A toral of 7931 ratings of 482 third- and
Sfourth-vear medical students were gath-
ered over iwelve four-week periods.
Ratings were made by muliiple raters,
house officers, and attending faculty, on
fifteen behaviorally-anchored rating
scales. The data were factor analyzed
separately for each of the twelve periods.
Two factors consistently emerged, and the
congruence coefficients across the rwelve
periods were high (.72 to .99). The factors
were termed “problem solving” and “inter-
personal skills” on the basis of their item
content. The internal consistency (alpha)
coefficients of the scales constructed from
the two groups of items and the total
fifteen-item scale were high (.83 to .95).
Interrater reliability for the individual
items ranged from .22 to .37 for attending
Sfaculty and from .30 to .51 for house
officers. As expected, the interrater reli-
ability was higher for the summed scales
than for individual items, ranging from .44
to .61 for house officers and from .36 to
.42 for attending faculiy.
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Assessment of the performance of medical students during
their clerkship is typically a subjective process involving
ratings of complex patterns of behavior. Attempts to quantify
such ratings have appeared in the medical education literature
during the past 25 years.

Diederich (1954) proposed a “critical incidents” technique,
derived from studies based on the assessment of Air Force pilots,
to assess clinical performance. Cowles and Kubany (1959)
adapted Diederich’s method and, in interviews with twelve
experienced medical faculty members, developed a list of eight
characteristics which were considered as most important in
preparing for general practice and most easily observed in
faculty-student interactions during the third and fourth years
of medical school. Those characteristics were identified as:
knowledge of medical information; ability to gain and maintain
patient’s confidence; assumption of responsibility for, and in-
sight into, patient’s total problem (medical, social, and emo-
tional); skill in observing, recording, and reporting; skill in
developing and verifying hypotheses from patient data; stability
under difficult situations; integrity (honesty, ethics, recognition
of own limitations); and interest in the profession and in self-
improvement. An average of four preceptors rated each of 41
University of Pittsburgh medical students on these eight scales.
The intercorrelations among the scales ranged from .14 to .71,
with a median correlation of .37. The interrater reliabilities of
the average ratings ranged from -.10 (assumption of responsi-
bility for patient’s total problem) to .69 (skill in developing and
verifying hypotheses), with a median of .49. The interrater reli-
ability of the total of the eight scales was .58.

Cowles (1965) again employed an adaptation of the critical
incidents procedure of evaluation and asked medical and non-
medical faculty to sort comments made on 190 University of
Pittsburgh medical students into groups. Ten groupings resulted
from this process which were identified as: knowledge, rapport
with patients, assumption of responsibility, accuracy and thor-
oughness of observation, diagnostic skill, recognition of limi-
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tations, interest/ motivation, general intelligence, maturity/
poise, and general excellence in medicine. The interrater reli-
abilities were reported as “high,” although no data were pre-
sented.

Gough et al. (1964) included a factor analysis of faculty ratings
on ten variables in a study of §1 medical students during their
third and fourth year clerkships. The variables and their inter-
rater reliabilities for the two years were: clinical judgment
(.72, .73); diagnostic skill (.71, .76); mastery of basic sciences
(.60, .75); effectiveness of manner with patients (.57, .78); sense
of responsibility (.61, .74); independence (.49, .77); identification
with medicine (.42, .65); general promise for internship and
residency training (.66, .82); and success potential (.69, .80).
The intercorrelations among the ten variables ranged from .51
to .93 in the first year of the study and from .61 to .96 during the
second year. Three factors resulted from a factor analysis of
the first year’s data. The first was labeled “medical competence,”
the second factor was termed “medical identity,” and the third
factor was termed “medical effectiveness.”

In another factor analytic study, Geertsma and Chapman
(1967) utilized ratings of 180 medical students on 13 performance
scales: overall acceptability as a house officer, total and science
GPA, and MCAT scores. The two GPA scores formed one
factor (science GPA is a subset of total GPA). Another factor
was highly loaded by MCAT verbal and general-information
scores, while MCAT science, MCAT quantitative, and general
acceptability as a house officer formed separate factors. The
first general factor received high loadings from all performance
variables, reflecting the tendency of performance ratings to
intercorrelate more highly with each other than with grades or
MCAT scores. A separate factor was loaded by ratings of ethical
standards, likability, and rapport with patients.

On the basis of the above literature review items were selected
for the rating instrument for the current study. After discussions
with the faculty, departmental committees, and students of
The University of Michigan Medical School, a decision was
made to develop a set of behaviorally anchored scales to provide
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specific feedback to the students and to provide the rater with a
behavioral (rather than a vague conceptual) definition of the
trait under consideration. The purpose of the present study was
to provide evidence concerning the factor structure, internal
consistency, and interrater reliability of those scales.

