor affecting growth of university-industry joint

research for photovoltaic industry in Thailand using the following scale.

Column A: concerned with rating your opinion for a number of statements related to

the factor affecting growth of university-industry joint research for photovoltaic

J@)

technology transfer.
© © ©) 0
2/ Z/
Strongly Disagree Disagree Neutral Agree Strongly Agree

Column B: concerned with rating the scale of the impact of the factors on the growth

of university-industry joint research for photovoltaic technology transfer.

O,

{5) {43

Fal

W/ &

Strongly Negative Negative Neutral

Y/

©,

Positive Strongly Positive

Item C1: Characteristics of University Column A Column B
Code Rating your opinion Rating the impact of the
factor on the growth of U-I
joint research
Cl1.1 | The university is not a reliable of knowledge and
technology source to conduct U-I joint research for 2 3 4 1 2 3 4 S
photovoltaic technology transfer.
C1.2 | The university professionals, staffs and students lack of
motivation for U-I joint research. 2 3 4 | 2 3 4 5
C1.3 | Difficulties with negotiating and managing
collaboration (i.e. loss of academic freedom, lack of 2 3 4 1 2 3 4 5
structure to find partners, risks on fund, communication
skill, lack of consistency) are barriers for photovoltaic
technology transfer.
C1.4 | Concern on potential impact on faculty and students to
work with industry hinders faculty lecturers and students 2 3 4 1 2 3 4 5
from their own academic work, inappropriately involving
in conﬁdential. research, restrictions on publication.
C1.5 | Others. Please specify. 2 3 4 1 2 3 4 5
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Item C2: Characteristics of Industry Column A Column B
Code Rating your opinion | Rating the impact of
the factor on the
growth of U-I joint
research
C2.1 | The level of technical knowledge and
absorptive capacity of industry is the 1 {2 (3 (4|51 ]2 (3 |4]5
barrier for U-I joint research for technology
transfer.
C2.2 | The industry lacks of motivation to learn
new thing and to develop innovativeproduct |1 (2 |3 |4 |5 |1 |2 |3 |4 |5
and process development under U-I joint
research.
C2.3 | The attitude of industry (i.e. viewing that
the value of research collaboration is not 1 12 |3 |4 (S5 |1 |2 |3 |45
high enough and viewing that university
overvalues of their technology capabilities)
is the barrier of U-I joint research.
C2.4 | The management barrier in the industry
side (i.e. low level of corporate support 1 |2 |3 |4 |S |1 |2 (3 (4]5
depends on investment cost, time spending)
is the barrier of U-I joint research
technology transfer.
C2.5 | Others. Please specify. 1 (2 |13 |4 (5]1 |2 |3 ]|4]5
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Item C3: Transfer context and Column A Column B
Code organizational structure Rating your opinion | Rating the impact of the
factor on the growth of U-I
joint research
C3.1 The university does not provide
adequate technical and information 11213 1415111213 1415
service for U-I joint research for
photovoltaic technology transfer.
C3.2 The university and industry’s lack of
communication channels affectsthe U-I {1 [2 |3 (4 |5 |1 [2 [3 {4 |5
joint research for photovoltaic technology
transfer.
C33 The university and industry both lack of
trust to each other in conducting U-I 1 [2 |3 |4 |5 |1 |2 |3 [4]5
joint research.
C34 Cultural differences (i.e. profit and not
profit organization, bureaucratic and 1 |2 |3 |4 (5|1 |2 (3 (4]5
entrepreneur) are the barrier of U-I joint
research.
C3.5 The inadequate infrastructure (i.e.
inadequate supply of technical human 1 {2 |3 14 |5 (1|2 |3 |[4]5
resources, lack of linkage with S&T
communities) is the barrier of U-I joint
research.
C3.6 The inappropriate confidentiality and
intellectual property management is 1 12 (3[4 |S |1 |2 |3 |4]5
the barrier of U-I joint research.
C3.7 Others. Please specify. 1 12 (3 |4 (|5 ]1 ]2 (3 |41]5
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Part C: Factor affecting the effective university-industry joint research for

photovoltaic technology transfer in Thailand

Please circle your selected rating number according to our opinion in the column of
statements (A and B) related to the factor affecting the effective university-industry

joint research for photovoltaic industry in Thailand using the following scale.

