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I. INTRODUCTION

The Differential Emotions Scale for Children (DES-III)
is a brief self-report inventory which assesses ten
fundamental emotions in adolescents and in children. Izard
developed the DES-III from both his theory of fundamental
emotions (Izard, 1971, 1977) and through extensive empirical
research on the adult version of the scale, the Differential
Emotions Scale (DES) (Izard, 1972; Izard, Dougherty, Bloxom
and Kotsch, Note 1). The aim of the chapter 1is to present
the DES-IIT and evaluate the underlying measurement model

through a series of exploratory and confirmatory factor
analyses.

A. DIFFERENTIAL EMOTIONS THEORY

Differential emotions theory (Izard, - 1971, 1977%)

emphasizes discrete emotions as distinct experiential
motivational processes. Emotion 1is defined as a complex
process with neurophysiological, neuromuscular, and
phenomenclogical aspects. The theory postulates ten
fundamental emotions: interest, Jjoy, surprise, sadness,
anger, disgust, contempt, fear, shame/shyness, and guilt.
Each emotion has (a) a specific innately determined neural
substrate; (b) a characteristic facial display or
neuromuscular-expressive pattern; and (c) a distinct

subjective or phenomenological quality. No one of these
three facets constitutes emotion; each 1is a component of
emotion. Thus each fundamental emotion is a system made up
of its three components and their interactions. Internal or
external events can elicit more than one emotion, and
through both innate and learned relationships one emotion

can elicit another. The fundamental emotions are
interrelated in dynamic and relatively stable ways. The
relatively stable combinations of emotions that occur
simultaneously or sequentially are called patterns. In

day-to-day human experience it appears that these patterns
occur more frequently than do pure emotions.

B. THE DIFFERENTIAL EMOTIONS SCALE (DES) »
The Differential Emotions Scale (DES) is a self-report
instrument designed for use 1in the assessment of an
individual's experience of fundamental emotions or patterns
of emotions. The DES was originally conceived as a "state"
measure of one's emotions, but variations in the
instructions allows the same set of scales to be used in the
assessment of emotions experienced over an extended period
of time. The frequency with which an emotion is experienced
over time may be viewed as an ‘"emotion trait." This
variation of the DES is labeled the Differential Emotions
Scale II.

The DES and DES II both consist of thirty adjectives
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(items), three adjectives for each of the ten fundamental
emotions listed above. The DES items are presented in Table
1. The usual DES instructions ask an individual to rate, on
a single five-point intensity scale, the extent to which
each word describes the way he or she feels at the present
time. The DES-II, on the other hand, 1is composed of a
five-point frequency scale. The DES-II instructions ask the
individual to consider a specified time periocd in his or her
day-to-day life and to rate the frequency with which he or
she experiences each emotion during the time considered. The
time period may be a specified period of time in the past
(i.e., the past week, month, experiment, therapy hour) or
may refer generally to the individual's entire 1life (i.e.,
"how often do you have these feelings in your day-to-day
1ivang?®) .

Insert Table 1 about here.

pevelopment of the Scale. The vocabulary in the DES
items was _derived from an analysis of verbal labels of
facial expression. Extensive research has demonstrated that
subjects of different ethnic origins, languages, and
cultures can differentiate among the facial expressions of
the fundamental emotions and label them with a high degree
of concenses (Ekman, 1973; Izard, 1971). As part of this
research, American, English, French, and Greek subjects were
asked to give verbal descriptions of the emotions displayed
in a series of cross-culturally standardized facial
photographs of the fundamental emotions. This work provided
the background for the development of the DES by generating
a set of words for each of the emotions that could be viewed
as transcultural definitions. Exploratory factor analyses
were employed as a guide for the final selection of the
thirty DES items.
validity. Several  types of validity studies have been
conducted with the DES (Izard, 1972, 1977). The DES has been
subjected to repeated exploratory factor analytic studies
which have shown the emotion factors to be highly stable. In
alle of these analyses, the factors obtained corresponded to
the theoretically defined factors. : ,
The DES also has been used in studies of anxiety and
depression. Results of these investigations have shown that
anxiety and depression can be conceptualized as patterns of
the fundamental emotions. One such factor analytic study

investigated the structure of anxiety. "Anxiety" was
operationally . defined by both the
Speilberger-Gorsuch-Luchene (1970) State-Trait Anxiety
Inventory (STAI) and the fundamental emotions measured by

the DES. The two scales were combined and administered to
college students who had been instructed to visualize a
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situation which made them highly anxious. The students used
the DES and STAI to describe their emotions and feelings in
that situation. An exploratory factor analysis produced
eight factors which represented the fundamental emotions.
All STAI items which had clear emotional connotation

separated and had their primary loading on factors
representing four of the fundamental emotions--fear,
sadness, guilt and joy, the latter factor including

negatively-weighted STAI items.

