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This investigation ,explored 
f, 

the nature of the 
• . 

relationship between success~ul performance,on computerized 
Il 

multiple ehoice exams and clinical performance in third year 
) 

medieal 8tudents. 'Included was an éxamination of the 

~proeess of medical prob~em solving and its charaeteristic 

properties. Specifically, scores obtained on 18 c~puter 

assisted multiple ehoiee questions were correlated with 

clinical evaluations that were seeured through a ,,10 category 

checklist. 

The major finding of the study was that there were some 

signifieant correlations between certain categories of the 

clinica1 checklist 'and various measures obtained via the 

computer. There was some evidence of differing strategies 

among subjects. In the light of other research it is argued 

that theee differences may reflect a varying knowledge base. 

The display of similar behaviors on suecesstul 

performance in both settings led to the conèlusion that 

computerized multiple choice exams do have a predictive 

capability with reference to clinical performa~ce. The lack 

of signlticarlt correlations among all variables ~ed to the 

conclusion that a mixed array of criteria should be used in 

order to evaluate c111\1cal perforll~nce. 

It was also falt that as a result of the existthg 

evidence the proceas of medical education would pos8ibly be 

enhaneed by 

instruction. 

the use of a problem sOlving mode of 
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BSOMB 

Cette 'tude porte ~ur lè rapport 'ventu'el entre de bOns 

r6sultats aux exaména informatis6s l r'ponses multiples et 
«-

de bon r'sultats cliniques obtenus par des 6tudiants en 

troisiam~J ann6e de m'dicine. On a 'gaIement 6tudi' la 
"'-':. 

r,iolution d'un probl~me de m'dicin~ et ,es propri't's., 

Plus pr'cis~ent, on a compar' les r'sultats obtenus l 18 

questions '1 r'ponses multiples aux 'valuations cliniques 
f 

r6alis6es au moyen d'une liste de contrale l dix cat6qories. 

La principale conclusion de cette 'tude est qu'il 

existe des rapports 'troits entre plusieurs des cat'gories 

de la liste de contrale clinique et les diverses mesures 

obtenues par ordinateur. On a également constatA 

l'existence de stratégies variables entre les sujets. Si 

l'on en croit d'autres 'tudes' men'es l ce sujet, on peut 

affirmer que ces diff6rences t6moignent de divergences au 

niveau de la base des connaissances. 

La constatation de comportements analo9ues relativement 

à de bons r6sultats dans les deux milieux nous a amen' 1 

conclure que les examens informatis6s l réponses multiples 

permettent de prévoir les r6sultats cliniques des étudiants. 
, 

L'absence de corrilation notable entre les variables donne à 
. 

penser que pour 'valuer les r6sultats clinique,s des 
/ 

6tudiants, il faut se baser sur un 'ventail de crit~re8 tr~s 1 

diversifi'. 
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On a '-gal.ment coné1u 
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que -devant les preuves 

de 1 la .'decine pourrai.t o existantes, .1'enae i lJnement 

Wnkicier de .6thodea bas'es aur. la r'.Oluti~ de 

.. probl~_s. 
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INTRODt1C'rION 

Researchers in medica1 educa!:ion have encountered 

difficulties in the evaluation of medical students. There 

have been problems in constructing rating blstruments that 

provide formaI, discrete and unambiguous data. Medicine as 

a discipline has a structure that is dichotomousl there is a 

pote.ntial for a significant variance between success in 
" 

artificial environments such as exams, and exper tise 

exhibited on the job. It will be shown that attainment of 
. 

super ior marks is not necessar i1y a good predictor of 

consistently good performance in the actual doctor-patient 

encounter. 

The primary goal in medical education ls to delineate 

whether or not the student is or will be clinically 

caapetent., Histor ical1y, one con tentious issue has been" the 

locus of debate: 'the view of some hàs been that the 

approaches utilized t:o rank rnedical students, interna and 

residents have been both haphazard and subjective. This 

literature review centers on sorne of the problems faced by 

researchers who attempted to formulate rating procedures 

that would serve to circumfCribe aIl the characteristics 
f 

pertaining to total physlc1an performance in both 

hypothetical and real-life settings. Accordingly, the . , 
literature review in this thesis will condst of two parts. 

The first section will explain and expand upon the use of 

performance checklists for rating purposes. Bvidence will 
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a180 p~ presented tbat will reveal the ser ious problem of 

~ the inability to obtain interrater reliability a8 well as 

the issue of questionable item validity. 

As a function of the above mentioned problems, the 

second section' of the review will serve to explain why a ,. 
different methodological approach vis-à-vis physician 

evaluation has emerged. The new form of analysis la 

cognitive in nature and the conclus\on ia that 

heuristically, the physician i8 a problem solver. There 
, 

will be an extensive explanation of Wfedical problem solving, 

what the latter entails, and how it measures the skills and 

abilities inherent in the medical eontext. The review will 

conclude with an explanation of the goals of the present 

inquiry, one of wh\Ch is to diseover whether or not a 

correlation exists between the two different analytical 

frameworka, 1. e. checklisting and medical problem solving 

for the purposes of identify ing and raUng clinical 

competence. 

Chapter III discusses the methodology utilized with 

descriptions of the sample, design and specifie procedures 
, 

necessary to ad*inister the project. 

The results of the study are presentee! in Chapter IV~ 

included 18 a de8cr iptive text acccmpanied by a number of 

tables tables eXhi,biting 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 
tl 

i ts alleged s ignificance. .. In r 
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UVI" or 'l'BE LITBRA'l'UD 

The purpose of this study ia to Inveatigate whether or 

nct a relationship exista between success on computerised 

multiple choice exams and performance in a clinical milieu 

by Medical 

hi.tor ic:::ally, 

, 
students. It will 

the ;bnstruction of 

be pointed out that 

distinct quantitative 

allesament criter ia for the purpose of clinical evaluation 

ha. proven to be a ditf icult process. ReB~archerB have also 

found it difficult to delineate a consistent confluence in 

performance among differ ing Medical con texts. The 

literature review will conclude with a description of 
r' 

rnedical problem BOlvinq with the viewpoint beinq posited 

that some relatively new aspects of research in rnedical 
J 

problem solvlng can better address current problematical 

issues in medieal educa tion. 

PrOble •• Involving the Ole of 
Ilating Scalel in Medical Education 

Studies rating clinical canpetence have mostly involved 

the use of checklists. At timea reliability and validity 

have ~een difficult to obtain. It has been discovered that 

technical skill. are easier to evaluate then intèrpersonal 

interactions which subsume subjective criteria. Harden 

(1979) camaents on the need for iaprovement in both the 

reliability and the validity of the clinical exaaination. 

Th, Author cites studies in which marka awardeel by one 

1 
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examiner differed 
\ 

by as lIuch a8 25' trOll tho.e awarded by 

ano€her examiner for the eue performance and it was a180 

discovered . that inconaistency 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 of the existence of 
tf 

examiners who tended to favor high or 10v marks. It was 
1 

revealed tha t one examiner "8 influence on hia colleagues 

resulted in the lowering substantially below the expected 

level the paas rate for the candidates that he examlned. 

With reference to the issue of validity the canment was made 

that frequently during clinical examinations what was 

measured was not what should be melaured. Th~, oper ational 

definition of clinical competence utilized 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 in terpret symptoms and abnormal signs, acumen in 
\ 
\ 

arriving at a reasonable diagnosis, and judgment in the 

management of patients. Harden (1979) also notes that the 

doctor's ability to frame a dlagnosia depends on hi. skill 
"'f' 

in cOllecting the appropriate information and recognizing 

patterns auch as abnormal gait in certain patients due to 

r underlying pathol09Y. It is felt by the author that a 

clinical eXllIlination should entail a atudent '8 appli~tion 
'i 

of knowledge in relation to a patient and vith his clinical 

skills and attitudes al opposed to sOlely focusing on the 

extent of his factual knowledge. A cogent and important 

1 
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tin.ding was noted: student.s fo'und to have the beat record in 

undergr«duate examlnations .frequent1y did not make the best 
. -, \ 

house physicians or surgeons while students exhibitinq an 

average performance on examinations were found to be 

excellent house staff as well as enjoying a very successful 

career in medicine. Bowever, the experimenters did not 

reveal upon what standards~ the latter formulated conclusions 

were based. Other comments made in the critique include the ~ 

be1lef that several observers shou1d be used to assess 

clinical competence in order to cancel possible individua1 

observer variation. Board examinations (e.g. National Board 

of Medical Examiners) are criticized by the author citing 

Newble and Elms1ie (1978) who point out that the boards, in 

the interest of reliabi1ity, exc1ude the clinical camponent • 
.. 

Board examinations therefore are 1tmited for use as an 

instrument to assess cliniea1 competence. 

The efficacy of pe~formance checklista for the 

de1ineation of technical competence ahould not be minimized. 

McCaffIey (1978) deve10ped a çheek1i8t that rated routine 

neurologieal vital signs. In or der to clearly define and 
, 

identify symptoms, a nominal (i.e. yes-no) format was 

utilized. It ia' felt by the author that checklists are 
, 

advantageous in that the learner is provided with specifie 

step-by-step instructions regaIding the performance of a 

basic neurologieal exam and that the instructo~ is thereby 

provided with a reliable valid mea.uremen~ tao1. The 

cheek1ist in question was constructed in order to aS8eS8 a 

nurse practitioner's c1iniea1 ability in neuro1ogy. Parts 
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of it focus on the nurs.'s ability to give the patient 

correot instructions because it vas not.d that to aeourately 
- \ 

rate a neurologieal basellne a nurse must give appropriate 

instructions as well as IDake observations. The methodo~ 

involved the instructor checking off whether the bebaviors 

were performed correctly or incorrectly (i.e. yes or no on 

the checklist) while the 8ubject (nurse) conducted the 

examination. Immediately following the examination, the 

nurse vas required te chart the findings on a worksheet. It 

was [evealed that prior to the use of the performance 

checklist aproxlmately one out of ten nurses successfully 

performed the neurological eX&m. After implementation of 

the checklist unsuccessful clinical performance'ws found to 

be rare .. It was further posited that checklists preclude 

the use of unnecesaary redundant verbal teach1ng. '1nal1y, 

the notion vas put lorward that checklists provide immèdiate 

feedback on performance, and are a self-paoed /learning 

me thod. 

