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ABSTRACT

This investigation , explored the nature of the

relationship between sucéessful performance on compulerized
multiplel;hoicé exams and clinical peffofmaﬁce in third year
medical students. ' Included was an ex;mination of the
7 process of medical problem solving and its characteristic

properties. Specifically, scores obtained on 18 computer

asgisted multiple choice questions were correlated with

clinical evaluations that were secured through a.l0 category

~

checklist. !
The major finding of the study was that there were some
significant correlations between certain categories of the
clinical checklist ‘and various measures obtained via the
computer. There was some evidence of differing strategies
imong subjects. In the light of other research it is argued
that these differences may reflect a varying knowledge base.
+ The display of similar behaviors on successful
performance in both settings led to the conclusion that
computerized multiple choice exams do have a predictive
capability with reference to clinical performance. The lack
of significaﬁt correlations among all variables led to the
conclusion that a mixed array of criteria should be used in
order to evaluate élinical performance.
It was also felt that as a r;sult of the existdng
evidence the process of medical education would possibly be

enhanced by the use of a problem solving mode of

instruction.
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: - RESUME .
'

Cette &tude potte\sur lé rapport éventuel entre de bons
résu}tats aux examéns informatisés a régonses multiples et
de bon résultats cliniques obtenus par des gtudiants :;n
troisidme- année de médicine. On a &galement étuhié la
ré;glution d'un probléme de médicine et ses propriétés.
Plus précisément, on a comparé& les résultats obtenus 3 18
questions A réponses multiples aux éveluations cliniques
réalisées au moyen d'une liste de contrdle 3 dix catégories.

La principale conclusion de cetté étude est qu'il
existe des rapports étroits entre plusieurs des catégories
de la liste de contr8le clinique et les diverses mesures
obtenues par ordinateur. On a é&galement constaté
l'existence de stratégies variables entre les sujets. Si
l'qn en croit d'autres é&tudes menées 3 ce sujet, on peué
affirmer que ces différences témoignent de divergences au
niveau de la base des connaissances.

La constatation de comportements analogues relativement
4 de bons résultats dans les deux milieux nous a amené 3
conclure que les examens informatisés 3 réponses multiples
permettent de prévoir les résultats cliniques des &tudiants.
L'absence de corrélation notable entre les variables donne &

penser que pour é&valuer les résultats cliniqueb des

/
&tudiants, il faut se baser sur un éventail de critdres trds /

diversifié,
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On a é&galement conclu que devant 1les ' preuves y
O existantes, l'enseignement de, la médecine pourrait
bénéficier de méthodes basées sur .la résoluti% de
- problémes. . . '
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CHAPTER I o
INTRODUCTION

\]

-

Researchers in medical eduéag:ion ha've encountered
difficulties in the e§a1uation of medical students. There
have been aproblems in construpting rating instruments that
provide formal, discrete and unambiguous data. Medicine as
a discipline has a structure that is dichotomous; there is a
potential for a sﬂignificant variance between success in
artificial environmen‘ts such as exams, and expertise
exhibited on the job. It will be shown that attainment of
super ior marks 1is not necessarily a good predict‘or of
~consistently good berfotmance in the actual doctor-patient

o-d" f
encounter.

The primary goal ir{ medical education is to delineate
whether or not the student is or will be clinically
competent. Historically, one contentious issue has been the
locus of debate: the view of some hads been that the
approaches utilize;i to rank medical studénts, interns and
residents have been both haphazard and subjective. This
literature review centers on some of the problems faced by
researchers who attempted to formulate rating procedures
that would serve to circumscribe all the character%stics
pertaining to total physician performance in both
hypothetical and real-life settings. 4\ccordinglyj, the s
literature review in this thesis will consist of two parts.
The first section will explaip and expand ug;on the use of
performance checklists for rating purposes. Evidence will

- 1~
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also be presented that will reveal the serious problem of
.the inability to obtain interrater reliability as well as
the issue of questionable item validity.

As a function of the above mentioned prpblems, the
second section of the review will serve <¢o explain 'why a
diffe;:ent me thodological approach vis-a3-vis physician
evaluation has emerged. The new form of analysis 1is

a

cognitive in nature and the conclusion is ’ that
heuristically, the physician is a problem solver. There
will be an extensive explanation of Wedical problem solviné,
what the latter entails, and how it measures the skills and
abilities inherent in the medical context. The review will
conclude with an explanation of the goals of the present
inquiry, one of wh%ch is to discover whether or not a
correlation exists between the two different analytical
fr ameworks, i.e. checklistiﬁg and medical problem solving
for the purposes of identifying and rating clinical
competence. .

Chapter 1III discusses the methodology utilized with
descriptions of the sample, design and specific procedures
necéssary to administer the project.

The results of the study are presented in Chapter 1IV;
included is a descriptive text accompanied by a number of
tables tables exhibiting all the behavioral characteristics
that were measured.

Chapter V consists of a discussion of the presented
* results examining and analyzing the data in a critical mode

for the purpose of evaluating its alleged significaﬁce. In
® »

-~



addition, problems normally oﬁcmntaué in projects such as v
the pressnt one'that ,partain‘bd the framework éf medical
education and its limitations are examined. Final comments
concern possible implications of the present study as well |
as suggestions of potential investigatory loci of future

research. ¢ \
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CEAPTER II
REVIEW OF THE LITERATURE

The purpose of this study is to investigate whether or
not a relationship exists between success on ccmputerize&
multiple choice exams and performance in a clinical milieu
bg medical student/s. It will be pointed out that
historically, the ci)natruction of distinct quantitative
assessment criteria for the purpose of c;linical evaluation
has proven to be a difficult process. Researchers have also
found it difficult to delineate a consistent confluence in
performance among differing medical contexts. — The
literature review will conclude with a description of
medical problem solving with the viewpoint being posited
that some relatively new aspects of reseatcfx in medical

problem solving can better address current problematical

issues in medical education.

Problens Involving the Use of
Rating Scales in Medical Education
Studies rating clinical competence have mostly involved
the use of checklists. At times reliability and validity
have been difficult to obtain. It has been discovered that
technical skills are easier to evaluate then interpersonal
interactions which subsume subjective criteria. Harden
(1979) comments on the need for improvement in both the
reliability and the validity of the clinical examination.

The author cites studies in which marks awarded by one

pra -
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extginet differed by as much as 25% from those awarded by
another examiner for the same performance and it was also
discovered ' that inconsistency was evident in the same
examiner. A’ study conducted by Fleming, Manderson,
Matthews; Sanderson, and Stokes (1974) was mentioned for the
purpose of illustrating the discovery ofhthe existence of
examiners who tended to favor high or low magig. It was
revealed that one examiner's influence on his colleagues
resulted in the lowering substantially below the expected
level the pass rate for the candidates that he examined.
With reference to the issue of validity the comment was made
that frequently during clinical examinations what was
measured was not what should be measured. The operational
definition of clinical competence utiiized by the author was
the one formulated by Hubbard, Levit, Schumacher, and
Schnabel (1965) who defined it as the skill in obtaining
pertinent information from a patient, the ability to detect
and interpret symptoms \and abnormal signs, acumen in
arriving at a reasonabléldiagnbsis, and judgment in the
management of patients. Harden (1979) also notes that the
doctor's ability to frame a diaghosis depends on hi;vskill
in collecting the appropriate information and recognizing
patterns such as abnormal gait in certain patients due to

underlying pathology. It is felt by the author that a

clinical examination should entail a student's appligﬁtion .

of knowledge in relation to a patient and with his clinical
skills and attitudes as opposed to solely focusing on the

extent of his factual knowledge. A cogent and important

© b Uit P onleeti, Mnfa < e o o iy e st
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tinding was noted: studeqts found to have the best record in
undergrdduate ggaminatioﬁs,frsquently did not make the best
house physicians or surgeons while students exhibiting an
average performance on examinations were found to be
excellent house staff as well as enjoying a very successful
career in medicine. However, the experimenters did not
reveal upon what standards- the latter formulated conclusions
were based. Other cémments made in the critique include the
belief that several observers should be used to assess
clinical competence in order to cancel possible individual
observer variation. Board examinations (e.g. National Board
of Medical Examiners) are criticized by the author citing
Newble and Elmslie (1978) who point out that the boards, in
the interest of reliability, exclude the clinical component.
Board ;xaminations therefore are limited for use as an
instrument to assess clinical competence.

The efficacy of pe%formance checklists for the
delineation of technical competence should not be minimized.
McCaffrey (1978) developed a c¢hecklist that rated routine
neurological vital signs. In order to clearly define and
identify symptoms, a nominal (i.e: yes-no) format was
utilized. It i felt by the author that checklists are
advantageous in that the 1earner is provided with specific
step-by-step instructions regarding the performance of a
basic neurological exam and that the instructor, is thereby
provided with a reliable valid measurement tool. The
checklist in question was constructed in order to assess a

nurse practitioner's clinical ability in neurology. Parts



of it focus on the nurse's ability to give the patient
correct instructions because it was noted th{} to churately
rate a neurological baseline a nurse must give appropriate
instructions as well as make observations. The methodoleqgy
involved the instructor checking off whether the behaviors
were performed correctly or incorrectly (i.e. yes or no on
the checklist) while the subject (nurse) conducted the
examination. Immediately following the exa;ination, the
nurse was required to chart the findings on a worksheet. It
was revealed that prior to the use of the performance
checklist aproximately one out of ten nurses successfully
performed.the neurological exam. After implementation of
the checklist unsuccessful clinical performance'ws found to
be rare. It was further posited that checklists preclude
the use of unnecessary redundant verbal teaching. Finally,
the notion was put forward that checklists prov?de immeédiate
feedback on performance, and are a self-paced flearning
method.

Reliability-validity issues were addressed by O'Donohue
Jr., and Wergin (1978) in a study that consisted of medical
students being evaluated during a cilinical clerkship in
internal medicine. Specifically, 175 third year medical
students were evaluated during a three month clinical
clerkship in medicine. They were evaluated by full-time
attending physiclians and medical residents. Every student
was evaluated by at least five instructors, each of whom
submitted an independent assessment form. At the end of the

three month period all students were given a written and an



oral exam. The 1latter contained mostly multiple choice
items. The experimenters were concerned with investigating
L

the alleged reliability of independent faculty ratings of

student clinical competence. A sub-goal was to determide

the reliability of independent faculty judgments of spudeht

competence in an oral exam. A further aim was to delimit

the nature and degree of relhtionship among three measures

of student clinical competence: written test, oral exam and

clinical performance ratings. Results indicated a good
correlation (r=.70) between the ratings assigned by the
attendimg physicians and the residents. It was also

discovered that resident physicians tended to give students

slightly higher scores than did attending physicianqﬁ,

Reliability was found to exist between two independent
judges (r=.75) via-3-vis the oral examination. It was found
however that intraclass correlations among attending
physicians and among residents were 1low (.32 and :38
respectively) which led the experimenters to conclude that a
greater vaﬁlation of ratings existed within students when
evaluated separately and at different times by the atéending
physicians or residents. In essence, ;ndividual differences
overshadowed ©possible rating disparities between the
attending physicians and residents. Finally, it was
discerned by virtue of the intercorrelations that the
relationships among the three sources of student evaluation
were small which would seem to indicate a definite dichotomy
between succe;aful performance in an artificial environment

(i.e. and exam) and performance in a real-life setting. The
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latter conclusion was confirmed by the fact that neither the

written nor the oral exam alone correlated well with

clinical performance.

Measurement of Interviewing Skills

In order to gather data

patient a doctor must pogsess degree of

interviewing s8kill. However, latter component of

t
physician perfqrmance has been fou

d to be difficulé to
evaluate. Again, the problem found to be present was the
difficulty in o'btaining significant interrater reliability.
In essence, the objective measurement of interviewing skills
has not been easily attainable.