METHOD
DATA COLLECTION

The clinical evaluation form used in the current study consists
of fifteen behaviorally based performance scales (see Figure 1).
The categories represent a range of clinical and professional
skills. The form provides four behaviorally defined categories
for rating each of the fifteen performance scales. A space for
“not observed” is also provided on each scale. The behaviorally
defined categories were developed to provide the students with
more specific feedback than would have been provided by
adjectives such as “outstanding” or “poor.”

The data reported in this study include 7931 ratings gathered
over a twelve-month period, from July 1977 to July 1978, on a
total of 482 third- and fourth-year medical students. The aca-
demic year is divided into twelve four-week periods. Students
were rated during each of the periods by two or more house
officers and/or attending staff members. This procedure allowed
the computation of interrater reliability coefficients for the
fifteen performance scales as well as internal consistency (Cron-
bach alpha) coefficients for additive combinations of those
scales.

Separate data bases were constructed for the factor analysis,
Cronbach alpha, and interrater reliability computations. Since
biases in these analyses may have been the result of an unequal
number of evaluations completed for each student, the following
sampling procedure was employed in the construction of the
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THE UNIVERSITY OF MICHIGAN MEDICAL SCHOOL
- Clinical Evatuation Form —
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data bases for purposes of the internal consistency (Cronbach
alpha) and factor analyses:

(1) The only evaluation forms included in the analyses were those
on which a house officer or attending staff member rated the
student on each of the fifteen scales.

(2) When multiple evaluations of a single student were completed
during the same period, at the same location, and by the same
evaluator type, one form was randomly selected for that student.
This was done to reduce the bias introduced by the possibility
that good students were evaluated more or less frequently
than poor students.

Based on the above criteria, 1862 completed evaluation forms
were included in the Cronbach alpha computations. Since
students changed locations in the middle of the medicine rota-
tion, there were 136 cases in which there were two evaluations
for a rater type in a period—one for each location. In these
cases, one evaluation was selected at random for purposes of
the factor analyses. This procedure resulted in a data base of
1726 evaluations for the factor analyses. Twelve replications
of the factor analysis were done on this data base, one for each
period.

The larger data base for the interrater reliability analysis
included 1908 ratings of 389 students by attending staff and
1749 ratings of 355 students by house officers.

DATA ANALYSIS

For each of the twelve periods, correlations were computed
and the correlation matrices were factor analyzed by the prin-
cipal axes procedure. The number of factors was determined by
application of the Kaiser “unity rule” (Guertin and Baily, 1970:
115). The twelve factor matrices were rotated by both orthogonal
(Varimax) and oblique (Promax) procedures.

The internal consistency of the “factor scores” (simple sum-
mation of the salient rating scales on each factor) anc the total
of fifteen scales were subsequently examined by computing
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Cronbach alpha coefficients. The Cronbach alphas were com-
puted separately for house officers and attending staff, both
for each of the twelve periods and for a total of all periods.

The interrater reliability for each of the fifteen rating scales
was computed separately for house officers and attending staff.
Interrater reliabilities for the fifteen scales were calculated by
an ordinal data extension of the categorical data computation
of intraclass correlation coefficients, as discussed by Landis
and Koch (1977).

RESULTS

The principal axes factor analysis resulted in two eigenvalues
greater than 1.0 for eight of the twelve periods. On the other
four periods, only the first eigenvalue was over 1.0. The first
two eigenvalues, percentage of variance accounted for by the
first two factors, and the correlation between the two factors
resulting from the Promax rotations are shown in Table 1 for
each of the twelve periods. Two factors were extracted for rota-
tion for each of the twelve factor analyses, even though the
Kaiser criterion indicated only one factor for periods 2, 4, 6,
and 9. This procedure was followed in order to check the con-
sistency of the pattern of factor loadings across all periods.

The factor patterns, in fact, were quite consistent, as indicated
by the matrix of congruence coefficients presented as Table 2.
The lowest coefficients appear for period 9 when compared with
all other periods. This was a result of all variables loading highly
on the first factor in period 9.

The results of the twelve factor analyses are summarized in
Table 3, which presents the median factor loading and the range
of the loadings for each of the fifteen variables across the twelve
periods. The factor pattern values presented in Table 3 resulted
from the Promax rotations.

