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ABSTRACT 

Structural equation modeling, as the name implies, aims to confirm pre-determined structural relationships between 
various factors and variables. Conventionally, path searching, variable selection, and model building should be done 
at the exploratory stage only. Nevertheless, equipped with the new JMP interface to SAS , today the analyst is able to 
compare different models with different combinations of paths and variables based on several fitness criteria, such as 
Akaike Information Criterion and Bayesian Information Criterion. In this sense the distinction between confirmation 
and exploration is blurred. The objective of this paper is to demonstrate how confirmatory procedures could be 
“explored” in SAS via the JMP interface. Unlike TETRAD that is capable of automated path searching, model 
comparison in SAS/JMP is still driven by the analyst. In this paper an example based on a World Bank data set is 
used to illustrate why it is essential to perform manual exploration on some occasions. The analysis utilizing the 
World Bank data set indicates that the number of college and university graduates majoring in science in a particular 
year is a significant predictor of the number of scientific and technical journal articles published two years later, and 
this variable can predict future productivity, as measured by GDP per worker. 

INTRODUCTION 

Structural equation modeling (SEM) is one of the most powerful multivariate analysis techniques. But researchers 
who employ SEM have to know exactly what they want to do by using background information, prior knowledge, and 
past research. In other words, exploring and revising models “on the fly” without any theoretical foundation is usually 
discouraged. Some researchers (e.g., Glymour, 2003, 2004; Glymour, Madigan, Pregibon, & Smyth, 1996; Scheines, 
Spirtes, Glymour, Meek, & Richardson, 1998) have attempted to introduce exploratory elements into SEM by 
developing path searching software applications, such as TETRAD. Specifically, the objective of path searching is to 
address a severe threat against the validity of SEM, namely, model equivalency. Model equivalency is a well-known 
problem in SEM: even if the data and the model could fit each other very well, it doesn’t necessarily imply that there 
are causal relationships among the factors and the variables. It is conceivable that some other equivalent models 
could fit the data equally well. To counteract this shortcoming, path searching examines many equivalent and even 
non-equivalent models by exhausting almost all possible combination of factors and variables. For example, a 
researcher might initially propose a path model like this: ABC. In path searching other possible models could be: 
ACB, BCA, and CBA. Path searchers would not commit themselves to a particular model until many 
other possibilities are considered and the best fit emerges. 
Path searching works well in many situations, but in some cases this approach is not viable at all, as will be explained 
in a later section. When path searching is not an option, using the JMP interface to run SEM in SAS is highly 
recommended. In the following a World Bank dataset will be used to illustrate the procedure. 

DATA SOURCE 

The data source for this project is the archival data set entitled World Development Indictors (WDI) and Global 
Development Finance (GDF), which is downloadable from the World Bank (2012). This comprehensive data set 
contains indicators for each country of national well-being, including data concerning a country’s education, 
environment, economic policies, financial sector, health, infrastructure, labor force, social protection, poverty, and 
international trade. The variables chosen for this project are as follows: 
 
1. Sci 2003 : the percentage of people who graduated from college or university in 2003 with a major in science. 
2. EMC 2003: the percentage of people who graduated from college or university in 2003 with a major related to 
engineering, manufacturing, or construction (EMC). 
3. Paper 2005: the number of scientific and technical papers published in peer-review journals in 2005. 
4. Patent 2005: the number of patents applied for by residents in 2005. 
5. Productivity 2007: Gross domestic product per person employed in 2007. 

Only forty nations have complete data that include all of the above variables. The author is aware that this sample 
size may be insufficient for SEM. However, this limitation is insurmountable because even a large international 
organization like the World Bank was unable to collect data in certain countries.  
Some readers may wonder why the author did not use the data in the same year. It is important to point out that 
sometimes a concurrent cross-sectional design may be problematic. It is unrealistic to expect that graduates in 2003 
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responds to B, but at the same time B also depends on A. Nonetheless, the isolated pieces of information yielded 
from regression tell the researcher that while the percentage of 2003 science graduates is associated with 2007 
productivity, there are other variables between them. Specifically, the natural log values of 2005 scientific articles and 
patents are related to the percentages of 2003 science and EMC graduates. And the natural log of 2005 scientific 
articles could substantially affect productivity in 2007. These scattered pieces could be put together to generate a 
structural equation model. Due to the tentativeness and exploratory nature of the regression analyses, assumptions 
for regression, such as independence, normality, and homoscedasticity of residuals, have not been discussed here. 
 

