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Syracuse University School of Education 
 EDU 888: Structural Equation Modeling and Factor Analysis  

 Spring 2019, Wednesday 4:00-7:00 pm, Huntington Hall Room 070B  
 

Instructor: Qiu Wang, Ph.D. 
Office: Huntington Hall 359 
Office Hours: Wednesday 1:00-3:00 or by 

appointment 

Email address: wangqiu@syr.edu 
Teaching Associate: TBA 
 
 

 
Prerequisites: 
Previous SOE coursework covering regression (e.g., EDU791 Advanced Seminar in Quantitative 
Research Methods I) or knowledge of multivariate statistics (e.g., EDU886 Multivariate Research 
Methods). Other equivalent coursework and evidence (e.g. Syllabus) will be reviewed and 
evaluated by the instructor to grant permission for a student to enroll the class.  
 
Course Description: 
This course is an introduction to structural equation modeling (SEM) and factor analysis (FA), and 
the uses of these approaches in scientific research. 
 
Additional Course Description: 
This course will provide a general introduction to structural equation modeling (SEM) and Factor 
analysis (FA) including path analysis (PA) and exploratory and confirmatory factor analysis (EFA 
and CFA) techniques. It will examine the uses of these approaches in the educational and scientific 
research. This course focuses on (a) understanding the basic components of SEM and FA, (b) 
practical applications, and (c) in-depth examination of methodological issues. Emphasis will be 
placed on the application of these methods. In this course, students will (a) develop skills to 
conduct SEM research and (b) critically review the use of SEM and FA in research. 
 
Objectives: 
The general objectives of the course are to enable students to: 

1. Learn key concepts underlying SEM/FA. 
2. Analyze and critique research using SEM/FA approaches, such as PA, EFA, and CFA. 
3. Be familiar with and be able to download, install and operate SEM/FA software packages. 
4. Conduct and implement PA, EFA, and CFA in assignments and final research project. 
5. Present results, as well as interpret and discuss the findings. 
6. Conduct multigroup (Measurement Invariance) and MIMIC analysis in SEM. 
7. Read and analyze literature to be familiar with longitudinal analyses (Growth Modeling), 

SEM on categorical outcomes, and SEM with interaction involved latent variable (e.g., 
Mplus or WarpPLS).  

 
Texts and Readings: 
There are two required texts (1-2), several books on reserve in the library (3-6), and several primary 
readings. Students are encouraged to consult the additional texts for further discussions of issues. 
Readings may be added or deleted as necessary. 
 

mailto:wangqiu@syr.edu
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1. (Required) Raykov, T., & Marcoulides, G. A. (2006). A first course in structural equation 
modeling (2nd ed. ISBN 0805855882). Mahwah, NJ: Lawrence Erlbaum Associates. 

2. (Required) Brown, T. A. (2014). Confirmatory factor analysis for applied research: 
Methodology in the social sciences (2nd ed. ISBN 9781462515363). New York, NY: The 
Guilford Press. 

3. (Recommended) Seven ebooks in the SU library. Please see URL’s in the Content folder 
on Blackboard.   

4. (Choice) Kline, R. B. (2010). Principles and practice of structural equation modeling (3rd 
ed.). New York, NY: The Guilford Press. 

5. (Choice) Kaplan, D. W. (2008). Structural equation modeling: Foundations and extensions 
(2nd ed.). Thousand Oaks, CA: SAGE.  

6. (Reference) Bollen, K. A. (1989). Structural equations with latent variables. New York, 
NY: John Wiley & Sons. 

 
Most of the journal articles and book chapters from additional texts are available via PDF files on 
Blackboard.  
 
Software: 
Computer lab work is a required component of this course. This will give students the opportunity 
to apply what is discussed in class. Reading course materials, students will be exposed to computer 
programs and codes of Mplus, AMOS, EQS, LISREL and SAS (PROC CALIS). Only AMOS and 
Mplus will be required and used for homework assignment. Other software packages may be 
introduced as time allows or need arises. SAS and R, AMOS are available 
(http://library.syr.edu/services/technology/software/public_pc.php) in the university computer 
labs, including the one in Huntington Hall. A student version of LISREL can be downloaded for 
free (http://www.ssicentral.com). A free demo version of Mplus can be downloaded from 
http://www.statmodel.com/demo.shtml. PLS-based SEM software WarpPLS will also be 
introduced (http://www.scriptwarp.com/warppls/UserManual_v_5_0.pdf).   
 