Helfer and Hess (1970) comment on the difficulty that
medical educators experience when trying to objectively
measure interpersonal <communication skills of medical
students. It is noted that traditionally ratings have been
found to be extremely subjective and done by a single
observer. It is also stated that more commonly,
interpersonal skills are not quantitatively assessed by
medical educators. It is claimed that students require
feedback and constructive criticism. It is also posited
that standardization of the interviewing technique was
difficult due to the at times wide variation between
patients; for example dit{ering problems and bickgrounds.

lack of motivation and wide-ranging verbal skills from poor

b -



to excellent. The experimenters felt that the problem of
standardization could be solved by training simulators to
portray patients (in this case mothers). Two measuring
instruments to rate the interviewing technique of six
randomly selected senior medical students were utilized: an
interactional analysis form which 1listed 11 behavioral
categories presumably exhibited by the physicians in varying
degrees during the interview with the mother and . a second
instrument which dealt with factual information of both and
organic and psycﬁological nature that the physician
recorded. Five sophomore medical students were utilized as
raters. They were provided with operational definitions of‘
the 11 categories on the interactional analysis form and all
raters were trained together. With regard to interrater
reliability, it vas found that the latter coefficient rarely
fell below .90 on the 11 categories in the interaction
analysis form or below .75 when several different interviews
were rated on any specific category contained in-the form.
Not §urprisingly, it was discovered by the experimenters
that much iégs time was required for the raters to reach
similar levels of agreement for the factual checklist. This
underscores the previously mentioned presence of a
subjective variable when rating total physician performance.

In a similar vein, Barbee, Feldman and Chosy (1967)
found it difficult to obtain interrater reliabglity when
measuring interviewing skills of medical students. Like
many others it was their contention that the evaluation of

medical education lacks objectivity and precision especially

7
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during the clinical years. They were aware of the problem
of obtaining interrater agreement as well as the difficulty
of formulating quantitative criteria to assess performance.
The subjects consisted of éen sophomore medical students who
were enrolled in an introductory course in clinical
medicine. Audiotape recordings were made of the present
illness history taken by the students during their first

patient interviews and on each of the succeeding six

interviews during the semester. Forty tapes, i.e. the first

two and the final two interviews by each qf the ten studengs
were evaluated. The evaluation form itself was adapted from
research done by Hinz (1966) and Matarazzo, Phillips, Wiens
and Saslow (1965).

The raters consisted of four faculty members of the
Department of Medicine of which three participated in three
two hour training sessions in which the use of the form was

explained and the practice tapes were evaluated. The fourth

faculty member received no training and served as a control.

Bach rater independently evaluated all 40 of the randomly ”

numbered tapes. After completing the tape evaluation each
rater was required to assign a number weight of 1-7 to each
of the 12 items on the present illhess history form
indicating what the rater felt each item represented in
terms of relative importance in the overall evaluation of
the present 1illness history. The original score given by
the rater to each item was multiplied by this factor to

arrive at a weighted scbre for each of the tapes. The

latter were then compared ¢to the unweighted present-illness




history scores. Six months later (to test reliability) each
rater rerated eight of the 40 ° tapes. The two sets of
ratings were compared. The results showed that follog}ng
the s8ix hour -training session significant interr;ter
agreement was achieved by the three trained raters.
However, little agreement was’found to be present between
the untrained rater and any of the other three raters. When
the scores were recalcplated according to the weight or
importance attached to each of the 12 items by the
individual raters, the previous level of agreement was
unchanged and it was also found that the untrained rater
showed no significant agreement with the other raters. The
correlation was .96 between the weighted and unweighted
ratings.

Sign}ficantly, it was also determined in the experiment
that less satisfactory levels of agreement were elicited on
the interview technique section of the form. The summary
question was found to have the best correlation (r=.47).
For the eight tapes that were rerated six months later, two
of the three trained raters were able to. duplicate their
previous ratings on the history section of the form with:
high correlations of .90 and .82 respectively. The third
trained rater and the control were unable to repeaé their
previous performancé, the correlations being .12 and -.13
respectively. However, the test-retest reliability on the
interview technique seétion was found to be extremely poor.
None of the raters made second evaiuations which

significantly correlated with their initial ratings.ﬁﬁlt was
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further noted that the importance of using trained raters
was underscored by the consistent lack of agreement
characteristic of the ' untrained rater. The results also
revealed a need for périodic retraining as evidenced by the
fact that one of the trained raters could not duélicate his
original ratings when rerating the 8 tapes 6 months later.
It was further noted that a more permanent interrater
agreement could have been achieved had practice tapes been
utilized intermittently throughout the study. It was ;lso
concluded that since agreement between raters proved to be
higher on the present illness history section of the form
than on the interview technique part then a safe inference
could be made that the latter result was a function of the
more subjective and individualized nature of the interview
technique.

However, the above paradigm contained several flaws.
The use of audio rather than videotape is somewhat limiting
and may not consititute a full revelation of the differing
vicissitudes inherent during the doctor-patient encounter.
The use of videotape could be helpful as facial expressions,
cues, or other physical demeanours might be identified and
rated. Finally, the discovery that the interview section of
the form contained little interrater reliability would seem
to identify a need to better quantify interviewing skillg

into more accurate, discrete components.
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The Assessment of Clinical Skills
/ ,

Hinz (1966) ’experiencgd considerable problems when
trying to construct an objective instrument that could be
utilized to clearly assess clinical .skills. The study was
not successful as evidenced by the failure to obtain
interrater reliability. The experimenter believed that Ja
conundrum exists in the field o‘f medicine in that although
medical knowledge is measured by objective examination.’he
did not believe that suitable objective measurements of
student performance in the area of clinical skills existed.
It is further observed that performance is seldom witnessed
by faculty and is mostly Jjudged indirectly via case reports
or the presentation and discussion of cases Py the student
on ward rounds. Hinz (1966) states his belief that the
latter methods are subjective and that there] is no uniform
method of determining excellence in the case method based
upon p;erformance. His study focuses upon tl:xe dew;elopment of
a method of direct observation of studengzs used as both a
teaching and evaluating device. The objectives were to
determine if teaching is improved by having an instructor
observe at the bedside during a student's case workup, to
develop objective scoring scales to judge performance in the
cagse method, and to learn if direct observation identifies

aspects of student performance that normally are not

apparent.
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The method involved the "use of a rating scale by
trained physician observers working with third year medical
students on an introductbry medical clerkship. The rating
scale was constructed in a manher such that items were
categorlzed' according to various portions of the patient
examinatjon focusing attention on the content of the present
‘4111ness and the technique of elicit;ng the history. To keep
the number of items limited it was decided to sacrifice
specificity for general applicability. There were 50 items
on the list. They were scored on a 4-point scale according
to. whether they were performed completely ' or incompletely.
The scale provided for considerable space for notations
during observation at the bedside to aid in completeness of
scoring and to facilitate later discussion and feedback with
the student. A separate checklist for all individual parts
of thevy physical exam was also used. As predicted, there
existed the problems of lack of interrater reliability and
rater consistency despite the fact that they were given
extensive' training which involved the use of both video and
audiotape films, all of. which utilized the rating scale.
The raters consisted of four senior residents who performed
repeated ratings on five or six students.

The procedure involved each student performing a
complete workup of a newly admitted hospital patient. The
rater sat at the bedside dAuring the entire history and
physical exam and recorded the observations. At the end of
the workup the students summarized their findings and

presented them to the rater. The subjects were observed on

-
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the first patient they examined and also after two and four
months of clerkship expetiénce.

It would appear that several flaws wére present in the
experiment. Many of the criteria were imprecise and lacking
‘in definitive quantification procedures. For exa(éi:, it
was revealed that the degree of inteﬁgate} variati?n was not
calculated statistically but the experimenter stated that it
was recognized to be great. The latter is an indicator of
faulty me thodological standards. Another  design
imperfection was the lack of precise numerlcal scoring as
individual items were not weighted even though the

‘pxperimenters recognized that they varied in importance.
The forms were scored according to the total number of items
performed completely or nearly completely compared Qith
those that were imcomplete or omitted. Items omitted werée
noted in order to identify consistent patterns of error.
The fact that individual ;tems could not be weighted would
seem to denote that the scale lacked reliability. However,
it was discovered that direct oba;rvatlon was useful in that

, f; revealed aspects of student performance that were not
readily apparent on Ward rounds; an illustration was that
som: subjects were C\found to perform well' " on direct

observation but presented cases bédly on ward rounds anq
vice versa.

Hinz (1966) ’&expanded the project by conducting
relability studies of direct observation in which senior

medical students were the raters. However, it 1is unclear

how reliapility can be established if the knowledge base of
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the raters (i.e. senior medical studcnt:)yis less than
optimal. The method was rather flawed in thgk it consisted
of give three hour group sessions in which the raters
independently scored films or audiotapes of actual
interviews. Next followed item Ey item discussion of thg
ratings. At the end of the training period, item agreement
betﬁien individual pairs of observers averaged 75 and 68%
respectively in two groups of four raters each. Conversely,
in ;he actual test the four observers worked in pairs, each
pair rating 10 different students at the bedside and making
an audiotape recording of the interview. Each observer pair
next rated the tapes of the 10 interviews made by the other
rater pair. In essence, each of the 20 interviews was rated
by each of the four observers.

The results showed that item agreement between pairs of

observers remained at 75% during the experimental period and

did not improve during the period of data collection. The .

latter finding was an indication that the raters had reached
maximum levels of agreement only during the training period.
No single item was deemed to be .resPonsible for the
disagreements. Thevexperimenter conceded that the broad
distribution of disagreement was an indiéatcr that sources
of inconsistency were inherent in the method used rather
than isolated to a few items or definitions. As a result,
an adequate test of reliability could not be devised by the
experimenter. It is further stated by tﬁe experimenter that
in order to achieve a significant test of relability

multiple observations of - a large number of individual
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students by multiple observers woﬁld be needed.

+ A Final Note on Interviewing 8kills

There have been further attempts at creating a
measuring instrument that could discretely assess certain
aspects of clinical performance (e.g. interviewing skills).
The thesis posited is that successful physician performance
is not solely dependent on technical knowledge but also on
humanistic expertise. The argument can be put forward that
the latter qualities cannot be objectively measured but
Stillman (1980) disagrees. As will be discussed later
within this review, it is imperative that the physician when
in a problem so0lving mode possess the ability to delineate
the appropriate cues (symptoms) from a patient in order to
construct a diagnosis. Accordingly, a poor interviewer
woulfl not be able to tease out or intuitively discern the
pathoiogy ostensibly present in a patient. Stillman, Sabers
and Redfield (1976) pioneered the use of the Arizona
Clinical Intetview Rating (ACIR) Scale as a device for
g;ading interviewing skills. The scale was developed after
listening to and observing interviews conducted by

exper ienced clinicians who were considered to be excellent

interviewers. It was attempted by the constructors of the

scale to identify characteristics of their technigques that

were unrelated to the information ' that they collected.

Fourteen criteria that were characteristic of exceptional

’ ) - 18 -
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technique and applicable to any type of interview were
formulated by the experinente:n. Bach category was
evaluated using a five-point descending scale which"
described performance that ranged from excellgnt through
average to poor.

Stillman (1980) did not discuss any problem in
obtaining inter or intra-rater :eliaSility. Correlations of
.85 and .90 are ‘recommended in order to safely conclude that
both inter and intra-rater reliability are present.

It is somewhat curious that implementation of the ACIR
(unlike most of the previously cited studies in the area)
was not plagued by relability factors. Perhaps the latter
was a function of better rater training or higher
educational levels on the part of all concerned. However,
the ACIR seems to possess some limitations: a five point
scale is utilized although only three points are defined;
also there aré’ no equal intervals between scale points.
Other problems include the fact that the scale 1is not
behavioral, it does not allow the patient to complete a
train of thought, and also some items seem to measure more
than one behavior. Di ffering items are related to each
other and overlap in a variety of ways. In effect, the
scale does not appear to be additive.

As evidenced by the problems cited, it appears to be
somewvhat difficult to accurately gauge clinical competence
of both a technical and more so of an interpersonal nétur:.

+» Depending ‘on the subspecialty focused upon, the 6se of

checklists containing discretely defined nominal criteria
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have proven to be useful in some instances. However,
accurate evaluation of total physician performance whic¢h
would include all aspects of doctor-patient interaction has

remained an elusive goal.’