Reliability-validity issues were addressed by O'Oonohue 

Jr., and Wergin (1918) in a study that consisted of Medical 

students being evaluated during a cl:.i:nical clerkship in 

internal Medicine. Specifically, 175 third year mettical 

studentls were evaluated durinq a three month clinical 

clerkship in Medicine. They were evaluated by full-time 

attending physicians and medical residenta. ltvery student 

was evaluated by at least five inltructors, each of whoa 

submitted an independent a ...... ent form. At the end of the 

three month perlod aIl students were given a "ritten and an 
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oral eXatll. The latter contarined mostly multiple choiee 
" 

items. The exper iment~Es were concerned vith investigating ~ 
<

the alleged reliabili ty of independent faculty rating8 of (l 

atudent clinical canpetence. A sub-goal waa to dater.in. 
, 

the reliability of independent faculty judgllents of studen,t 

campetence in an oral exaJ'll. A further aim was to delimit 
\ . 

the nature and degree of relationahip among three mealures 

of student clinical competence: written test, oral exam and 

clinical performance ratings. Results indicated a good 

correlation C~.·. 70) between the ratings assigned by the 

attend~9 physicians and the residents. It vaa a1so 

discovered that reaident physicians tended to give studenta 

alightly higher scores than did attending PhysicianB~, 

Reliability was found to exist between tvo independent 

judgea (.r-. 75) via-l-via the oral examination. It waa found 

however that in traclass correla tions among attending 

physicians and among reaidenta were low (.32 and .38 

reape~tively) which led the experimenter s to conclude that a 
~ 

greate{ variation of ratinqs existed vithin atudenta when 

evaluated separately and at different times by the attending 

physicians or reaidents. In essence, individual differences 

over shadowed po.siblè r ating diapar i t iea between the 

attending phyaicians and residents. Finally, it was 

diseerned by vir tue of the intereorrelations that the 

relationships among the three sources of atudent evaluation 

were amall which would seem to indicate a definite dichota.y 

between suceeaaful performance in an artificial environment 

(i. e. and ex.) and performance in a real-l ife aetting. The 
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latter C!onclusion was confirmed by the faot that neither the 
"-

vr itten nor the oral exam alone eorrelated well vith 

clinical performance. 

"asur •• nt of Int.r~iéwinCJ Skills 

In order to 9ath.r data (alicit from a 

patient a doctor degree of 

in terv iewing skill. canponent of 

physician performance to be difficu1~ to 

evaluate. Again, t&e problem found to be present was the 

difficulty in obtaining aignificant inter rater reliability. 

In ese.nce, the objective measurement of interviewing skills 

has not been easily attainable. 

Relfer and Hess (1970) comment on the difficulty that 

medical educators experience when tryinq to objectively 

measure interpersonal caDlll~nication sk ills of medical 

students. It is notecl that traditionally ratings have been 

found to be extremely subjective and done by a single 

observer. It la also stated that more cCllUlOnly, 

interpersonal skills are not quantitatively assessed by 

medical educators. It is claimed that students require 

t •• dback and constructive eriticisa. It ia a1so posited 

that standardisation of the intervievinq technique vaa 
1 

ditficult due to the at times vide variation betyeen 
. 

patients, for ex_ple cliffering problella and backgrounds, 
" 

lack of aotivation and wide-ranging verbal skills fra. poor 
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to excellent. The experiment.rs felt that the problem of 

atandardization could be solved by training simulators to 

portray patients (in this case mothera). Two meaauring 

instruments to rate the interviewing technique of six 

randaaly selectad senior medical students vere utilized: an 

interactional analysie form which listed Il behavioral 

categories presumably exhibited by the physicians in varying 

degrees during the interview with the mother and. a second 

instrument which dea1t vith factual information of both and 
. 

organic and psycholog ica1 nature that the physician 

recorded. Fi va sophaaore medical students vere utilized as 

raters. They vere provided with operational definitions of 

the Il cateqories on tb"@! interactional analysis form and all 

raters vere tralned together. With regard to interrater 

re1iability, it was found that the latter coefficient rarely 

fell below .90 on the Il cateqor!es in the interaction 

analysis form or be10w .75 when several differant interviews 

vere rated on any specifie cateqory contained in· the forma 

Not 
!" 
surprisingly, it was discOYered by.the exper lmenters 

, . 
that much 1e_. time was required for the ratera to reach 

aimilar levels of agreement for the factual checklist. This 

'under scor es the previou.ly mentioned presence of .a 

subjective variable when rating total phyaician performana.. 

In a similar vein, Barbee, 'eldaan and Chosy (1967) 

found it difficu1t to obtain interrater reliability when 
\ 

measuring interviewinq skills of aedieal students. , Like 

Many others it vas their contention that the evaluation of 

.edieal education lacks objectivity and precision especially 

, 
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durln~ the c11nical years. They were aware of the problern 

of Obtaining lnterrater agreement as well as the dlfficulty 

of formulating quantitative criteria to assess performance. 

The subjects consisted of ten sophomore medical students who 

were enrolled in an introductory course in clinical 

rnedicine. Audiotape recordings were made of the present 

illness history taken by the students durinq their first 

patient interviews and on each of the succeeding six 

interviews during the semester. Port y tapes, i.e. the first 

two and the final two interviews by e.c~ of the ten students 
" <t . 

were eval~ated. The evaluation form itself was adapted from 

research done by Hinz (1966) and Matarazzo, Phi1lips, Wiens 

and Sas10w (1965). 

The raters consisted of four faculty members of the 

Oepartment of Medicine of which three parti~~pated 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. 

Each rater independently eva1uated all 40 of the randomly 

number ed tapes. After camp1etinq the tape evalu\tion each 

rater was required to assign a number weight of 1-7 to each 

of the 12 items on the present illness history form 

indicating what the rater felt each item represented in 

terms Qf relative importance in the overall evaluation of 

the present illness history. The original score qiven by 

the rater to each item was multiplied by this factor to 

arrive at a weiqhted scbre for each of the tapes. Tbe 

latter were then camparad to the unweiqhted present-illness 
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hi8tory scorel. Six months later (to test reliability) each . ~ 

rater rerated eight of the 40 'tapes. The two sets of 

ratings were campared. The results showed that following 

the six hour ·training session signifieant interrater 

agreement was aehieved 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 recalcul~ted 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 unt~ained rater 

showed no significant agreement with the other raters. The 

correlation was .9~ between the weighted and unweighted 

ratings. 

Significantly, it was also determined in the experiment 

that less satisfactory levels of agreement were elicited on 

the interview technique section of the forme The summary 

question was found to have the best correlation (!-.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 repeat their 

previous performance, the correlations being .12 ~nd -.13 

respectively. However, the test-retest reliability on the 

interview technique section was found to be extremely poor. 

None of the raters made second evaluations which 

signifieantly eorrelated with their initial ratinq •• ~It was 

\ 
- l' -



o 

....... _---------_._----~. 

furtber notecS that the importance of us1ng trained rater s 

waa under acored by the consIstent lack of agreement 

characterlatic of the' untraineCl rater. The results also 

revealed a need for parlodic retraining as evldenced by the 

fact that one of tbe trained raters could not duplicate his 

original ratings when rerating the 8 tapes 6 months later. 

It was further noted that a more permanent interrater 

agreement could have been 'acbieved had practice tapes been 

utilized intermittently throughout the study. It was also 

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 la tter result was a funetion of the 

more subjective and individualized nature of the interview 

technique. 

However, the above paradigm contained several flaws. 

The use of audio r ather than videotape la somewhat l!mi ting 

and May not consititute a full revelation of the differing p/,? 
vicissitudes inherent during the doctor-patient encounter. 

The use of videotape could be helpful as facial expressions, 

eues, or other physical demeanours might be identified and 

rated. Finally, the diseovery that the in terview section of 

the form contained little interrater reliability vould seem 

to identify a need to better quantify in terviewing sk ills 

into more aceurate, diacr.te canponents. 



o 
fte b •••• ent of Clinical Skl11s 

J 
Binz (1966) experienced considerable prob1ems when 

trying to conatruet an objective instrument that could be 

uti1ized to c1ear1y assess c1inica1 ~ki1ls. The study was 
• 

not successful as evidenced by the failure to obtain 

interrater reliability. The experimenter believed that a 

conundrum exists in the field of medicine in that although -medical knowledge is measured by objective examination, he 

did not believe that su itable objective measurements of 

student performance in the area of clinical skills existed. 

It is further observed tha t performance ia seldam witnessed 

by faculty and is mostly j udged indir ectly v fa case reports 

or the presenta tion and discussion of cases by the student 

on ward rounds. Rinz (1966) states his bel!ef that the 

la tter me thods are subjective and tha t ther e is no uni for. 

method of determining excellence in the case method based 
, 

upon performance. Bis study focuses upon the deve10pment of 

A Diethod of direct observation of students used as both a 
J; 

teaching and evaluating device. The objec~tive8 were ta 

determine if teaching is improved by having an instructor 

observe at the' bedside during a student's case wo,.:kup, ta 

dev-elop objective scoring scales to judge performance in the 

case method, and ta learn if direct observation identifies 

aspects _ of student performance 

apparent. 

- 14 -
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The me-thod involved the' use of a 'rating scale by 

trained physician observers working vith third year medieal 

students on an introductory medieal clerkship. The rating 

scale vas constructed in a manher such that items were 

categorized according to various portions of the patient 

examina,t,ton focusing attention on the content of the present 

illness and the technique of eliciting the history. To keep 

the number of items limited it vas decided to sacrifice 

specificity for general applicability. There were 50 items 

on the liste They were scored on a 4-point scale according 

t~ whether they wete performed completely . or incompletely. 

The scale provided for considerable space for notations 

during observation at the bedside to aid in campleteness of 

scoring and to facilitate later discussion and feedback with 

the student. A separate checkllst for aIl individual parts 

of the, physical exam vas a1so used. As predicted, there 

existe~ the prob1ems 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 

audiotapé films, aIl of which utilized the rating scale. 

The ratera eonsisted of four senior residents who performed 

repeated ratinqs on five or six students. 

The procedure involved each student performing a 

canp1ete workup of a nevly admitted .hospital patient. The 

rater aat at the bedside during the ent!re history and 

physical exam and recorded the observations. At the end of 

the workup the students summarized their findin98 a~d 

presented them to the rater. The subjects were observed on 
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the first patient they examlned and also after two and four 

months of clerkahip experience. 

It would aPPear that sever al flaws v.re preaent in the 

e~periment. Many of the criteria were Imprecise and lacking 

-in definitive quantification .procedurea. l'or ex~le, it 
~ 

Vâ8 revealed that the degree of inter!atef variation vas not 

ealeulated statistically but the experimenter stated that it 

vas reeognized to be great. The latter ls an indieator of 

faulty me th~olog le al standards. Another design 

laperfection was the lack of precise numerleal scor~g as 

incUvidual items were not weighted even though the 

,xperimentèrs recognized that they varied in importance. 