Column A: concerned with rating your opinion for a number of statements related to

the factor affecting effectiveness of university-industry joint research for photovoltaic

technology transfer.
O—GO—0 ® ©
Strongly Disagree Disagree  Neutral Agree Strongly Agree

Column B: concerned with rating the scale of the impact of the factors on the

effectiveness of university-industry joint research for photovoltaic technology transfer.

O ©, ® O ©,
Strongly Negative Negative Neutral Positive Strongly Positive
Item D1: Characteristics and perspectives of University Column A Column B
o oropion | "= e
joint research
DI.1 The university with extensive knowledge base in
photovoltaic technology with adequate of fund to 1 2 3 4 5 1 2 3 4 5
support the joint research are essential for the
effectiveness of technology transfer through U-I joint
research.
D1.2 Adequate specialists, researchers and students
working on photovoltaic related technology are 1 2 3 4 5 1 2 3 4 5
essential for the effectiveness of technology transfer
through U-I joint research.
D13 Adequate and appropriate tools and equipment has
an impact on the effectiveness of photovoltaic 1 2 3 4 S 1 2 3 4 5

technology transfer through U-I joint research.

Dl1.4 The university’s willingness and motivation to
implement and cooperate with industry in teamwork | 1 2 3 4 5 1 2 3 4 5
with shared value has a bearing on the effectiveness
of photovoltaic technology transfer through U-I joint
research.

D15 Others. Please specify. 1 2 3 4 5 1 2 3 4 5
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Item
Code

D2: Characteristics and perspectives of

industry

Column A

Rating your opinion

Column B
Rating the impact of the
factor on the technology

transfer of U-I joint

research

D2.1

Adequate knowledge base, capability and
funds in receiving and transferring (i.e.
sufficient skills and knowledge of engineers and
workers) of the industry are essential for
effectiveness of photovoltaic technology

transfer through U-I joint research.

D2.2

The industry’s willingness and motivation to
learn, work and develop new technologies
and products with the university with shared
value has a bearing on the effectiveness of
photovoltaic technology transfer through U-I

joint research.

D2.3

The Perspectives of management teams on
worthiness and value of joint research in terms
of economic and intellectual values has an
impact on the effectiveness of photovoltaic

technology transfer through U-I joint research.

D2.4

The degree of understanding the differences
in culture (i.e. how universities operate as
nonprofit organization, ability to appreciate the
different time horizon, and freedom of
university researcher in working individually)
impact the effectiveness of photovoltaic

technology transfer through U-I joint research.

D2.5

Others. Please specify
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Item D3: Joint research mechanism Column A Column B
Code Rating your opinion Rating the impact of the
factor on the technology
transfer of U-I joint
research

D3.1 Communication effectiveness is essential for
the effective photovoltaic technology transfer 2 03 14 .5 1 2 13 |4 |5
through U-I joint research.

D3.2 Management of coordination office and the
research program could be impacted the 2 |3 |4 |5 1 2 |3 |4 |5
relationship and the effective photovoltaic
techpology transfer through U-I joint research.

D3.3 IP management is necessary for the effective
photovoltaic technology transfer through U-I 2 |3 |4 |5 1 2 |13 |14 |5
joint research.

D3.4 The degree of incentive system from
university and government is essential for the 2% 3" | 4] S 1 2 |13 |4 |5
effective photovoltaic technology transfer
through U-I joint research.

