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Summary. lkspite a lack of face validity, 
there continues to be heavy reliance 0 1 1  

objective paper-and-pencil measures of cli- 
nical competence. Among these measures, 
the most common item formats are patient 
management problems (PMPs) and three 
types of multiple choice questions 
(MCQs): one-best-answer (A-types); 
matching questions (M-types); and multi- 
ple trucifalse questions (X-types). The 
purpose of this study is to compare the 
reliability, validity and efficiency of these 
itcm formats with particular focus on 
whether MCQs and PMPs measure diffe- 
rent aspects of clinical competence. Analy- 
ses revealed reliabilities of 0.72 or better 
for all item formats; the M C Q  formats 
were most reliable. Similarly, efficiency 
analyses (reliability per unit of testing 
time) demonstrated the superiority of 
MCQs. Evidence for validity obtained 
through correlations of both programme 
directors’ ratings and criterion group 
membership with itcm format scores also 
favoured MCQs. More important, 
however, is whether MCQs and PMPs 
measure the same or different aspects of 
clinical competence. Regression analyses 
of the scores on the validity measures 
(progranimr directors’ ratings and crite- 
rion group membership) indicated that 
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MCQs and PMl’s seem to be measuring 
predominantly the same thing. MCQs 
contribute a small unique variance compo- 
nent over and above PMPs, while PMPs 
make the smallest unique contribution. As 
a whole, these results indicate that MCQs 
are more efficient, reliable and valid than 
PMl’s. 

Key words: *Clinical competence; *Educa- 
tion, medical, graduate; Psychometrics; 
Educational mcasurement/*methods; In- 
ternal medicine/educ; United States 

Introduction 

The assessment of doctors’ clinical conipc- 
tence has long been of concern to certify- 
ing and licensing agencies, educational 
institutions and the general public. Over 
the years, a number of clinical evaluation 
tools such as direct observation, chart 
audit, paper-and-pencil simulation, com- 
puter simulation, and patient simulation 
(see Barro, 1973 and Vu, 1979 for reviews 
of these approaches) have been developed. 
Due to factors such as cost in develop- 
ment and implementation, most of these 
approaches have proven impractical for 
large-scale use. Consequently, there re- 
mains heavy reliance on objective paper- 
and-pencil measures despite concern about 
their validity (Goran et a / . ,  1973; Feightner 
Ccr Norman, 1976; Swanson Pt a / . ,  1982). 

The most commonly used of the paper- 
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and-pencil methods are multiple choice 
questions (MCQs) and patient manage- 
ment problems (PMPs). Traditionally, it 
has been thought that MCQs measure 
knowledge, while PMPs, by virtue of the 
fact that they simulate a clinical encounter, 
measure knowledge plus problem-solving 
skills (Levine et a l . ,  1970; Levine, 1978). 
Studies investigating whether MCQs and 
PMPs measure different aspects of compe- 
tence have produced variable results. In 
general, low to moderate correlations (0.2- 
0.5)  between MCQs and PMPs have been 
observed (McGuire & Babbott, 1967; 
Schumacher et a l . ,  1974; Hubbard, 1978; 
Case, 1981), leading researchers to suggest 
that PMPs measure something different, 
although it is not clear what. Correlations 
between PMPs and external measures of 
clinical performance (usually ratings from 
clinical instructors) are also typically low 
to moderate, and approximately the same 
order of magnitude as correlations be- 
tween MCQs and external measures 
(Schumacher et a l . ,  1974; Taylor et ul . ,  
1976). Because these correlations are 
affected by the reliability of the measures 
used, it has been unclear if the low correla- 
tions imply that different traits are being 
assessed or that reliabilities (of the MCQs, 
PMPs and/or the external measures) are 
low. Findings of ‘content/case/problem 
specificity’ in the medical problem-solving 
literature (Barrows et a l . ,  1978; Elstein et 
ul . ,  1978; Swanson et a l . ,  1982; Norman et 
a l . ,  1983) and the low intercase correla- 
tions typically observed between PMPs 
(Donnelly et a / . ,  1974, 1982; Berner et a l . ,  
1977; Mast et a l . ,  1982) both imply that 
the reliability of PMP-based scores will be 
quite low. 