The forms were scored according te the total num~r of items 

performed canpletely or nearly canpletely caapared w,ith 

those that ,were imcanplete or omitted. Items omitted werè 

noted in order to identity consistent patterns of error. 

~he fact that individual items could not be welghted would 

aeam to denote that the seale lacked reliability. Howeve~, 

it was dlscovered that direct observat'ion waa usefu! in that 

it revealed aspects of student performance that were not 

readily apparent on tard rounds; 

some subjects were found to' .. 
observation but presented cases 

vice versa. 

Hinz 
,-

(1966) expanded the 

an illustration was that 

perform well" 'on direct 

badly on ward rounds and 

project by eondueting 

relability studies of direct observation in vhich senior 

medieal studenta were the rate~s. Hovever, it la anelear 

how rellapility can be established if the knowledge base of 

- 16 -
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the raters (i.,.. senior medic.!l atudenta) is le.s than 

,) 

opti«al. The method vas rather flawed ln that it conaisted 

ot five three hour group sessions in which the raters 

in dependen tly scored films or audiotapea of actual 

interviews. Next followed item by item discussion of the ( 
/, 

ratings. At the end of the training period, item agreement 
.. 

between individual pairs of observera averaqed 75 and 68' 

respectively in two groups of four raters each. Conversely, 

in the actual test the four observers worked in paira, each 

pair rating 10 different students at the bedsid. and making 

an audiotape recordîng 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 observer s. 

The results showed that item agreement between pairs of 
, 

observers remained at 7S' during the experimenta1 period and 

did not improve during the period of data collection. The_ 

latter finding was an indication that the ratera had reached 

maximum levels of agreement only during the training periode 

No single item was deemed to be reaponaible for the 

disagreements. The experimenter conceded that the broad 
• 

distribution of disagreement was an indicator that sources 

of inconaiatency were inherent in the method used rather 

than isolated to a fev items or definitiona. As a result, 

an adequate test of re1iability could not be devised by the 

experimenter. It ia further stated by the experimenter that 

in order to achieve a ai~nificant teat of re1abillty 

multiple obaervations of a ,large numtrer of individua1 

- 17 - -_._----, 
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students by multiple ob •• rvers woul~ be ne.ded. 

• A rinal Ilote on Interviewing Skill. 

There have been further .tte.pts at creaUng a 

• ea.urin9 instrument that could discretely a.sess certain 

aspecta of clinica1 perfor_nce (e.g. interviewin9 skills). 

The thesis posited is that succesaful physician performance 

ia not solely dependent on technical know1edge but a1so on 

humanistic expertise. The ar~ument 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 i8 Imperative that the physician when 

in a problem solving mode possess the ability to delineate 

the appropr ia te cues (symptoms) trom a patient in ordèr to 

construct a diagnosis. Accordingly, a poor interviewer 

vou16 not be able to tease out or intuitively diseern the 

pathology ostensibly preaent in a patient. Still.an, Sabers 

and Redfield (1976) pioneered the use of the Arizona 

C1inical Interview Rating (ACIR) Sca1e as a device for 

grading in terv iewing sk i11s. The scale was deve10ped after 

1istening to and observing interviews conducted by 

experienced c1inicians who were considered to be excellent 

interviewers. It was atteapted by the conatructors of the 

scale to identify character iatics of their techniques that 

were unrelated to the information ,that they collected. 

Pourteen criteria that were eharaeteristic of exceptiona1 

- 18 -
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technique and Afplicable to any type of intervie. vere 

~ 
fOIllUl.ated by the experi •• nters. Bach category was 

evaluated uainq a five-point d •• eendinq acale "hieh . 

aeaeribed performance that ranged fro. exc.ll,nt through 

average to poor. 

Stillman l1980) did not discus. any proble. in 

obtaining inter or intra-rater reliability. Correlations of 
. , 

.85 ~d .90 are recama.nded in order to aafely conclude that 

both inter and intra-rater reliability are pre.ent. 

It il aome"hat curiou. that Implementation of the ACIR 

(unlike most of the previoualy cited atudiès in the area) 

wa. not plagued by relability factors. Perhapa the latter 

vas a funetion of better rater traininq or higher 

educational levels on the part of all concerned. However, 

the ACIR seema to possess some limitations: a five point 

scale is utilized althouqh only three points are defined, 

allo there art'1 no equal intelvala behreen scale points. 

Other problems include the fa ct that the scale is not 

behavioral, it does not allov the patient to complete a 

train of thought, and alao seme items seem to measure more 

than one behavior. Differinq items are related to _a ch 

other and overlap in a varie ty of ways. 

scale doea not appear to be additive. 

In effeet, the 

As evidenced by the ptobl •• s eited, it appears to be 

soaewhat difficult to aceurately qauge elinica1 ca.petence 

of both a technical and IDOre so of an in terper sonal nature. 

( ) " Dependinq on the .ubspec.ialty foeu.ed upon, the use of 

checklistl containlnq discretely defin.d n~in.l criteria 

- 19 -
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Rovlver, have proven to b. u •• ~ul ln 

.ceurete evaluation of total phyaician perfor .. nce whlch 

would inelude all aspect. of doctor-patlent interaction has 

r .. ained an elusive goal. 

"die.l 'rOble. 80lving r 
A nev eplstemological paradigm pertaining to •• dica1 

education has emerged. The nev and innovative frame of 

reference belng posited i8 that the physieian is essentially 

a problem 8olver. It has been attempted to relate and app1y 

the Newell and Simon (1972) informa tion-processing theory of 

human problem solvlng to the physician. Recent research 

whlch focu.ed upon how doctors typica11y diagnose (i.e. 

solve problems) patients has identified various stable and 

invarian t character isties antOng a11 subjects in ,the 

differing paradigm •• One of the principal tenets of the 

Newell and Simon mode1 ia that the incUvidua1 operation. 

performed by the problem 801ver do not vary over 

disciplines, the notion being that a musician coaposing a 

fugue or a surgeon planning an intricate operation uti1ize 

siallar cognitive sttategies. In other words, conceptual 

knowledge faci1itatea success in an endeavour, ';however the 

me thod. uti1ized to re.ch a goal s.a to be identlca1 

'regardl'.s of the information pos.essed by the individual. 

- 20 -
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•• well (1977) atat.a that prObl •• aOlv1ng eceurs in a 

probl ••• pace. This -ar •• - conaiat. of atat •• of knowledge 

(nod •• ) pertaininq ta the prOble •• Rewell qoea on to .ay 
7 

that the initial situation and the d.atred -situation 

eo-exiat vithin the problem space. The latter also con tains 

operators and analysta. Newell and his colleaque Simon say 

that cClllplex think 1nq proc ••• es that occur when atteapting 

to .olve a problem take place in what 1. termed a production 
. 

system, the principal camponenta consist1nq of a condition 

and an action. Apparently, at each node a decision is 
.. 

reached by an analyste An example might be a decision ta 

cros. the street after a traffic light turned green. If a 

specified condition of the production eystem at each state 

of knowledge (node) is met, then the action part of the 

production system is evoked. Many productions May occur at 

anode. According ta the autho~s i t ie not inconceivable 

that anode May have to satisfy Many conditions. Each node 

contains an operatori the latter can produce new nodes (~:,. 

states of knowledge) if conditions are met. In esserlce, 

there seams ta 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 in.olves an interaction 

between an information processing system, the problem solver 

and the task environment. The latter is the ta.k a. 

de.cribed by the experim.nter. As noted earlier, the 

problem solver repre.enta the ait~ation in ter.. of a 

problem apace. Si.an does not believe that the information 

- 21 -
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proce •• inq .y.t .. varie. over ta.k and prObI.. solver. It 
, 

is hi. contention that the .tructure of th. prOblem space 

deteraines the possible .trategies that can be utililed for 

problem solvin9. The information proce.sing sy.te. operate. 

s.ria11Y1 there is apparently a chunkinq of four to .even 

piece. of information in limited .hort-tera memory. The 

latter confor.s to the Miller (1956) thesis of the "agical 

nuaber 7 plus or minus two· where it is stated that 

apparently short-ter •• emory can only effectively encode 

between five And nine bits of information • The ability to 

• olve proble.s also involves the efficacious utilization of 

information stored in long-term memory which has a. one of 

its propert1es a 8e .. 1n91y unlimited capacity. 

Simon (1978) further states that search for information 

i. done in a sequentia1 manner. , The relative ease in 

solvinq a problem is dependent upon how sueeesafui the 

subjeet has been in representinq critieal featurea of the 

task environment in the proble. spaee. It is a1so felt by 

the author that trial and error aeareh i8 involved but only 

to a limited extent. There i •• om. discussion of mean.-end 

analysis which i. defined as a strateqy in whieh differenee. 

between current and desired situations are diacovered and 

next an operator relevant to each differenee is applied to 

[educe the di.parity. With r~lerence to the physician, it 

will be c1arified in the latter part of the review that more 

often then not, doctor. search for positive cu •• to eonfir. 

an hypoth •• i •• To a much 1 •••• r extent they .ubtract 

neqative fra. positive eue. ta arrive et e conclusion. 

----- ) .~ 
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SillOn (l97.) theorh.s that the nature of the ta.k 

environa.nt ie critical in order to Bolve the prObl... Sa.. 
... 

of the relevant variables are whathe, or· not the 

in.tructions are clear, and if there might exisil multiple 

solution.. It would "appear then that for a doctor, ft the 

patient exhibits definitlve syaptOlll', the task environment 

would be unambiguoul. Th. goal would be to eac.rtaln the 

nature of. the proble. and institute remedial action. tt ia 

further noted that one of the disadvantages found to be 
, 

pr.eent in ill-atructured probl... is that the latter 

hamper. recall of poslibly helpful informa tion frOlB 

long-term me.ary. 

Protocol Analy.is 

one of the principal character iaties of 

inforraation-proces.ing theory is th. u.e of verbal protocola 

to analyse th ink ing. Verbal protocole involve the subjecta 

stating out loud their thought proceases ae they go about 

solving a pr-oblem. !s •• ntially the subjeet ia think inq out 

loud. The use of verbal protocols doe. have limitations. 

The principal contentious issue ~ whether or not thinking 

aloud conatitutes an accurate depiction of normally .llent 

internal cognition •• 

Simon (1978) does not believe that the thlnklng aloud 

methodology cau •• s gro.., change. in proble. aolvlnq 

behaviour, although he doe. note that the thinking aloud 

- 23 -

.. 

