Applications of SEM

Bill Cassill’s Thesis Data:  Likert scales vs. Content Analysis

Bill Cassill chose to investigate the extent to which content analysis could be used to measure traits which are typically measured using Likert scaling techniques.  He chose student evaluations of instructors as the vehicle for this investigation.  

He picked a common Likert type evaluation form and created a questionnaire which included four scales on this form.  These scales measured student’s perceptions of

1)  Enthusiasm of the instructor,

2)  Learning Value - the extent to which the instructor stimulated intellectual effort

3)  Interaction - the extent to which the instructor encouraged student discussion

4)  Organization of the instructor - the extent to which the lectures followed a logical order

In the questionnaire, Bill also included two questions to which written answers were to be given.  The first was “In what aspects to you think your instructor a good teacher?”  The second was, “In what aspects to you think your instructor needs improvement?”

For each students written responses, Bill counted the number of positive references to Enthusiasm, Learning, Interaction, and Organization.  He also counted the number of negative references to each.  Then for each student, he formed eight scale scores.  The first four were the student’s summated responses to the four Likert scales.  The second four were based on the counts of references from the written responses.  In each case it was the number of positive references minus the number of negative references.  So a positive count would mean that the student made more positive then negative comments about a teacher with respect to an attribute, such as Enthusiasm.  

Ultimately, he had an 8 column by 200+ row data matrix.  Four of the columns represented Likert scale scores.  Four represented Content Analysis scale scores.  

The two major issues here are the following . . .

1)  Do the four scales (E, L, I, and O) represent four separate dimensions.  If so, there should be low correlations between the scales.   This is a discriminant validity issue.

2)  Do the two methods measuring the same dimension correlate with each other.  If they do, then that’s an indication that they’re both measuring the same dimension.  This is a convergent validity issue.

The questions used in the Cassill thesis

Instructions given to participants:

With regard to the instructor, please rate how often your instructor did each of the following using the rating format below:

1-hardly ever

2-occasionally

3-sometimes

4-frequently

5-almost always

The names in parentheses are the dimensions represented by the items and were not on the questionnaire given to students.

1.  (Interaction).  Promoted teacher-student discussions (as opposed to mere responses to questions).

2.  (Interaction).  Found ways to help students answer their own questions.

3.  (Interaction).  Encouraged students to express themselves freely and openly.

4.  (Enthusiasm).  Seemed enthusiastic about the subject matter.

5.  (Enthusiasm).  Spoke with expressiveness and variety in tone of voice.

6.  (Enthusiasm - reversed scored).  Made presentations that are dull and dry.

7.  (Organization).  Made it clear how each topic fits into the course.

8.  (Interaction).  Explained the reasons for criticisms of students' academic performance.

9.  (Interaction).  Encouraged student comments even when they turn out to be incorrect or irrelevant.

10.  (Organization).  Summarized material in a way which aids retention.

11.  (Learning).  Stimulated students to intellectual effort beyond that required by most courses.

12.  (Organization).  Clearly stated the objectives of the course.

13.  (Organization).  Explained the course material clearly, and explanations are to the point.

14.  (Learning).  Related course material to real life situations.

15.  (Learning).  Introduced stimulating ideas about the subject.

The items were taken from Cashin, W. E. and Downey, R. G.  (1992).  Using global student rating items for summative evaluation.  Journal of Educational Psychology, 84(4), 563-572.

The responses to the items are variables i1 through i15 in the THESISNM.SAV file.

Summary
There are 8 observed variables

4 are Likert scale scores on the four dimensions

4 are content analysis scores on the same four dimensions

Exploration of Various Models

Model 1:  Simple Orthogonal Instruct or Dimension Factors Model
This model assumes that there are four dimensions, and the dimensions are orthogonal. Clearly this is not the correct model. 
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Model 2:  Oblique Instructor Dimension Factors

This model assumes four dimensions of teaching and assumes that they are correlated.
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Model 3:  A Higher-order Instructor Evaluation Factor.  In this model, the correlations between the factors have been replaced by a higher order factor.  Since there was something screwy about the above oblique factor model, we wouldn’t expect this model to fix the problem, and it hasn’t.  This model fits almost as well (or poorly) as the four correlated dimensions. 
 In fact, substituting correlations between a set of indicators (observed indicators or lower order factors) with a higher order factor will always fit WORSE than the model which allows the indicators to simply be correlated.  That’s because the loadings on the higher order factor have to meet certain criteria.  These criteria are more restrictive than the “anything goes” unrestricted correlations between the indicators.  Thus the higher order factor model will always fit worse than the unrestricted correlations between indicators model.

It’s shown here merely to illustrate how the correlations between first order factors can be accounted for my assuming a single higher-order factor.
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Model 4A.  Two Orthogonal Response Method Factors –Likert and Content Analysis. 
In this model, differences in ratings are assumed to be due to two different evaluations – one for the Likert scale items and one for the content analysis.  Note that it does not allow corresponding scales to correlate, e.g., LIKENTH with CAQENTH.  

To get the estimates, the variance of CA had to be fixed at 1.  Although it clearly fits better than the four-dimension model, there are some problems.  For example, the loading of caenth onto CA is 1.68, a value that doesn’t make sense.
[image: image4.emf].65

nlikenth

.00

cainter

.68

nliklrn

.70

nlikorg

2.81

caenth

.52

nlikintr

.00

calrn

.00

caorg

Likert

CA

-.03

eae

eoe

eai

eoi

eal

eol

eao

eoo

Cassillnm data Chi-square = 162.62

df = 21

p = .00

RMSEA = .18

-.01

.05

1.68

.72

.83

.83

.81


Model 4B.  Two Oblique Response Method Factors.
This model fits much better, although the chi-square is still significant.  But it’s doesn’t square with our conceptualization of the problem.  

Specifically, we conceptualize there being four dimensions of teaching performance – enthusiasm, interaction, learning, and organization.  This is saying there are only two dimensions and they correspond to the METHOD of response, not the characteristics of the teachers.  This is a situation in which theory and data collide.  
There may be a problem with the estimation of this model.  Why is the standardized loading of CAENTH on CA = 1.67?  IT’S A HEYWOOD CASE, YOU IDIOT!!  Look at the unstandardized loadings – the variance of eoe is negative.
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Model 4B revisited, after experimenting with the reference indicator to find one that didn’t yield a Heywood case.

But there is an anomaly here, also – the correlation between the two factors is > 1.
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Model 4C:  A Single Overall Evaluation Factor.
Amazingly, this model fits much better than does a model which assumes four dimensions of teaching and it fits just as well as a model which assumes two dimensions of responding.  Actually, it suggests a resolution of the conflict of theory and data.  It suggests that there is a general tendency to respond positively or negatively that affects ALL the measures – Likert and written responses. 
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Model 5.  A Method Factor model with 4 instructional dimensions.  This model fits extraordinarily well.  The chi-square is not significant, something rarely found in application of SEM.  Moreover, it makes sense.  It fits both theory and data.  The fit to theory is found in the evidence for 4 dimensions of instructor performance.  They’re correlated but the correlations are not extraordinarily high.  It also fits the data, quite well.  And the Method factor makes sense.  It reflects a individual differences in a general tendency to evaluate everything either positively or negatively.  Note that this tendency is most apparent in the Likert items – they load most highly on it.
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Note that even though these are standardized loadings, some of the correlations between factors are > 1.





That’s a red flag that the model is not the appropriate model.
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