D3.5 Others. Please specify 2 |13 |45 1 2 43 |24 S
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Part D: The outcome of the factors of effectiveness of university and industry

joint research for photovoltaic technology transfer

“The effectiveness of university and industry joint research for photovoltaic

technology transfer” means the joint research that increase of cooperation through

funding and number of joint research which will lead to the increase of technology

transfer and effective administrative task and knowledge management of joint

research”.

Please circle your selected rating number of the degree of effectiveness improvement

due to the factors as mentioned earlier.

O, ©, O, ® ©,
Very low/ Low/ Adequate/ High/ Very High/
Very Poor Poor Satisfactory Good Very Good
Item E1: Growth of U-I joint research: Concerned with the growing Rating your opinion on
Code | number of U-I joint research for photovoltaic technology transfer from the degree of
the factors of Characteristics of university and industry and joint effectiveness
research mechanism improvement of joint
research
D4.1 The effective U-I joint research can enhance the growing number of
technology transfer through joint research. 2 3 4 5
Item E2: Joint Research Project Performance: Concerned with the impact Rating your opinion
Code | of the effective U-I joint research for photovoltaic technology transfer on on the degree of
the performance of joint research project. effectiveness
improvement of joint
' research
D4.2 The effective U-I joint research can enhance the quality performance of
the joint research project (i.e. less rework, innovation products and 1 12 |3 |4 |5
process, technology, better quality of research result) between university
and industry.
D4.3 The effective U-I joint research can enhance economic performance
(i.e. less investment in resources, less time in conducting joint research,
IP rights)between university and industry.
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Part E. Evaluation of existing characteristics and perspectives of university and

industry and joint research mechanism

Please circle your selected rating number for the following variables based on your

experience on the current and existing characteristic and perspectives of

university, industry and university-industry joint research mechanism for

photovoltaic technology transfer.

O © © © O
Very low/ Low/ Adequate/ High/ Very High/
Very Poor Poor Satisfactory Good Very Good

Item | Characteristics and Perspectives of University
Code

Rating your opinion

F1.1 | The university has extensive knowledge base in photovoltaic

technology with adequate of fund to support the joint research.

F1.2 | The university has adequate specialists, researchers and

students working on photovoltaic related technology.

F1.3 | The university has adequate and appropriate tools and

equipment.

F1.4 | The university has willingness and motivation to implement

and cooperate with industry in teamwork with shared value.

Item | Characteristics and Perspectives of Industry
Code

F2.1 | The industry has adequate knowledge base, capability and
funds in receiving and transferring (i.e. sufficient skills and

knowledge of engineers and workers).

F2.2 | The industry has willingness and motivation to learn, work and
develop new technologies and products with the university with

shared value.

F2.3 | The management team of the industry has perspectives on
worthiness and value of joint research in terms of economic

and intellectual values.

F2.4 | The industry understands the difference of culture between

university and industry.
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Item | Joint Research Mechanism Rating your opinion
Code

F3.1 | The mechanism of U-I joint research has adequate and effective

communication. I 52 %3 |4 =5

F3.2 | The mechanism of U-I joint research has adequate and

appropriate coordination office and joint research program. |1 |2 |3 |4 |5

F3.3 | The mechanism of U-I joint research has appropriate IP

management. 112|314 ]5

F3.4 | The mechanism of U-I joint research has the adequate scheme

of incentive system.
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APPENDIX B PRIMARY STUDY INTERVIEW QUESTIONS

University-Industry Joint Research for Photovoltaic Technology Transfer in

Thailand

Interviewees: - Faculty Dean or Representative, Director of Research Affairs Office
or Representative and Senior Lecturers and Scientists
- CEO or Representative, Head of R&D Department or representative,
Senior Engineer

Part A: Introduction

1. Background of study

2. Confidentially statement

3. Structure of the interview
Part B:

1. What is the strategy and main expectation of your organization (university/
industry)?

2. What are the major challenges that your organization is facing today in
terms of technology development?

3. What is the strategy and policy of your organization concerning R&D and
joint research particularly the photovoltaic technology related and technology transfer?
Is it a long term or short term strategy?