A similar factor analytic study related the
fundamental emotions to the concept of "depression."
Nineteen depression items of Zuckerman's MAACL (zZuckerman,
1960) were combined with the DES items. An exploratory
factor analysis produced eight factors representing the
fundamental emotions. Most of the negative MAACL items had
their primary factor loadings on the DES factor of sadness.
Several of the positive MAACL items loaded on the DES factor
of interest. These studies show the wutility of DES in
measuring anxiety and depression and demonstrate that the
STAI and MAACL are both multidimensional scales consisting
in part of several DES factors.

Mosher and Toedter (Note 2) used the DES to determine
and compare the typical patterns of emotions involved in
love and jealousy. College students were asked to describe a
situation in which they had experienced love and another in
which they had experienced jealousy. The subjects completed
the DES while visualizing each situation. The love situation
was characterized by interest, joy sexual arousal, and mild

surprise. Disqgust, anger and contempt were rarely
experienced. 1In contrast, the experience of jealousy was
characterized by sadness and anger, followed by surprise,

contempt, and disgust. In addition, a pre-test measure of
attitudes toward jealousy added a significant increment of
prediction to the occurence of anger, contempt, and disgust.

Criterion-related validity data has come from a study
of the test-anxiety situation (Barlett and Izard, 1972).
subjects took the STAI and the DES just prior to taking a
major examination in their introductory psychology course.
The students were divided into high and low anxiety groups
on the basis of their STAI scores. High anxiety subjects had
significantly higher DES means for fear, shame/shyness,
guilt, sadness, and anger and a significantly lower DES mean
for joy.

In a study of the relationship of subjective sexual
arousal and emotion, Mosher and 0'Grady (1979) showed a sex
film to women rated either high or - low on the Mosher
Forced-Choice Guilt 1Inventory (Mosher, 1968). The women
reported their level of sexual arousal and genital
sensations both during and after the film. After the film
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the women completed the DES and a third measure of sexual
" arousal. Results showed moderate positive correlaions (.48
to .84) Dbetween the emotions of interest and joy and the
three measures of sexual arousal, and positive correlations
between fear and guilt (.65) and between guilt and shame
(.72) . Women who rated themselves high on the trait measure
of sex-quilt reported feeling more guilt, disgust, and fear
after viewing the sex film than did women who rated
themselves low on sex guilt.

A second type of criterion-related validity data has
come from the study of various psychodiagnostic groups
(1zard, et.al., Note 1). The DES II was admininstered to
psychiatric patients of various psychodiagnoses and to
normal college students. The instructions for this
administration of the DES II asked the patients to rate
their emotions as experienced over the "past year or two."
Results showed that subjects diagnosed as neurotic reported
experiencing less Jjoy and more sadness, fear, and guilt in
their -daily 1lives than did normal subjects. Subjects
diagnosed with personality disorders reported experiencing
less joy than normal subjects. Subjects with adjustment
reactions reported more disgust than normals. Schizophrenics
reported significantly more disgust and contempt than normal
subjects. : '

The majority of the research on the DES used college
students as subjects. 1Izard (1972) reported a factor
analytic study of depression involving high school students
from middle and lower-middle income groups. The factor
structure of the DES was similar to rthat found in an
identical study with college students. However, the
magnitude of the factor loadings ranged .2 to .3 below those
found in the college sample. The explanation which most
likely accounts for this drop in factor loadings 1is that
some of the high school students did not know the meaning of
some of the DES adjectives. If some individuals do not
understand the meaning of some items, their responses on
those items do not contribute to the measurement of the
emotion but rather add error. The additional measurement
error would attenuate the item-factor correlations. Since
this measurement error could be reduced by simplifying the
items, a new form of the scale, the DES-III, was developed.

C. THE DIFFERENTIAL EMOTIONS SCALE FOR CHILDREN
(DES~-I11)

Izard (Note 3) developed the DES-III for wuse with
children and adolescents, and with adults having limited
education. The DES-III was constructed by translating and
expanding the single adjectives of the DES into phrases that
describe an aspect of the experience of the fundamental
emotions. The items of the DES-III are presented in Table 2.
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The DES-III is scored by summing the scores for the three
items that measure each emotion. This results in one score
for each of the ten fundamental emotions. The resulting
emotion profile then can be inspected to determine the
relative strength (state instructions) or frequency (trait
instructions) of individual emotions or of emotion patterns.

