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Dimensionality, internal consistency and interrater
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B. R. M A X I M t & T. E. D I E L M A N S

tDepartment of Mathematics and Statistics, University of Michigan, Dearborn, Michigan and $Department
of Postgraduate Medicine and Health Professions Education, University of Michigan, ,4nn Arbor, Michi@n
Summary. A total of 6444 ratings of the
financial performance of 424 third- and fourthyear medical students were made by house
officers and attending teachers during 12 separate internal medicine rotations. Ratings were
based on I 3 behaviourally anchored rating
scales. O n e rating was randomly selected per
student per evaluator type (house officer and
attending teacher) during each of the 12 rotation periods. Ratings were factor analysed
separately within each rotation period. T w o
factors emerged consistently, and congruence
coefficients across the 1 2 occasions were high
(0.88 or greater). The factors were labelled
‘problem-solving ( 1 0 items) and ‘interpersonal
skills’ (three items) on the basis of their content. Internal consistency coefficients of the
indices constructed from items in the two
factors and the total of the 1 3 items were high
(0.9 or greater) and did not differ substantially
when computed separately on the ratings from
house officers and attending teachers. Interrater
reliabilities on the individual items ranged from
0.14 to 0.33.
Key words: *Clinical competence; *clinical
clerkship; internal medicine/educ; psychometrics; Michigan; problem-solving; interpersonal relations
Introduction

The literature on the quantification of medical
students’ clerkship performance has been reCorrespondence: Dr B. R. Maxim, Department of
Mathematics and Statistics, I 177 University Mall,
University of Michigan, Dearborn, Michigan 48128,
USA.

viewed in an earlier article by Dielman et al.
(1980). In that article the results of
psychometric analyses of clinical performance
rating scales employed at the University of
Michigan Medical School were reported. This
rating system has been describcd in greater
detail by Davidge et al. (1980). T w o factors
underlying these ratings were identified:
‘problem-solving’ and ‘interpersonal skills’.
These factors were highly replicable across 12
separate analyses (congruence coefficients
ranged from 0.72 to 0.99) and exhibited acceptable levels of internal consistency (alpha coefficients ranged from 0.83 to 0.95). The interrater
reliabilities of the rating items ranged from 0.22
to 0.37 in the case of ratings made by attending
teacherst and from 0.31 to 0.51 in the case of
ratings made by house officers. The ‘problemsolving’ factor identified in the Dielman et al.
(1980) study was similar in content to a combination of factors which Gough et al. (1964)
had identified as ‘medical competence’ and
‘medical identity’. The ‘interpersonal skills’
factor which resulted from the Dielman et al.
(1980) analysis resembled the factor which
Gough et al. (1964) had termed ‘medical effectiveness’. The Dielman et al. (1980) results were
also similar to those of Geertsma & Chapman
(1967), who identified separate factors formed
by performance variables and variables concerning rapport with patients, likeability and
ethical standards.
t‘Attending’ is not an international term. Approximately equivalent to the UK Consultant, it refers
(USA) to anybody appointed to the honorary o r paid
staff of a hospital with the right to admit and treat
patients.

Properties of clinical peformance ratings
Since the Dielman et al. (1980) report the
clinical performance rating scale has been revised to include 13 rather than 15 items, with
behavioural anchors given only at the extremes
of the scales, rather than at each scale point.
The purpose of the current study was to
replicate the 1980 study with the revised scale
to determine whether the deletion of the intermediate behavioural anchors andlor reduction in the number of items altered the
psychometric properties of the scale. The
psychometric properties of interest were the
dimensionality of the scale (as determined by
several factor analytic replications), the internal
consistency (Cronbach alpha coefficients) of the
indices formed on the basis of the factor
analytic results, and the interrater reliability on
the items and the indices. O f secondary interest
was a comparison of the psychometric properties of the scale when ratings were made by
attending teachers and house officers.

Data collection
The clinical evaluation form used in the current
study consists of I 3 behaviourally based performance scales (see Fig. I ) . Each of these
scales represents a range of clinical and professional skills. The form provides six points for
rating students on each of the scales, with
behaviourally defined anchor points. A space
for ‘not observed’ is provided on each scale.
This form is the first major revision of an
evaluation form which was developed in 1977.
The purpose of this form (and the original) was
to provide the student with more specific
feedback through the use of behaviourally
defined categories than would have been provided by adjectives such as ‘poor’ or ‘outstanding’. The revised form has been used since July
1980.
The data reported in this study were taken
from 6444 ratings gathered over a 12-month
period from July 1981 to June 1982 on a total of
424 third- and fourth-year medical students.
The academic year is divided into 12 4-week
periods. Students were rated by two or more
house officers, attending staff and/or other
health professionals. This procedure allowed
for the computation of interrater reliability