The study reported here examines the 
psychometric characteristics of PMPs and 
several M C Q  formats, with particular 
focus on whether MCQs and PMPs are 
measuring the same or different aspects of 
clinical competence. More specifically, it 
compares the reliability, efficiency and 
simple and incremental validity of three 
M C Q  formats (one-best-answer, matching 
and trudfalse questions) and PMPs. 

Methods 

Certifying examination structure and scoring 

The data for the study are derived from 
the 1980, 1981 and 1982 American Board 
of Internal Medicine (ABIM; Certifying 
Examinations in General Internal Medi- 
cine, administered annually to 7000-8000 
candidates. These examinations are fairly 
typical of licensure and certifying ex- 
aminations. They consist of PMPs and 
three types of MCQs,  one-best-answer 
questions (A-types), matching questions 
(M-types), and multiple truelfalse ques- 
tions (X-types). The number of items of 
each type and the approximate testing 
time associated with each is displayed in 
Table I for the 3 years included in the 
study. Internal ABIM studies imdicate that 
the average candidate completes thirty A- 
and M-type items and ninety-five X-type 
(i.e. nineteen multiple true/falje questions 
with five items per question) items in an 
hour. Two and two-thirds of F’MPs can be 
completed in an hour. 

The PMPs are linear and moderately 
long (three to six problems and thirty to 
sixty options per case); they typically be- 
gin with a presentation of all relevant 
history and physical exam information 
and, in some cases, baseline laboratory 
values. Emphasis is on ordering laboratory 
tests and procedures and on medical man- 
agement. Later problems within a case 
often introduce disease complications or a 
related disease. A-types include a mixture 
of short items measuring knowledge and 
more complex items with a lengthy ‘case 
vignette’ stem, requiring selection of a 
laboratory test, a diagnosis or a therapy. 
M-types usually involve matchng of brief 
clinical stems (or diagnoses) with sets of 
laboratory findings. X-types are typically 
short, factual questions measuring know- 
ledge of disease, laboratory test character- 
istics, drug complications, etc All M C Q  
formats and PMPs frequently require in- 
terpretation of graphic materia’l. 

For each of the M C Q  formats, ‘number 
right’ scores are calculated. Each of these 



240 J .  J .  Norc in i  et al. 

scores is then rescaled (standardized) using 
a linear transformation, so that the mean 
of a ‘reference’ group is 500 with a stan- 
dard deviation of 100. This reference 
group consists of all candidates taking the 
certifying examination for the first time 
who graduated fom United States or 
Canadian medical schools with 3 years of 
approved residency training in general in- 
ternal medicine and who completed the 
third year of graduate training within a 
year of examination administration. Non- 
reference group members are assigned 
scores by locating their raw scores in the 
reference group raw score distribution and 
assigning the associated standardized 
score. This approach is used to place all 
M C Q  scores on the same scale. 

Development of a composite PMP score 
is a multistep process. First, for each case, 
the test development committee assigns all 
options to one of six categories: (A) ‘indi- 
cated and essential’; (B) ‘indicated but not 
essential’; (C) ‘neither indicated nor con- 
traindicated’; (D) ‘not indicated but not 
harmful’; (E) ‘not indicated and expensive 
or somewhat dangerous’; and (F) ‘not 
indicated and dangerous’. Second, each of 
the categories is assigned a numeric weight 
(typically, A=ro,  B=5, C=O, D=-2, 
E=-6, F=-Iz).  Then, for each case and 
examinee, the numeric weights of the 
selected options are summed, yielding a 
raw score for each PMP. The raw scores 
are then individually standardized for each 
PMP to a mean of 500 and a standard 
deviation of 100, using the reference group 
procedure described above. The standar- 
dized PMP case scores are then summed 
and restandardized to a mean of 500 and a 
standard deviation of IOO for the reference 
group, yielding a composite PMP score on 
the same scale as the M C Q  scores. 