: [ 
1 

1 
1 
1 



(i-
li 

1 
1 
1 

() 
proble. lolver i. alower, more planful and 'OIIewhat IIOre 

eSeliberate ln d.eanour than when .ilent. A study perfor_d 

by Br iClson (1975) is cited in which It .a. found that 

lubjects dld no,t vocalize goala that coûld be realized 

illUledia te1y as often •• longer range goals that were 

reachable though in~rmedi~te sub-goals. Vocalization was 

found to decrease as sub;iects becUle more ·profici\tnt in the 

task, at this point reaponsea se.ed to be automatic. It" 

was the conclusion of Erics.on (1975) ... ~at thé subject'. 

goal statements were predictive of subsequent moves. 

Nevertheless, it is virtually impossible to quantify 

thinking processes or to really know whether or not the 

subject ia revealing everything critical concerning his 

internaI cognitive mechaniS11ls. Researcher s must be 

cognizant of the fact that there do not exist Any completely 

reliable me th04s of mak ing accurate .. "measurements on the 

so-called intetnal space no~",ithstanding the cœplicated 

procedure of protocol analylis forlftulated by Newell (1977). 

The latter method appears to contain some ambiguity and the ' 

possibi1ity does exist that information not actually present 

could inadver tently be created. Another limitation present 

when utilizing verbal protocols is that it remains difficult 

ta discover what cognitive strategies preceded the 

"verbalizationJ hence it wou1d be some"hat oneroua to 

aecurately gauge the progre .. sion of plI'oblem-solving abi1ity. 

Lindsay and Norman (1972) state tbat possibly only sa.e of 

the aubject's internaI cognitions are revealed during the 

protocol and states are ai •• ed. 

- 2.& -
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.... nti.lly, proble.-aolving Ibility la inf.rrad bec. ua. at 

tia.a verb.l protocol. do not lIake •• n ... It ia, bowever, 

quite coneeIvable th.t verbalizatlon. 1I1ght repre.ant the 

end product of a pr.vious cbgnl tive function th.t was not 

revealed by the .ubject. 

'o •• ible Liaitation. of Infor .. tion .roca •• ing Theory 

Greeno (l978) critlclzel the information-proce •• ing 

mode1 of problelll-aolvinq postulated by Newe11 and Sillon 

(1972). It is stated that the theory cont'aina strong 

concepts for use in ana1ysing specifie tasks, but has not 

deve10ped a coherent body of theory cCDposed of genera1 

psycholog ica1 pr inciples. Ostensib1y the la tter me thod 

would better explicate performance in broad classes of 

prob1ema. Greeno defines problem solving as the process of 

identifying relations &mOng caaponents and fitting the 

rela tions together in to a patter n. Silli1ar1y, it will be 

illustrated that a doctor identifies re1ationahips betw.en 

cues (Iymptoms> and fits the. toqether to forll an 

hypothesis. Green~ does concede that problem-solving ski11 

interacts vith the individual's level of general conceptual 

knowledge. 

One possible iaperfection in the hYPQth •• i. of .n 

.llegee! r.lationship between information-processing theory 

and Mdiea1 proble. aolvlng i. that the consequence. of not 

being able to solve artifically con.truct.d pussle-type 
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prOble.. auch •• the 'l'en,er of Ranoi or Donald and t 

Gerald-Robert ln no vay approach the •• verity of a doctor'. 
( 

formulation of an inaceurate diagnosie. Thua the subject's 

motivation to solve a problem might tary over discipline. or 

categorical modes. 

Memory does play a role in generating solutions to 
" 

prOblems. Greeno (1978) cites a study performed by De Groot 

(l966) in which it was diaccvered that chess masters 

exhib!ted better recall of the position of soat pieces on 

the board than did average playera. This waa interpreted by 

Simon and Gilmartin (l973) as indicating that chess masters 

have stored in memory a large number of patterns of a few 

pieces' which they can recogn!ze as units. Similarly, it 

will be illustrated later:- in the reviev that a good and 

experienced physician stores in memory a' large number of 

cambinations (eues) of a fev eampeting hypotheses whieh are 

then conetrueted into unite. The physician eventually 

discarda the irrelevant hyoptheees and sett1es on one. 

Specifie Application. of Medical Probl •• SolYing 

Nov that the theoretical underpinning8 a8 we11 aa the 

inherent proble.s of information proceasing theory have been 

diacuased and evaluated, a se1ected sample of experi •• ntal 

manipulations which focuBed on the physician-proble. Bolver 

will be presented. The goal will be to highllght the 

salient characteriaties manifested by the doctor while in a 

- 46 
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proble. Bolving wo!k sit~ation mode. / 

To expand on the prevlous1y cit~d 0. Groot (1966) chesa 

findings, Norman, JaeOby, Feightner and Campbell (1979) were 

of the opinion that the thinking proceBses invo1ved in ehess 

are somewhat similar to those of clinieal reaBoning (i.e. 

medieal problem solving). De Groot (1966) diseovered that 

eheas playera (like doctorB) generated a number of eompeting 

hypothesea about possible moves. It was uncovered that the 

number of hypotheses, depth of atrategy and early hypotheses 

did not vary between chess masters and average players. The 

latter findings constitute confirmation of the Newell and 

Simon (1972) Wunivariate w , tenet' of problem solving. 

Hovever, De Groot (1966) did discover that the specifie 

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 ehess studies it waa 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 vith 

a random array of signa and Iymptoms (i. e. an a typieal ,. 
case), there should be no significant differences in recall 

between expert and novice groups. The subject population 

conaisted of four groupa with each containing five 

participants. Group one consisted of aecond year •• d1ea1 
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undergraduate., group two contai!'led first year residents in 

family Medicine, group three had tbird year residents in 

family medicine, and group four had the practiaing fallily 

phyaiciana. After being presented vith atypicai and typical 

written case protocols in which each subject was required to 

v'erbalize whatever they remembered about each caae, the ... 
results conf irmed the exper imenters'. prognostication. There 

was no difference in recall between typical and atypicai 

cases for Medical students and first y~ar residents. Third 

year res1j8ents had slightly better r~ali of typical c~ses 

but it was found that physicians showed significantly better 

recall of typical cases. Higher eduta tional levei 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 exper'fence and education. Since reeall of 
? 

atypical cases did not vary significantly over groups, 

memory ability for problem solving May not b, a significant 

factor for atypical cases. With reference 'tq better recall 

of typical casès, presumably the 

what symptoms to look for, i.e. 

what to encode. However, the 

\ 

experienced p~ysician knows 

to what tO(fttend to and 

processing simli.larities of 

atypicai cases reveal quite explicitly that thé methods of 

prob!em solving do not widely differ across indi'V iduals. 

Norman and Feightner (1981) compared the pettformance of 

medical students on simulated patients and on pa tient 

management problems (P .M.P .s) • The latter i8 operational1y 

defined as a written problem that describes chara'Cteristica 
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and symptoms of a clinical case. Information is elicited by 

the era81ng or rUbbing out of a responee box. A simulated 

patient encounter 1_ one in which actors are trained to 

ma_querade' as patients ccaplete vith th. alleged presence of 

appropria te symptoms. One important discovery via-A-vis 

(\ ..... ~c~l problem sOlving was that the clinical mea8ures 

..... :''-\-,adopted by each student were specifically a function of the --.. 
nature of the prob lem. The 

selected by each participant 

numbei: of cr 1tical 

was deemed to' be 

options 

strongly 

influenced by the specifie features of the problem. The 

experiment revealed that the physician or Medical student's 

actions were content specifie with referenee to the problem 

at hand. lt can also be noted that the rela tively low levei 

of in div id~al 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 

individuals. However, super ior conceptual knowledge 

f'aeilitates effieieney in problem solving. 

The following set of experiments extracted and 

identified similar charaeteristics and propertie~ of the 

physician-problem solver. 

Barrows, Norman, Neufield and Feightner (1981) examined 

the clinical reasoning proeesses of 18 famUy physicians and 

19 general internists via the use of the previously defined 

simulated patient Methode Each subject was exposed to four 

different cases and vas required to formula te a defini tive "" 

. "d~a9nosis. The results revealed that all subjects gener ated 

early, multiple and at time canpeting hypotheses. The first 

• 
- 29 

• 

1 
• 1 , 

t 

\ 

"-



() 

/ 

hypoth •• ia wes 

knowledge of 

advanced on an averaqe of 28 sec~ alter 

the firat complaint. The correct hypotheaia 

occurrèd one to aeven minutes in to the encounter. There was 

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 "nul1 hypothesis" school. They do not begin an 
t-

ana1ysis with the assumption that no rel.ationship exists 

petween variables. Converse1y, they ask questions in order 

to confirm existing hypotheses, they look for positive eues 

and they do not actively seek informa tion that wou1d serve 
,"', 

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

. f ifty-three physie ians who had obtained the correct 

hypothesis had thought of i t during the patient encounter. 

Thoroughneas was not found to be a funetion of accuracy as 
"" 

. the experimenters discovered that neither the total time of 

~. the \ eneounter nor the amount of data gathered was ... 

signifieant in predicting the correct diagnJstie outcane. 

The îata in th!s exper iment are vir tually identical to 

previous and subsequent studies in this review, especia11y !il 
l' 

the flnding that physicians formulate early and at times 

caapeting multiple hypotheses, the number of whicq range 

from approxima tely four to seven. 

It may be somewhat presumptuous to sta te that the above 

data serve as conf irmation of the Newell and Simon (1972) 
. 

model. Bowever, certain elements might in fact conatitute 

positive evidence for thétr approach. The pauci ty of 

individual differences lend weight to the invariance theorem .., 
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df problem sOlvinq defined earlier in the review. The 

limited number of, formulated hypotheles (4-7) are an 
" 

indication of the l<Urted capaci ty of short-term memory as 

well as procf of the Miller (1956) pioneer findinq that 

culminated in the -Magica1 nul8ber 7 plus or minus two" 

treatise. The Barrows, Norman, Neufeld and P'eightner (1981) 

study as weIl as future studies to be described la ter in the 
.... 

review reveal that multiple ear1y hypothesls formulation is 

a central element of the physician-problem solver. This 

mult iple hypothetico- deductive model has been found to be 

stable across physic ians and students. 