Insert Table 2 about here.

The investigations presented here were aimed at
determining the construct validity of the DES-III
an analysis of the internal structure of the scale. The
investigation of the dimensionality of the DES-III consisted
of three separate studies. The first study determined if
college age individuals who are clearly capable of
understanding the meaning of the items on the DES and the
DES-III would interpret the corresponding items similarly.
Given the favorable results from the first study, the focus
of the second and third studies was the analysis of the
responses to the DES-III of children and adolescents. While
we felt that the youngest children in our study were capable
of experiencing all ten emotions, the question remained as
to whether these <children had the cognitive and verbal
ability to report the subjective experiences of all their
emotions using a self-report inventory such as the DES.

D. THE MODEL

The a priori measurement model specified by the DES and
the DES-III defines 10 emotions that are conceptualized as
latent wvariables or factors. Each <cluster of observed
variables is hypothesized as unidimensional; that is, each
of the items within a cluster is specified as an alternate
indicator of a single, common underlying emotion. The ten
emotions are specified as distinct entities although they
may be correlated as predicted by the theory.

The equations for this multiple indicator measurement
model are the equations of classical reliability theory. Let
X ; be the 3™ observed variable or item
F . be the k ¥\ latent variable or factor
et be the error term of the 7™ item
be the regression weight of Xj on F K

—J@ F + e!

In the langua . "of fictor analysls‘jf is, by definition,

That i§,

the factor pattern coeff1c1ent of item X' on factor FE.

Since Fy is. the only "predictor" in “this  equation,

implicatlon, t is also the factor 1loading of X! on F,_,

. - 3 J K
-1.e.u6) Iy, ¢

J K
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The complete 30 x 10 factor pattern matrix for the
model underlying the DES-III represents the limiting form of
simple structure. Each of the 30 items is a function of only
one of the ten factors, and each factor is Lepresented by a
small subset of the 30 items.

The goal of the analysis was to determine the extent to
which the items of the DES-III conform to the equations of
the measurement model. The first analysis primarily
investigated the equivalence of the factors measured by the
DES and the DES-III for college age subjects. Given this
equivalence, the second and third studies addressed the
dimensionality of the DES-III for children and adolescents.

II. ANALYTIC TECHNIQUE

A. COMPUTATIONAL ANALYSES

The analysis strategy consisted of a series of
exploratory or blind factor analyses followed by a set of
confirmatory factor analyses. The blind analyses, principal
axis with communalities followed by an orthogonal (varimax)
or oblique (direct oblimin) rotation , are used +to suggest
the factorial composition of the observed variables.
However, these blind analyses can only provide crude tests
of the hypothesized internal structure of the DES-III. As
Joreskog (1978) writes,

"That exploratory factor analysis may be quite

useful in the early stages of experimentation or

test development is widely recognized. . . The
results of an exploratory analysis may have
heuristic and suggestive value . . .and may

generate hypotheses which are capable of more
objective testing by other multivariate methods.

It is highly desirable that a hypothesis which
has been suggested by mainly exploratory
proceedures should subsequently be confirmed, or
disproved, by obtaining new data and subjecting
these to more rigorous statistical techniques"
(pp. 443, 444)

Thus the cunflrmatory factor analyses, which provide a
direct test of the specified model, were considered primary
in determining the construct validity of the DES-III. Both
the exploratory and confirmatory analyses may be wused, in
conjunction with the analysis of the item content, to
suggest revisions of the model.

Since the a priori model predicts a partitioning of the
observed variables into mutually exlusive:  clusters, the
initial confirmatory analysis 1is provided by a multiple
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groups solution in which each group factor is defined by a
cluster or group of observed variables. Discussions of this
technique are found in Spearman (1904, 1912), Burt (1908,
1917) and Holzinger (1944) and more recently by Nunnally
(1978) and Hunter and Gerbing (Note 4). The analysis
computes estimates for (a) the correlations of each item
with each of the group factors and (b) the correlations of
the group factors with each other. The computations of a
multiple groups analysis can be accomplished with either a
centroid factor analysis wusing a computer program such as
PACKAGE (Hunter and Cohen, 1969; Hunter and Gerbing, Note 4)
or a full information maximum 1likelihood analysis with
LISREL (Joreskog and Serbom, 1978).

LISREL 1is the more general program for a confirmatory
analysis in the sense that it is not confined to a multiple
groups solution. LISREL accommodates limited multiple factor
models in which some of the observed variables may be
expressed as a function of several of the latent variables.
The statistical fit of a multiple groups model may sometimes
be improved by permitting some of the items to have multiple
antecedents.