In order to form a composite examina- 
tion score from the four standardized 
scores (A-types, M-types, X-types and 
PMPs) the item format scores are sum- 
med, with each score weighted in propor- 
tion to the time devoted to questions in 
that format. The resulting composite ex- 
amination score is then restandardized so 

that, once more, the mean of the reference 
group is 500 and the standard deviation is 
100. A composite M C Q  score was also 
calculated in a fashion paralleling calcula- 
tion of the examination composite score, 
but with the PMP contribution omitted. 

V a l i d i t y  measures and  subjects 

As part of the certification process, 
evaluation forms are sent to the program- 
me directors of all programmes in which a 
candidate participated during the years of 
residency training. The form requests that 
programme directors attest to the overall 
clinical competence of the candidate. Since 
1980, these data have been collected on a 
9-point rating scale (1-3 is the ‘unsatisfac- 
tory’ range-these candidates are not per- 
mitted to take the examination; 4-6 is the 
‘satisfactory’ range; 7-9 is the ‘superior’ 
range). These ratings form the first valid- 
ity measure; they represent an examination 
independent assessment of the clinical 
competence of candidates at the end of 
training. Subjects in this study are those 
taking the certifying examination for the 
first time in 1980, 1981 and 1982 who 
were rated on the 9-point scale. 

In order to obtain a second validity 
measure of clinical competence reflecting 
the quali ty  of training received, as well as 
relative performance in the training prog- 
ramme, ‘high’ and ‘low’ criterion groups 
were constructed. The ‘high’ criterion 
group consists of all first-takers who ( I )  
graduated from United States or Canadian 
medical schools; (2) trained in selected 
high quality residency training program- 
mes (these programmes were identified 
through peer nomination-five members 
of the ABIM, who were broadly familiar 
with internal medicine residency training 
programmes across the country, were 
asked to identify the best twenty-five 
programmes, and the thirty-five program- 
mes receiving three or more votes were 
included in the high criterion group); and 
(3) were rated as ‘superior’ (7-9 on the 
rating form) by their programme director. 
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The 'low' criterion group consists of first- 
takers who ( I )  graduated from foreign 
medical schools; ( 2 )  did not  attend one of 
the selected high quality residency prog- 
rammes; and ( 3 )  were rated no higher than 
'satisfactory' (4-6 on the rating form) by 
their programme director. These criterion 
groups are used as a dichotomous validity 
measure (o=low criterion group member; 
I =high criterion group member); such 
extreme groups should provide a sensitive, 
powerful basis for investigation of valid- 
ity. 

Results 

Reliabi l i ty  

Table I presents reliabilities for all scores 
in the years included in the study. For all 
M C Q  formats, coefficient alpha was 
calculated, with M-types and X-types 
under a common stem treated as indepen- 
dent items. For the PMPs, coefficient 
alpha was also calculated, with standar- 
dized case scores treated as items. This 
approach to the calculations PMP reliabil- 
ity was used for two reasons. First, it 
parallels the domain definition used in test 
construction: cases are 'randomly sam- 
pled', while diagnostic and therapeutic 

selections within a case are not 'sampled' 
in any way. Second, this approach in- 
cludes all available measuremmt informa- 
tion, yet avoids violating the assumption 
of item independence, since cases are inde- 
pendent. Reliabilities for the M C Q  and 
examination composite scores were calcu- 
lated using the Mosier formula (1943) for 
composite tests. The reliability of the 
examination composite is the same or 
slightly lower than that of the M C Q  
composite. Thus, the additio.3 of several 
hours of PMPs does not improve overall 
reliability. This could be becmse MCQs 
and PMPs measure different and uncorre- 
lated aspects of competence or that the 
PMP contribution to error of measure- 
ment balances its contribution to true 
score variance. Given the relatively low 
PMP reliability, the latter explanation 
seems more likely. 

No reliability information is available 
for programme directors' ratings. Because 
the ratings are typically based on 3 years 
of contact between a candidate and prog- 
ramme director, with substantial input 
from other teachers, one would expect the 
ratings to be relatively reliable and valid, 
although there may well be differences in 
rater standards. 