4. What is the process of decision making for your organizations to conduct
joint research?

5. Are university-industry joint research’s efficient, productive means of
generative and innovative photovoltaic related technology?

In your opinion, what are the current nature and stage of university and industry joint
research for photovoltaic technology transfer?

6. What technology is transferred and should be transferred?

7. What kind of joint research your organization involves in?

8. How do you view the development of university-industry joint research for

photovoltaic technology transfer? Are you satisfied with the current situation?
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Part C:

1. What conditions are necessary for your organization to conduct U-I joint
research?

2. What are the factors that influence your organization and university and
industry not to conduct joint research for photovoltaic technology transfer? Why?

3. What are the most influential factors that prevent the growth of university-
industry joint research for photovoltaic technology transfer? Why?

4. To what extent those factors affect the decision making of universities and
industry for the joint research?

5. What problems that your organization faces with the university-industry
joint research or university-industry collaboration? Why?

6. What should be solved and improved? Why?

Part D:

1. What are the most influential factors that enhance the effectiveness of joint
research for photovoltaic technology transfer? Why?

2. What are the actions that your organization doing for supporting those
factors?

3. How can U-I joint research be strengthening to contribute to the increase
of industry and university knowledge and capabilities?

Part E: (Specific questions for university side)

1. What is the strategic plan in recruiting the lecturers, scientists in the
faculty? Is the number of the personnel and equipment resources enough and good
enough for conducting photovoltaic joint research? How did your organization
develop relationship to the industry over time? How did your organization adopt the
marketing strategy for university-industry joint research for photovoltaic technology
transfer?

2. How did your organization choose industry partner initially for joint
research or collaboration on photovoltaic technology development?

What are the policy and incentives of faculty and university in motivating the staffs
and professional to conduct joint research related to photovoltaic technology

development?
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3. How does your organization evaluate teamwork and shared value with
industry while working with industry together?

4. How do you view the funds for university-industry joint research related to
photovoltaic technology? Should it be increased?

5. Do you view that [P management and regulations and incentive system for
joint research is good and appropriate enough for the support of university-industry
joint research for photovoltaic technology transfer?

6. Do you think that there is already the effective channel of communication
between your university and the photovoltaic industry? How often the channel is used?

7: What do you need from the photovoltaic firms if your faculty plans to
work with them in joint research for photovoltaic technology transfer?

Part F: (Specific questions for industry side)

1. What is the strategic plan in recruiting the staffs and engineers in the firm?

2. Are the firm’s personnel and equipment resources enough and good
enough for conducting photovoltaic joint research?

3. How do you evaluate the spirit of teamwork and shared value with the
university? Do you view any cultural differences?

4. How importance of R&D funds and resources that your company view for
photovoltaic technology development? To what extent that you view the firm put the
importance in university-industry joint research for technology transfer?

5. What are the policy and incentives of the firms in motivating the staffs to
conduct joint research related to photovoltaic technology development?

6. Do you view that IP management and regulations and incentive system for
joint research is good and appropriate enough for the support of university-industry
joint research for photovoltaic technology transfer?

7. Do you think that there is already the effective channel of communication
between your firm and university? How often the channel is used?

8. What do you need from the university if your firm plans to work with them

in joint research for photovoltaic technology transfer?