In an earlier study that focused upon Medical problem 

.solving Neufeld, Norman, Feightner and Barrows (1975) were 

primarily interested in two basic issues. Specifically, the 

goal was to determine whether or not a rela tionship exists 

between educational level and certain clinica~ prob1em 

solving strategies. A sub-goal vas to delineate how the 

strategies of Medical students compared vith those of 

exper ienced physicians. Result s indicated tha t grea ter 

experience and higher educational levels are indicators of 

more expertise in Medical problem solving, hoWever in a 
. 

general contextu.l fr amework the process is similar at aIl 

levels. Both groups displayed early diagnostic 

hypotheses, the la tter usually occurring vi thin the ftrst 

minute of the encounter. The specificity of the hypotheaes 

correlated positively vith educa tiona1 leve1 but their 

number or time of onset did not; One ha1f of the questions 

asked by the studenta " •• deterained to be Ipecifically 
", 
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telting hypothesel, one third of the questionl 'va8 

clas.ified as non-r~utine. Results indic.tec:! that as a 

function of inereasing education, students were IIOre 

thorough and efficient in their data gathering although the 

expe~imenters did no't:. feel that the relationship vas strong. ~, 
, 

It was further concluded that among both physicians and \ 

students, the earliness of hypothesis gener ation and the 

nUllber of hypotheses did not reveal the existence of a 

rela tionsh ii> vi th the outcome measures ~ however a lov 

a.sociation vas found to be present between thoroughness and 

early hypothesis formation. A further identifiable result 

vas that sueeesafui problem aolving in students was 

characterized by the generation of rather specifie 

hypotheses and a highly problem oriented search strategy. 

The latter subjects utilized specific questions for' the 

purpos. of eliciting significant findings as opposed to the 

use of extensive routine questions. The experimenters 

ascertained that the genesis of the hypotheses appeared to 

correlate with ~~Jo_~S patient experienee: the latter 

finding appears to con;~itut~ a reinforcement for the notion 
'--J 

of problem based learning as a device ta acquire the method 

of problem solving and to increase the number of patient 

cases to vhich a student might refer to generate hypotheses. 

A final r.,esult of the study vas that there was a positive 

'correla tion between the ab ili ty ta diagnose and higher 

educational level. 
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In another exploration of clinical rea.on1n9 Neufeld, 

Ncrman, Feightner and Barrowe (1981) cœpared the proble. 
1 

80lving abilities of physicians, pre-clerkah1p stucSents and 

recent post graduates. The simul.ted patien.t lIethod was 

used. Each patient-participant interactiôn was videotaped. 

As in previous experiments concerning this tapic by this 

group of researchera subjects vlewed a videotape of their 

individual encounter with the simulated patient while at the 

same time verbally recalling the thinkinq processes. 

Non-directive open-ended questions were utilized for the 

purpose of stimulating memory. The resulta could be viewed 

as a confirmation that the informa~ion processing theory 

paradigm ls applicable to lIledical problem solving. AIl 

groups were discovered to have constructed early hypotheses, 

approximately six in number which serves to illuatrate the 

limited capacity of short term rnemory (S.T.M.). Bypotheses 

vere generated roughly 30 seconda into the doctor-patlent 

encounter. 1 t was determined that all groups uncovered the 

correct hypothesis (diagnosis) after a tilDe perlod ranging 

frOID seven to eleven minutes. An important flnding was that 

the content and specificity of the hypotheses vere a 

function of educational level: however the accuracy of 

diagnostic outcane was strongly correlatecS 'vith increaslng 

education. 

Notvithstandinq the role that 18 playecS by educational 

level and experiance in the abllity to compo.. a correct 

diagnosis, th. Aboye experiment is a clear illustration that 

aedical Itud.nts and physicians approach probl •• 101"ln9 in 
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a .lal1ar manner. Tbe atriking and maat important finding 

with referenee to intor_tion proees.ing theory wa. that aIl 
~ 

groupa exhibited parallel proeeaainq, i.e. the formulation 

of e.rly, multiple and at ti .. s eoapeting hypotheaes. The 

only differences found to exist between phYlieian and 

student were that the former group performed more physieal 
1 

•• neuvera during the workup and elieited more eritieal 

findings. ' These differeneea were attributed to educational 
--....,.~ 

levei and not proceasing variations. 

The results should not be aceepted without reservation. 

Certain contentiou8 issues can be raised. StiJDulated recall 

via the employment of non-directive open-ended questions is 

not a reliable procedure. It is too retrospective and it is 

not inconceivable that the subjeet would not be able to 

remembe~ aIl of the thinking processes used during the 

patient eneounter. Ano~her possible dispute eoncerns 

whether or not the subject la telling the truth. In arder 

to ~ask an apparent inability at solvinq a problem, th~ 

subject may exaqgerate thinkinq processes ta the 

experimenter. !Another. pos.ib1e limitation was that the 

experimenters did not operationally define non-directive 
\ 

open-ended questio~s. 

The JIOst definitive and exhaustive investigation of 

•• dieal proble. sOlving 'las the Medical Inquiry Project at 

Michiqan State University which vas adJainistered by Iistein, 

Shulman and Sprafka (1978). 
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Sine. the findings are atrikingly .i.ilar to tho •• 

deacribed earlier, only salient highliqhts of the study will 

be deacribed. The experimenters placed .. diea1 prOble. 

solving in the context of the Newell and Simon (1972) theory 

of information proces.ing. The prOb1 •• solvin9 behavior of 

experienced physicians and medical studentl at varying 

levels Qf their training was studied in much the lame •• nner 

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 

ex iatence of a 'four-stage model of Medical problem 80lv1ng: 

eue acquisition (Le. symptom compilation), hypothesis 

generation, eue in terpretation and hypothesis 
\ 

evaluation. 

The MOst consistent finding across aIl subjects and designs 

was the gener ation of early hypotheses. The latter, 

aeeording te information processing theory, aerve as 

organizers of the data in short term memory. 'nte resulta 

a1so indicated a hi9h degree of content speeifieity in the 

process of solving medical proble.s. Indeed, one of the 

barriers that prevent formulation of discrete rules or 

characteristtes of Medical problem solving ia the difficulty 

of" predieting physician performance based upon one prOblell 

on prablems in different dalains. Accordingly, the 

exper ime n ter s propose that content apecificity is an 

iaplication that excellence in Medical prOblem solvinq 

depend. upon the type of problem a. well.. the thinkinq 

strategies _ployed. 
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Other r •• ult. of Blatein, Shul.aan an4 Sprafka (1978) 

include the fact that tbere w •• an inability to dillCern 

difterenc.. bat.een criterial (expert) and non-criterial , 

(non-expert) physicians. At t~., non~tit.rial phyaieiana 

po.ed more que.tions prior to generating a tirat bypothe.is, 

however, they did collect more data and interpreted the 

la tter IDOre accurately. 

However, none of the tindin9. concerning al1eged 

difterence. between criterial and non-criterial doctors were 

statistically significant. Furthermore, the experimentera 

dièJ not extr icate a signifieant correlation between 

thoroughness of data collection and aeeuracy in diagnostic 

formulation. AlI subjects were found to have adopted a 

hypothetieo-deduetive approach, i. e. early hypothesis 

formulation and a aearch for pOSitive eues for confirmation 

purposes. To a lesser extent negative eues were subtracted 

from positive eues and lubjects almost never aearched sOlely 

for negative" eues. 

There appears to be an interesting conundrum present in 

the Eistein, Shulman and Sprafka (1978) studies: the 

generation of early hypotheses regardle.s of the size of the 

data base and the revelation of very little intra-lndividual 

conslateney across problems. The two pieces of data appear 

to be a contradiction of one another. Indiv id ual 
..,. 

differences therefore appear to he in evidénce. Since both 

lubject (participant) and prOblem are unique, re •• archer. 

are plecluded frOil st.ting tbat probl •• solving bahavior 

acro.. individuals ia identical. The fact that .. dieal 



( 
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r ••• oninq app.ars to be ca.e specifie ha. led Blatein, 

ShulJaan and Sprafk. (19111) to conclude that the 
• 

psychological problem space retlect. the eharacteristics of 

the talk environment rather than p~rson.lity variables. 

Nevertheless, the consistently stable flnding of early 

hypothelis generation acro •• aIl .ubjects and at all levels 

doe. indicate that there are certain unitary aspects of 

problem lalving. The fact that aIl subjects in this (and 

previau.) experiment. simultaneoualy considered between four 
\ 

and seven hypotheses (i.e. parallel processing) does lend 

some weight to the Newell and Simon thesis. 

According to McGaghie (1980), the Elstein, Shulman and 

Sprafka (1978) project contains several ftlethodological 

flavs. The manner in which 15 measures of diagnostic 

reaBoning were compiled to represent medical problem sOlving 

is criticized .. Elstein, Shulman and Sprafka (1978) stated 

" that the measures were built tram 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, McGaqhie (1980) remaina 

convinced that the validity of the data suffers becule the 

variableè said to represent clinical competence cannot be 

reliably measured. It ia further stated in the latter 

critique that the saaple size utilized acro.. prOblems was 

toc .. aIl for the us. of factor analysi •• The raply of 
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Blstain wa. that • prohibitive s •• pl. of 200 ..oule! have been" 

required. It i. McGaghie 1. concluaion t.hat clo •• inspection 

of the data dOla not confira th. model'. postulation'ot the 

three unit. of ana1y.i. contrueted fram the 15 variab1.s. 

Accordingly, McGaghie does not feel that the BI.tein, 

Shut.an and Sprafka (1978) mod.l of cue acquisition, 

nypotheai8 

evaluation 

consiateney. 

gener ation, cue interpretat.ion and hypot.he.i. 
! 
t i' valid since th. model 1.ck8 internaI 
\ ' , .r 

\Ali concerned agree however t.hat future 

sJ:udies ahould focus on a wid.r range ot •• dical ca •••• 

pr ••• nt Re.earch 

The pre.ent th.sis will ex .. in. the previoul1y 

discua.ed issues of early hypothelia generation, performance 

on computerized multiple choiee exam. ver su,. clinica1 

performance and will att.eapt to close th. previoully 

deacribed gaps that eurrently encumber .. dieal education. 