Grades: 
Grades will be based on (a) participation in class discussions and presentations (45%), (b) 
homework assignments (30%), and (c) the final project (25%). Attendance is expected. Please 
notify the instructor in advance, if possible, if you are unable to attend class. As a seminar, students 
are expected to actively participate in class. You are responsible for the material covered during 
any class you miss. You are encouraged to work together and assist each other with the course 
material and assignments. However, all assignments should be your own work. Academic honesty 
is expected.  
 
 
Course Grading Standards: 

 
A = 94% - and above 
A- = 91% - 93%  
B+ = 88% - 90%  

 

B = 83% - 87%  
B- = 80% - 82%  
C+ = 77% - 79%  

 

C = 73% - 76%  
C- = 70% - 72 % 
F = 69% and below

http://library.syr.edu/services/technology/software/public_pc.php
http://www.ssicentral.com/
http://www.statmodel.com/demo.shtml
http://www.scriptwarp.com/warppls/UserManual_v_5_0.pdf
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Assignments (30%): 
There will be three modeling assignments during the semester: Assignment 1, Path Analysis; 
Assignment 2, EFA and CFA; and Assignment 3, Multi-group analysis (or MIMIC Modeling).  
The data and further information regarding these assignments will be provided throughout the 
semester. These computer assignments are designed to help you build up the final project. Data 
and sample code files will be posted on Blackboard. A computer lab using AMOS and Mplus will 
be run in Huntington Hall to help your assignment one week before it is due.   
 
Presentations (45%): 
Each student will give presentations and lead the class discussion during the semester (i.e., a total 
of 3 presentations). Presentations 1 and 2 are suggested to be done at different classes. The third 
presentation will cover your final project. The first and the second presentations will involve 
explaining and leading discussions on a methodological aspect of SEM/FA (see the reading list). 
During one presentation (either the first or the second) it will involve an empirical article the 
student selects to critically review for its use of SEM/factor analysis. Please give the article to the 
instructor one week prior to your presentation. I will make these available for your peers via 
Blackboard. An outline for what is expected will be given.  
 
Final Project (25%): 
This is an opportunity to demonstrate and summarize what you have learned throughout the 
semester. The project involves conducting/proposing an SEM/factor analytic study on data that 
are of interest to you. Your final project can be a summary of work based upon your assignments 
if you have been using your own dataset.  If you have questions about a data source, please ask. 
Projects will be presented to the class at the end of the semester (5/2). Your written report is due 
on 5/2. 
 
The project must be typed and follow APA format (6th edition). The APA style manual is available 
at bookstores and in the reference section of the library. Font size should be no smaller than 10 or 
larger than 12 point. Page margins should be 1.0 inch. The 15-page final paper should be written 
in a form suitable for publication or submission for a conference paper in your field. Identification 
of the computer program used and output from the analysis must be provided with the paper as an 
appendix. More details will be given in class. Please proof read carefully. Incorrect grammar and 
misspelled words are unacceptable. Late assignments will not be accepted.  
 
American Psychological Association. (2009). Publication manual of the American Psychological 

Association (6th ed.). Washington, DC: American Psychological Association.   
http://owl.english.purdue.edu/owl/resource/560/01/  

 
Accommodations and Policies 
Special Needs 
If you believe that you need accommodations for a disability, please contact the Office of 
Disability Services (ODS), http://disabilityservices.syr.edu, located at 804 University Avenue, room 
309, or call 315-443-4498 for an appointment to discuss your needs and the process for requesting 
accommodations. ODS is responsible for coordinating disability-related accommodations and will 
issue “Accommodation Authorization Letters” to students with documented disabilities as 

http://owl.english.purdue.edu/owl/resource/560/01/
http://disabilityservices.syr.edu/
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appropriate. Since accommodations may require early planning and generally are not provided 
retroactively, please contact ODS as soon as possible. 
 Our community values diversity and seeks to promote meaningful access to educational 
opportunities for all students. Syracuse University and I are committed to your success and to 
supporting Section 504 of the Rehabilitation Act of 1973 as amended and the Americans with 
Disabilities Act (1990). This means that in general no individual who is otherwise qualified shall 
be excluded from participation in, be denied benefits of, or be subjected to discrimination under 
any program or activity, solely by reason of having a disability. 
 You are also welcome to contact me privately to discuss your academic needs although I 
cannot arrange for disability-related accommodations. 
 