Factor I has been given the shorthand label “problem solving”
for convenience of discussion. It actually includes both pro-
cedural skills and cognitive ability. The first factor received its
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TABLE 1
Eigenvalues, Percentage of Variance Accounted for by Two Factors,
Ns, and Factor Correlations for the 12 Periods

Factor
Correlations
Eigenvalues % Variance N (Promax Rotation)
Period 1T
1 8.24 1.24 63.2 143 -.68
2 9.60 .68° 64.9 154 -.77
3 9.51 1.07 70.5 158 -.69
4 9.84 .59 67.8 158 -.80
5 8.65 1.14 65.3 137 -.68
6 9.33 .70 63.5 153 -.76
7 9.25 1.02 68.4 186 -.73
8 8.57 1.21 65.2 150 ~-.67
9 8.91 .67 59.1 136 -.79
10 8.12 1.19 62.1 107 -.69
11 9.01 1.12 67.5 134 -.74
12 8.59 1.19 65.2 110 ~.68

highest loadings from ratings of ability to use information to
arrive at the appropriate differential diagnosis (item 4), diag-
nostic test planning (item 5), therapeutic program planning
(item 6), and knowledge (item 8). Consistently high loadings
were also contributed by items 1 through 3—history taking and
thoroughness and accuracy in performing physical examina-
tions. In each of the twelve analyses the loadings by these items
were substantially higher on Factor I than they were on Factor II.

Four additional items—procedural skills (item 7), written
skills (item 9), oral presentations (item 10), and self-education
(item 14)—loaded most highly on Factor I in at least nine of
twelve analyses. One item, professional capability (item 15), ha
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TABLE 2
Congruence Coefficients Between Matching Factors
Across the 12 Periods

Periods 1 2 3 4 5 6 7 8 9 10 11 12

1 - .99 .99 .98 .95 .99 .97 .98 .89 .97 .98 .97
2 .97 - .98 .98 .96 .97 .96 .95 .88 .96 .97 .98
3 .96 .93 - .97 .95 .99 .97 .98 .88 .98 .96 .98
4 .95 .94 .90 - .96 .98 .97 .97 .90 .97 .98 .98
5 .83 .86 .81 .88 - .96 .94 .96 .84 .93 .94 .97
6 .96 .96 .95 .93 .86 - .98 .99 .90 .98 .96 .99
7 .91 .90 .91 .90 .83 .96 - .98 .93 .98 .96 .97
8 .91 .92 .93 .89 .84 .95 .94 - .87 .98 .96 .98
9 .82 .81 .79 .87 .72 .8 .90 .77 - .93 .90 .91
10 .90 .89 .93 .92 .78 .93 .95 .94 .88 - .96 .98
11 .94 .93 .90 .97 .85 .90 .90 .85 .88 .88 - .97
12 .92 .93 .93 .93 .88 .96 .95 .94 .87 .90 .90 -

NOTE: Congruence coefficients for Factor I appear above the diagonal; congruence
coefficients for Factor II appear below the diagonal (see Harman, 1960: 257 for the
computational formula).

its highest loading on Factor I in seven of the twelve analyses,
on Factor Il in three of the analyses, and about equal loadings
on the two factors in two analyses.

The label attached to Factor Il is “interpersonal skills.” This
factor received consistently higher loadings from ability to
work effectively with health professionals other than physicians
(item 11) and relationships with patients (item 12). In all instances
except one, ward responsibilities (item 1[3) showed a higher
loading on Factor II than on Factor 1.

The internal consistency of the scales defining the two factors
was calculated by means of Cronbach alpha coefficients. To
calculate the alpha coefficients for the two factors, items 1
through 10, 14, and 15 were included in Factor I, and items 11



Dielman et al. / Clinical Performance Ratings 113

TABLE 3

Summary of Factor Pattern Values
(medians and ranges) for the 15 Items over the 12 Periods

10.

11.

12.

13.

14,

15.

Item

History
Physical examination

(Thoroughness)

Physical examination
(Skill and Accuracy)
Differential diagnosis
Diagnostic test plan
Therapeutic program
Procedural skills
Knowledge

Written skills

Oral presentations
Relationships with

other professionals

Relationships with
patients

Ward responsibilities

Self education

Professional capability

Factor

Problem Solving

I

Factor 11
Interpersonal Skill

.92
(.57 to 1.08)
.87
(.71 to 1.10)
1.00
(.60 to 1.10)
1.06
(.89 to 1.15)
1.06
(.93 to 1.22)
1.06
(.92 to 1.22)
.74
(.46 to .86)
1.02
(.61 to 1.11)
.83
(.17 to 1.06)
.76
(.08 to .96)
-.14
(-.27 to .06)
-.16
(-.28 to .05)
.10
(-.04 to .70)
.71
(.17 to 1.13)
.65
(.14 to .86)

.09
(-.12 to .49)
.18
(-.14 to .37)
.00
(-.15 to .49)
-.08
(-.20 to .15)
-.08
(-.33 to .10)
-.09
(-.33 to .11)
.33
(.18 to .63)
-.03
(-.15 to .45)
.22
(-.09 to .86)
.30
(.05 to .94)
1.10
(.95 to 1.18)
1.11
(.96 to 1.17)
.92
(.39 to 1.03)
.34
(-.20 to .86)
44
(.19 to .88)