APPENDIX C INTERVIEWEE LIST

Code University Rank Code Industry Rank

U#1 Lecturer I#1 CEO Representative
U#2 Lecturer 1#2 Senior Engineer

U#3 TTO Head I#3 Senior Engineer

U#4 Lecturer I#4 Engineer

U#5 Lecturer I#5 Engineer

U#6 Lecturer [#6 R&D Senior engineer
U#7 Lecturer 1#7 Manager (Senior engineer)
U#8 TTO Head [#8 CEO Representative
U#9 Researcher I#9 Manager (Senior engineer)
U#10 TTO administrative staff [#10 Senior Engineer
U#11 TTO administrative staff [#11 Senior Engineer
U#12 TTO administrative staff [#12 R&D Manager (Senior Engineer)
U#13 TTO administrative staff I#13 CEO Representative
U#14 Lecturer 1#14 CEO Representative
U#15 Lecturer I#15 Manager

U#16 Lecturer I#16 Manager

U#17 Lecturer [#17 Senior Engineer
U#18 Lecturer [#18 Senior Engineer
U#19 Researcher

U#20 TTO Head

U#21 Lecturer

U#22 TTO Head

U#23 Lecturer

U#24 Researcher

U#25 TTO Head

U#26 TTO administrative staff

U#27 Lecturer

U#28 Lecturer

U#29 TTO administrative staff

U#30 Lecturer

U#31 Lecturer
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Code University Rank Code Industry Rank
U#32 Lecturer

U#33 Lecturer

U#34 Researcher

U#35 Researcher

U#36 Lecturer

U#37 Lecturer

U#38 TTO administrative staff
U#39 TTO administrative staff
U#40 . Lecturer

U#41 TTO administrative staff
U#42 Lecturer

U#43 Researcher

U#44 Lecturer

U#45 TTO Head




APPENDIX D CASE STUDY QUESTIONNAIRE SURVEY

Evaluation of University-Industry Joint Research for Photovoltaic Technology
Transfer in Thailand

This survey aims to measure the effect of the factors related to the effective
university-industry joint research for photovoltaic technology transfer in Thailand.
You are requested to kindly fill in the questionnaire. The information will be used for
academic purposes only, as one critical part of a PhD research project. Individual
responses will be kept confidential. Only a consolidated summary of the result may be
publishea.

Definition: University-Industry Joint Research for Photovoltaic Technology Transfer
in Thailand

For the purpose of this study, the university-industry joint research for
photovoltaic technology transfer in Thailand has been defined as sponsored research,
collaborative research, research partnerships, consortia, technology licensing and
exchange of research materials between Thai university and industry that conduct
research and business relates to photovoltaic technology with an aim to develop
technology and to transfer technology and knowledge to and between parties such as

persons and organization that arrange to receive it.

Part A: Background Information

........................................................................................................

........................................................................................................

........................................................................................................
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5. How many researches have you been involved with photovoltaic technology? Please

specify. (Project name and budget)

........................................................................................................

.......................................................................................................

.......................................................................................................

Part B: Evaluating Effective University-Industry Joint Research for Photovoltaic

Technology Transfer in Thailand

Please mark your selected rating scale on the following variables that would be

expected, based on your experience, to affect to the university-industry joint research

project you are/have been participating in.

e (<) -

®

O, ©, © O,
Very low Low Adequate High Very High
Item | Characteristics and Perspectives of University Rating
Code

Capabilities in receiving and transferring technology in terms of technical and funds

other funding sources

D1.1.1 | The university knowledge base and credibility that are
extensive and relevant to the industry needs L1213 145
D1.1.2 | The university capability in integrating knowledge in
technology and science from various sources in partial and L1213 (45
holistic for technology and product commercialization
D1.1.3 | The university ability that can support funds and access to the

Adequate specialists, researchers and students

within and outside the university to collectively work in the

research work

D1.2.1 | The adequacy of specialists and researchers who are capable
and experienced in conducting the research work and can 112131415
devote time in research project