Since each item 1is conceptualized as an imperfect
indicator of the underlying emotion, the measurement model
for each item contains an error term. According to this
model, the emotion is distinct from the error introduced by
the measurement process. The appropriate statistical
adjustment for this error is to factor the correlations with
communalities (e.g., Harmon, 1976). The use of communalities
insures that the latent variable F and not the observed
factor or cluster score is the entity of interest. That is,
the use of communalities implies that the computed item-
factor and factor-factor correlations are corrected for the
attenuation due to the unwanted influence of the error term.

For example, in a centroid multiple groups analysis,

each factor 1is defined as an unweighted sum of the
corresponding items. If the analysis is conducted without
communalities, the observed score variances and covariances
are analyzed. Thus the computed item-factor and

factor-factor correlations are also observed correlations.
The problem is that the observed scores contain both true
and error score components. Thus the computed correlations
are attenuated due to the inclusion of this error in the
computations. The error component 1is removed from the
analysis by using communalities (e.g., Harmon, 1976; Hunter
and Gerbing, Note 4). The resultant item-factor and
factor-factor .correlations are still defined as the sum of
the corresponding items, but they are only estimated since
the factors are now defined as latent variables. However,
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these are the correlations of interest since they contain
only the true score component. In general, these
correlations will be larger than the corresponding observed
correlations.

B. EVALUATING THE MODEL

The fit of the measurement model to the data is based
on the evaluation of the item correlations, i.e., the item
covariance structure. The model fits if the residuals
defined by subtracting the observed correlations from the
correlations predicted by the model are =zero to within
sampling error. Given standardized data, the covariance
structure of a multiple groups model 1is described by the
product rules for internal and external consistency (Hunter
and Gerbing, Note 4). This covariance structure was first
presented by Spearman in 1904 and 1912.

The product rule for internal consistency states that,
for items X, and Xa_which are indicators of the same factor
F, :

s R T r
XX, = X;F X,F =J911%

The product rule for external consistency states that for
factor G and item X, which is an indicator of factor F,

) o r Y

XG = XF FG
External consistency implies that the correlations of two

items within the same cluster are proportional across
factors. That is, r r r r

—FlG .. X1F FG - XF

FX26  THgFTRG  Tx,F

A heuristic test of the fit of the model is based on
the size of the residuals, i.e., on the number of predicted
item correlations not within a specified number of standard
errors from the corresponding observed correlations. If this
number exceeds the number expected by chance, for a given
significance level, the model may be rejected.

LISREL also provides a X *test of fit of the model
under the null hypothesis that the observed covariances
conform to the constraints imposed by the model (e.g. the
constraints of internal and external consistency). The test,
which 1is based on the 1likelihood ratio derived from the
maximum likelihood analysis, is a function of the number of
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cases analyzed and the value of the likelihood function at
maximization. The likelihood ratio is - a function of the
residuals such that the X(*value is zero when the residuals
are zero (e.g. Joreskog, 1978).

Joreskog (1978) has warned, however, that " the values
of X *should be interpreted very cautiously because of the
sensitivity of I *to various model assumptions such as
linearity, additivity, multinormality, etc., but also
[because] ...if a sufficiently large sample were obtained,
the test statistic would, no doubt, indicate that any
[proposed] model is untenable" (p.448). Thus the evaluation
of the overall fit of the model is probably best made by a
direct examination of the residuals.

LISREL also provides two methods for examining the
significance of individual parameters. First, LISREL
computes the asympotic standard errors of each parameter.
Second, some of the constraints of a model might be relaxed.
"If the drop in Jclwbetween the original and "relaxed"
model) is large compared to the difference in degrees of
freedom, this 1s an indication that the change made in the
model represents a real improvement" (Joreskog, 1978, p.
448) .

III. STUDY I

A. METHOD

Two-hundred and six college students, enrolled in an
introductory psychology course at Baylorx University,
completed a combined 60 item DES + DES-III immediately
following the final examination. The students were

instructed to indicate how they felt at the present moment.
The 60 items were presented in a random order. All items
were measured on the following 5-point Likert scale: very
slightly or not at all (0), slightly (1), moderately (2),
considerably (3), and very strongly (4).