NOTE: Factor pattern values are equivalent to standardized beta weights in a re-
gression 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 thus may exceed unity (Har-
man, 1960: 16-19).
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through 13 were included in Factor IlI. The coefficients were
computed separately for the ratings rendered by house officers
and attending faculty. These results are presented in the top por-
tion of Table 4. It can be seen that the Cronbach alphas were
consistently higher than .8 and that they did not differ substan-
tially for house officers or attending faculty. For both groups,
the Cronbach alphas were higher in the case of the problem-
solving factor than they were for the interpersonal skills factor,
as is expected with a greater number of items.

The interrater reliability coefficients for each item, the prob-
lem-solving, interpersonal skills, and total scale are presented
separately for house officers and attending faculty in the bottom
part of Table 4. The interrater agreement on the fifteen individual
items for the attending faculty ranged from .22 to .37, with a
median coefficient of .29. The attending faculty interrater agree-
ment for the sum of the fifteen items was .40, while it was .42 for
the summation of the twelve items defining the problem-solving
factor and .36 for the summation of the three items defining
the interpersonal skills factor. For house officers, the interrater
agreement for the fifteen single items ranged from .30 to .51,
with a median of .36. The house officer agreement was .61 for
the summation of the fifteen items, .60 for the summation of the
twelve problem-solving factor items, and .44 for the summation
of the three interpersonal skills factor items.

DISCUSSION

The consistency of the factor analytic results across the twelve
periods indicates that the variables employed in the fifteen-item
rating scale reliably cluster into two groups, which have been
designated as the problem-solving factor and the interpersonal
skills factor. These factors were highly replicable across twelve
factor analyses.

The factor which has been referred to in this paper as “prob-
lem-solving” resembles a merging of the two factors Gough et
al. (1964) chose to term medical competence and medical
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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 Faculty (all periods)

House Otficors Attending [aculty
Cronbach Alphas (N=T767) % (N=1,095)
Problems solving .95 .95
Interpersonal skill L8R3 .86
fotal Seale 295 .95
I_thAu;r:_r‘_l»tAc_[AR_gzﬁl_i;]bl‘li}_ipg‘ ~w(_.\'»=>17377£4}4 - (N=1,908)%
Item
1. History .34 .34
2. Physical exam L33 .28
(Thoroughness)
3. Physical exam .31 .22
(Skill and Accuracy)
4. Differential diagnosis .39 .30
5. Diagnostic test plan .37 .33
6. Therapeutic program . 30 .27
7. Procedural skills .34 .23
8. Knowledge W42 .27
9. Written skills .35 .28
10. Oral presentations .36 .35
11. Relationships with .30 .29
other professionals
12. Relationships with patients .30 .31
13. Ward responsibilities 42 .37
14 Self education .38 .25
15. Professional capability .51 .36
Factor I. Problem Solving .60 W42
Factor IT. TInterpersonal Skills .44 .36
Total Scale .61 .40

*Ns refer to the total number of ratings over the twelve periods.

identity. The interpersonal skills factor in the present study
resembles the factor which Gough et al. called medical effec-
tiveness. The results are also similar to the factor analysis con-
ducted by Geertsma and Chapman (1967), who found separate
factors formed by performance variables and variables having
to do with rapport, likability, and ethical standards. The two
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factors identified in the current study exhibit a high degree of
internal consistency, whether ratings are rendered by attending
faculty or by house officers.

The interrater reliability on the single items was somewhat
higher for house officers than for attending faculty. One ex-
planation which has been proposed for this result is that house
officers spend more time observing the students than do the
attending faculty, and thus have more data on which to base
their ratings. The strength of interrater agreement, as judged
along the admittedly arbitrary benchmarks employed by Landis
and Koch (1977), is fair to moderate for both groups of raters.
Agreement increases when the individual ratings are summed
into factor scores or total scores, and it is recommended that
such combined scores be employed for the purpose of summative
evaluation. Combining the scales in such a fashion is of little use
for formative evaluation purposes, however. When the scales are
used for formative purposes in providing student feedback, it
is recommended that individual ratings be provided and dis-
crepancies among ratings rendered by different raters be dis-
cussed. Another possibility when reporting the results of ratings
on individual items is to average ratings made by several ob-
servers, thus eliminating the error due to observer variation.
This procedure can increase the reliability of ratings on single
items considerably, as Printen et al. (1973) have shown. Low
interrater reliability seems to be the norm when dealing with
independent subjective judgments, and ratings of medical student
performance are no exception. Faculty members who are re-
sponsible for compiling composite student grades should keep
this in mind when evaluating students and strive to collect
several independent judgments.
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