It ls an outgrowth of work dona by Groen, Dauphin.. and 
'" 

McQueen (1981) in which the possibie relationahip between 

speed and sucees. 'on mult iple choiee ex_inations wa. 

eXaained. The subjeets were 17 fourth y.ar .. dical students 

"froa McGi1l University. An APPLB .icroc~ut.r "a. u.ed for 

the .tudy in which each 8ubject was required to an~er 20 

ault iple choice que.tion •• The firat two quest.ions were 

utilized for practice purpo.... Ten que.tion. were frc:a 

Medicine, .ix fra. Surg.ty, two fro. Obatetrics and two fro. 
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other aubjecta. AlI the probl ••• were of • form which 

includ.d, ln the following arder, a description of the 

~tient and that patient's aymptoas, a question requiring 

that a dtagnoeie be eon.tructed based upon the preeeding 

information and a list of six alternative diagnoses. Bach 

question was presented in •• g .. nted form on a video display 

sereen; i.e. eaeh eymptom or patient characterlatie wae 

shown indiv id ually. The subject wa. required ta prese F 

(for fOIward) on a keyboard ta be shown suceeeding seg .. nts • .. 
If a subject wished to review previously shown segments B 

(for backtrack) was ta be pressed. Backtracking aIs a 

The final segment of conformed to the segmented procedure. 

the problem always consisted of the question and the six 

given dIagnoses. The subject was required ta press (on the 

keyboard) a number (1-6) corresponding to what was felt ta 

be the correct answer. The dependent variables were 

solution times and the &mOunt of baektracking done. Results 

indicated that slow subjeets who did a lot of baektracking 

during the experimental procedure tended to do poorly in the 

actual final exam in Medicine. It .as also noted that fast 

performance in general during the experillent vas related ta 

good performance in genetal on the examination. Par the 

actual experiment mean time per aubject per segment was 

measured and it vas determined that subjects apent more time '" . 
on prOblems answered ineorrectly. The latter waa aleo found 

ta he true when measur In9 overall •• an tilDe P4tr problea. 

T-teats camparing mean tt.ea for prObl ••• anawered correetly 

and incorrectly were signifie.nt (!-3 .91" 
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laeent1y, MoQu .. n (1981) utl11.ed 13 r •• ident. •• aubject. 

for the experi •• ntal procedure. 'l'he prObl.. ,olvlnq 

characterlaties of re.ident, appeared ta be identical to 

tho •• of fourth year .. dieal Itudenta. Re.ld.nt.~were found 

to have .pent l'lOre time overall on probl... anawered 

ineorrectly and l'lOre t1ae per .eg_nt on the proble. that 

"roved to be in soluble to them. A one-tai1ed t-teat 

" caaparing _an timea an ... red correctly and incorrectly was 

signifieant C~-2.93, ,2<.01). Mot surprisingly, and probably 

due to the!r more extensive knowledge base, the reaidents 

were found to ~ more accurate than the Medical students. 

Opon compariaon of the backtracking done by the 

residents and Medical atudents, some interesting d1fferences 

were found by McQueen (1981). The fourth year Medical 

students backtrac~ed on between 0 and Il proble •• , and fell 

into two distinct groupa, backtracking on a rev or on _Any 

problems. Three aedical .tudents did not backtrack at aIl 

while aIl residents backtracked on at lea.t one problem. 

Residents did not backtrack on MOre than 10 proble.s. The 

variance of backtracking was le •• than that of the Medical 

studenta which i. an indication that the former .ppear to be 

a more h~eneou. group than the latter. 
, , 

1 
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Conclu.lon 

The literature review has att_pt.cS to ex_ina the 

po •• ible link between the Newell and SillOn (1972) 

information processing theory of problem solving and _dical 

'" problem solving. In one aspect (early mult iple hypotpesis 

formation and limited capacity S.T .M.) the eV!dance ia 

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 

specifie. There exists both variance and invariance. The 

consistent finding of early hypothesis generation among 

rnedical people a t aIl levels does indica te tha t globally the 

process of rnedieal problem solving 15 done in a sirnilar 

rnanner. There do seem to exist preconeeived notions about 

the nature and aetiology of the problern at hand. However i t 

was shawn that successful rnedieal problern solving is a 

funct,ion of increasing educational level. The diseovery of 

early hypothesis generation should not be regarded as a 

dramatic breakthrough. It ia imperative that physicians 

classify patients along a discrete con tinuum at an early .. 
stage in order to ascertain wha t or if remedial action 

should be pursued. The MOst coqent finding among 2111 

research paradigms was the Elstein, Shulman and Sprafka 

(1978) discovery that criterial and non-crite~ial doctors 

could not he differentiated with statistical significanee. 

The pre'ent thesis, an offshoot of the Groen, Dauphine. and 

McQueen (198l) study, attempted to explore whether or not a 
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relatlonahlp .xiata be1:WMn :1."ti ot achi.v_nt at 

hypothetical '.~t.uation. ILleh a. oœput.er b ••• cS Itiple 

choie. __ and perfor .. noe in ac:t:ual c1inica1 iona. 
• 

\ 

o 

- 42 -1 



.0 

• 

CJlAftD III 

MftBOD 

The atudy vas condueted in two distinct fr_Vorksl (1) 
, 

the a •• esamant of clinical perforraance via a 10 category 

checklist, and (2) the me.suraent Of performance on . 
multiple choiee que.tions via a computer ba •• a paradigm. 

Sople 

'l'wenty-s ix third year medical atudents participated in 

the study. Tbere, were Il females and 15 males. The members 

of the total groupie ages ranged from 21 to 32 with a Mean 

age of 24.5 years. The females ~lone ranged in age from 21 

to 31, the average age being 25. Males ranqed in age from 

21 to 32, the average age was 24.2. 

\ 

llatariala 

/ 
The c1inical camponent utilized a ten. category rating 

checklist, the first nine categorie. <:onaisted of a four 

point ascending scale while the last category (attitudinal 

charaeteristics) was om a three point ascending scale. 

Th. microcaaputer ba.ed mult ipla choiee questions wer • 
... 

gleaned from McGill University final exams iw the Paculty of 

Medic\ne of recent ye~rs. They vere of the ·one b •• t 
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reapons.- type. ln addition, eaeh item eontainea five 

() f dIstraetors. There wére 20 questions in" all, two of which 

were tor praetice purposea. The questions were seleeted 

fram .everal different sections of the exams (10 from 

Medicine, a.ix from Surgery, two fram Obatetrics and two fram 
!P 

dther sections). The questions were chosen to represent a 

cro.a-section of medieal prOblems, necesaitating diagnostic 

ability and clinical exper ience, as we'll aa 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 
. \... 

that pa~l~n~'s symptoms, (2) a question 

requiring that a diagnosis be made based on the preeeding 

information, and (3) a list of six alternat.ive diagnoses. 

The d,script ion of the patient ineluded presenting symptoms 

and sometimes results of lab tests or physical examinations. 

AIl the questions were of a similar form, each asked for the 

maat appropriate ~Jplanation or the moat likely diagnosia. 

The ordinal position of the correct reaponse among the six ~ 

choice. was randomly a.si~ned. 

The qu •• tions we're prepared in a 38 column forma t for 

presentation. Each question was aeparated into se9ments. 

T\e final segment of a problem always conalsted of the 

queation and the six given diagnoaes. The preceèHng 

information about the patient waa divided i~to a number of 

segments, one or two aentences in length, on the basia of 

the way such information would group together if obtainèd ip 

• natural s.tting. The questiona and .the segments were 
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select.4 by an experienced physician. 

Of the 20 aultiple choie. que.tions, the two practic. 
, 

items vere s.lected at randem and presented in fixed arder. 

The remaining 18 prOble •• vere the d •• ignated experimental , 
i te.s. They vere presented in four cou'nterbalaneed randOlil 

arder., the s.quential pattern utilized vas 4-1-3-2. 

The multiple choiee question parad1gm vas run under the 

control of an APPLE ~amputer, modified to measure'reaction 

time through add-on equipment developed by Digitry, Inc. 

The exper imental procedures were 
(,. 

implemented using the 

programming language PASCAL. The experimental stimuli were 

presented on the screen of a s.all television monitor. The 

subjects responded by using a special keyboard connected to 

the APPLE caaputer. ' 

Clinical CQIIPOHnt 

All a~. pertaining ta the verioua proc ••••• of the 

.ubj.ct.· clinical pertorane. v.re •• eluated via the 

eMokli.t. "cb individuel aubject wa. not rated by an 
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'l'he nu1lber of 
lit raters ranged equal amount of Instructora. 

trom one to four per 8ubject. AlI aspecta related to the 

course of working up the patient and recoaaending rea.dial 

action were 9raded via the checklist (see appendix). 

COmputer Ba •• d Multiple Choiee Question Expert.ent 

The subject was seated in front of a television sereen 

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 choiee 

question, while the B key -- the backward key, ahd the F key 

the forward key, controlled segment presentation. 

Prior to each question, a message appeared asking the 

subjeet to wait for the ready signal. Shortly thereafter, a 

ready message was displayed: the problem number was given, 

and the subject was asked to pr.ss the r key to initiate the 

question. Initial pressing of the F key resulted -in the 

presentation of the first segment of the probl~m. Next, the 

subject was permitted to see the subsequent segment or the 

preceding segment (provided 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 seg_n,t, 

pressing the F key would have no effect. On the last 
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•• gment, 1t-he 8ubject may choc.. to press the nt.œbered key 
1 

eorreaponping to the diagnosis •• 1ect.cS. Anlwer in9 tl)e 

question/terminat~d the presentation of the problem. 
1 

1 
Timt was recorded whenever a new segment wa. displayed. 

It stop~ed as soon as a key was pressed. The time and the 

key were then au toma tically recorded, and the timer was 

reset to zero. Timing beg'an again only lfhen a nev segment 

was displayed. 
\ 

Subsequent to a subject answering a question, no 

feedback was 9 iven. The message to· wait 'for the ready 

signal lppeared immedia tely, then after a short pause, the 

ready signal was displayed. Presentation of the next 

problem began when the F 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 f inger immedia tely following the 

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

a subject rested a finger against a key for too long a ,.. 
per iod of t!me. 

When doing the fir st two practice proble.s the subjects 

were perm1itted to ask Any questions that concerned the 

exper imental procedure dur ing th!. time or dur ing a pause 

which, followed. Hovever, during the actual experiment 

subjects "ère not allowed' to ask questions, with the 

exception of between the presentation ofilftoblells, due to 

th .. sensitive tilDe lIeasurement in progresse Subjects vere 

instructed to "'-respond as quickly and .s accurately .s 

J 
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arAP.ra IV 

DIOL'" 

'!'h. outccae of th. r •••• rch will b. pr .... t.d in thr .. 

part •• Table. 1 through 7 con tain 

atati.tic. a. w.ll a. oth.r descriptive data pert.ininq to 

aIl the meaaur •• Obtained. Tabl.. 8 through 16 pre.ent the 

ra.ults pertaininq to the go.l of t~ proj.ct--the 

investigation of whether or not a relationahip axi.ted 

between_ performance on computer assisted multiple choice 
f 

exams and clinica1 performance in third year .. dical 
, 

students. Table s 17 to 26 s'{ve as an examina tian of the 

data obtained on the computerizacS paradigm alone. 