Nedical Problem Solving

A new epistemological paradigm pertaining to medical
education has emerged. The new and innovative frame of
reference being posited is that the physician is essentially
a problem solver. It has been attempted to relate and apply
the Newell and Simon (1972) information-processing theory of
human problem solving to the physician. Recent research
which focused upon how doctors typically diagnose (i.e.
solve problems) patients has identified various stable and
invariant characteristics among all subjects in .the
differing paradigms. One of the principal tenets of the
Newell and Simon model is that the individual operations
performed by the problem solver do not vary over
disciplines; the notion being that a musician composing a
fugue or a surgeon planning an intricate operation utilize
similar cognitive stfategies. In other words, c¢onceptual
knowledge facilitates success in an endeavour, ‘however the
methods utilized to reach a goal ‘seem to be identical

regardless ofthe information possessed by the individual.
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Newell (1977) states that problem solving occurs in a

problem space. This "area" consists of states of knowledge
(nodes) pertaining to the problem. Newell 90@: on to say
that the initial situation and the desired -situation
co-exist within the problem space. The latter also contains
operators and analysts. Newell and his colleague Simon say
that complex thinking processes that occur when attempting
to solve a problem take place in what is termed a production
system, the principal components consfsting of a condition
and an action. Apparently, at each node Ha decision is
reached by an analyst. An example might be a decigion to
cross the street after a traffic light turned green. If a
specified condition of the productiép system at each state
of knowledge (node) is met, then the action part of the
production system is evéked. Many productions may occur at
a node. According to the authors it is not inconceivable
that a node may have to satisfy many conditions. Each node
contains an operator; the latter can produce new nodes (i}f'
states of knowledge) if conditions are met. 1In essegge,
there seems to be a definitive hierarchy.

Simon (1978) gives a more complete breakdown of the
progression followed in the information-processing theory.
It is stated that problem solving involves an interaction
between an information processing system, the problem solver
and the task environment. The latter is the task as
described by the experimenter. As noted earlier, the
problem solver represents the situation in terms of a

problem space. Simon does not believe that the information
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processing system varies over task and problem solver. It
is his contention that the structure of the proplem space
determines the possible strategies that can be utilized for
problem solving. The information processing system operates
serially; there 1is apparently a chunking of four to seven
pieces of information in limited short-term memory. The
latter conforms to the Miller (1956) thesis of the "magical
number 7 plus or minus two" where it is stated that
apparently short-term memory can only effectively encode
between five &nd nine bits of information. The ability to
solve problems also involves the efficacious utilization of
information stored in long~term memory which has as one of
its properties a seemingly unlimited capacity.

Simon (1978) further states that search for information
is done in a sequential manner. The relative ease in
solving a problem is dependent upon how successful the
subject has been in representing critical features of the
task environment in the problem space. It is also felt by
the author that trial and error search is invozved but only

to a limited extent. There is some discussion of means-end

‘analysis which is defined as a strategy in which differences

between current and desired situations are discovered and
next an operator relevant to each difference is applied to
reduce the disparity. With reference to the physician, it
will be clarified in the latter part of the review that more
often than not, doctors search for positive cues to confirm
an hypothesis. To a much lesser extent they subtract

negative from positive cues to arrive at a conclusion.
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Simon (1978) theorizes that the nature of the task
environment is critical in order to solve the problem. Some
of the relevant Jvariables areﬁwhcthor or' not the
instructions are clear, and if there might exist multiple
solutions. It would ‘"appear then that for a doctor, if the
patient exhibits definitive symptoms, the task environment
would be unambiguous. The goal would be to ascertain the
nature ot‘the,ptoblem and institute remedial action. It is
further noted that one of the disadvantageus found to be
present in ill-structured problems is that the latter

hampers recall of possaibly helpful information from

long-term memory.

Protocol Analysis

One of the principal characteristics of
information—-processing theory is the use of verbal protocols
to analyse thinking. Verbal protocols involve the subjects
stating out 1loud their thought processes as they go about
solving a problem. Essentially the subject is thinking out
loud. The use of verbal protocols does have limitations.
The principal contentious issue iws whether or not thinking
aloud constitutes an accurate depiction of normally silent
internal cognitions.

Simon (1978) does not believe that the thinking aloud
me thodology causes gross changes in problem solving

behaviour, although he does note that the thinking aloud
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problem solver is slower, more planful and somevhat more

deliberate in demeanour than when silent. A study performed

by EBricsson (1975) is ¢ited in which it was found that
subjects did not vocalize goals that could be realized
immediately as often as longer range goals that were
reachable though in;.&rmdia_te sub-goals. Vocalization was

found to decrease as subjects became more proficient in the

task; at this point responses seemed to be automatic. It

was the conclusion of Ericsson (1975) .that the subject's
goal statements were predictive of subsequent moves.
Nevertheles;, it is virtually impossible to quantify
thinking processes or to really know whether or not the
subject is8 revealing everything critical concerning his
internal cognitive mechanisms, Researchers mnust be
cognizant of the fact that there do not exist any completely
reliable methods of making accurate measurements on the

so-called internal space notwithstanding the complicated

procedure of protocol analysis formulated by Newell (1977).

The latter me thod appears to contain some ambiguity and the -

possibility does exist that information not actually present
could inadver tently be created. Another limitation present
when utilizing verbal protocols is that it remains difficult
to discover vwhat cognitive strategies preceded the

verbalization; hence it would be somewhat onerous to

accurately gauge the progression of problem-solving ability.

Lindsay and Norman (1972) state that possibly only some of
the subject's internal cognitions are revealed during the

protocol and that intermediate states are missed.

- 24 -

gy nTr——————

g gt 5 e e




N————

O —

QO

Essentially, problem-solving ability is inferred because at
times verbal protocols do not make sense. It is, however,
quite conceivable that verbalizations might represent the
end product of a previous cognitive function that was not

revealed by the subject.

-+

(4

Possible Limitations of Information Processing Theory

Greeno (1978) <criticizes the information-processing
model of problem-solving postulated by Newell and Simon
(1972). It is stated that the theory contains strong
concepts for use in analysing specific tasks, but has not
developed a coherent body of theory composed of general
psychological principles. Ostensibly the latter method
would better explicate performance in broad classes of
problems. Greeno defines problem solving as the process of
identifying relations among components and fitting the
relations together into a pattern. Similarly, it will be
fllustrated that a doctor identifies .relationships between
cues (symptoms) and fits them together to form an
hypothesis. Greeno, does concede that problem-solving skill
interacts with the individual's level of general conceptual
knowledge.

One possible imperfection in the hypothesis of an
alleged relationship between information-processing theory
and medical problem solving is that the consequences of not

being able to solve artifically constructed puzzle-type

-y




problems such as the Tower of Hanoi or Donald and

Gerald=Robert in no way approach the severity of a doctor's
formulation of an inaccurate diagnosis. Thus the subﬁect‘s
motivation to solve a problem might yary over disciplines or
categorical modes.

Memory d?es play a role in generating solutions to
problems. Greeno (1978) cites a study performed by De Groot
(1966) in which it was discqovered that chess masters
exhibited better recall of the position of most pieces on
the board than did average players. This was interpreted by
Simon and Gilmartin (1973) as indicating that chess masters
have stored 1in memory a large number of patterns of a few
pleces which they can recognize as units. Similarly, it
will be illustrated later in the review that a good and
experienced physician stores in memory a" large number of
combinations (cues) of a few competing hypotheses which are
then constructed into units. The physician eventually

discards the irrelevant hyoptheses and settles on one.

Specific Applications of Medical Problem Solving
v
Now that the theoretical underpinnings as well as the
inherent problems of information processing theory have been
discussed and evaluated, a selected sample of experimental
manipulations wh}ch focused on the physician-problem solver
will be presented. The goal will be to highlight the

salient characteristics manifested by the doctor while in a
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problem solving woFk situation mode./

To expand on the pr;viously cited De Groot (1966) chess
findings, Norman, Jacoby, Peightner and Campbell (1979) were
of the opinion that the thinking processes involved in chess
are somevhat similar to those of clinicil reasoning (i.e.
nedical problem solving). De Groot (1966) discovered that
chess players (like doctors) generated a number of competing
hypotheses about possible moves. It w?s uncovered that the
number of hypotheses, depth of strategy and early hypotheses
did not vary between chess masters and average players. The
latter findings constitute confirmation of the Newell and
Simon (1972) "univariate”  tenet of problenm solving.
However, De Groot (1966) did discover that the specific
nature of the moves between average players and masters did
in fact vary. For example, when viewing a typical mid-game
position chess masters remembered more than average players
about position location of each piece. The two groups did
not differ when exposed to pieces on a board distributed at

random. Based upon the chess studies it was the prediction

of Norman, Jacoby, Feightner and Campbell (1979) that an

experienced physician when presented a case history of a
typical case should recall more details of the latter than
would a novice. It is further stated that if presented with
a random array of signs and symptoms (i.a. an atypical
case) , there should be no significant differences in recall
between expert and novice groups. The subject population
consisted of four groups with each containing five

participants. Group one consisted of second year medical
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undergraduates, group two contained first year residents in
family medicine, group three had third year residenis in
family medicine, and group fourU'had the practising family
physicians. After being presented with atypical and typical
written case protocols in which each subject was required to
verbalize whatever they remembered about_ each case, the
results confirmed the experimenters‘_prognostication. There
was no difference in recall between typical and atypical

cases for medical students and first year residents. Third

' year res%ﬂents had slightly better recall of typical cases

but it was found that physicians showed significantly better
recall of typical cases. Higher edutational level was
associated with a greater ability to recall information.
There was a significant type by level interaction indicating
that increased recall of typical cases is associated with
increased experience and education. Since recall of
atypicalg cases’ did not vary significantly over groups,
memory ability for problem solving may not be a significant
factor for atypical cases. With reference't§ better recall
of typical cases, presumably the experienced pbysician knows
what symptons to look for, i.e. to what to{é;tend to and
what to encode. However, the processing similarities of
atypical cases reveal quite explicitly that the methods of
problem solving do not widely differ across indiwiduals.
Norman and Feightner (1981l) compared the performance of
medical students on simulated patients and on patient
management problems (P.M.P.Q). The latter is operationally

defined as a written problem that describes characteristics

-
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" and symptoms of a clinical case. Information is elicited by

the erasing or rubbing out of a response box. A simulated

patient encounter is one in which actors are trained to
masquerade as patients complete with the alleged presence of

appropriate symptoms. One important discovery via-&-vis

r\/,mggipgl problem solving was that the clinical measures

fi:E:?dopted by each student were specifically a function of the

nature of the problem. The number of critical options
selected by each participant was deemed to be satrongly
influenced by the specific features of the problep. The
é;periment revealed that the physician or medical student's
actions were content specific with reference to the problem
at hand. It can also be noted that the relatively low level
of individual differences measured in the study lends
credence to the Newell and Simon (1972) theory that the
methods utilized to solve a problem are invariant over
indiviéuals. However, superior concep tual knowledge
facilitates efficiency in problem solving.

The following set of experiments extracted and
identified similar characteristics and properties of the
physician-problem solver.

; Barrows, Norman, Neufield and Feightner (1981) examined
the clinical reasoning processes of 18 family physicians and
19 general internists via the use of the previously defined
siﬁulatediéatient method. Each subject was exposed to four

differeﬁt cases and was required to formulate a definitive

..diagnosis. The results revealed that all subjects generated

early, multiple and at time competing hypotheses, The first
. ¥
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hypothesis was advanced on ;n average of 28 sec s after
knowledge of the first complaint. The correct hypothesis
occurred one to seven minutes into the encounter. There w;:s
a mean of 5.5 hypotheses per patient. Questions asked the
patient by the doctor were discovered to be for the purpose
of testing hypotheses. It would appear that physicians are
not of the "null hypothesis" school. 'i‘hey do not begin an
analysis with the assux:lption that no relationship exists
between variables. Conversely, they ask questions in order
to confirm existing hypotheses, they 1look for positive cues
and they do not actively seek infprmation that would servhe

-,

to eliminate hypotheses. It was found that fifty-two out bf ‘
§

fifty-three physicians who had obtained the correct

hypothesis had thought of it during the patient encounter.