131

coefficients for the 13 performance scales, as
well as internal consistency coefficients for
additive combinations of these scales.
One data set was used for all analyses. The
sampling procedure employed in constructing
the data set was as follows:
(I) The only evaluation forms included in
the analyses were those completed by house
officers and attending staff for students during
the medicine rotations.
(2) For a given time period there was exactly
one form per student filled out by a house
officer and one by an attending member of the
academic staff.
(3) When there was more than one form
completed for the same student, during the
same time period, by the same evaluator type,
one form was randomly selected for each
evaluator type from that student.
The rationale for restricting the sample to
one form per evaluator type for each student
was to reduce the bias which may have been
introduced if good students were evaluated
more frequently than poor students. The decision to include only the forms from house
officers and attending teachers in the internal
medicine rotation was made to allow comparisons with the previous study (Dielman et a / .
1980). The students’ internal medicine rotation
spanned more than one +week period, hence it
was possible to receive more than one set of
ratings during this rotation.
The sampling procedure resulted in a data set
containing I 880 completed evaluation forms,
940 of which were completed by house officers
and 940 of which were completed by attending
teachers. These forms represented ratings of
303 individual students.

Data analysis
For each of the 12 periods, correlations were
computed and the correlation matrices were
factor analysed by the principle axes procedure.
The number of factors was determined by the
application of the Kaiser ‘unity rule’ (Guertin 81
Bailey 1970) and the Catell ‘scree test’ (Catell
1966). The 12 factor matrices were rotated by
both orthogonal (Varimax) and oblique (Oblimin) procedures.
The internal consistency of the ‘index
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scores', computed by simple summation of the
salient rating scales on each factor, and the total
of the 1 3 scales were determined by computing
Cronbach alpha coefficients. Separate Cronbach alphas were computed for the house
officer and attending staff ratings across all 1 2
periods.
Interrater reliabilities for each of the 1 3
scales, the 'index scores' and total scores were

computed separately for the house officers and
attending staff. Interrater reliabilities were
calculated by an ordinal data extension of the
categorical data computation of the intraclass
correlation coefficients (Landis & Koch 1977).
Results
The principle axes factor analyses resulted in
two eigenvalues greater than 1.0 for four of the
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12 periods. In three of the remaining eight
analyses, the second eigenvalue was greater than
0.94 and in all 12 analyses the scree test suggested
the rotation of two factors. The first two
eigenvalues, variances accounted for by the first
two factors, and the correlations between the
two factors resulting from the Oblimin rotations
are shown for each of the 12 periods in Table I .

The consistency of the factor patterns was
examined by computing the congruence coefficients between factors (Harman 1960). The
factor patterns were quite consistent as indicated by the matrix of congruence coefficients
presented in Table 2 . All but six of the 1 3 2
coefficients were 0.9 or greater, and all were
0.88 or greater.
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Table I . Eigenvalues, percentage of variance accounted for by t w o factors,
and factor correlations for 12 periods
Eigenvalues
Period

1

I1

% variance

r.rR

76.6
74.6
79.8
76.9
78.5
75.4
79.1
72.5
76.3
78.4
75.4
76.0

3

8.78
8.75
9.52

4

9.06

5

9.37
8.53

I
2

6

9.50

7
8
9
I0

8.16
8.94
9.38

I1

9.10

I2

8.82

0.96

0.86
0.94
0.83
1.27
0.79
I .26
0.98
0.80
0.70
I .oh

The results of the 12 factor analyses are
summarized in Table 3, which presents the
median factor loadings and the range of loadings for each of the 13 variables across the I Z
periods. These factor pattern values are those
which resulted from the Oblimin rotations.
Factor I was given the label of ‘problcmsolving’, consistent with the item content
which included both procedural skills and
cognitive abilities. The first factor received its
highest loadings from ratings of abilities to
acquire and utilize information to arrive at the
appropriate diagnoscs. These were items I
(history and interview), 3 (differential diagnosis), 4 (diagnostic and therapeutic planning) and
6 (knowledge). Consistently high loadings
were also contributed by items 2 (physical

Table
Periods

I

2.

-

X
9
10

I1
I2

n

-0.53
-0.65
-0.65

-0.62
-0.64
-0.53
-0.70

-0.46
-0.62

-0.70
-0.75
-0.51

examination), 5 (procedural skills), 7 (selfeducation), 8 (written skills), 9 (oral prcscntations) and 13 (overall). While there were occasional departures, these items loaded more
strongly o n factor I than factor I1 in most of the
12 analyses. The remaining three items, I + I Z
(interpersonal relationships with health professionals, interpersonal skills with patients, and
professional
responsibilities)
loaded most
highly on factor I1 in every case. The label
attached to factor I1 was ‘interpersonal skills’.
The intcrnal consistency of thc total of the I 3
scales and the indices defining the two factors
were examined by Cronbach alpha coefficients.
T h e ‘index scores’ were computed by unit
weighted summation of items 1-9 and 13 for
the ‘problem-solving’ index, items IC-12- for

3- ~ ~ _4_ _ _

5

6

7

8

..