Variable DF Parameter
Estimate

Standard 
Error 

t 
Value

p 
Value

Intercept 1 8487.17369 8350.05059 1.02 0.3160

2003 percentage of graduates in science 1 2033.42823 621.69946 3.27 0.0023

2003 percentage of graduates in engineering, manufacturing, and 
construction 

1 681.85963 382.47475 1.78 0.0828

Table 1. Using 2003 percentage of graduates in science and EMC to predict 2007 productivity.  

 

Variable DF Parameter
Estimate

Standard 
Error 

t 
Value

p 
Value

Intercept 1 4.93304 1.05877 4.66 <.0001

2003 percentage of graduates in science 1 0.18183 0.07883 2.31 0.0268

2003 percentage of graduates in engineering, manufacturing, and 
construction 

1 0.11169 0.04850 2.30 0.0270

Table 2. Using 2003 percentage of graduates in science and EMC to predict natural log of 2005 scientific and 
technical journal papers.  

 

Variable DF Parameter
Estimate

Standard 
Error 

t 
Value

p 
Value

Intercept 1 2.47084 1.35427 1.82 0.0762

2003 percentage of graduates in science 1 0.22748 0.10083 2.26 0.0301

2003 percentage of graduates in engineering, manufacturing, and 
construction 

1 0.18642 0.06203 3.01 0.0047

Table 3. Using 2003 percentage of graduates in science and EMC to predict natural log of 2005 patents by 
residents.  

 

Variable DF Parameter
Estimate

Standard 
Error 

t 
Value

p 
Value

Intercept 1 -7092.08477 9751.05635 -0.73 0.4716

Natural log of 2005 scientific and technical papers published in peer 
review journals 

1 5600.03931 2413.77859 2.32 0.0260

Natural log of 2005 patents applied by residents 1 -433.62321 1829.00917 -0.24 0.8139

Table 4. Using 2005 natural log of 2005 scientific papers and patents to predict 2007 productivity.  
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mathematical or empirical justification” (p.54). The author has no intention to settle this issue once and for all. His 
suggestions are more philosophical than mathematical. It is recommended that the researcher must focus on the 
ultimate goal and trim redundant information as much as possible. The Akaike's information criterion (AIC) developed 
by Akaike (1973) is in alignment to Ockham’s razor: Given all things being equal, the simplest model tends to be the 
best one; and simplicity is a function of the number of adjustable parameters. Thus, a smaller AIC suggests a "better" 
model. Specifically, AIC is a fitness index for trading off the complexity of a model against how well the model fits the 
data. The general form of AIC is: AIC = 2k – 2lnL where k is the number of parameters and L is the likelihood function 
of the estimated parameters. Increasing the number of free parameters to be estimated improves the model fitness, 
however, the model might be unnecessarily complex. To reach a balance between fitness and parsimony, AIC not 
only rewards goodness of fit, but also includes a penalty, which is an increasing function of the number of estimated 
parameters. This penalty discourages over-fitting and complexity. Hence, the best model is the one with the lowest 
AIC value. Since AIC attempts to find the model that best explains the data with a minimum of free parameters, it is 
considered an approach favoring simplicity. In this example, the AIC value of the initial model is 83, which is relatively 
high. The last model, which has a much smaller AIC (12), is simpler but we might not like a saturated model that 
would have no explanatory value. Thus, we might want to settle down with the middle one.  
It is concluded that a high percentage of graduates majoring in science and EMC could lead to better scientific 
research, indicated by a higher volume of research papers. And better research might eventually benefit productivity. 
Indeed, even the variable “2003 science graduates” alone is a strong predictor of 2007 productivity. This finding 
contradicts the popular belief that engineering and applied science is more valuable than pure science in terms of 
helping the economy. However, the author acknowledges that research based on nation-level, aggregate data is 
subject to ecological fallacy (Freedman, 1999). It is a bold assumption that some graduates in 2003 contributed to the 
scientific reports in 2005, such as playing the role of research assistants. Thus, readers should interpret these results 
with caution. 

CONCLUDING REMARKS 

PROC TCALIS available in SAS 9.2 or above is said to be a superior procedure (Gu & Wu, 2011; Yung, 2008). For 
instance, PROC TCALIS is capable of running multi-group SEM while the JMP interface to SAS is confined to single 
group analysis. However, the SAS syntax may be intimidating to novices and even experienced users. For a long 
time SEM applications with a graphical user interface, such as EQS and AMOS, have been widely welcome by 
modelers. Nonetheless, this author found that the JMP interface is better than many other GUI-based SEM packages. 
For example, JMP uses a contextual menu and dialog system, and thus the user is not overwhelmed by many 
options in the first screen. When automated path search is inappropriate, manual path searching and model building 
in JMP is highly recommended. 
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