Academic Integrity  
 Syracuse University’s academic integrity policy reflects the high value that we, as a 
university community, place on honesty in academic work. The policy defines our expectations 
for academic honesty and holds students accountable for the integrity of all work they submit. 
Students should understand that it is their responsibility to learn about course-specific 
expectations, as well as about university-wide academic integrity expectations. The university 
policy governs appropriate citation and use of sources, the integrity of work submitted in exams 
and assignments, and the veracity of signatures on attendance sheets and other verification of 
participation in class activities. The policy also prohibits students from submitting the same written 
work in more than one class without receiving written authorization in advance from both 
instructors. The presumptive penalty for a first instance of academic dishonesty by an 
undergraduate student is course failure, accompanied by a transcript notation indicating that the 
failure resulted from a violation of academic integrity policy. The presumptive penalty for a first 
instance of academic dishonesty by a graduate student is suspension or expulsion. SU students are 
required to read an online summary of the university’s academic integrity expectations and provide 
an electronic signature agreeing to abide by them twice a year during pre-term check-in on 
MySlice. For more information and the complete policy, see http://academicintegrity.syr.edu.  
 
Religious Observances policy 
  SU’s religious observances policy recognizes the diversity of faiths represented among the 
campus community and protects the rights of students, faculty, and staff to observe religious holy 
days according to their tradition. Under the policy, students are provided an opportunity to make 
up any quiz, examination, critique, or work requirements that may be missed due to a religious 
observance provided they notify their instructors before the end of the second week of classes. For 
fall and spring semesters, an online notification process is available through MySlice/Student 
Services/Enrollment/My Religious Observances from the first day of class until the end of the 
second week of class (http://supolicies.syr.edu/emp_ben/religious_observance.htm). 
 
 
  

http://academicintegrity.syr.edu/
http://supolicies.syr.edu/emp_ben/religious_observance.htm
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TENTATIVE Schedule (subject to change as necessary): 

Class Meeting Date TOPIC [* advanced ] READINGS  [Presenter] 

Class 1, 1/16 Class overview  No 

Class 2, 1/23 
Introduction and overview 
of SEM and factor analysis 

Raykov & Marcoulides (2006), Ch. 1 
Crowley & Fan (1997) 

Kieffer (1999)  [       Yuri                  ] 
Class 3, 1/30 
Final Project: part 1-
Introduction, 
measures, conceptual 
model 

SEM programs: Mplus and 
Amos; path analysis 
Note: 2/23 is the last day 
for late registration and 
schedule adjustment  

Raykov & Marcoulides (2006), Ch. 2 
(SEM and Mplus, pp. 55-56, 73-76); Ch. 3 
(path analysis) 
[    Chris                             ] 
 

Class 4, 2/6 
Assignment 1 due 

Factor analysis in research, 
assumptions and data, EFA 

Brown (2006), Ch. 2 
Floyd & Widaman (1995) 
Tinsley & Tinsley (1987) 
Gorsuch (1983), Ch. 1, pp. 1-13 
[     Ning, Gaye                           ] 

Class 5, 2/13  
Final Project: part 2- 
Model development 

Factor models, extraction 
methods and number of 
factors 

Gorsuch (1983), Ch. 2 & Ch. 8 
Velicer & Jackson (1990) 
Widaman (1993) 
Zwick & Velicer (1986) 
[    Li                             ] 

Class 6, 2/20 
 

Rotation methods and 
factor scores;  
*missing data 
 

Gorsuch (1983), Ch. 8  Ch. 9 
*Schafer & Graham (2002) 
*Brown (2006), Ch. 9 (missing data, pp. 
363-378) [      Rui                              ] 

Class 7, 2/27 
Critical evaluation of factor 
analytic use/reporting 
results  

Comrey (1978; 1988)    
Fabrigar et al. (1999) 
Reise et al. (2000) [    Crystal,                     
] 

Class 8, 3/6 
Final Project: part 1- 
3 due 

CFA model estimation, 
specification and 
interpretation  
 

Brown (2006), Ch. 3 & 4 
Raykov & Marcoulides (2006), Ch. 4 
Schumacker & Beyerlein (2000) 
Cole (1987) 
 [       Chris, Ning                          ] 

 No Class on March 13th Spring Break!   
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Class 9, 3/20 
 

*sample size and power 
analysis 

*MacCallum et al. (1999)  
*Brown (2006), Ch. 10 (power and sample 
size) 
*Muthen & Muthen (2002)  
*Jackson (2001) [      Yuri,                          
Dickson] 

Class 10, 3/27  
Final Project: part 4- 
CFA development 
 

CFA Model evaluation and 
modification 

Brown (2006), Ch. 5 
Hu & Bentler (1999) 
Kaplan (1990) 
MacCallum et al. (1992) 
*Browne & Cudeck (1993) 
[     Rui, Crystal                             ] 