Thoroughness was not fouyd to be a function of accuracy as

* the experimenters discovered that neither the total time of

the encounter nor the amount of data gathered was
significant in predicting the correct diagngstic oﬁtcome.
The ata in this experiment are virtually identical to
previous and )l subsequent studies in this review, especially
the vfi'nding that physicians formulate early and at times
competing multiple hypotheses, the number of whiclh range
from approximately four to seven. t

It may be somewhat presumptuous to state that the above
data serve as confirmation of the Newell and Simon (1972)
model, However, certain elements mi‘ght in fact constitute
positive evidence for theéir approach. The paucity of

individﬂual differences lend weight to the invariance theorem
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6f problem solving defined earlier in the review. The
limited number of. formulated hypotheses (4-7) are an
indication of the l"ﬁ'ﬁ’f{ed capacity of short-term memory as
well as proof of the Miller (1956) pioneer finding that
culminated in the "Magical number 7 plus or minus two"
treatise. The Barrows, Norman, Neufeld and Feightner (1981)
study as well as future studies to be described later in the
review reveal that multiple early hypot?)esi‘s formulation is
a central element of the physician-problem solver. This
multiple hypothetico- deductive model has been found to be

stable across physicians and students.

In an earlier study that focused upon medical problem

.8olving Neufeld, Norman, Feightner and Barrows (1975) were

primarily interested in two basic 'issues. Specifically, the
goal was to determine whether or not a relationship exists
between educational 1level and certain clinical problem
solving strategies. A sub-goal was to delineate how the
strategies of medical students compared with those of
exper ienced physicians. Results indicated that greater
experience and higher educational levels aré indicators of
more expertise in medical problem solving, however in a
general contextual fr amework the process is similar at all
levels. Both groups displayed early diagnostic
hypotheses, the latter usually occurring within the first
minute of the encounter. The specificity of the hypotheses
correlated positively with educational level but their
number or time of onset did not: One half of the gquestions

asked by the students was determined to be specifically

l
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testing hypotheses, one third of the questions ‘was
classified as non-routine. Results indicated that as a
function of increasing education, students were more
thorough and efficient in their data gathering although the
expex;imenters did not feel that the relationship was strong.
It was further concluded that among both physicians and
students, the earliness of hypothesis generation and the
number of hypotheses did not reveal the existence of a

relationship with the outcome measures; however a low

association was found to be present between thoroughness and

early hypothesis formation. A further identifiable result
wag that successful problem solving in students was
characterized by the generation of rather specific
hypotheses and a highly problem oriented search strategy.
The latter subjects utilized specific questions for the
purpose of eliciting significant findings as opposed to the
use of extensive routine questions. The exper imenters
ascertained that the genesis of the hypotheses appeared to
correlate with @'A\io\us patient experience; the latter
finding appears to baﬁgt(itu‘t/g, a reinforcement for the notion
of problem based learning ;s a device to acquire the method
of proble;n solving and to increase the number of patient
cases to which a student might refer to generate hypotheses.
A final result of the study was that there was a positive
correlation between the ability to diagnose and higher

educational level.

- 32 -



()

r
In another exploration of clinical reasoning Neufeld,

Norman, Feightner and Barrows (1981) compared the problem
solving abilities of phyéicians, pre-clerkship students and
recent post graduates. The simulated patient method was
used. Each patient-participant interaction was videotaped.
As in previous experiments concerning this topic by this
group of researchers subjects viewed a videotape of their
individual encounter with the simulated patient while at the
same time verbally recalling the thinking processes.
Non-directive open-ended questions were utilized for the
purpose of stimulating memory. The results could be viewed

as a confirmation that the information processing theory

)

paradigm is applicable to medical problem solving. All
groups were discovered to have constructed early hypotheses,
abproximately six in number which serves to illustrate the
limited capacity of short term memory (S.T.M.). Hypotheses
were generated roughly 30 seconds into the doctor-patient
encounter. It was determined that all groups uncovered the
correct hypothesis (diagnosis) after a time period ranging
from seven to eleven minutes. An important finding was that
the content and specificity of the hypotheses were a
function of educational level; however the accuracy of
diagnostic outcome was strongly correlated with increasing
education.

Notwithstanding the role that 1s played by educational
level and experience in the ability to compose a correct
diagnosis, the above experiment is a clear illustration that

medical students and physicians approach problem solving in
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a sinilar manner. The striking and most important finding
with reference to intornag}on processing theory was that all
groups exhibited parallel processing, i.e. the formulation
of early, multiple and at times competing hypotheses. The
only differences found to exist between physician and
student were that the former group performed more physical
maneuvers during the workup and elicited more !ctitical
findings. - These differences were attributqgﬂso educational
level and not processing variations. -

The results should not be accepted without reservation.
Certain contentious issues can be raised. Stimulated recall
via the employment of non-directive open-ended guestions is
not a rejiable procedure. It is too retrospective and it is
not inconceivable that the subject would not be able to
remember™ all of the thinking processes used during the
patient encounter. Another péssible dispute concerns
whether or not the subject is telling the truth. In order
to Qask an apparent inability at solving a problem, the
subject may exaggerate thinking processes to the
experimenter. sAnother possible limitation was that the
experimenters did not operationally define non-directive

\ -
open-ended questiogs.

The most definitive and exhaustive investigation of
medical problem solving was the Medical Inquiry Project at
Michigan State University which was administered by Elstein,

Shulman and Sprafka (1978).

!
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Since the findings are strikingly similar to those
described earlier, only salient highlights of the study will
be described. The experimenters placed medical problem
solving in the context of the Newell and Simon (1972) theory
of information processing. The problem solving behavior of
experienced physicians and medical students at varying
levels of their training was studied in much the same manner
as in the previously described studies. The designs
included ' P.M.P.s, the simulated patient method and fixed
order problems.

Elstein, Shulman and Sprafka (1978) postulated the
existence of a four-stage model of medical problem sclving:
cue acquisition (i.e. symptom compilation), hypothesis
generation, cue interpretation and hypothesis evaluation.
The most consistent finding across all subjects and designs
was the éeneration of early hypotheses. The latter,
according to informationK processing theory, serve as
organizers of the data in short term memory. The results
also indicated a h;gh degree of content specificity in the
process of solving medical problems. Indeed, one of the
barriers that prevent formulation of discrete rules or
characteristics of medical problem solving is the difficulty
of ' predicting physician performance based upon one problem
on problems in different domains. Accordingly, the
experimenters propose that content specificity is an
implication that excellence in medical problem solving
depends upon the type of problem as well as the thinking

¢

strategies employed.
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Other results of Rlstein, Shulman and S8prafka (1978)
include the fact that there was an inability to discern
differences between criterial (expertl and non-criterial
(non-expert) physicians. At times, Aonlbtfterial physicians
posed more questions prior to generating a first hypothesis;
however, they did collect more data and interpreted the
latter more accurately. .

However, none of the findings concerning alleged
differences between criterial and non-criterial doctors were
statistically significant. Furthermore, the experimenters
did not extr icate a significant correlation between
thoroughness of data collection and accuracy in diagnostic
formulation. All subjects were found to have adopted a
hypothetico-deductive approach, i.e. early hypothesis
formulation and a search for positive cues for confirmation
purposes. To a lesser extent negative cues were subtracted
from positive cues and subjects almost never searched solely
for negative cues.

There appears to be an interesting conundrum present in
the Elstein, Shulman and Sprafka (1978) studies: the
generation of early hypotheses regardless of the size of the
data base and the revelation of very little intra-individual
consistency across problems. The two pieces of data appear
to be a contradiction of one another. Individual
differences ther:fore appear to be in evidence. Since both
subject (participant) and problem are unique, researchers
are precluded from stating that problem solving behavior

across individuals is identical. The fact that medical
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reasoning appears to be case specific has led Elstein,
Shulman and ‘§pratka (1978) ¢to conclude that the
psychological problem space reflects the characteristics of
the task environment rather than pérsonality variables.
Nevertheless, the consistently stable finding of early
hypothesis generation across all subjects and at all levels
does indicate that there are certain unitary aspects of
problem solving. The fact that all subjects in this (and
previous) experiments simultaneously considered between four
and seven hypotheses (i.e. parallel procéssing) does lend
some weight to the Newell and Simon thesis.

According to McGaghie (1980), the Elstein, Shulman and
Sprafka (1978) project contains several methodological
flaws. The manner in which 15 measures of diagnostic
reasoning were compiled to represent medical problem sclving
is criticized. Elstein, Shulman and Sprafka (1978) stated
that the measures were built from the 'three base variables
of information search units, cues and hypotheses. It is the
contention of McGaghie (1980) that a numerical reliability
coefficient for each dependent variable should have been
reported. Elstein, Shulman and Sprafka (1978) stated that
the goal was not to develop scoring keys but to evaluate
clinical competence. However, M;Gaghie (1980) remains
convinced that the validity of the data suffers becuse the
variables said to represent clinical competence cannot be
reliably measured. It 1is further stated in the latter
critique that the sample size utilized across problems was

too small for the use of factor analysis, The reply of
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Elstein was that a prohibitive sample of 200 would have been’
required. It is McGaghie's conclusion that close inspection
of the data does not confirm the model's postulation of the
three units of analysis contructed from the 15 variables.
Accordingly, McGaghie does not feel that the Elstein,
Shulman and Sprafka (1978) model of cue acquisition,

hypothesis gfneration, cue interpretation and hypothesis

evaluation ik valid since the model lacks internal
vr"

consistency. |All concerned agree however that future

studies should focus on a wider range of medical cases.

Present Research

The present thesis will exanine the previously
discussed issues of early hypothesis generation, performance
on computerized multiple choice exams versus clinical
performance and will attempt io close the previously
described gaps that currently encumber medical education.
It is an outgrowth of work done by Groen, Dauphinee and
McQueen (1981) in which the possible relationship between
sﬁeed and success on multiple choice examinations was

examined. The subjects were 17 fourth year medical students

‘from McGill University. An APPLE microcomputer was used for

the study in which each subject was required to answer 20
multiple choice questions. The first two questions were
utilized for practice purposes. Ten questions were from

Medicine, six from Surgery, two from Obstetrics and two from
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other subjects. All the problems were of a form which
included, in the following order, a description of the
g’tient and that patient's symptoms, a question requiring
that a diagnosis be constructed based upon the preceding
information and a 1list of six alternative diagnoses. Each
question was presented in segmented form on a video display
screen; i.e. each symptom or patient characteristic was
shown individually. The subject was required ¢to press F
(for forward) on a keyboard to be shown succeeding segments.
If a subject wished to review previously sho;; segments B
(for backtrack) was to be pressed. Backtracking also
conformed to the segmented procedure. The final segment of
the problem always consisted of the question and the six
given diagnoses. The subject was required to press (on the
keyboard) a number (1-6) corresponding to what was felt to
be the correct answer,. The dependent variables were
solution times and the amount of backtracking done. Results
indicated that slow subjects who did a 1lot of backtracking
during the experimental procedure tended to do poorly in the
actual final exam in Medicine. It was also noted that fast
performance in general during the experiment was related to
good per formance in general on the examination. For the
actual experiment mean time per subject per segment was
measured and it was determined that subjects spent more time
on problems answered incorrectly. The latter was also found
to be true when measuring overall mean time per problenm.
T-tests comparing mean times for problems answered correctly

and incorrectly were significant (t=3.91, p<.005).
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Recently, McQueen (1981) utilized 13 residents as subjects
for the exper imental procedure. The problem solving
characteristics of residents appeared,ta be identical to
those of fourth year medical students. Residents were found
to have spent more time overall on problems answered
incorrectly and more time per segment on the problem that
Proved to be insoluble to them. A one-tailed t-test
Lonpating mean times answered correctly and incorrectly was
significant (t=2.93, p<.0l1). Not surprisingly, and probably
due to their more extensive knowledge base, the residents
were found to ﬁmore accurate than the medical students.
Upon comparison of the backtracking done by the
residents and medical students, some interesting differences
were found by McQueen (1981). The fourth year medical
students backtrackKed on between 0 and 11 problems, and fell
into two distinct groups, backtracking on a few or on many
problema. Three medical students did not backtrack at all
while all residents backtracked on at least one problen.
Residents did not backtrack on more than 10 problems. The
variance of backtracking was less than that of the medical

students which is an indication that the former appear to be

a more homogeneous group_ghan the latter.