B. RESULTS AND DISCUSSION '

Although the primary emphasis is on testing the
proposed model with confirmatory factor analyses, most
factor analytic studies have been exploratory. To provide
continuity with these exploratory analyses, a traditional

exploratory factor analysis is presented before the
confirmatory analyses. '

Exploratory Analysis. The 60 x 60 item correlation
matrix was analyzed with a ten factor principle axis factor
analysis followed by a varimax rotation. The resulting 10
factor x 60 item matrix of factor loadings was inspected and
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each item was grouped with the factor on which the item had
its highest loading. This procedure identified nine of the
ten emotions. For five of the a priori six-item
glusters——interest, joy, surprise, anger, and guilt--all six
items loaded highest on a single factor. All twelve items of

the sadness and fear clusters grouped together on one
factor.

The shame/shyness cluster was defined by five items.
The sixth item of the shame/shyness cluster, DES-III item
25, loaded highest on the guilt factor and had its second
highest loading on the shame/shyness factor.

The three items of the DES-III contempt cluster had
reasonably high 1loadings on a unique factor. However, two
items of the DES contempt cluster loaded highest on the
anger factor, the third item had identical loadings on the
contempt and the sadness-fear factor.

The disgust factor was defined by two items of the
DES-III and one item of the DES. The other three items in
the disgust clusters had loadings above .3 on this factor. .

Confirmatory Analysis. The DES +.DES-III was analyzed
in a twenty factor centroid multiple groups factor analysis
provided by PACKAGE. One DES factor and one DES-III factor
were postulated to measure each of the ten fundamental
emotions specified by differential emotions theory:
interest, joy, surprise, sadness, anger, disgust, contempt,
fear, shame/shyness, and guilt. The loadings of each of the
DES-III items on the corresponding DES factor and the
correlations between the DES and the DES-III group factor
scores for each emotion are presented in Table 3. The factor
loadings of the DES-III 1items on the corresponding DES
factors and the high correlations between the DES and
DES-III factors indicate that the new DES-III items provide
a good measure of the fundamental emotions as measured Dby
the DES.

Insert Table 3 about here.

All correlations between corresponding group factors on
the DES and DES-III were above .92 except interest and
contempt which were .67 and .66 respectively. Examination of
the item-factor intercorrelation matrix revealed that the
DES-III interest <cluster is not as strong as the interest
cluster of the DES. Specifically, DES-III item three shares
common variance with the Jjoy factor. However, the lower
correlations between the DES and DES-III contempt clusters
are due to weakness 1in the DES items. The contempt items
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emerge as a strong factor on the DES-III.

The results_of this study demonstYate that the DES and
DES-III are equivalent measures of the fundamental emotions

for individuals who comprehend the meanings of the DES
ltems.

IV. STUDY II
A. METHOD

Eight hundred and fifty-seven junior and senior high
school students ranging in age from 11 years 4 months to 17
years 10 months completed the DES-III during a class period
two days before Christmas vacation. The DES-III was
administered by the teachers following a demonstration by
one of the investigators. Students were asked to indicate
how they had felt during the previous week. The children
were asked to reflect on their experiences during the
previous week before completing the scale. The children were
given no information concerning the meaning of words or
phrases on the DES~III. Instructions and sample items of the
DES-III are presented in Table 4.

Insert Table 4 about here.

B. RESULTS AND DISCUSSIONS

Exploratory Analysis. To provide continuity with the
traditional factor analytic study, the 30 x 30 item
correlation matrix was analyzed with a ten factor principle
axis factor analysis followed by a varimax rotation. The
resulting 10 factor x 30 item matrix of factor loadings was
inspected and each item was grouped with the factor on which
the item had its highest loading. This procedure identified
nine of the ten emotions. The three items in seven of the a
priori clusters defined seven distinct factors. The interest
and sadness factors were defined by two items each. Item
three in the a priori interest cluster was placed with the
items defining the joy factor and item twelve of the a
priori sadness cluster was placed with the items defining
the anger factor. The items of the a priori disgust cluster
failed to define a single factor. Instead, the items of the
disgust cluster loaded moderately on the anger, contempt,
and joy factors.

The results of this exploratory factor analysis
provided preliminary evidence supporting the measurement
model. However, an orthogonal solution is unnecessarily
restricting since there is no theoretical reason to expect
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the underlying emotions to be uncorrelated.

A moderately oblique rotation of the initial principle
axls factor solution did indicate even stronger support for
the a priori measurement model. (A direct oblimin rotation
with = 0 (Harmon, 1976) was used.) For eight of the a
priori clusters, all three items loaded highest on a single,
unique factor. The six items in the anger and disgust
clusters merged to define a single cluster. Thus, for each
of the three item factors, in no instance did any of the
items split apart on separate factors.

Insert Table 5 about here.