D1.2.2 | The university ability in setting up teamwork from faculties
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Item | Characteristics and Perspectives of University Rating
Code
Adequate research tools and equipment
D1.3.1 | The university has adequate tools and equipment that can own
and collaborate with other universities and research institutes |1 |2 |3 |4 |5
domestically and abroad to facilitate the research need
Willingness and motivation for teamwork with shared value
D1.4.1 | The university and its professionals viewing the importance of
UURPTT and putting their efforts in formulating, maintaining | 1 |2 |3 |4 |3
and stimulating the collaboration
D1.4.2 | The university and its professionals having passion and
commitment in starting and accomplishing the UIJRPTT with L1213 145
the industry
Capabilities in receiving and transferring technology in terms of technical and funds
D2.1.1 | The ability of the industry skilled and capable engineers and
R&D staffs in setting up research questions, searching and L1203 |45
conducting research
D2.1.2 | The industry ability in providing funds for the projects and
acquiring research grants L12]314]5
Willingness and motivation to work with university with shared value
D2.2.1 | The management who has the initiatives and leadership by
viewing the research work was necessary for the company L2 |3 (45
D2.2.1 | The industry has commitment to work with the university in
setting goal and mission with common purpose L12]3 145
Perspectives on worthiness and value of joint research in terms of economic and intellectual
value
D2.3.1 | The long term strategy in R&D development of the industry
to survive in the market L1213 145
D2.3.2 | The industry has perspectives on the positive value of R&D
1 |2 (3145

and UIJRPTT as it can gain benefit from technology
development, the results could cover the investment cost and
the degree that it can acquire research grants from the

government
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Item Characteristics and Perspectives of Industry Rating
Code
Understanding cultural difference
D2.4.1 | The industry’s understanding of working style, obstacles and
commitment of itself and the university and trying to discuss 31415
together in adjusting organization compatibility regarding goals,
objectives and time frame for research results
Communication effectiveness
D3.1.1 | The communication channels and mechanism that allow the
university and industry to communicate in the process of UIRJPTT 31415
_formulation (familiarization), maintaining-during project (project
mission, contract, sharing of information and solving problems and
conflicts) and post projects (information sharing and keep contacts)
D3.1.2 | The regular venues for communication set among government,
university, and industry for discussing and implementing plan for 314 |5
photovoltaic technology and market development that are open for
all stakeholders to share their view
Management of coordination office and joint research program
D3.2.1 | Adequate staffs of the TTO in marketing, promotion and working in
continuation of policy support for UJRPTT 31415
D3.2.2 | Flexibility of bureaucratic system in facilitating the working process
of the university and industry professional 31415
IP management
D3.3.1 | Management for IP issues such as publication to avoid leaking IP,
IP benefit allocation, and equipment and research results ownership 314 |5
are set to be fair to all parts
Incentive system
D3.4.1 | Appropriate university incentives and rewards for university
professionals particularly in the work for community and 31415
commercialization projects
D3.4.2 | The legitimacy and the policy and support from the government in
the area of photovoltaic technology and market development, 31415
human resources, trade and R&D and financial support.
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Part C: The Outcome Factor of Effective University and Industry Joint Research

for Photovoltaic Technology Transfer

Please mark your selected rating scale on the following outcome of the effective
university and industry joint research for photovoltaic technology transfer that would
be expected to occur based on your experience on the university-industry joint project

you are/have been participating in.

(8 T (1)
O, @ ©, O, O,
Very low Low Adequate High Very High
Item | Effective UIJRPTT Rating
Code
Growth of UIJRPTT

DA4.1.1 | Increasing in number UIJRPTT and collaborations

Quality performance of joint research

D4.2.1 | The improved product and process development that
the UJRPTT brings 112|345

D4.2.2 | The improved quality of research results

Economic performance of joint research

D4.3.1 | less investment and time consuming that university

and industry benefit from UIJPRTT 11213145

D4.3.2 | income from the research results

THANK YOU FOR YOUR KIND ATTENTION AND COOPERATION
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Structural equation

modeling (SEM)

LISREL -

Confirmatory
Factor Analysis
(CFA)

Factor Loading

Measurement

model

Structural equation

model

GLOSSARY

A family of statistical techniques which incorporates and
integrates path analysis and factor analysis. SEM is a hybrid
model that analyzes relationships among latent variables that
can be tested statistically. The model also allows for the

evaluation of direct and indirect effects of variables in a

model.