0.99

7

Factor
correlations
Oblimin rotation

Congruence coefficients betwcen matching factors across the
2

0.98

0.99
-

0.98

0.98

0.99

0.93
0.91
0.98

-

0.9 7

0.97

0.88

-

0.94

0.93
0.89
0.91
0.89

0.98
0.99
0.97

0.98

0.95
0.88
0.91

0.94

0.92

0.94

0.90
0.96
0.88

0.92

o.8X
0.98

0.YS

0.90

0.93
0.88
0.98
0.98
0.94
0.96

-

097
0.93
0.93

0.98
0.95
0.93
0.97

12

0.98
0.97
0.99
0.09
0.99

0.98

0.98
0.99

0.97
0.98

11

1.00

0.98

-

I0

0.97
0.98

0.99

0.97

-

periods

0.99
0.98

0.98

0.96
0.9 7

0.90
0.92

I2

0.99
0.98

0.98

0.99

0.91
0.9 I

9

0.98
0.96
0.97
0.98
0.99

0.99

0.96

PIS,

0.99

097
0.96

0.95

0.94

0.91

0.90

0.98

0.98
0.yx
0.99
0.98

0.98

-

0.98

0.91

-

Note: Congruence coefficients for factor 1 appear above the diagonal; congruence coefficients for factor I1
appear below the diagonal (see Harman [196o], p. 257 for the computational formula).
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Table 3. Summary of factor pattern values (medians and ranges) for the
items over the 12 periods
Factor I

Item
(I)

History and interview

Problemsolving
0.82

(0.51-0.91)
(2)

Physical examination

(3) Differing diagnosis/

problem list
(4) Diagnostic/therapeuticplanning
(5)

Procedural skills

(6) Knowledge

(7) Self-education

(8) Written skills
(9) Oral presentations
(10)
(I I)

(12)

Interpersonal relationshipsprofessionals
Interpersonal skills-patients
Professional responsibilities

( 1 3 ) Overall

0.77
(0.63493)
0.87
(0.72-0.98)
0.83
(0.71-0.96)
0.53
(0.24-0.82)
0.83
(0.7c-o.90)
0.70
(0.62-0.84)

067
(0.44-0.7s)
0.70
(0.41-0.75)
0.1 I
(-0.034.23)
0.10

(-0.03-0.19)
0.31
(0.21-0.61)
0.74
(0.67-0.82)
. .

13

Factor I1
Interpersonal
skills
0.06
(-0.03-0.41)
0.04
(-0.0 3-0.26)
-0.02
(-0. Ic-o.20)

0.03

(-

0 . 0 9 0 2I )

0.3I
(-0.10-0.~ I )

0.05

(-0.06-0.19)
0.18
(0.01~0.29)
0.22

(0.124.47)
0.19
(0.1-3.43)
0.81
(0-68-0.90)
0.80

(0.70-0.88)
0.60

(0.33-0.69)
0.25
(0.15-0.34)

Note: Factor pattern values are equivalent to standardized beta weights in a
regression equation, with the observed scores serving as the dependent
variables and the factor scores as the independent variables. These values are the
correlations of the variables with the factor, multiplied by a constant, and may
exceed unity (Hartman 1960, pp. 16-19).

the ‘interpersonal skills’ index, and all 13 items
for the ‘total clinical performance’ index. The
Cronbach alpha coefficients were computed
separately for the ratings rendered by the house
officers and by the attending teachers. These
results are presented in Table 4. All Cronbach
alphas were higher than 0.90, and did not differ
substantially for house officers and attending
teachers.
The interrater reliability coefficients for each
item, the ‘problem-solving’ index, the ‘interpersonal skills’ index, and the ‘total clinical
performance’ index are presented separately in
Table 4. The ‘problem-solving’ and ‘total clinical performance’ scores were computed for
those forms having non-missing ratings o n at
least 80% of the items included in the indices.