Table 5 presents the factor pattern matrix of the
oblique principle axis factor solution. The pattern
coefficients are the weights that would be assigned to edch
factor in expressing the item as a linear function of the
factors. When these weights are very small, the factor makes
a negligible contribution to the variable. Inspection of the
table shows that the three items of an a priori cluster are
primary in estimating the score on the corresponding factor..
This finding provides justification for defining a latent
variable as a function of the items in each cluster and
performing a multiple groups confirmatory analysis on the 30
X 30 item correlation matrix.

Confirmatory Analysis. The a priori measurement model
specifying 10 factors each consisting of three items was
analyzed with the centroid factor multiple groups factor
analysis provided by PACKAGE. The average within-cluster
item correlation (excluding self correlations) equalled .40

(Range = .23 to .57). In contrast 26% of the between-cluster
item correlations were below .1, 58% were below .2, and 84%
were . below .3. Only 2% .of the between-cluster item

correlations exceed the average within-cluster value of .40.

A residal matrix was constructed by subtracting the
obtained item-item correlations from the value predicted by
the measurement model. A heuristic evaluation of the overall
fit of the model can be made by examining the magnitudes of
the residuals. A standarxrd error for each observed
correlation was computed by using the observed correlation
as an ¢' :imate of the corresponding population correlation.
Of the 435 obtained correlations, 110 or 25% exceeded their
predicted value by more than two standard errors.

Insert Table 6 about here.
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An additional test of the model is the evaluation of
the parallelism of the 30 items with the ten group factors.
The matr@x of factor loadings is presented in Table 6. An
examination of the columns of Table 6 reveals that the
ltem-factor correlations generally conform to the assumption
of external consistency. Seventy percent of the boxed
loadings exceed .6; the lowest is .37. The relatively large
size of the correlations of the items with their own group
factor in contrast to the items' correlations with the other
group factors provides evidence for the validity of the a

riori model.

However, notable exceptions to external consistency are
present for items 3, 21, 24 and 25. In several instances
loadings are not parallel with the loadings of the remaining
two items in their cluster. For example, in the first box in
Table 6 , the correlation of item 3 with interest is
approximately 70% the size of the correlation of items 1 and
2 with interest. The correlation of item 3 with Jjoy should
be about 70%, the size of the correlations of items 1 and 2
with joy, or about .28. The observed value of .48 1is much
larger than the predicted value.

The a priori multiple groups model was also analyzed
with the full information maximum 1likelihood method of
LISREL. The PACKAGE and LISREL solutions agreed fairly well
since the largest single difference in the two estimated
factor patterns was .17 and only four of the 30 estimated
pattern coefficients differed by more than .10. The
estimated factor-factor correlations in the two solutions
were almost identical; the largest discrepancy was only .08.

The overall test of fit of the multiple groups model
was X *= 965.90 for df = 360. Since p > .01, a literal
interpretation of this statistic indicates that the model
does not fit the -data. A heuristic, but more reasonable
evaluation of fit 1is provided by the residuals. The
magnitude of the observed correlations varied from .00 to
.57. The respective sampling errors o3 population
correlations for these values for 857 subjects are .034 and
.028. Using .03 as an averade value, a predicted correlation
is within two standard errors of the corresponding observed
correlation if the magnitude of the residual is no larger
than .06. Of the 435 residuals, 70 or 16.1% were larger than
.06 and the largest residual was .160.

Thus both the centroid and full information maximum
likelihood analyses of the multiple groups model suggests
that the fit of the model could be improved statistically.
To improve the statistical fit of the model it is necessary
to generalize the multiple groups model to a multiple factor
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medel, in which some of the items are linked to more than a
single factor. A variety of respecified models were analyzed
with each respecification based on the information provided
by the residuals. The factor pattern for the final analysis
is presentedj-ln Table 7. Although the X *test of fit was
negative, ("= 571.49, df =329, p > .01), the analysis of
the residuals 1nd1cated " that the fit of the model was quite
good. Only 15 of 435 or 3.4% of the residuals were larger
than the approximate two standard errors of .06. Moreover,
the magnitude of the largest residual was only .086.

Insert Table 7 about here.

The statistical importance of the additional factor
pattern coefficients in the revised model, which is a
multiple factor generalization of the original multiple
groups model, is evaluated in two different ways. First, the
difference in the X* values for the o'1glnal and rev1sed
models was 394.42. This large drop in the X *value relative
to the 1loss of 31 degrees of freedom indicates the
significance of the additional pattern coefficients as a
set. Second, the magnitudes of all but four of the estimated
pattern coefficients were larger than twice their standard
errors. The smallest ratio of a parameter estimate to its
standard error was 1.61.

