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The factorial invariance of student ratings of in-
struction across three curricular areas was investi-

gated by means of maximum likelihood factor
analysis. The results indicate that a one-factor
model was not completely adequate from a statisti-
cal point of view. Nevertheless, a single factor was
accepted as reasonable from a practical point of
view. It was concluded that the single factor was in-
variant across three curricular groups. The reliabil-

ity of the single factor was essentially the same in
the three groups, but in every case it was very high.
Some of the theoretical and practical implications
of the study were discussed.

The invariance, or the generalizability, of fac-
tor structures underlying student ratings of in-
struction is of considerable practical and the-
oretical interest. Practically, student ratings are
often interpreted comparatively or normatively,
and meaningful interpretation of the ratings re-
quires that they &dquo;measure the same thing&dquo; in
the different contexts in which they are com-
pared. Theoretically, the generalizability of fac-
tor structures has implications for the study of
differences in students, in instructional char-
acteristics, and in courses across different popu-
lations or segments of populations, and for the
design of reliability and validity studies. Invari-
ant factor structures would suggest a consistency
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of human behavior that is interesting in itself
and that reduces the need to consider each

population segment separately in attempting to
devise a theory of instruction or in appraising
the quality of measures for the evaluation of in-
struction.
Prior studies have raised the issue of factorial

invariance in student ratings (e.g., Bejar &

Doyle, 1974). However, the problem is a general
one and may be found throughout the social
sciences, ranging from personality measurement
(e.g., Bejar, 1977) to cross-cultural research

(e.g., Irvine & Sanders, 1972). The purpose of
this paper is to examine the extent to which fac-
tor structures obtained from student ratings of
instruction are invariant across courses from
three curriculum areas.
There are a number of different levels at which

factorial invariance can be investigated. At one
extreme, factorial invariance refers only to the
existence of the same number of common fac-
tors in each population under consideration

(e.g., the congruence of Teaching Assistant and
Professor factors in Whitely & Doyle, 1979). At
the other extreme, all aspects of the model are
examined, including the number of factors, the
loadings on each factor, the uniqueness of each
variable, and the covariation among the factors.
An intermediate model would examine invari-
ance up to the uniqueness of the variables. If
this model were found to be correct, it would im-
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ply that all situational and other random distur-
bances are present to the same extent relative to
the true variance. This would in turn imply the
invariance of scale reliabilities across all popula-
tions and the invariance of the metric of the un-

derlying factors. An important implication of
these two results is that the &dquo;numbers&dquo; obtained
are in all cases directly comparable. This investi-
gation is concerned with assessing the fit of the
less stringent model, where only the numbers of
common factors is invariant (Model I), versus
the fit of the intermediate model, which specifies
invariance up to the uniqueness of the scales
(Model II).

Method

Instrument

The Student Opinion Survey (Doyle, 1977) was
used to collect the ratings. Because items deal-
ing with tests and reading materials were not ap-
propriate for all courses in the sample, those
items were deleted from the analysis. The items
used in this study appear in Table 2.

Sample and Design
The data consist of ratings from students in

177 courses in a wide range of upper and lower
division courses in the College of Liberal Arts,
University of Minnesota. In the context of a
larger study, a random sample of 369 courses
was drawn, stratified by department and course
levels. Some 274 instructors agreed to partici-
pate, but only 177 (47%) provided usable data
sets. Although a visual comparison of the list of
participating courses to the list of sampled
courses revealed no substantial differences in

discipline or level, it is likely that some sampling
bias of unknown direction and degree existed in
these data.
On the basis of the College of Liberal Arts’

specifications for undergraduate distribution re-
quirements, 67 of the courses were classified
as &dquo;Communication/Language/Symbolic Sys-
tems,&dquo; comprising such fields as German and

speech communications; 63 were classified as
&dquo;Man and Society,&dquo; including sociology and
economics; and 47, as &dquo;Artistic Expression,&dquo; in-
cluding music and theatre arts.

Analysis and Results

As a first step in the analysis, the mean ratings
for each instructor within each of the three cur-
riculum groups was obtained. The variance-co-
variance matrix for mean ratings was computed
for each group of instructors.
To assess the fit of Model I, each covariance

matrix was converted to a correlation matrix.
The eigenvalues associated with the three ma-
trices are shown in Figure 1, which shows a pre-
dominant single factor. Each correlation matrix
was then analyzed by using a maximum likeli-
hood approach (Joreskog, 1969) specifying up to
three common factors. The X2 fit statistic for
each solution was obtained and the Tucker-
Lewis (1973) index of fit was computed. These
results are shown in Table 1.