Forms used to compute the ‘interpersonal
skills’ score were required to have non-missing
ratings on at least t w o of the three items
included in the index.
The interrater reliability coefficients o n the
1 3 items for the attending teachers ranged from
0.14 to 0.31, with a median coefficient o f 0.24.
The interrater reliability coefficients for the
house officers o n the 13 items ranged from 0.19
to 0 . 3 3 , with a median coefficient of 0.24. The
interrater reliability coefficients among house
officers on the summed indices were 0.25 for
the ‘problem-solving’ index, 0.28 for the ‘interpersonal skills’ index and 0.34 for the ‘total
clinical performance’ index. The comparable
interrater reliability coefficients for attending
teachers were 0.11, 0.24 and 0.30.
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Table 4. Cronbach alpha coefficients and interrater reliabilities for the two
factors and the total scale as rated by house officers and attending teachers
Attending
House
teachers
officers
(n=940) __ (n=c)40)

Cronbach alphas
Problem solving
lnterpersonal skills
Total clinical performance
Interrater reliabilities
( I ) History and interview
(2) Physical examination
(3) Differential diagnosis/problem list
(4) Diagnostic/therapeutic planning
( 5 ) Procedural skills
(6) Knowledge
(7) Self-education
(8) Written skills
(9) Oral presentations
(10) Interpersonal skills-professionals
( I I ) Interpersonal skills-patients
(12) Professional responsibilities
(13) Overall
Problem-solving
Interpersonal skills
Total clinical Derformance

0.96
0.90
0.96

097

0.24
0.19
0.28
0.24

0.24

0.20

0.21

0.27

0.27
0.24

0.24
0.27
0.24
0.3 I

0.22

0.15

0.19

0.32

0.20
0.2 I

0.33

0.29

0.25

0.11

0.25

The consistency of the factor analytic results
across the 12 periods suggests that the variables
employed in the 13-item rating scale cluster
reliably into t w o groups, which have been
designated as the ‘problem-solving’ factor and
the ‘interpersonal skills’ factor. These factors
were replicable across the 12 factor analyses.
This finding was consistent with the results of
the analyses of the previous version of this
form (Dielman et al. 1980). The internal consistency coefficients of the items comprising the
two factors and the total scale were all 0.9 or
greater, which is also similar to the findings in
the earlier study, in which the alpha coefficients
ranged from 0.83 to 0.95. As in the earlier
study, there was very little difference in the
internal consistency coefficients depending o n
whether the source o f the ratings was house
officers or attending teachers.
The interrater reliability coefficients for the
items and indices were roughly comparable for
the house oFficers and the attending teachers,

0.97

0.14
0.25

0.29

0.28

0.24

0.74
..

0.30

Note: ns refer to the total number of ratings over the

Discussion

0.91

1 2 periods.

which is contrary to the earlier results. In the
1980 study, the interrater reliability coefficients
for the single items ranged from 0.22 to 0.37,
with a median of 0.29 among attending
teachers, while among house officers the coeffcients ranged from 0.30 to 0.51, with a median
o f 0,36. In the current study, the single-item
interrater reliability coefficients ranged from
0.19 to 0.33, with a median o f 0.24 among
house officers. Among attending teachers the
range was from 0.14 to 0.31, also with a median
of 0.24. In the earlier study the interrater
reliabilities among house officers for the summed indices were 0.60, 0.44 and 0.61 respectively for the ‘problem-solving’, ‘interpersonal
skills’ and total score, while the comparable
interrater reliabilities among house officers in
the current study were 0.25, 0.28 and 0.34.
Among attending teachers, the interrater reliabilities for ‘problem-solving’, ‘interpersonal
skills’ and the total score were 0.42, 0.36 and
0.40 in the earlier study. In the current study
the comparable Coefficients were 0.1I , 0.24 and
0.30. T h e comparisons indicate that the inter-
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rater reliabilities were somewhat lower in the
current study compared to the 1980 study among
both house officers and attending teachers,
although the difference was greater among house
officers.
As in the earlier study by Dielman et al.
(1980), the results of the present study indicate
that the dimensions of ‘problem-solving’ and
‘interpersonal skills’ as measured by the ratings
of house officers and attending teachers, are
highly replicable and internally consistent
dimensions of medical students’ clinical performance. The changes which were made in
the scale, i.e. reduction in the number of items
from 15 to 1 3 and the deletion of behavioural
definitions from all scale points except the
extremes, did not change these conclusions.
The interrater reliabilities, especially among
house officers, were lower in the current study.
This may be a consequence of the deletion of
the behavioural definitions from the intermediate scale points. The extent of the interrater
agreement in the current study was ‘fair’ for
both groups of raters, according to the admittedly arbitrary benchmarks employed by
Landis & Koch (1977). This shortcoming,
which is rather common in subjective judgements of human performance, can be compensated for by being aware of the problem and
basing ratings to be used for summative purposes on the averages of judgements made by
several observcrs, thus eliminating the error
due to observer variation. This procedure, as
shown by the results of Printen et al. (1973)can
increase interrater reliability considerably.
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Another recommendation emerging from the
comparison of the two studies is that performance rating scales include behavioural definitions which are as precise and as observable as
possible, for as many points on the scale as
possible, in the interest of increasing interrater
agreement.
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