TABLE I .  Reliabilities and efficiences of item formats and composite scores 

A- M- X- MCQ, PMP Exam 
types types types composite composite composite 

1980 examination 
Number of items 82 45 308 43 5 16 - 
Testing time (hours) 2.7 1 ' 5  3'2 7'4 6.0 13'4 
Reliability 0'74 0.76 0.88 0.92 0.72 0.9 I 
Efficiency 0.81 0.89 0.90 0.86 0.63 0.75 

Number of  items 84 52 247 383 16 - 

Testing time (hours) 2.8 1'7 2.6 7' I 6.0 I 3'1 
Reliability 0.82 0.78 0.82 0 9  I 075  0.9 I 
Efficiency 0.87 0.89 0.88 0.85 0.67 0.76 

1981 examination 

1982 examination 
Number of items 8 5  53 I 60 298 I 2  - 
Testing time (hours) 2.8 1.8 1 '7 6.3 4'5 ro.8 
Reliability 0.80 0.78 0'79 0.92 0.72 0.92 
Efficiency 0.85 8.89 0.90 0.88 0.70 0.8 I 



The reliability of the item format scores 
is heavily influenced by the number of 
itendtesting time devoted to each. For 
planning test content and selecting item 
formats, efficiency-reliability per unit of 
testing time-is a more important measure 
of stability/homogeneity. ‘Table 1 21.0 pre- 
sents efficiency coefficients-rriiabilty 
coefficients corrected to 4 hours of testing 
timc, the time allocated for an AHIM test 
booklet (the Spearman-Brown formula for 
the reliability of tests of different length; 
Lord &- Novick, 1968). Of the item for- 
mats, A-, M- and X-types are the most 
efficient, while PMPs are least cfficient. 
Because the examination coniposite is 
made up of these four scores, its efficiency 
is between the extremes. 

Validity 

Table 2 presents means and standard 
deviations for the item format and compo- 
site scores for the two criterion groups. 
Similar data for each level of programme 
directors’ racings are available on  request. 
All scores rank order the groups in the 
expected direction, i. e. the high criterion 
group does better than the low criterion 
group, and groups with higher program- 
me directors’ ratings do better than those 
with lower ratings. 

Taking the distance between groups as a 
rough indicator of score validity, it is 
apparent that the composite score is most 
discriminating, as  one might expect, since 
it includes all measurenient information 
available. Of the item formats, A-types, 
X-types and PMPs are about equally con- 

TABI.E 2. Means and standard deviations of itern formats and compos~te  scores hy  criterion group status 

~ ~~ ~- 
iy80 examination 

Low c-riterion 
Mean 
s.11. 

Mean 
s 1) 

Mean 
s.11. 

High criterion 

Combined criterion 

~ ~ ~ ~ 

198 I csaniiiicition 
Low criterion 

Mean 
S.1). 

Mean 
s 1) 

Mean 
s.11. 

High criterion 

Combined criter~on 

~~ 

1982 euaminatiun 
Low critcrion 

Mean 
S.1) 

Mcdn 
s.11. 

Me.in 
s.11. 

High criterion 

Coinbineci criterion 

417 

630 

I lox  

A- 
types 

MCQ PMI’ E \ m i  
conlposltc composite corrlposltr 
- ~ _ _  __ ~- 
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TABLE 3. Correlations of item formats and composite scores with validity measure; 

Group 
size 

~ ~~ 

1980 examination 4590 
Correlation with P D R t  
Corrected correlation 

with PDR 
998 

Correlation with 
group status 

Corrected correlation 
with group status 

1981 examination 4907 
Correlation with PDR 
Corrected correlation 

with PDR 
'145 

Correlation with 
group status 

Corrected correlation 
with group status 

1982 examination 4786 
Correlation with PDK 
Corrected correlation 

with PDR 
I I 0 8  

Correlation with 
group status 

Corrected correlation 
with group status 

A- 
types 

0.3 I 
0 3 2  

~ 

0.62 

0.64 

~ 

0.3 S 
0.3 6 

0.66 

0.67 

0.34 
0 ' 3  5 

0.68 

0.69 

0.28 
0 3 0  

0 .5  I 

0.54 

~ 

0 2 9  
0.3 I 

0.58  

0.6 I 

0.30 
0.32 

0'57 

039 

M- X- 
types types 

~ 

__ 

0'33 
0.3 3 

0.65 

0.65 

0 3 2  
0 . 3  3 

0.66 

0.67 

MCQ 
composite 

PMP Exam 
composite composite 

0.34 
0 3 3  

0.65 

0.64 

0 3 5  
0'34 

0.69 

0.68 

0.30 0.3 5 
0 2 8  0 3 2  

0.57 0.64 

0'5.5 0.60 

0 3 3  0 3 7  
0.3 I 0'34 

0.66 0.72 

0.64 0.68 

0.36 0.3 8 
0.3 5 0.36 

0.69 0'72 

0.68 0 . 6 ~  
- .  