Detler iptive St. ti.tic. for the Tvo P.rac!lg •• ,. 

Tables l to 7 provida descriptive data obtained on the 

caaputerized multiple choice ex_ and the clinical 

evaluation checklist. 

Table 1 •• parately lista the means and standard 

deviations for all ca.puter .... ure. including rever •• l. 

(i.e. the number of ti ••• per proble. a'subject v.nt back ta 
~ 

examine previoully g!veh infor .. tion). 

,. 
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'fAILE 1 

Meafta and Standard Deviatio"s of llea.ur •• 
Obtain.d on Coaput.r 1 •• d Nult lple Choie. OUestions 

o 

Experimental Scot. 

Muaher of proble •• 
Backtracked Opon 

Overall Mean Time 
Per PrOb1e. (Seconda) 

Mean Time on Problem. 
An.wered Correctly 

Mean Time on Problellls 
Answered Incorrectly 

Rever saIs OVer 18 
questions (percentage) 

Reversals on question. 
anhered correctly (percentaqe) 

Reversal. on questions 
answered incorreatly (percentage) 

Mean Standard 
Deviation 

11.15 2.01 

8,23 4.03 

69.87 16.42 

61.80 17.10 

83.60 21.26 

.58 .32 

.48 .32 

.72 .39 

'able 2 11Iustrat •• the, nuJaber of reversals per .ubject 

over aIl que.tions, and over que.tions ana"ered correctly 

and incor rectly. 

On total rever.al. ov.r a1l que.tien. the nuaber. \ . 
r&nCJed frOli a hi9h of 21 to • lov of one. "l'he .. an nUliber of 

rever •• ls wa. 10.42. 

\ 
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Por rev~r •• l. on que.tion. an ... red correetly the rang-

va. from 14 to 1. Th ... an va. 5.42. 
) 

On rever •• l. for question. ur,.avered ineor'rectly the 

rang_ va. fram 15 ta O. The .ean w.s S. 

The above re.uits say be indicative of a stable pattern 

of medium to high back track ing. 

TABLE 2 

Analysis of Reversals Obtained 
on Computer Measures 

Total Rever 8.1s Reveraa1s over 
Over 18 OUe.tions Questions Ansvered 

Correctly 
Subject 

1 20/18 
2 9/18 
3 18/18 
4 5/18 
5 14/18 
6 17/18 
7 9/18 
8 2/18 
9 11/18 

la 13/18 
Il 4/18 
12 13/18 
13 21/18 
14 6/18 
15 9/18 
16 5/18 
17 9/18 
18 12/18 
19 8/18 
20 2/18 
21 7/18 
22 12/18 
23 1/18 
24 19/18 
2S 17fl' 
26 8/18 

1.11 
.50 

1.00 
.28 
.78 
.94 
.50 
.11 
.61 
.72 
.22 
.72 

1.17 
.33 
.50 
.28 
.50 #" 
.67 
.44 
.11 
.39 
.67 
.06 

1.06 
.94 
.44 

.. an 10.42 

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 
1/12 
5/ , 
2/ 9 
5/12 
2/13 
2/ 9 
5/10 
1/13 

14/13 
13/14 

2/ 9 

1.17 
.30 
.93 
.25 
.79 
.73 
.25 
.18 
.54 
.63 
.18 
.50 
.86 
.17 
.50 
.08 
.56 
.22 
.42 
.15 
.22 
.50 
.08 

1.08 
.93 
.22 

.an 5.42 

- ~l -

« ' 

Reversals ovet' 
Questions Answered 
Incorrectly 

6/ 6 
6/ 8 

5/ " 
2/ 6 
3/ 4 
9/ 7 
6/ 6 
0/ 7 
4/ 5 
8/10 
2/ 7 
7/ {; 

15/11 
4/ 6 
5/10 
4/ 6 
4/ 9 

10/ 9 
3/ 6 
0/ 5 
5/ 9 
7/ 8 
0/ 5 
5/ S 

4/ " 
6/ 9 

1.00\ 
.75 

1.25 
.33 
.75 

1.29 
1.00 
0.00 

.80 

.80 

.29 
1.17 
1.36 

.67 

.50 

.67 

.44 
1.11 

.50 
0.00 
.5~ 
.88 

0.00 
1.00 
1.00 

.67 , 
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Table 3 focu". on the ch.ract.riattel of the .ultipl. 
fi'"' .. 

choie. que.tion. th ••• lve. and li.t. the MRa and .tandard 

devi. tion •• 

'l'ABLE 3 

S~ry of Data Aero •• Proble •• 
on Computer 11ed parad1CJa 

Variable 

Segments 
Time per Seg_nt 
Time Acros. Problells 

Me.n 

S.28 
13.41 
69.87 

Standard 
Deviation 

1.96 
3.32 

29.67 

Table 4 bas ically focuses on the vary lng nunaber of 

segments per ~tiple choice question. The intercorrelated 

vari.bles consisted of the number of segments, time per 

segment Înd t1_e per problem. As would be expected, there 

vas a significant correlation !-.8l, 2<.001 bet".en the 

nuJlb.r of leg_nts per problem and the tille spent per 

problem. It vas allo expectect that the tille .pent per 

seg_nt woul.d correlate liqnificantly vith the t1me spent 

per problea. The latter proved to be the cale: r-.46, 
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TABLE 4 

tnt.reorrelation Matrix of PrObl .. Data 
on Coaputeriled MUltiple Choie. Question 'aradig. 

Nuaber of Seg .. nts 
Ti.e per Seg_nt 
Time per Proble. 

Humber of 
Seg_nts 

* Signifieant at p<. 05 
** Signifieant at p<.OOl 

-.13 

'1'i_ per 
pr ob le. 

.81** 

.46* 

Table 5 lists various characteriatics of subject 

performance for e.ch of the 18 computer-based multiple 

choiee queations. 

Question n~er 10 proved to be the easi.st as 

evidenced by the fact that 24 out of the 26 subjects 

anew_red it correctly. Question numb~r 17 was the moat 

difficult, only nine subjecta were correct in their 

reeponses. TAe table also reveals a lover mean time per 

aubject per segment (12.39 seconds) on questions anew.ree:! 

correctly than on incorrect questions (14.84). The latter 

r.eult va. expected due to the subsequently reported finding 

of a signifieant difference between overall _an time on 

correct and incorrect que.tions. Subjecta epent more time 

on proble •• that were later found to be anawered incorrectly 

than on qu •• triona where they proved to be sucee •• ful. 
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Table ~ lista the .. an. and .tendard cSeviations' of 
1" 

.cor •• obtained on the clinical evaluation checkllst. 

TABLE 6 

Meana and Standard Deviations of Measures 
Obtained on Clinical Evaluation Checklist 

Mean Standard 

Global Checklist Score 
Investigation 
Differential Oiagnosis~PrOblem List 
Bi.tory 
Physical Exam 
Case Reports 
Knowledge 
Oral Presentations 
Communication Skills 
Self Education 
Attitude 

2.80 
2.69 
2.84 
2.77 
2.73 
2.82 
2.82 
2.70 
2.99 
2.83 
2.77 

Deviation 

.39 

.61 

.50 

.47 

.45 

.44 

.59 

.43 

.47 

.52 

.29 

Table 7 lista 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 conatruct validity of the checklist: it also May have 

been an indicator of the existence of a halo effect. 
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lntereorrelations of Meaaures Obtained on Clinical Bvaluation Cb.cklist 

In ... U- Dlfftr:- Bhtory-PbyiTciTC."- IAOIIl."9. OuI eo.G.l- leU itUtiae 
9atlon entlal 811_ Ileport8 pre.eo- cation lId_tloR 

DialjDQ8i8/ tation8 stilla 
Probl •• 
Liat 

"'&ft Icare .un --;TP~-~ ."PT-~u- . .,-p-T- .10** .82'* .Un .71" . lin 
averall po .001 po .001 po.OOl po .001 p-.OOI p-.OOI p-.OOI po.OOl (»-.,O~ (»- •• 01 

lave.U .. aUon .31* .3'* .46* .fl** ~T41i--- .55" -~.3"· .4P -.51. 
p-.031 p-.024 p-.009 p-.OOl p-.012 p-.002 p-.O"5 p-.OZI pa.OO" 

61fle unU.-r- -~---- ----.uu- --:-JJn----=-~- .51** -.~ .51** .48* .• 2'* 
Dlagnoaia . poo.OOl p-.OOI poo.024 (»-.001 (»-.0.4 (»-.001 (»-.0" po.OOl. 
ProbJ.ea ;::) 
Liat 

Il.t.ory- ----:-'fGu --- .IV- ---:'r2" nu .Un .n. .S,n .lIn 
p-.OOI p-.005 (»-.001 p-.OOI po.OOI p-.OOI (»-.001 

PliYaleal .... .uu .1'** :~.-----~·UH---~ .'P'Ii 
pa.OOl ~.00l ,..001 pa.OOl pa.OOl pa.OO1 

ca .... poft.-.~- ---~--- -~-- -~~- -~~--~- .41. -:J2*"--------:-JS------:-H*"----.T~ 

p-.019 poo.003 'po.03' (»-.011 pa.OOl 

bowleëJïj. -~~~ .::---~--- - -.:.~-- -~- .I.u---:-n· .nU .U** 
pa.OOl p-.OOi pa.OOl poo.Hl 

Or .1 . ,,(IiT~ ... ~ --- - .,,.,. 

pre_ntationa po.OOl po.Oel ...... 1 

c~nlcatlon .1OU .IP' 
Itill. pa.OOl ,. ••• 1 

Sin .Cln 
.aucat.ion IP"" ."1 
Attitudë 

* Signifieant at 2<.05 
•• Signifieant .t 2<.001 



u 
"lationlhip. a.tw •• n Me.sur •• on 

CoIIput~ lx .. and Clinical Cbeckliat 

. As illustrated in TaDle 8, no conaistent de-f initive 

relationship was found to exist between perCor_nee on 

eomputerized multiple choice exams and clinical competence. 