Despite the improved fit obtained with the revised
model, the original multiple groups model remains valid. The
size of most of the pattern coefficients which were not part
of the original model is small. Item 3 is the only item for
which a pattern coefficient off the diagonal block is larger
than the corresponding diagonal block coefficient. And only
for items 3, 21, 24, and 25 does the size of an off diagonal
block coeff1c1cnt app'oach the size of the coefficient on a
diagonal block.

A second indication of the utility of the original
multiple groups model is derived from an analysis of factor
scores. Although a set of differential weights for computing
factor scores could be derived from a multiple groups
analysis, the simplest method is to define each factor score
as the unweighted sum of the items which define the group.
In the multiple factor model, each factor score is computed
as a weighted linear comp031te of all thirty items. The
weighting reflects the size of the pattern coefficients as
well as the correlations among factors.

The correlations between the factor scores computed by
unit weighting and from the factor score regression weights
derived from the multiple factor confirmatory analysis are
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presgnted in  Table 8. The magnitude of these correlations
prov%des strong evidence for the validity of the original
multiple groups model. The ten latent variables defined by
the more "sophisticated" multiple factor model are almost

identical to the ten latent variables defined by the a
priori model.

Insert Table 8 about here.

A separate confirmatory factor analysis using data from
the youngest group of children (11.4 to 13.11) was performed
to determine if the measurement model would show signs of
failure. Both the factor loadings from the centroid multiple
groups analysis and the factor pattern from the confirmatory
multiple factor analysis were very similiar to the solutions
presented 1in Tables 6 and 7. The analysis of the residuals
from the multiple factor model indicated that 3.8% of the
residuals exceeded their predicted values by two standard
deviations, which is less than the 5% predicted by chance.
Thus the measurement model provides a uniform fit across the
age range represented in this study.

The correlations among factors derived from the
centroid multiple groups solution are presented in Table 9.
Factor means for each of the emotions were computed as an
unweighted composite of the corresponding three DES-III
items. These means for subgroups of the sample are presented
in Table 10. Inspection of the table shows that the emotion
profiles are similar across both age and sex.

Insert Tables 9 and 10 about here.

V. STUDY III

The purpose of this study was twofold: (a) to determine
if the measurement model would fit the responses of children
between the ages of eight and twelve, and (b) to determine
if the DES-III can be improved through revision of the
weakest items.

A. METHOD
The subjects were 457 elementary school children
ranging in age from 8.1 to 12.2. Except for the scale

~modifications listed below, this study was 1identical to
Study II. The instructions and the DES-III scale were
modified accordingly: (1) The sample item, "Feel cheerful,
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which appeared in the instructions of the previous study

(Téble 4) was printed on the DES-III form. This allowed the
children to complete the sample item. This item, which was

not scored, appeared as example A on the form. (2) Four
items of the scale were revised as: ;
Item 3A: Feel alert, kind of curious

about something

Item 21A: Feel like you are better than somebody
Item 24A: Feel afraid

Item 25A: Feel ashamed, like you want to
disappear

B. RESULTS AND DISCUSSION

An exploratory nine factor principle axis factor
analysis followed by an oblique rotation revealed seven
factors which accounted for nine of the a priori clusters.
The interest and joy clusters merged to define one factor as
did the anger and sadness clusters. The fear, surprise,
guilt, shame/shyness, and contempt clusters each defined a
unique factor. The disgust items failed to define a factor.

The a priori measurement model was analyzed with the
confirmatory centroid multiple groups analysis. The average
within-cluster item correlation (excluding self
correlations) equaled .35 (Range = .16 to .64). Only 1.2% of
the Dbetween-cluster item correlations exceeded the average
within cluster value.

The matrix of factor loadings is presented in Table 11.
Both the relatively large size of the correlations with
their own group factor and the parallelism of clustered
items across factors provides evidence for the wvalidity of
the a priori model. Table 11 shows that the revised items
3A, 21A, and 24A are good indicators of their respective
latent factors. However, the size of the factor loading of
item 21A is less than optimal. Item 25A is a poor indicator
of shame/shyness for this sample.

Insert Table 11 about here.

An examination of the residual matrix showed that 16.5%
of the observed correlations exceeded their predicted value
by more than two standard errors. Many of these high
residuals involve item 25. The multiple groups solution was
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computed omitting item 25 which resulted in a two item
shame/shyness cluster. 1In this analysis, the number of
observed correlations exceeding their predicted value by two

standard deviations fell to 8.5%, indicating a good fit of
the model. :

The confirmatory multiple groups factor analysis of the
301 items wusing the maximum likelihood sclution yielded a
X?*=671.9 ( df = 360, p > .01). Six percent of the observed
correlations exceeded their predicted value by more than two
standard errors. An analysis using a multiple factor model
similiar to the one presented in Study II yielded a
X *=395.17 ( df = 321, p).01). Only two of the 435 observed
correlations exceeded their predicted value by more than two
standard errors.