£y
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Conclusion

The 1literature review has attempted to examine the
possible link between the Newell and Simon (1972)
information .processing theory of problem solving and medical
ijroblem solving. In one aspect (early multiple hygothesis
formation and 1limited capacity S.T.M.) the evig;nce is
incontrovertible. On the other hand, the relationship can
be perceived as being somewhat tenuous as evidenced by the
finding that medical problem‘solving behaviour is case
specific. There exists both variance and invariance. The
consistent finding of early hypothesié generation among
medical people at all levels does indicate that globally the
process of medical problem solving is done in a similar
manner. There do seem to exist preconceived notions about
the nature and aetiology of the problem at hand. However it
was shown that successful medical problem solving is a
function of increasing educational level. The discovery of
early hypothesis generation should not be regarded as a
dramatic breakthrough. It is imperative that physicians
classify patients along a discrete continuum at an early
stage in order to ascertain what or if remedial action
should be pursued. The most cogent finding among all
research paradigms was the Elstein, Shulman and Sprafka
(1978) discovery that criterial and non-criterial doctors
could not be differentiated with statistical significance.
The present thesis, an offshoot of the Groen, Dauphinee and

McQueen (1981) study, attempted to explore whether or not a
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relationship exists bestween level of achievement attained in
hypothetical situations sich as computer based multiple

choice sxams and performance in actual clinical situations.

‘ .



_ ‘ -  caarrmr 1
0 METHOD

The study was conducted in two distinct frameworks: (1)
the assessment of clinical p\erformance via a lo0 category
checklist, and (2) the measurement of performance on

multiple choice questions via a conpuée: based paradigm.

Sample

Twenty-six third year medical students participated in
the study. There were 11 females and 15 males. The members
of the total group's ages ranged from 21 to 32 with a mean
age of 24.5 years. The females alone ranged in age from 21
to 31,(’ the average age being 2‘5. Males ranged in age from

21 to 32, the average age was 24.2.

t 3

‘lutcriais _

'

The clinical component utilized a ten category rating

checklist; the first nine categories consisted of a four

point ascending scale whil_e the last Fategory (attitudinal
characteristics) was on a three point ascending scale.

The microcomputer based mt{ltil;le choice questions were

C) gleaned from McGill University final exans im the Paculty of

Medicine of recent years. They were of the "one best
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response” type. In addition, each item contained five
distractors. There were 20 questionurin'all. two of which
were for practice purposes. The duestions were selected
from several different sections of the exams (10 from
Medicine, six from Surgery, two from Obstetrics and two from
other sections). The questions were chosef to represent a
cross-section of medical problems, necessitating diagnostic
ability and clinical experience, as well as recall of
factual knowledge. ;

As in previous studies, the problems were of a form
which included, in the following order, (1) a description of
the patient and thatvpagiﬁng’s symptoms, (2) a gquestion
requiring that a diagnosis be made based on the preceding
information, and (3) a list of six alternative diagnoses.
The description of the patient included presenting symptoms
and sometimes results of lab tests or physical examinations.
All the questions were of a similar form, each asked for the
most appropriate éleanation or the most likely diagnosis.
The ordinal position of the correct response among the six
choices was randomly assigned.

The questions were prepared in a 38 column format for
presentation. Each question was separated into segmenéﬁ.
The final segment of a problem always consisted of the
question and the six given diagnoses. The preceding
information about the patient was divided 1qpo a number of

segments, one or two sentences in length, on the basis of

' the way such information would group together if obtained in

a natural setting. The questions and .the segments were
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selected by an experienced physician.

Of the 20 multiple choice guestions, the ¢two practice
items were selected at random and presented in fixed order.
The remaining 18 problems were the 'designated exper imental
items. They were presented in four counterbalanced random

orders, the sequential pattern utilized was 4-1-3-2,

°

Equipment

The multiple choice question paradigm was run under the
control of an APPLE computer, modified to measure reaction
time through add-on equipment developed by Digitry, Inc.
The experimeﬁfal procedures were implemented using the
programming language PASCAL. The experimental stimuli were
presented on the screen of a small television monitor. The
subjects responded by using a"special keyboard connected to

the APPLE computer. .

Procedure

Clinical Component

*

All aspects pertaining to the various processes of the
subjects' clinical performance vwere evaluated via the

checklist. Bach individual subject was not rated by an
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equal amount of instructors., The number of rate:ihranged

- from one to four per subject. All aspects related to the

course of working up the patient and recommending remedial

action were gradéd via the checklist (see appendix).

13

Computer Based Multiple Choice Question Experiment

A
)

The subject was seated in front of a television screen
and a keyboard. The next step consisted of the multiple
choice question being presented on the screen, one segment
at a time. The subject was able to control the presentation
of segments and answers via the keyboard. The latter
consisted of eight keys; the first six, numbered one to six,
were for the purpose of answering the multiple choice
question, while the B key ~- the backward key, ahd the F key
-- the forward key, controlled segment presentation.

Prior to each gquestion, a message appeared asking the
subject to wait for the ready signal. Shortly thereafter, a
ready message was displayed: the problem number was given,
and the subject was asked to press the F key to initiate the
guestion. Initial pressing of the F key resulted -in the
presentation of the first segment of the problem. Next, the
subject was permitted to see the subsequent segment or the

preceding segment (provideQ‘they existed) by pressing the F

or the B key respectively. On the first segment, pressing

the B key would have no effect and, on the £final segmeht,

pressing the F key would have no effect. On the last
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segment, the subject may choose to press the numbered key
eorresponéing to the diagnosis selected. Answer ing the
question/terminaégd the presentation of the problem.

Tim/ was recorded whenever a new segment was displayed.
It stopped as soon as a key was pressed. The time and the
key were then automatically recorded, and the timer was
reset to zero. Timing began again only when a new segment
was disélayed.

‘Subsequent to a subject answering a question, no
feedback was given. The message to - wait "for the ready
signal Appeared immediately, then after a short pause, the
ready signal was displayed. Presentation of the next
problem began when the P key was pressed, thereby restarting
the timer. )

Subjects were told to always use the one finger on the
preferential hand when responding. Subjects were further

instructed to remove the finger immediately following the

depressing of a key. The computer emitted a warning beep if

a subject rested a finger against a key for too long a

&
period of time.

When doing the first two practice problems the subjects
were permitted to ask any dquestions that concerned the
exper imental procedure during this time or during a pause
which followed. However, during the actual experiment
subjects were not allowed to ask questions, with the
exception of between the presentation ofmgtoblens, due to
the sensitive time measurement in progress. Subjects were

instructed to “respond as quickly and as accurately as

</
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CEAPTER 1V
RESULTS

The outcome of the research will be presented in three
parts. Tabl‘g 1 through 7 contain the descriptive
statistics as well as other descriptive data pertaining to
all the measures obtained. Tables 8 through 16 present the
results pertaining to the goal of the project--the
investigation of whether or not a relationship existed
between performance on computer assisted multiple choice
exams and clinical ;erformance in third year medical

students. Tables 17 to 26 sifve as an examination of the

data obtained on the computerized paradigm alone.

Descriptive Statistics for the Two Paradigms
’

Tables 1 to 7 provide descriptive data obtained on the
computerized nmultiple choice exam and the clinical

evaluation checklist.

Table 1 separately lists the means and standard
deviations for all computer measures including reversals
(i.e. the number of times per problem a:subject went back to

exiﬁine previously given information).
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TABLE 1

Means and Standard Deviations of Measures
Obtained on Computerized Multiple Choice Questions

Mean Standard
Deviation

Experimental Score 11.1% - 2.01
Number of Problems
Backtracked Upon 8,23 4.03
Overall Mean Time - -
Per Problem (Seconds) 69.87 16 .42
Mean Time on Problems
Answered Correctly 61.80 17.10
Mean Time on Problems
Answered Incorrectly 83.60 21.26
Reversals Over 18
questions (percentage) .58 .32
Reversals on questions
answered correctly (percentage) ) .48 .32
Reversals on questions
answered incorrectly (percentage) W72 .39

o

M,

i§5b1¢ 2 illustrates the number of reversals per subject
over all questions, and over questions answered correctly

and incorrectly.
On total reversals over all questions the numbers \

rangeé from a high of 21 to nllow of one. The mean number of

reversals was 10.42.
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For reversals on questions answered correctly the range

vwas from 14 to 1. The mean was 5.42.

On reversals

range was

for questioﬁl

answered incorrectly the

from 15 to 0. The mean was S.

The above results may be indicative of a stable pattern

of medium to high backtracking.

o~

TABLE 2

Analysis of Reversals Obtained
on Computer Measures

Total Reversals

Over 18 Questions

Subject

20/18
9/18
18/18
5/18
14/18
17/18
9/18
2/18
11/18
13/18
4/18
13/18
21/18
6/18
9/18
5/18
9/18
12/18
8/18
2/18
7/18
12/18
1/18
19/18
17418
8/18

mean

1l.11
.50
1.00
.28
.78
.94
.50
11
.61
72
.22
72
1.17
033
.50
.28
.50
.67
44
.11
Q39
.67
.06
1.06
94
.44

10.42

Reversals over

Questions Answered

Correctly

14/12
3/10
13/14
3/12
11/14
8/11
3/12
2/11
7/13
5/ 8
2/11
6/12
6/ 7
2/12
4/ 8
1712
5/ 9
2/ 9
5/12
2/13
2/ 9
5/10
1713
14/13
13/14
2/ 9

mean

1.17
.30
.93
.25
.79
.73
.25
.18
.54
.63
.18
.50
l86
.17
.50
.08
.56
.22
42
.15
.22
.50
.oe

l.08
'93
.22

5.42

Reversals ovet
Questions Answer ed

Incorrectly
6/ 6 1.00%
6/ 8 .75
S/ 4 1.25
2/ 6 .33
3/ 4 .75
9/ 7 1.29
6/ 6 1.00
0/ 7 0.00
4/ 5 .80
8/10 .80
2/ 7 .29
7/ 6 1.17

15/11 1.36
4/ 6 .67
5/10 .50
4/ 6 .67
4/ 9 <44

10/ 9 1l.11
3/ 6 .50
0/ 5 0.00
5/ 9 .56
7/ 8 .88
0/ 5 0.00
5/ 5 1.00
4/ 4 1.00
6/ 9 .67 v

mean 5
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Table 3 focuses on the characteristics of the multiple

-

{
choice questions themselves and lists thg medns and standard

h

deviations.
. TABLE 3
Summary of Data Across Problems
on Computer ized Paradigm

Variable Mean Standard
Deviation

Segments 5.28 1.96

Time Per Segment 13.41 3.32

Time Across Problems 69.87 29.67

Table 4 basically focuses on the varying number of
segments per muitiple choice question. The intercorrelated
variables consisted of the number of segments, time per
segment and time per problem. As would be expected, there
was a significant correlation r=.81, p<.001 between the
number of segments per problem and the time spent per
problem. It was also expected that the time spent per
segment would correlate signi_ficantly with the time spent

per problem. The latter proved to be the case: r=.46,

2<005.
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TABLE 4

Intercorrelation Matrix of Problem Data
on Computerized Multiple Choice Question Paradigm

Number of Time per ' Time per

Segnents Segment Problem
Number of Segments - -.13 81>
Time per Segment -—— -——— . 46*
Time per Problem -—— -—— -

* Significant at p<.05
** Significant at p<.001

T
3

Table 5 1lists various characteristics of subiject
perforunceﬂ for each of the 18 computer-based multiple
choice questions.