Figure 1
Eigenvalues of the Correlation Matrix

for the 11 Scales for Each Curriculum Group
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Table 1

Chi-Square Statistics and ’1’ucker-Lewis (T-L) Indices for

the Number of Common Factors in Three Curriculum Groups

There is a strong suggestion in Table 1 that,
despite the predominant single factor shown in
Figure 1, a single factor is not sufficient to ac-
count for all the correlation among the scales
within each group. First, the X2 associated with
the one-factor solution was significant for each
curriculum group, which suggests that the null
hypothesis of a single factor was not statistically
justified. Secondly, there was a statistically sig-
nificant improvement in fit by considering two
common factors. This can be seen by comparing
the reduction in X2 relative to the reduction in
degrees of freedom within each group. That is,
for the first curriculum group the X2 dropped
from 110 to 44, a reduction of 66, while the de-
grees of freedom were reduced by 10. The statis-
tical significance of this reduction can be as-
sessed by determining the probability of a X2

value of 66 with 10 degrees of freedom. In all
three curriculum groups the improvement in fit
was significant.
To explore the possible usefulness of a two-

factor solution, two factors were extracted by the
principal axis method and rotated to a varimax
criterion. (For this analysis the covariance ma-
trices were converted to correlation matrices.)
The results can be seen in Table 2. The obvious

pattern that emerges is that Scales 1 through
5 and 11 formed one factor, while Scales 6

through 10 defined the second factor. The first
factor refers to teacher characteristics, while the
second refers to the &dquo;mechanics&dquo; of the course.

However, the scales from one factor loaded sub-

stantially on the second factor. This, coupled
with the comparatively smaller magnitude and
contribution of the second factor, persuaded the
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Table 2

Rotated Factor-Loading Matrixes for the
Two-Factor Solution

authors to accept the one-factor model as an
adequate representation of the data.
The fit of the data to Model II requires invari-

ance up to the uniqueness of the variables. It re-
quires that not only the same number of dimen-
sions but the same dimensions account for the
covariation within the population. Program
SIFASP (Van Thillo & Joreskog, 1970) was used
to assess the fit of the single common factor so-
lution to the second model.
The variance-covariance matrix among scales

in each curriculum group was scaled (by
SIFASP) in such a way that the sum of three co-
variance matrices weighted by their respective
sample size would yield a matrix with l’s in the
diagonal. A one-factor model was fitted simul-
taneously to the three scaled variance-covari-
ance matrices, with the restriction that the load-

ings and unique variances be the same in the
three populations. The X2 from this analysis was
577, with 173 degrees of freedom; the Tucker-
Lewis index was .95.

The fit of the one-factor solution to Model II
versus Model I can be appraised by the ratio
(XI - X;) / (df2 - df,), where XI is the X2 obtained
from fitting Model II; X2 is the sum of the US
across curriculum areas under Model I; and df2
and dfl stand for the corresponding degrees of
freedom. The more closely this ratio approxi-
mates unity, the greater is the similarity between
the fits to the two models. The difference in x2
was 577 - 470 = 107; the difference in degrees
of freedom was 173 - 132 = 41. The ratio of dif-

ferences, 107/41 = 2.6, is moderately large but
does not rule out the second model. The more

important Tucker-Lewis index is, for the simul-
taneous solution, virtually the same as it was for
the unconstrained single factor hypothesis (i.e.,
.95 versus .94), suggesting that the additional
constraints of equality of loadings and unique
variances did not erode the fit.
Table 3 shows the loadings based on the solu-

tion for an invariant single factor (~1) as well as
the unique variance estimates (tp) for each scale.
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Table 3
Simultaneous Solution for One-Factor model

*X refers to the estimated loading of each scale on the single
factor, ~ refers to the estimated unique variance for each scale.

It should be noted that the single factor was not
dominated by either of the two factors identified
in the exploratory analysis.
The reliability of ratings from the 11 items

that comprised the invariant factor can be com-
puted with the loadings from the simultaneous
solution by means of a formula described in
Rock, Werts, and Flaugher (1978):

where I and v, are the loading and unique vari-
ance estimates for the ith scale and +6 is the vari-
ance of the factor for the gth group. For these
data the computed reliabilities were .959, .957,
and 958 for Curriculum Groups 1 through 3, re-
spectively.

Discussion

The covariation of the 11 items used in this

study is explainable by a single dimension,
which appears to be invariant across popula-
tions of instructors from three divergent curricu-
lum areas. Moreover, the reliability of the rat-
ings on this dimension was very high.

The practical implication of these findings is
that ratings with this instrument are not affected
by bias that would arise from factor structures
that varied across these curriculum groups. The
scales &dquo;mean the same thing&dquo; in the different
contexts, and the ratings are very reliable. Thus,
the results of a previous study (Bejar & Doyle,
1978), which noted significant differences

among curricular groups, can be interpreted
with more confidence; based on the present
analysis, it can be concluded that the rating in-
strument taps the same dimensions in the three
groups.
The theoretical implication is that there is

consistency in raters’ use of these items across
curriculum areas and consistency in the patterns
of instructor behavior. These kinds of con-

sistency may facilitate the development of a gen-
eral theory of rating and theory of instruction.
Because they indicate consistency across popula-
tions, they also expand the generalizability of
validity studies of ratings and teaching, making
it less necessary to replicate validations in these
different populations.
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Further research needs to address the limits of

this generalizability. The ratings are consistent
across groups within a single, albeit heterogene-
ous, college; but would similar invariance be
found across more disparate groups? Further re-
search might also be helpful for partitioning out
the &dquo;components of invariance&dquo;: that portion of
the observed consistency rising from factors rele-
vant to the purpose of the measurement, i.e., in-
structor behaviors and characteristics, and that
portion from irrelevant sources, i.e., constant or
systematic errors such as halo effect (Brown,
1976, chap. 4; Doyle, 1975, chap. 3).
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