Class 11, 4/3 
Assignment 2 due 

Multiple group analyses, 
latent mean structures  

Raykov & Marcoulides (2006), Ch. 5  
Brown (2006), Ch. 7; Hancock (1997) 
Cole et al. (1993); Wang, Houang, & 
Maier (2018); Little (1997)  
[      Li , Qiu                       ] 

Class 12, 4/10 
 

Measurement invariance 
and MIMIC model 

Raykov & Marcoulides (2006), Ch. 5  
Brown (2006), Ch. 7 
Mplus User Guide 7 (examples 5.8, 5.14-
15) 
Mplus User Guide 7 (Ch. 14: Measurement 
invariance testing, p. 482)  
[        Gaye] 

Class 13, 4/17 
Assignment 3 due 

Advanced Topics: 1. 
Growth modeling, cautions 
& issues 
 

Raykov & Marcoulides (2006), Ch. 6  
Bentler & Chou (1987) 
Graham et al. (2003)  
[   Dickson                                              ] 

Class 14, 4/24 
 

*2. Non-normal/Categorical 
variables in SEM and factor 
analysis models 
**  Interaction involved 
latent variable (using 
WarpPLS) 

*Brown (2006), Ch. 9 
*Muthen (1984) 
*Diemer, Wang, & Dunkle (2009) 
** Faqih & Jaradat (2015) 
**Venkatesh, Thong, & Xu (2012) 
**WarpPLSUserManual_v_5_0.pdf 
[      Qiu                                      ] 

Presentation, 5/1 Project Presentations Final Project Due 
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Weekly Readings: 
 
Class2: Crowley, S. L., & Fan, X. (1997). Structural equation modeling: Basic concepts and 

applications in personality assessment research. Journal of Personality Assessment, 68, 508-
531. 

Kieffer, K. M. (1999). An introductory primer on the appropriate use of exploratory and 
confirmatory factor analysis.  Research in the Schools, 6(2), 75-92.  

Class4: Tinsley, H. E. A., & Tinsley, D. J. (1987). Uses of factor analysis in counseling 
psychology research. Journal of Counseling Psychology, 34, 414-424. 

Floyd, F. J., & Widaman, K. F. (1995). Factor analysis in the development and refinement of 
clinical assessment instruments. Psychological Assessment, 7(3), 286-299. 

[Ch. 1] Gorsuch, R. L. (1983). Factor analysis (2nd ed.). Hillsdale, NJ: Erlbaum.   
Class5: Velicer, W. F., & Jackson, N. D. (1990). Component analysis versus common factor 

analysis: Some issues in selecting an appropriate procedure. Multivariate Behavioral 
Research, 25(1), 1-28. 

Widaman, K. F. (1993). Common factor analysis versus principal component analysis: 
Differential bias in representing model parameters? Multivariate Behavioral Research, 
28(3), 263-311. 

Zwick, W. R., & Velicer, W. F. (1986). Comparison of five rules for determining the number 
of components to retain. Psychological Bulletin, 99(3), 432-442.  

[Ch. 2] Gorsuch, R. L. (1983). Factor analysis (2nd ed.). Hillsdale, NJ: Erlbaum.   
[ Ch. 8 ]  Gorsuch, R. L. (1983). Factor analysis (2nd ed.). Hillsdale, NJ: Erlbaum.   

Class6: Schafer, J. L., & Graham, J. W. (2002). Missing data: Our view of the state of art. 
Psychological Methods, 7(2), 147-177.  
[Ch. 8 & 9 ]  Gorsuch, R. L. (1983). Factor analysis (2nd ed.). Hillsdale, NJ: Erlbaum.   

Class7: Reise, S. P., Waller, N. G. & Comrey, A. L. (2000).  Factor analysis and scale revision. 
Psychological Assessment, 12(3), 287-297.  

Fabrigar, L. R., Wegener, T. D., MacCallum, C. R., & Strahan, J. E. (1999). Evaluating the 
use of exploratory factor analysis in psychological research. Psychological Methods, 4(3), 
272-299.  

Comrey, A. L. (1978). Common methodological problems in factor analytic studies. Journal 
of Consulting and Clinical Psychology, 46(4), 648-659. 

Comrey, A. L. (1988). Factor analytic methods of scale development in personality and 
clinical psychology. Journal of Clinical and Counseling Psychology, 56, 754-761. 

Class8: Schumacker, R. E., & Beyerlein, S. T. (2000). Confirmatory factor analysis with different 
correlation types and estimation methods. Structure Equation Modeling, 7(4), 629-636. 

Cole, D. (1987). Utility of confirmatory factor analysis in test validation research. Journal 
of Consulting and Clinical Psychology, 55(4), 584-594.  