Question m{mber 10 proved to be the easiest as
evidenced by the fact that 24 out of the 26 subjects
answéred it correctly. Question numbeér 17 was the most
difficult, only nine subjects were correct in their
responses. The table also reveals a lower mean time per
subject per segment (12.39 seconds) on questions answered
correctly than on incorrect questions (14.84). The latter
resn‘llt was expected due to the subsequently reported finding
of a significant difference between overall mean time on
correct and incorrect ques'tions. Subjects spent more time

on problems that were later found to be answered incorrectly

than on guestions where they proved to be successful.
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TABLE 5 -

. Item u:}ly-h of Group's Responses on
. Computer ized Mult iple Choice Question Nodel

Mean Time per Subject per Begment

Problem Bumber of Bumber of Nean Tise All Prablens Problens
Segmants Subjects (sec) per Problens Answered Answer ed
Answer ing Subject Cotrectly Incorresctly
Correctly

1 € 14 9.9 16.43 14.73 18,42
2 5 22 45.87 9.17 $.16 9.2¢
3 10 18 113.49 11.38 10.74 12.71
4 7 13 $5.21 12.17 11.82 12.53
- L 4 16 57.46 14.36 11.54 18.88
{ 1 U 16 114.00 16.29 16.10 16.606
7 7 11 166.83 15.55% 13.10 17.35
[} 1 12 97.86 13.98 12.03 15.45
] L ] 5 ,23 40.54 8.11 7.91 9.66
10 H 24 85.13 17.03 17.60 10.18
‘S 11 4 18 47.72 i1.93 11.60 12.68
) 12 2 20 33.3¢ 16.65% 14.85% 22.67
¥ 13 s 10 $7.54 9.59 19.50 .03
14 6 18 54.93 9.15 8.51 10.03
15 3 18 47.717 15.92 14.16 19.9¢
16 3 12 3s.01 12.67 $.%50 15.95%
17 S ] 98.78 19.7¢ 19 .65 19.81
18 3 20 32.63 10.88 $.13 16.72

Overall Mean Time/Subject/Segment

, ALl
Mean Bumber of Segments Problems Correct Incorrect

-

5.3 13.3 12.39 14.84



Table 6 lists the means iﬁa standard deviations of

+
scores obtained on the clinical evaluation checklist,

TABLE 6

Means and Standard Deviations of Measures
Obtained on Clinical Evaluation Checklist

Mean Standard

Deviation
Global Checklist Score 2.80 .39
Investigation 2.69 .67
Differential DiagnosiséProblem List 2.84 .50
History 2.77 .47
Physical Exam 2.73 .45
Case Reports 2.82 .44
Knowledge 2.82 .59
Oral Presentations 2.70 .43
Communication Skills 2.99 .47
Self Education 2.83 .52
Attitude 2.77 .29

Table 7 1lists the intercorrelations obtained among
items on the clinical evaluation checklist. The great
majority of significant inter-item correlations are an
indication of the homogeneity of the evaluative criteria and
the construct validity of the checklist; it also may have

been an indicator of the existence of a halo effect.
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TABLE 7

4
Intercorrelations of Measures Obtained on Clinical Bwvaluation Checklist

C,

“Wean

Tnvestl- DIiffer-  #lstory FPhysical Case  Knowledge Oral Communi- " Se17 AttTtude
Score gation ential EBxam Reports Presen- cation Bducation
Overall Dliagnosis/ tations 8kills
Problem
List
Rean 3core - N1 LR LTovE .T10%% N 114 LT1E% L0%* N FiL] JTIEE ] i N i
Overall p=.001 p=.001 p=.001 p=.001 p=.001 p=.001 p=.001 p=.001 p=.001 p=.001
Investigation = - 3% 53 1 ¥ T3] X315 T .55% . 34F A0 .31F
p~.037 p=.024 p=.009 p=.001 p=.012 p=.002 p=,045 p=.021 p=.004
Dlfferential - - - N{il] L5884 . 39% YL W51 SaE .4g% ¥l
Dlagnosis ., Pp=.001 p=.001 p=.024 p=.001 p=.004 p=.001 p=.006 p=.001
Problem Q__)
List
Kistory - - - - LTO% L4984 Tad H3F ATE R1{k] 4544
p=.001 p=.00S p=.001 p=.001 p=.008 p=.001 p=.001
Physlcal Exam = = = = = N§113 T {0 N {LEd N {35 KiiLa
p=.001 p=.001 p=.001 p=.001 p=.001 p=.001
Case Reports - - - - - = Y ¥ K] N ¥ L35t Y 1] LS IEF
p=.019 p=.003 ‘p=.038 p=.011 p=.001
Knowledge - - - - - - - {1 A8 N 1 L4 N L0
p=.001 p=.006 p=.001 p=.001
Oral - - - - ~ - - - N Lk ¥ STEE
Presentations p=.001 p=.001 p=.081
Communication - - - - - - = - p T NiLim
Skills p=.001 p=.001
Belf = - = = = = = = p = .
Education p=.001
Attitude - - - - - - - P Py = =

* Significant at p<.0S

** Significant at p<.001

.



Relationships Between Measures on
Computer Exam and Clinical Checklist

‘A8 illustrated in Table 8, no consistent definitive
relationship was found to exist between perférmance on
computer ized multiple choice exams aﬁd clinical competence.
However, there were significant correlations between various
components of the two task environments. The total multiple
choice exam score correlated significantly with the clinical
investigation category (r=.42, p=.017). These latter two
designations were not found to correlate significantly with
any other element of fhe respective opposing task
environments. It was discovered that similar levels of
correlations were found to‘S} present between the number of
multiple choice questions backtracked upon and the clinical
category of differential. diagnosis/problem 1list (r=.34,
p=.046); and number of backtgacks over problems with
physical exam (r=.35, p=.04) and finally number of

backtracks over problems and the clinical category titled

",'..s

knowledge (r=.33, p=.052). The process of backtracking was
not discovered to have exibited a significant relationship
with any of the remaining seven clinical categories or with

the mean score on the clinical checklist.
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‘ TABLE 8 ; ' - g

Intercorrelations of Measures on Computerized Nultiple
Choice Paradigm and Clinical Bvaluation Checklist

Nesn Investi- Uiffer- History Physical Case Enowledge Oral  Communi- 3

Score gation . antial Exam \ Reports Presen- cation sducation

Oon ‘ plagnosis/ tations 8Skills

Checklist Problem

Li 1t
_ 4
Total Exam .07 .42 <.o8 -.09 .05 .16 .14 .11 .04 -.08 .16
sSoore p=.017 .
lmtrllctl .16 -.04 T34 .29 .35 .08 .33 .00 -.08 -.06 .23
p=.046 p=.04 p=.082
Overall Mean -.27 -.14 -.21 -.21 ~.06 -.07 -.17 -7 -.30 -. 38 -.2k
Time Per ) p=.041
Probl .
roblen ;”/
- -
Mean Time ~.32* ~-.09 - 34 -.28 -.13 ~.14 -.20 ~-.30 -.30, - dl* .- %
Spent On p=.054 p=.048 p= 018"
Problems s
Answer esd
Correctly
Mean Time -.14 .04 -.04 -.13 .02 .09 -&12 -.16 -.23 -.21 -.00
Spent On
Problems -
Anowerad >
Incorrectly
i

* gignificant at p<.0% %

AN
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The overall mean time spent on the multiple choice
questions significantly correlated with only one clinical
category: self-education (r=-.35, p=.041). The negative
correlation is indicative of an inverse relationship. It
was also noted that self-education did not exhibit
significant correlations with any other par;. of the computer
paradig;n except for mean time spent on problems answered

-

correctly.

The similarity of perforinance on the two task
environments was confirmed by the fact that significant
negafive correlations were uncovered between the computer
measﬁres of mean time spent on px.'obilnéms answered correctly
and the mean score on the clinical checklist (r=-.32,
p=.054) , and mean time on problems answered correctly with
differential diagnosis/problem 1list (r=-.34, p=.045) and
finally mean time on problems answered correctly with
self-education (r=-.41, p=.018).

In essence, the above ‘would seem to indicate that low
mean times on the computer-based multiple choice quesi:ions
answered correctly would tend to serve as a precursor for
high clinical scdfr\tes on some categories. '

Tables 9 to 16 serve as {llustrations as to where
subjects clustered in yelationship to their scores on the
computer ized multiple choice exam and their clinical
ratings. Cut—off points were arbitrarily determined in
order _to investigate the possible clustering of

relationships between scores. L

1




O

TABLE 9

Relationship Between Subjects' Pg%formance on
Computerized Multiple Choice Exam and inical Competence

Clinical Rating on Investigation

f
Total Score on High Medium Low
Computer Measures (3.5-4.0) (2. %-3.4) (1-2.4)
High (10-14) 3 11 5
Medium (7-9) 1. 3 3
Low (1-6) 0 0

-

Note: The numbers at each level gepresent the number of sub-
jects falling into a particular category.

thle 9 indicates a lack of consistent uniformity in
performaﬁce on the two task environments. Eleven subjects
who had a high total score on thé multiple choice question;
{(10-14) were evaluated as being average (i.e. medium)
{(2.5-3.4) when clinically rated on the investigation
category. Only three subjects were judged superior for both
settings, (10~14 on exam, 3.5-4.0 clinically). Three
subjects fell into the medium category (7-9 on exam, 2.5-3.4
clinically). Five subjects received a low (1-2.4) clinical

score but fell‘ into the high (10-14) category on the exan.

An additional three subjects graded low (1-2.4) clinically

but scored in the medium range (7-9) on the exam. One
subject received a high <clinical score (3.5-4.0) but

achieved a medium score (7-9) on thg exanm.
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TABLE 10

Relationghip Between Subjeé‘!s' Performance on
Computerized Multiple Choice Exam and Clinical ‘Competence

Clinical Rating on Differential
Diagnosis/Problem List

Number of Problems - High Medium Low
Back tracked Upon 5~4.0) (2.5-3.4) (1-2.4)
High (10-15) 1 7 0
Medium (5-9) 3 7 4
Low (1-4) 0 4 0

Note: The numbers at each level represent the number of sub-
jects falling into a particular\category.

-

Table 10 charts the number/ of backtracks high (10-15),
medium (5-9) and low (1-4)/ in comparison to the clinical
evaluation (high, 3.5-4.0; wedium, 2.5-3.4 and 1low, 1-2.4)
on differential diagnosis/probjlem 1list. Seven high
backtrackers were in the medium/clinical range as were 7
medium backtrackers. Three ium backtrackers scored high
clinically while 4 medium backtrackers achieved low clinical
scores. Four low backtrackers achieved medium clinical
scores while 1 subject received hi;i scores in both

settings. \
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TABLE 11

Relationship Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

Clinical Rating on Physical Exam

Number of Problems High Medium Low

Backtracked. Upon (3.5-4.0) (2.5-3.4) (1-2.4)
4

High (10-15) 1 7 o

Medium (5-9) 0 10 4§ v

Low (1-4) 0 3 1

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

-

Table 11 compares backtracking to the clinical rating
on the physical exam category. The parameters vis-a-vis
high, medium and low are identical to those of Table 10.
One subject fell into the high level for both categories.
Seven subjects were high on backtracks and medium
clinically, while 10 subjects scored in the medium range for
both categories. Four subjects were found to be medium
backtratkers but were given 1low grades clinically. Three
subjects were low backtrackers but achieved medium clinical
performance while one subject was rated 1low in both
environments.

Table 12 {illustrates possible parallels between
backtracking ;nd clinical ratings on the knowledge category.
Th"parameters (high, medium, low) are the same as those of

Table- 11.

y—
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TABLE 12

Relationship Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

Clinical Rating on Knowledge

Number of Problems High Medium Low
Backtracked Upon (3.5-4.0) (2.5~3.4) (1-2.4)
High (10-15) "3 4 1
Medium (5-9) 2 7 5
Low (1-4) 1 1 2

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

ki -

Three subjects achieved the high classification in both
settings. PFour high backtigckers received medium clinical
grades while one high backtracker was judged to be low
clinically. Two medium backtrackers received high clinica}
ratings while seven subjects scored in the medium range for
both task environments. Five medium backtrackers were
graded 1low clinically while one low backtracker received
high clinical ratings and another low badk tracker was judged
to be medium clinically. Two low backtrackers received low
clinical gbades.