tPDR=Program directors' ratings 

sistent in their ability to separate groups; 
M-types provide the least discrimination. 

T o  verify these results numerically, 
Pearson product-moment corrrelations 
were calculated between programme 
directors' ratings and item format scores, 
along with point biserial correlations be- 
tween item format scores and criterion 
group membership. The results of these 
analyses, shown in Table 3, document the 
trends noted in the pattern of means: 
composite correlations are consistently 
highest, while M-types are consistently 
lowest. A-types, X-types and PMPs pro- 
duce roughly equivalent results, replicated 
across the 3 years. The absolute magnitude 
of the validity coefficients for prediction of 
programme directors' ratings is moderate 
(0.28-0.38) and the validity coefficients for 

the dichotomous criterion measure are 
large (Os1-0.72). These results provide 
strong positive evidence for the validity of 
the examination. 

Since the magnitude of a validity coeffi- 
cient is affected by score reliability, test 
length affects validity by way of reliabil- 
ity. Thus, Table 3 also preserts the cor- 
relations between scores and validity mea- 
sures which would be obtained if all scores 
were based on 4 hours of testing time, in 
other words, the validity p ' x  unit of 
testing time. Correlations wii:h A-, M- 
and X-types all get larger :since these 
scores were based on less than 4 hours of 
testing time. All other correlations get 
smaller. The efficiency of A- and X-types 
is clear in this analysis, with PMPs and 
M-types displaying poorer performance. 



244 /. /. Novcini et al. 

TABLE 4. Correlations among item formats and composite scores 

~- _ _  
1980 examination 

A-ty PCS 

M-types 
X-types 
M C Q  composite 
P M P  composite 
Exam composite 

A-tvpes 
M-types 
X-tvpes 
M C Q  composite 
PMP composite 
Exam composite 

~~ 

1981 examination 

19x2 exaniination 
A-types 

X-types 
M C Q  composite 
P M P  composite 
Exam composite 

M-types 

In cvetii eri ta I va 1 idit y 

'The previous analyses considered the 
relationship between validity measures and 
each score individually. A more important 
question is whether the scores are measur- 
ing the same or  different aspects of  clinical 
competence, since this presumption 
underlies the use of  PMPs on many types 
of  examinations. Test developers have 
asserted that although PMPs might be less 
reliable and efficient, they assess important 
aspects of competence not measured in the 
MCQ formats, thus justifying their inclu- 
sion because of incvemental validity. 

Table 4 presents intercorrelations among 
all scores for all examination years. Cor- 
relations above the diagonal are for the 
large group of  first takers; correlations 
below the diagonal are for the combined 
high and low criterion groups (these cor- 
relations are higher because of  the extreme 
groups). O n e  of  the original motivations 
for use of PMPs was a pattern of low to 
moderate correlations with MCQs, sug- 
gesting PMPs measure an aspect of clinical 
competence not assessed by MCQs. 

However,  with these data, high co rela- 
tions between MCQs and PMPs were 
observed in all examination years, indicat- 
ing substantial overlap in what the t w o  
measure. 

The  magnitude of this overlap is under- 
scored by correcting the correlations be- 
tween the M C Q  and PMP composites for 
attenuation (Lord & Novick, 1968). This 
correction predicts what the correlation 
would be if both measures were perfectly 
reliable. Correlations of 0.92, 0.86, and 0.93 
are obtained for 1980, 1981 and 1982 
respectively. The  difference between the 
results of this study and others of PMPs 
and MCQs may be the relatively long 
PMP subtest on  ABIM examinations. 
Such a subtest probably has a higher 
reliability than PMP scales used in other 
studies and thus the correlations were less 
attenuated. 