Class9: Muthén, L. K., & Muthén, B. O. (2002). How to use a Monte Carlo study to decide on 
sample size and determine power. Structural Equation Modeling, 9(4), 599-620.  

Jackson, D. L. (2001). Sample size and number of parameter estimates in maximum likelihood 
confirmatory factor analysis: A Monte Carlo investigation. Structural Equation Modeling, 
8(2), 205-223.  

MacCallum, R. C., Widaman, K. F., Zhang, S. B., & Hong, S. H. (1999). Sample size in factor 
analysis. Psychological Methods, 4(1), 84-99. 
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Class10:  Hu, L. & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure 
analysis: Conventional criteria versus new alternatives. Structural Equation Modeling, 
6(1), 1-55.  

Kaplan, D. (1990). Evaluating and modifying covariance structure models: A review and 
recommendation. Multivariate Behavioral Research, 25(2), 137- 156.  

MacCallum, R. C., Roznowski, M., & Necowitz, L. B. (1992). Model modifications in 
covariance structure analysis: The problem of capitalization on chance. Psychological 
Bulletin, 111, 490-504. 

Browne, M. W. & Cudeck, R. (1993). Alternative ways of assessing model fit. In K. A.  Bollen 
& J. S. Long (Eds.), Testing Structural Equation Models (pp. 136-162). Thousand Oaks, 
CA: SAGE. 

Class11: Cole, D. A., Maxwell, S. E., Arvey, R., & Salas, E. (1993). Multivariate group 
comparisons of variable systems: MANOVA and structural equation modeling. 
Psychological Bulletin, 114(1), 174-184. 

Hancock, G. R. (1997). Structural equation modeling methods of hypothesis testing of latent 
variable means. Measurement and Evaluation in Counseling and Development, 30(2), 91-
105. 

Little, T. (1997). Mean and covariance structures (MACS) analyses of cross-cultural data: 
Practical and theoretical issues. Multivariate Behavioral Research, 32(1), 53-76. 

Wang, Q., Houang, R. & Maier, K. (2018). Multilevel Structural Equation Modeling-Based 
Quasi-Experimental Synthetic Cohort Design. Behaviormetrika. 
https://doi.org/10.1007/s41237-018-0053-0.  

Class12:  Muthén, L. K., & Muthén, B. O. (1998-2015). Mplus user's guide (7th ed.). Los Angeles, 
CA: Muthén & Muthén.   

Class13: Bentler, P. M. and Chou, C.-P. (1987). Practical issues in structural modeling. 
Sociological Methods & Research, 16(1), 78-117.  

Graham, J. M., Guthrie, A. C., & Thompson, B. (2003). Consequences of not interpreting 
structure coefficients in published CFA research: A reminder. Structural Equation 
Modeling, 10, 142-153. 

Class14: Muthén, B. (1984). A general structural equation model with dichotomous, ordered 
categorical, and continuous latent variable indicators. Psychometrika, 49, 115-132. 

Diemer, M. A., Wang, Q. & Dunkle, J. H. (2009). Counseling center intake checklists at 
academically selective institutions: Practice and measurement implications. Journal of 
College Student Psychotherapy, 23(2), 135-250.  
Faqih, K. M., & Jaradat, M. I. R. M. (2015). Assessing the moderating effect of gender 

differences and individualism-collectivism at individual-level on the adoption of mobile 
commerce technology: TAM3 perspective. Journal of Retailing and Consumer Services, 
22, 37-52. 

Venkatesh, V., Thong, J. Y., & Xu, X. (2012). Consumer acceptance and use of information 
technology: extending the unified theory of acceptance and use of technology. MIS 
quarterly, 36(1), 157-178. 

http://em.rdcu.be/wf/click?upn=lMZy1lernSJ7apc5DgYM8VjzndJmtDhhhQAqNXVjkCo-3D_m46bS9cF8wlETI0zLLmw1IPcVm7txAETscTBs8r6wZNpp2RCVmf-2Fu-2BvvFJbifnawrrU3bS7FjGww1EiDiXeRZ9LGXAiYY3Db8Arj6hKClkYS-2FIq9cT79KDe0ss8n52sKRJVcwoQ0hNYf4FgJ9SVRztk4Mad1M9VKHREPZExdjE3dd1TPgm5szdlwNuDPzBWZ75uoGP6wL0ji-2F1EIKqAa5YXVBwQRAk-2F76habocnPNijgPNB6j09AqnyaC4q325OIxnexgoZW4J7S9Rp846JKuA-3D-3D
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