#Table 13 focused on the possible relationship between
the overall mean .time (sec) spent on the computerized
multiple choice questions (high, 80-115, medium, 55-79, and
loy, 40-54) and the clinical gating on self-education. The

latter's parameters are identical to those of previous
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tables.

TABLE 13

Relationship Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

f*\ Clinical Rating on s.elf Education
Overall Mean Time on High Medium Low
Computer Measure (sec) (3.5-4.0) (2.5-3.4) (1-2.4)\
High (80~115) “ 1 4 2
Medium (55-79) 3 12 1
Low (40-54) 1 2 0

Note: The numbers at each level represent thf, number of sub-
jects falling into a particular category.

4

One subject was found to have a high mean time and a
high clinical -evaluation on self-education. Four subjects
with high mean times received medium clinicalﬁratings while
two subjects with high mean times were rated low clinically.
Three subjects in the medium mean time range received high
clinical ratings but 12 subjects were found to be in the
medium range for both tasks. One subject had a medium
overall mean time but was given a low clinical rating. One
subject had a low overall mean time and a high clinical
rating, PFinally, two subjects with 1low mean times on the

nultiple choice questions were given medium clinical scores,

\



Table 14 fllustrates comparisons between the mean time

(sec) spent on multiple choice gquestions an;werld correctly
(high, 80-105, medium, 55-79, and 1low, 30-54) with the mean
score attained on the clinical evaluation checklist. The
clinical parameters are the same as previously described.
Two subjects with high mean times had a medium mean clinical
ratinga. One subject with a high mean time achieved a low
mean clinical rating. Eleven subjects fell into the medium
mean range for both settings. Two subjects with medium mean
times had a 1low mean clinical rating. Eight subjects with
low mean times had medium mean clinical evaluations while

two subjects had low mean scores for both settings.

k 2

TABLE 14

Relationahip Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

Mean Score on Clinical
Evaluation Chacklist

Mean Time Spent on High Medium Low
Problems Ansawvered (3.5-4.0) ./ (2.5-3.4) {(1.2.4
Correctly (sec) :

High (80~105) 0 2 1
Medium (55-79) 0 11 2
Low (30-54) 0 8 2

Note: The numbers at each level réepresent the number of sub~
jects galling into a particularicategory.

’
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Table 15 compared the méan time (sec) spent on
questions answered correctly with the clinical evaluation on
differential diagnosis/problem J%ist. The standards set for

high, medium and low are the same as those in Table 14.

TABLE 15
Relationship Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

Clinical Rating on Differential
Diagnosis Problem List

Mean Time (sec) Spent " High Medium Low

on Problems Answered (3.5-4.0) {2.5-3.4) (1-2.4)

Correctly )

High (80-105) Q 2 1

Medium (55-79) --d 12, 1

Low (30-54) ( 4 4 2
o~

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

Two subjects with high mean times  were rated in the
medium range for their <clinical performance. One subject
with a high mean time received a low clinical rating.
Twelve subjects were in the medium range for both
environnents. One subject had a medium mean time and a low
clinicai rating. Four subjects with low mean times  had high
élinical ratings and four subjects with low mean times wer e
judged to be medium <clinically. Two subjects were

designated as low in both settings.

- 66 -



t

&
Table 16 reported the possible similarities between the

mean time (sec) spent on problems answered correctly and the
clinical rating on self-education. The parameters vis-a-vis

high, medium and low are identical to those in Table 15.

TABLE 16 ¢

~

Relationship Between Subjects' Performance on
Computerized Multiple Choice Exam and Clinical Competence

Clinicgl Rating on Self Education

Mean Time (sec) Spent High Medium Low
on Problems Answered (3.5-4.0) (2.5-3.4) (1-2.4)
Correctly

High (80-105) 0 2 1
Medium (55-79) 2 10 1
Low (30-54) 3 6 + 1

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

»

Two subjects with high mean times were judged to be at
a medium 1;;el clinically while one subject showing a high
mean time was accorded a 1low clinical rating. Two subjects
with medium mean times were given high clinical ratings but
10 subjects proved to be in the medium range for both
settings. One subject with a medium mean time was given a
low clinical evaluation. Three subjects with low mean times

a7hieved high clinical ratings while six subjects with low

mean times achieved a medium clinical rating for

¢ - 67 - ) , '



self-education. One subject was in the low classification

for both criteria.

Tables 8 through 16 indicate the existence of
processing similarities between performance on an exam and
clinical perférmance. Thére were exceptions, however there
was a consistent pattern of high-medium and medium-medium
pairings. The results constitute an indicator of the
students' use of their knowledge to perform their required
interaction with a patient. The medical students seem to be
utilizing similar strategies and goal directed behavior in
both environmental situations.

< There existed a lesser amount but not insignificant
pattern of low-medium classifications. The medium category
may in fact constitute a cut-off point for superior
performance as evidenced by the majority of medium-medium,
medium~high and medium-low patterns. There were few

1

high-high or low-low pairings. »

Analysis of Data Obtained from
Computerized Multiple Choice Exam Paradigm

1}

Table 17 ahows’ the significant intercorrelations
between measures obtained on the computerized multiple
choice question Paradigm itself. The experimental score was
not found to correlate with any other measure. However, all
other measures correlated significantly( with at least one

other category.

- 68 -




—69-

0

=y

e g < s PR g AT

TABLE 17

Intercorrelation of Computer Measures for Third Year Medical Students
Mean Time per Problem

Correlatlon Bxper i~ Number of All Problems Problems Total Reversals Over Reversals Over

Coefficients mental Prob lems Problems Answered Answered Reversals Questions (uestions -
8core Back tracked Correctly Incorrectly Over 18 Answered Answered

Upon Questions cCorrectly Incorrectly

Exper Imental - 87 ~09 3 13 .07 1% =08

COL 8

umber of = = ) .05 348% _$ehFE N1 L1 R 11134

Problems Back- p=.041 p=.001 p=.001 p=.001

tracked Upon

Overall - - - B JCLE] R Yrild .18 1T ) ¢ ]

Nean Time ’ p=.001 p=.001

Per Problem '

(All Problenms)

I Time On - - - LA 6364 .04 .11 -.01

Problems - p=.001

Answered 9 .

Correctly

£ Time On - - - - - L3240 .24 . 360* '"\

Problems p=.053 p=.03¢

Angwered %,

Incorrectly

Total Reversals - - - - - - S10%% R ¥/ L

Over 18 p=.001 p=.001

Questions

Reversals Over - - - - -~ - - 63508

Questions p=.001

Angwered -

Corcectly

Reversala Over - - - - = " = po

Questions ¥

Answered

Incocxrectly

. signlncmt at p<.95
*¢ gignificant p<.001
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One correlation of interest would be the one between

backtracking and time spent on problems answered incorrectly
(r=.348, p<.05). It appears to be clear that 1lack of
knowledge would require the subject to recheck previously
given information. The latter {ls , borne out by the
significant correlation with mean time on problems’ answered

incorrectly.

The number of problems backtracked uponﬁ was also
significantly correlated with total reversals (i.e. the
number of times per ptoblgm subjects sought to retrieve
information over 18 Gquestions) (r=.960, p<.001), with
reversals over quest ions answered correctly, (r=.885,
pP<.001) and with reversals over questions answered
incorrectly, (r=.865, p<.001).

Results indicate that subjects with superior knowledge
would have no need to backtrack; this is confirmed by the
lack of a significant correlation between the number of
problems backtracked upon and mean times on problems
answered correctly.

The significant correlations found to exist between
mean time spent on problems answered correctly and mean time
spent on problems answered incorrectly (r=.636 p<.001) were
expected and assume minimal importance. The significant
result constitutes an artifact because essentially, similar
processes were being measured.

Despite the lack of a significant correlati’gnv between
the number of problems backtracked upon and mean time spent

on problems answered 'corr,ectly, the medical students
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exhibited definitive characteristics pertaining to the

Y

interaction betv;een the two variables.

Table 18 reveals that over 50% of all subjects with
high mean times on problems answered correctly were high
backtrackers. In all cases, cut-off points are 50 seconds
for mean time correct and 6 problems for degree of
backtracking. Specifically, 14 subjects wre found to be
high in both categories while one subject was deemed to be
low in the two settings. Seven Qubjects with high mean
times were low backtrackers while four subjects with low

mean times were high backtrackers.-

TABLE 18

Classification of Students According
to Speed and Degree of Backtracking*

Frequencies Mean Time Correct
Low High

pﬁmber of Low 1 7

Problems '

Backtracked High 4 14

[

* In all cases, cut-off points are 50 seconds for mean time
correct and 6 problems for degree of backtracking.

In essence, high nmean times and high backtracking were
conspicuous sfe’atures of the group's performance, As

{llustrated in Table 18, 81% of all students had high mean

-71 -
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times while 69% of all istudén}\ proved to be high

backtrackers.‘ | J/ _ -
It~ was determined however that students spent
significantly less time on problems answered correctly than
"on probleﬁxs answered incorrectly. T-tegts,cmpgri’nq the
Jatter ‘tﬁo variables were gsignificant over \ subjeécts
(£=-6.61, p<.05) and over problems (t=-2.78, p<.05) .(Table

19). »

b —{

=3

Jx

" TABLE 19

4

T Tests Comparing Mean Times For Problems \Answere'ci
Correctly and Incorrectly on on Computerized .
Multiple Choice Question Model

»

_ Group
. . . Over Subjects Over Problems

T vAlue ° * - ~6.61* -2.78*

* E<0‘05

TaSI;s 20 through 22 divide the element of time into
high, ' medium and’ low categories and show the
~1::t:erx:;"l.ationsh"ips among le;‘zils. a“

- Table 20 compares the overall mean time speng on all
problems \_vikth' mean time spent on problems answered
correctly. Three subjects had high mean times for both
citei;o;'icislghile four subjects with high overall ae¢an tines

‘ -72 -,
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exhibited medium mean times on correct gquestions. One
subject with a low mean time on correct questions had a high
overall mean time. Nine subjects showed medium mean times
for 4oth c;;egories while seven subjects with low mean times

on ‘Correct problems had a medium overall mean time. Two

" subjects were attributed a low .designation for both

categories.

TAMIE 20

The Relationship Between Time Spent on All Problems and
Time Spent on Problems Answered Correctly on
Computerized Multiple Choice Exam

[

Mean Tine on Problems
Answered Correctly (sec)
Overall Mean Time -

(sec) per Problem : High Medium Low
- (80-105)  (55-79) . (30-54)
Hiéh'(ao~115) = ( 3 4 1
Me ipm (55-79) . 0 9 7
Low (40-54) 0 C0 o2

s

subjects fallling into a particular category.

—

Note: The Eumbers at each level corfespond to the number of

T

|
Table 21 compares the mean .time spent on problems

answered correctly with mean time spent on incorrect

problems. Three subjects scored high mean times for both

categories. 8Six subjects who fell into the medium range on
questions answered correctly had high mean times on

qu ions answered incorrectly. Seven subjects proved to be

f’/ - 73 -
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in the medium mean tinme rénqe for both classifications.
Three subjects wh; were low on corr?ct were high on
incorrect while seven subjects with ™~ low mean times on
correct questions achieved medium times on incorrect

questions.

TABLE 21

The Relaticnahip Batween Time Spent on Problems
Angwered Correctly and Incorrectly on
Computerized Multiple Choice Exam

—r

Mean Time (sec) on Problems

e ; Answered Incorrectly
Mean Time (sec) on Problems )
Answered Correctly High Medium Low
(80-140) {55~179) (40~54)
High (80-105) . 3 0 0
Medium (55-79) 6 7 0
3 0

Low (30-54) 7

Note: The numbers at each level correspond to the number of
subjects falling into a particular category.