Regression analysis was used to decom- 
pose the variation in validity measures into 
components accounted for uniquely by 
MCQs, uniquely by  PMPs, and jointly by 
MCQs and PMPs. Table 5 presents the 
results of  these incremental validity analy- 
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TABLE 5. Regression of M C Q  and PMP composite scores on programme directors’ ratings and 
criterion group status 

24s 

Breakdown of the explained variance 

Proportion of Shared by Unique Unique 
explained MCQs to to 

Programme directors’ ratings 0’122 71 26 3 
Group status 0.426 75 24 I 

variance PMPs (“6) M C Q s  (YO) PMPs ( O h )  

1980 

1981 
Programme directors’ ratings 0.138 70 21 9 
Group status 0 3 1 3  78 IS 7 

Programme directors’ ratings 0’ I47 76 I 1  1 3  

1982 

Group status 0.5 14 84 8 8 

ses. The dependent variables are program- 
me directors’ ratings and criterion group 
membership; the independent measures are 
the composite PMP score and the compo- 
site M C Q  score. As one might expect, the 
largest percentage of variance for all 3 
years in both dependent measures is shared 
by both MCQs and PMPs and can be 
assessed by either one. MCQs contribute a 
small unique component over and above 
PMPs; in general, PMPs make a very 
small unique contribution. Regression 
coefficients for both M C Q  and PMP pre- 
dictors were positive in all analyses, but 
not of consistent magnitude, reflecting the 
high correlations between MCQs and 
PMPs. 

Discussion 

The purpose of this paper was to compare 
the psychometric characteristics of MCQs 
and PMPs. The results support the follow- 
ing conclusions: 

(I) A-types, X-types and M-types are 
consistently more reliable and efficient 
than PMPs; 

(2)  A-types and X-types are more valid 
per unit of testing time than M-types and 
PMPs; 

(3) MCQs and PMPs measure predomi- 
nantly the same aspects of clinical compe- 
tence; and 

(4) MCQs make a small unique con- 
tribution to examination validity over and 
above PMPs. 

These conclusions are, of ccurse, tenta- 
tive. It is possible that neither the prog- 
ramme directors’ ratings nor criterion 
group membership are sufficiently sensi- 
tive indicators of clinical competence for 
good psychometric analysis, or perhaps 
PMPs measure some aspect of competence 
not reflected in these criteria. Further, the 
knowledge and skills examinees use in 
working through PMPs ‘feel’ more like 
the activities in which they engage when 
working with patients (McGuire & Bab- 
bott, 1967). I t  may be the case that with 
better measures of clinical competence, 
one might obtain different results. 

The finding that PMPs did not perform 
well is consistent with the ‘content speci- 
ficity’ of problem-solving ski1y.s (Barrows 
et a l . ,  1978; Elstein et a l . ,  1978; Norman, 
1982; Swanson et a l . ,  1982). Doctors’ per- 
formance varies considerably and non- 
systematically from one clinical situation 
to another. As a consequence, stable and 
generalizable scores can only result from 
extensive sampling of clinical situations. 
PMPs are at a considerable disadvantage 
since they are unable to sample as broadly 
as MCQs per unit of testing time. 

It is conceivable that ABIM’s PMPs are 
really ‘glorified MCQs’, and that more 
complex PMP-like formats (e. g. bran- 



ching PMPs or uncued computerized 
PMPs) might measure aspects of clinical 
cornpctencc not assessed by MCQs. Such 
formats, however, are likely to exacerbate 
the content specificity problem, since they 
typically require more time per case than 
linear PMPs, and thus sample less broadly. 

The results of this work, if confirmed 
through other investigations, point to an 
important implication for the use of paper- 
and-pencil measures of clinical compe- 
tence. In less than a one-day testing situa- 
tion, the iiiclusion of PMPs may produce 
less precise ability estimates. Further, since 
MCQs and PMPs measure predominantly 
the same aspects of clinical competence, 
future work might emphasize the evalua- 
tion of MCQ items designed to measure 
the application of knowledge in clinical 
situations. 
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