A statistical package for conducting SEM

Confirmatory factor analysis uses a variance-covariance
matrix to test hypotheses with inferential statistical
techniques. The CFA tests a measurement model by testing
correlations between observed and latent variables, pairs of

latent variables and among the errors.

The factor loading are the correlation coefficients between
the variable and factor. For example, a factor loading of .70
mean that for a unit change in F there is an increase in Y of

.70.

The measurement model in SEM describes the indicators
(observed measures) of the latent variable. This corresponds
to a confirmatory factor analysis in which a measurement

model is tested.

The structural mode delineates the direct and indirect effects
among latent variables, specifying how the latent variables or
hypothetical constructs are measured in terms of the
observed variables. It also describes the measurement
properties, the validities and reliabilities of the observed

variables.



Exogenous
variable
Endogenous
variable

Latent variable

Observed variable

Path analysis

Path coefficient

/path weight
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An independent variable in SEM

An dependent variable in SEM

A variable that cannot be observed directly and must be
inferred from measured variables. Latent variables or factors
are implied by the covariance among two or more measured

variables.

A variable that can be observed directly and measurable.

Path analysis is an extension of the regression model, used to
test the fit of the correlation matrix. The model is usually
depicted in a circle-and-arrow figure in which single-headed
arrows indicate causation. A regression is done for each
variable in the model as a dependent on others which the
model indicates are causes. The regression weights predicted
by the model are compared with the observed correlation
matrix for the variables, and a goodness-of-fit statistic is

calculated.

Path coefficient is a standardized regression coefficient (beta
weights) as causal parameter in SEM which shows the direct
effect of an independent variable on a dependent variable in
the path model. When the model has two or more causal
variables, path coefficients are partial regression coefficients
which measure the extent of effect of one variable on another
in the path model controlling for other prior variable, using
standardized data or a correlation matrix as input. The
coefficients indicated the expected amount of change in the
latent causal variable. Given the numerical value of the path

coefficient B , the equation claims that a unit increase in X



Mean

Mode

Standard deviation

(S.D.)

Squared multiple

correlation (R?)

Variance

Covariance

307

would resulting B units increase of Y. For example, the
meaning of the path coefficient (e.g.,0.81) is this: if region A
increases by one standard deviation from its mean, region B
would be expected to increase by 0.81 its own standard
deviations from its own mean while holding all other

relevant regional connection constant.

An average of a group of numbers or data points

The value or item occurring most frequently in a series of

observations or statistical data.

A statistic used as a measure of the dispersion or variation in
a distribution, equal to the square root of the arithmetic mean
of the squares of the deviations from the arithmetic mean or
the average amount of number varies from the average

number in a series of numbers.

Analogous to Pearson’s r, the squared factor loadings is the
percent of variance in that indicator variable explained by the
factor. In the SEM model, there is one R> for each
endogenous variable. It is the percent variance explained in

that variable.

a measure of dispersion obtained by taking the mean of the
squared deviations of the observed values from their mean in

a frequency distribution

A measure of how much two variables change together. The
covariance calculation begins with pairs of x and y, take a
differences from their mean values and multiplies these

differences together.



Covariance Matrix

Correlation

Correlation

coefficient (p, r)

t-Test
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A matrix of covariances between elements of a random

vector.

Any departure of two or more random variables from
independence or a more specialized type of relation between

mean values

A measure of the degree of correlation. The most common of
this is the Pearson correlation coefficient which is mainly
sensitive to a linear relationship between two variables.
Pearson correlation is obtained by dividing the covariance of

the two variables by the product of their standard deviations.

The t-test can be used to test a hypothesis stating that the
mean score on some variable will be significantly different

for two independent samples or groups.
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