Table 22 charts the relationship between overall mean
time per problem and mean time spent on problems answereé

incorrectly. /.
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TABLE 22

The Relationship Between Time Spent on All Problems
and Time Spent on Problems Answered Incorrectly
on Computerized Multiple Choice Exam

Mean Time (sec) on Problems
Anwered Incorrectly
Overall Mean Time (sec) '
per Problem High Medium Low
(80~-140) {55-79) (40-54)

High (80-115) 7 0 ) 0
Medium (55~79) 5 11 0
Low (40-54) 0 3 0

Note: The numbers at each level correspond to the number of
subjects falling into a particular categéry.
%

Seven subjects exhibited high mean times for both
taxonomies. Five subjects with medium overall mean times
showed high mean times on problems answered incorrectly.
Eleven subjectb, had medium mean ‘gtimes for boéh
clasaificatiﬁns while 3 subjects with low overall mean timesu
spent a medium amount of time on problems answered
incorrectly.

Tables 20 rough 22 exhibit a large amount of

individual varianck vis-a-vis time spent on problems however

: globally,' as med by the t-tests, there was a

significant difference between the amount of time spent on
questions ansvereg correctly versus éuostionn responded to
incorrectly. More time was spent on problems answered

.

incorrectly.
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~ Tables 23 through 25 illustrate the relationship
(W) between the number of problens in which a subject |
backtracked and the number.of reversals (i.e. how many times
LS
per problem a subject went back to examine previously given

information). Table 23 compares the number ©of problems

‘backtracked upon with the tota} number of reversals over the

‘ 18 multiple choice questions. Seven high backtrackers had a
f high amount of reversals while one high backtracker

exhibited a medium number of reversals. Ten subjects proved

to be in the medium range for both categories but four
medium backtrackers exhibited a low amount of reversals, :

Four subjects were rated low for both classifications.

TABLE 23 .

The Relationship Between Backtracking and Overall
! Reversals on the Computerized Multiple Choice Exam

Total Number of Reversals o
Over 18 Questions i

Number of Problems
Backtracked Upon High Medium Low

(15-21) (8-14) (1-7)
High (10-15) 7 1 0
Medium (5-9) 0 10 4
Low (1-4) 0 0 ; 4

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

|
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Table 24 compares backtracking with reversals over
;huéithons answered correctly. Pive subjects were 3judged
high for beth categories while three high backtrackers
ghowed a hedium amount of reversals. Five subjects fell
into the medium range for both categories however nine
medium backtrackers showed a low number of reversals. Four

subjects were low for both criteria.

) TABLE 24
~
The Relationship Between Backtracking and Reversals
on Questions Answered Correctly on the

‘Computerized Multiple Choice Exam

Reversals Over Questions
Answered Correctly
Number of Problems

Backtracked Upon High Medium Low
(10-14). (5-9) (1-4)
High (10-15) 5 3 0
Mediun (5-9) 0 5 N 9
Low<(1-4) 0 0 4

£

Note: The numbers at each level represent the number of sub-
jects falling into a particular category.

Table 25 delineates the relationship between the number

_of problems backtracked upon with the number of reversals

over questions qpuwcrch incorrectly. One Qﬁbjoct was
designated into the high category for both criteria while
three high backtrackers exhibited a medium nuwber of

-7 -
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reversals. Four high backtrackers had a low number® of
:aversa}?. One medium backtracker had a high number of
reversals but five medium backtrackers scored in thevmedium
range on reversals. Eigﬁp medium backtrackers were low on
reversals and four subjects were 1low in both backtracking

and reversals.

TABLE 25

The Relationship Between Backtracking and Reversals
-on Questions Answered Incorrectly on the
Computerized Multiple Choice Exam

Reversals Over Questions
Ansvered Incorrectly
Number of Problems -
Backtracked Upon High Medium Low
. (12-17) (6~11) (0=5)
High (10-15) 1 3 4
Medium (5-9) 1 S 8
Low (1-4) (1] 0 4

Note: The numbers at each level correspond to the number of
subjects falling into a particular category.

Tables 23 through 25 exhibit considerable individual
variance hoggve: the number of reversals appear to be a
function of backtracking. The <correlations confira a

specific link between the two variables. The medium range

'was the cut-off point for the establishment of pairings.
Most of the latter were of the medium-low, medium-high,’

medium-nedium type. There were some high-high pairings

~
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however significantly there were very few high-low or
low-low pairings. Subjecg: exhibited consistent strategies
for the two variables. Scores did not tend to cluster on
the extreme (low) end of the spectrum. Results indicate
that the number of problems baqkt:acked‘ upon are closely
related to the number of reversals. It should be noted
however that the findings pertaining to the dala in Tables
23, 24 and 25 were expected because the processes of
backtracking and reversing are not independent.

Table 26 lists each individual subject's performance on
all criteria pertaining to the computerized multiple choice
questiops. The experimental score on the 18 problems ranged
from a high of 14 to a low of 7, the mean‘ score was 11.15
and 12 was th; mode. The overall time per problem ranged
from a high of 114.42 to a 1low of 41.01 seconds with a mean
of 69.87. The time spent on probl;ms answered correctly
ranged from a high of 103.78 seconds to a low of 32.59; the
mean was 61.80. The time spent on problems answered
incorrectly ranged from a high of 136.59 seconds éo a 1;; of
58.42; the mean was 83.60. The number of problems

backtracked upon ranged from a high of 15 to a low of one;

the mean was 8.23 and the mode was seven.
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TABLE 26

Evaluation of Group's Responses on Computerized
Multiple Choice Question Model

Mean Time per Prcoblem (sec)

e
! Experiment-  All Problems  Problems Problens
f§?t al Score on Prob- Answered Answered Backtrack
18 problems lems Correctly Incorrectly ed Upon \
I 12 82.73 76.5 95,1 —13
2 10 82.30 61. 107.83 7
3 14 80.47 68.83 121.20 15
-4 12 73.55 70.91 78.84 5
5 14 77.88 78.41 76.01 12
6 11 86.20 74.99 103.80 11
7 12 62.63 53.33 81.22 8
8 11 58.72 55.54 63.71 2
9, 13 41.01 32.59 62.92 9
8 55.40 51.43 ' 58.58 9
11 58.30 53.63 65.62 4 N
12 62.15 60.37 65.71 11
7 73.84 51.68 . 87.94 15
12 98.55 100.17 95.29 6 »~
8 " 53.89 48.22 58.42 9
12 58.14 47.62 79.18 ]
9 61.41 61.89 60.93 7
9 62.21 35.55 88.87 9
12 51.96 43.19 68.24 7
13 62.24 58.36 72.30 2
9 114.42 103.78 125.05 5
10 ' 57.04 51.24 68.05 7
13 73.80 67.01 91.43 1
13 63.99 56 .88 82.44 13 ,
14 94.66 B2.68 136.59 15 ;
9 69.24 60.22 78.25 7
Overall Mean Time
Per Problems  Probléwk  Mean
..Prob- Answered - Answered Number of
len Correctly Incorrectly : Backtrack
69.87 61.80 83.60 8.23
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( evidence that components of the two sub-paradigms appear to :

PR

CHAPTER V

QO \ DISCUSSION

It is uncertain from these results whether or not ;
success on multiple choice exams _would serve as a predict&&
of successful clinical performance by medical students (or
for that matter vice versa). The significant correlations
constitute an indicator of the wvalidity of the examination.
However a serious limitation to éﬁmplete predictive validity
was the fact that five clinical categories\did not correlate
significantly with any of the measures on the computerized
model, Since there was a high degree of significant i
correlation among the clinical criteria (i.e. evidence of
homogeneity and a halo effect), it remains problematical as
to reasons for the lack of total significant correlations
between measures taken in the two environments. The most 4
puzzling obstacle was the lack of a significant correlation ﬁ

between the total score obtained on the multiple choice

questions and the mean score obtained on them clinical
v checklist. This evident dichotomy precludes the formulation
of the existenceﬁof“ a total reiationahip between the two
task environments. Essentially, there exists a considerable
degree of performance variance .between  hypothetical
gsituations such as examinations and actual interactions in

the ncdica&xfontext.

Nevertheless, the significant correlations function as

be measuring aspects of similar processes. The correlation

- 81 -
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- between total exam score and the clinical rating on

investigation would serve as an example. These 1latter two
critgria involve the procedures of analysing existing data
for the purpose of the construction of a solution
(diagnosis) to the given problen. i

The - significant correlations found to be prevalent
between thegnumber of problems backtracked upon and the
clinical grades obtained on differential diagnosis/problem
list, physical exam and knowledge provide grist for
theorists' postulating a 1link between the information
processing model of human problem solving and medical
problem solving. These measures appéar to be compatible to
the previously described findings of early hypothesig
generation and the considerat%gn of a 1limited number of
hypotheées (between five and nine), The latter conforms to

thé limited capacity channel characteristics of short-term

memory. The reason for the lack of a significant

correlation between backtracking and the remaining clinical
categories is unknown and would serve as a question for
further investigation. The present findings 7have some
consistency with the Elstein, Shulman and Sprafka (1978)
fipding of successful medical problem solving being a
function of educational level. The relatively high amount
of backtracking‘gnd high mean time spent on problems for the

total group symbolizes the novice~type characteristics of

the group who were in fact third year medical students

undergoing their first experience in clinical medicine.

They have not as yet acquired the efficient processing-
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strategies that have proven to be endemic to experienced
physicians.

The above is borne out by the discovery of a negative
correlation between the mean time spent on problems answered
correctly and mean score obtained on the checklist and
between mean time on correct problems with the <clinical
categories of differential diagnosis/problem list and
self-education. Accordingly, more time spent on problems is
indicative of a lack of knowledge, hence the lower scores on
the three checklist categories. The anomaly appears to be
the lack of significant corre%ptions between mean time on
correct problems and the remaining clinical classifications.
Therefore complete predictive capability of the multiple
choice exam cannot remain an unchallenged conclusion.
However, within the computer paradigm itself the
manifestation of higher mean times on problems answered
incorrectly is further identification of a stable, invariant
characteristic of medical inexperience.

Globally houéver, there yg;fhot a prominent disparity
between individual pe;formanczrin the two task environments.
Individually, subjects performed similarly in both
environments. There was a general overall similarity of
behaviour in the two fr ameworks. “

‘ Presumably, efficiency will rise with increasing
educational level as previous studies have shdwn\ ‘The
~descriptive process of clinical reasoning was exp&nded upon
and linked to overt behavior by medical atudentg. It must

-

not be forgotten that the goal among nedicql tfachets and
' ‘ /
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evaluators is to delineate whether or not the student is
¢linically competent. The latter must supersede the
somewhat abstract inquiries of complex cognitive theories.
It should be noted however that the latter theories form the
basis for the medical problem 8olving framework and may in
fact aid in identifying superior performance.

The two mechanisms of computer based multiple choice
exams and clinical evaluations should not b? antithetical to
one another. There shoula not be an adversary relationship.
Absolute conclusions vis-a-vis the efficacy of the two
approaches should be avoidedr Clearly, a computerized
multiple " choice exam 'can never function as the sole
predictor of «clinical competence. However, 1if similar
processes appear to be in evidence in both contexts, then it
woulq appear that both systems have good evaluative
properties, Evaluation of medical students should be
multidisciplinary in scope, the purpose of which would be
for the identification of both strengths and weaknesses.

The discovery of specific processes that pertain to
medical problem solving-(high backtracking, high mean éime
spent on problems with lower clinical scores) could in fact
alter the approaches employed to teach medicine. Teaching
strategies must key in to the mode in which the individual
thinks. The medical problem solving paradigm constitutes an
attempt to codify these processes. The research project
completed has illustrated however that clinical evaluative
components must always serve as an adjunct to medical

problem solving investigations. Aspects of the two
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approaches do covary ‘with one another.
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’ APPENDIX

{ cug.n EVALUATION FORM

™~ .
DEPART!ENT(N MEDICINE
MGILL UNIVERSITY MEDICAL SCHOOL

* STUDENT NAME : &

HOSPITAL: .

EVALUATOR :

: N D O

ATTENDING STAFF HOUSESTAFF

REPORT COVERS: FROM 10

PHASE 11
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