The means and standard deviations of the ten factors are
presented in Table 12. The correlations among the factors
are presented in Table 13.

Insert Tables 12 and 13 about here.

This study provided additional support for the
measurement model. First, the analysis of the model in study
ITI was cross-validated in study III. Second, it was shown
that the DES-III can be used to measure the ten fundamental
emotions experienced by children as young as eight years. In
addition, the revised Items 3A, 21A, and 24A are better
indicators of thieir respective latent factors than the
original items. These revised items should replace the
original items in the DES-III.

VI. SUMMARY AND CONCLUSIONS

The DES-III is a 30 item self-report scale which
measures the fundamental emotions defined by differential
emotions theory. The scale can be administered to children
above the age of eight years. Groups of three items are
summed to obtain scores on ten emotions: interest, joy,
surprise, sadness, anger, disgust, contempt, fear,
shame/shyness, and guilt.

The construct validity of the model was assessed with
exploratory factor analyses and with two multiple groups
confirmatory factor analysis, using both centroid and the
full information maximum likelihood methods. The exploratory
analyses, expecially the factor pattern from the oblique
rotation of Study II, suggested that the a priori model was
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appropriate for these data sets. The a priori model was
directly tested with the confirmatory multiple groups
analyses. Both multiple groups analyses of the DES-III
provided reasonable support for the measurement model
derived from differential emotions theory which asserts that
the experience of emotion can be divided into ten discrete
categories of emotion.

A multiple factor analysis, which permitted more causal
links from the factors to the items, indicated that the
modification of the a priori model improved the statistical
fit of the model. In a statistical sense, the adjustments to
the factor pattern of the common factor model provided by
the full information maximum liklihood analysis resulted in
a slightly better fit than the fit of the a priori
theoretical solution provided by the multiple groups factor
analysis. However, we conclude that the a priori model is
superior in a substantive sense since (a) the a priori model
is theoretically based and thus 1is more likely to cross
validate, (b) most of the additional factor pattern
coefficients in the multiple factor model were small in
size, and (c¢) the factor scores obtained from unit weighting
correlate very highly, with the factor scores from the
"improved" multiple factor solution. :

There 1is, however, an important characteristic shared
by both the multiple groups and multiple factor models. Both
models provide evidence for the construct validity of the
DES-IITI since both models retain ten distinct emotions as
the underlying factors. The difference 1is that since the
items of the multiple groups model are each an indicator of
only a single factor, the analysis with the multiple groups
model is easier to score and interpret.

Analysis of the factor 1loadings from the centroid
multiple groups analysis or the confirmatory multiple factor
solution of Study II did indicate that it may be desirable
to modify some of the items which serve as indicators of the
underlying emotions. Our analysis showed that items 3, 21,
24, and 25 of the DES-III could be rewritten to improve the
multiple groups model. These improved alternatives are
listed and analyzed in Study III.

Initially we suspected that the measurement model would
begin to fail as the age of the respondent decreased due to
lack of comprehension of the task or of specific items.
However, this did not occur for the children as young as
eight in our sample. The similarity between the item-factor
correlations from Study II and Study III suggests that the
psychological meaning of the items was essentially the same
for our eight year olds as it was for our seventeen year
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olds. Thus we did not reach the lower age limit of the
DES-III in the population under study. While the factorial
composition of the scale is relatively invariant across the
age range under study, the interrelationship among the
factors could vary not only as a function of age, but also
sex, and other variables such as the particular set of
circumstances associated with a given administration of the
test. The existence of stable patterns or profiles can be
explored in detail through Q factor analysis. This is a
logical "next step" in our work on the DES-IITI.

Given the cumulative evidence from the orthogonal and
oblique exploratory analyses, and from the confirmatory
factor analyses with both centroid multiple groups and full
information maximum 1likelihood, the validity of the ten
distinct emotions which are measured by the ten
corresponding groups of DES-III items has been supported for
three different data sets represented by college age adults,
adolescents and children above the age of eight. The
examination of the construct validity of these ten emotions
must ultimately extend beyond the realm of paper and pencil
measures and the present study encourages such future
validation studies. The DES-III now can be used in a wide
variety of research and applied applications which
ultimately will determine 1its scientific and clinical
utilley.
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