However, there were significant correlations between various 

cCllponents of the two task environments. The total multiple 

choice exam score correla ted significantly with the clinical 

investig ation category (.E-. 42 , .E-. 0 11) • These la tter two 

designations vere not found to correlate significantly with 

Any other element of the respective opposing task 

environments. It was discovered that similar levels of 

correla tions wexe found to ~ present between the numb~r of 

multiple choiee questions backtracked upon and the clinical 

category of differential. diagnosis/problem list <..;:=-.34, 

E-. 046) 1 and number of backtracks over problems with 

physical exam and finally number of 

backtracks over problems and the clinical category titled 

knowledge (!-.33, E= .052). The' pr<;>cess of backtracking was 

not discovered ta have exibited a signifieant relationship 

with any of the remaining seven clinical categories or with 

the mean score on the clinical checklist. 
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The ov.rall .. an tille apent on the multiple choiee 

que.tions significantly correlated with only one c1in1cal 

category: self-education (!--.35, ~.04l). The negaUve 

carrela tion i8 indicative of an inverse rela tionsh ip. It 

vas a1so noted that self-education did not exhibit 

significant correlations vith Any other part of the computer 
\ 

paradigM except for mean time spent on proble.s answered 

correctly. 

The simi lari ty of per formance on the two task 

environments was confirmed by the fact that signif icant 

negarve correlatiôns were uncovered between the computer 
1 t' 

rneasures of lIlean time spent on problems answered correctly 

and the mean score on the clinical checklist (!--. 32, 

E- .054), and mean time on problems answered correctly with 

differential diagnosis/problem list (!--. 34, .e- .045) and 

finally mean time on problems answered correctly with 

self-education <!--.4l, e,-.Ol8). 

In essence, the abave "ould seem to indicate that low 

mean times on the cOl1lputer-based mult iple choice questions 

answered, correctly would tend to serve as a precursor for 
~ , 

high clinical scdres on some categories. 

Tables 9 to 

sUbjects clustered 

16 serve as illustrations as to 

in ,.G.\s tionship to their scores 

where 
Q 

on the 

computer ized multiple choice exam and their clin ical 

rat1ngs. Cut-off points ,were arbitrarily determined in 

order to investigate the possibl~ cluatering of 

relationships between scores. . ' 
: ~ '" 
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TABLE 9 

Relationship Between Subjects 1 pe~formance on 
Computerized Multiple Choice Exam and ~inical Competence 

Total Score on 
Computer Measures 

High (10-14) 
Medium (7-9) 
Lew (1-6) 

Clinical Rating on Investigation 
( 

High Medium Low 
(3 .5- 4 .0) (2 .~-3.4) (1- 2. 4 ) 

3 ' 
l ., 
o 

Il 
3 
o 

Note: The number s at each leve1 ,epresent the number of sub
jects fa11ing into a particular category. 

~1e 9 indicates a lack of consistent uniformity in 
or 

per formance on the two task env ironments. EleveR subjects 

who had a high total score on the multiple choice questions 

(10-14) were evaluated as being average (i. e. medium) 

(2.5-3.4) when c1inica11y rated on the investigation 

category. Only three BubjectB were judged superior for both 

settings, (10-14 on exam, 3.5-4.0 clinica11y). Three 

subjects fell into the medium category (7-9 on exam, 2.5-3.4 

clinically). Fi ve subjects recei ved a low (1-2.4) clin ical 

score but fell in to the high (10-14) ca tegory on the eXaJR. 

An additional three subjects graded low (1-2.4) clinica11y 

but tft:ored in the medium range (7-9) on the exUI. One 

subject rece!ved a high clin ieal score (3.5- 4.0) but 
• 

achieved a medium score (7-9) on the exam. 

60 
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TABLE 10 
- . 

Relationahip Betveen SUbjeet.· Perfor .. nee on 
Computer ized NuIt iple Choiee Exam and Cl iniea1 'Co.petenee 

Humber of Prob1ema' 
Baek tr ack ed Upon 

81gh (10-15) 
..,.., Medium (5-9) 

Low (1-4) 

Hote: The numbers at 
jects falling into a 

C1inica1 Rating on Differentia1 
Diagnosis/Prob1em List . 

8igh 
.~--4 .0) 

l 
3 
o 

Medium 
(2.5- 3.4) 

7 
7 
4 

Low 
(1-2.4) 

o 
4 
o 

represent the number of aub
ca tegory. 

Table 10 charts the numbe of backtracks high (10-15), 

medium (5-9) and 10v camparison to the clinica1 

evaluation (h1gh, 3.5-4.0, ediuJIl, 2.5-3.4 and low,1-2.4) 

on different!a1 liste Seven high 

backtrackers were in the mediu range as were 7 

medium back trackers. Three ium backtrackers acored high 

clin ica11y while 4 medium backtrackera achieved low clinical 

8core8. Four 

scores while 

settinga. 

10w backtrackers achieved medium 
·f 

1 subjeet reeeived high scores 

'\ 
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TABLE Il 

Relationship Between Subjects' Performance on 
Computerized Multiple Choice Exam and Clinical Co.petence 

Humber of Proble •• 
Backtracked~Upon 

Righ (10-15) 
Medium (5-9) 
Low (1-4) 

Clinical Rating on Phy.ical Exam 

Bigh Medium Low 
(3.5-4.0) (2.5-3.4) (1-2.4) 

" 1 
o 
o 

7 
10 

3 

o 
4 
1 

Note: The numbers at each leve1 represent the numoer of sub
jects falling into a particular category. 

Table 11 compares backtracking to the clinical rating 

on the phyeical exam category. The parameters vis-a-vis 

high, medium and low are identical to those of Table 10. 

One subject fell into the high leve! for both categories. 

Seven subjects were high on backtracks and medium 

c1inical1y, while 10 subjects scored in the medium range for 

both categories. Four Bubjects were found to be medium 

backtrackers but were given low grades e1inical1y. Three 

subjects were low baektraekers but achieved medium c1in1cal 

performance while one subject was 

env ironments. 

rated low in both 

Tabl. 12 illustr a tes possible parallels between 

backtracking and clinical ratings on the knowledge category. 

Th( paraeters (higb, _diulII, low) are the sama .s tho •• of 

Table" 11. 
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TABLE 12 

1 Re1ationahip aetween Subjecta' Perfor.nca on 
Co.puterized Multiple Choie. Bxam and Clinical Competence 

Clinica1 Ra ting on lnow1edge 

Number of Problems Bigh Medium Low 
Backtracked Upon (3.5- 4.0) (2.5- 3.4) (1-2.4) 

R1gh (10-15) 3 4 1 
Medium (5-9) 2 7 5 
Low (1-4) 1 1 2 

Note: The numbers at each 1eve1 represent the number of sub-
jecta fa11ing into a particu1ar category. 

Three subjects achieved the high classification in both 

settings. Four high backtrackers received .. dium clinica1 -
grades while one high backtraeker was judged to be low 

elinieally. Two medium backtrackers received high c1inica1 

ratings while seven subjects scored in the medium range for 

both task environments. rive medium backtrackers were 

qraded low c1in1cal1y while one lov backtracker received 

high clinica1 ratings and another low ba~tracker vas judged 

to be medium clinica11y. Two 10v backtrackera received lov 

clinica1 g~ades. 

,,_ O1Table 13 focused on the pos8ib1e re1a tionah ip between 

the overall mean .time (aec) epent on the computeri.ed 

multiple choie. questions (high, 80-11S, .. diuII, 55-79, and 

10y, 40-54) and the c1inica1 ~ating on aelf-education. Tbe 

latter'. par .. eters are identica1 to tho .. of pr.vioua 
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tablea. 

TABLa 13 

Relationlhlp Between SUbjecta· Pertor .. nc. on 
Co.puterizec! Multiple Choice Bxam and Clinical Co.pet.nee 

• , Clinical Rating on Self Education 

OYerall Mean Time on 8igh Medium Low 
Computer Me.aure (8ec) (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 t~ nurnber of sub
jecta fa1ling into a particuiar category. 

One subject was found ta have a high mean tilDe and a 

high clinical evaluation on self-education. Four 8ubjecta 
"i\! 

with high mean times received medium clinical ra tinga whlle 

two lubjects with high mean tiJaes were rated low clinica1ly. 

Three subjects in the medium mean time range received high 

clinica1 ratings but 12 subjecta were found to be in the 

medium range for both taaka. One Bubject had a medium 

overall me an tilDe but was given a low clinical rating. One 

subject had a 10w overall mean time and a high clinical 
" 

rating. Pinally, two aubjecta vith low Ile an t iJDe a on the 

mult iple choie. questions were given aedium clinical acorel. 
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'l'able 14 illultratel caapariaonl betv •• n th •• an tilh 

(a.e) Ipent on multiple choiee queltiona an8Wered correctly 

(hlgh, 80-10S, Mdiu., 55-79, and low, 30-5~) vith the .ean 

score attained on the clinical evaluation checklist. 'l'he 

clinical parme ters are the ,SUle.S previou.ly d •• cribed. 

Tvo .ubjects vith high mean tilles had a medium Mean clinical 

ratinq. One 8ubject with a high mean tilDe achieved a lov 

lIlean clin ical rating. Eleven subject.. fell in to the medium 

mean range for bath aettings. Two aubjects with medium mean 

times had a low mean clinica1 rating. Eight subjects vith 

lov Mean time8 had medium mean clinical evaluations while 

two 8ubjeets had 10v mean scores for both settings. 

, 

TABLE 1" 

Rela tionship Between Subjects' pe~formance on 
Computer ised Multiple Choiee Exam and Clinical Competence 

Mean Time Spent on 
Problema Anavel'ad 
Correctly (aec) 

81gh (80-l0S) 
Medium (55-79) 
Lew (30-5~) 

Mean Score on Clinical 
Evaluation Checklist 

8igh 
(3.5-4.0 ) 

o 
o 
o 

Medium 
J. (2. 5- 3 ... ) 

2 
Il 

8 

Low 
(1. 2.-4 

1 
2 
2 

Note: The nuabera at each leve~r.pr.a.nt the nuaber of aub
jeets &al1ing ,into a particula_~c.tegory. 
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Table 15' caMparad the .r.n t JJae ( NC) apent on 

questiona anl.ered correctly .ith the clinical evaluation on 

differential diagnoaia/problem lista The atandards set for 
1$ 

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

TABLE 15 

aela tion8h ip Betveen SUbjects' Performance on 
Computer ized Muit iple Choic. Exam and Clinicai Competence 

Clinical Ra ting on Differential 
Diagnosis problem List 

Mean Time (sec) Spent 
on pr ob lems An swe r :d

J Correctly 

Bigh (80-105) 
Medium (55-79) 
Low (30-54) 

Bigh 
(3.5- 4.0) 

r --- -::J 
Note: The' numbers at 
jecta falling into a 

each level represen t 
particular- 'ca tegory. 

Medium Low 
( 2 • 5- 3 • 4 ) ( 1-2 • 4 ) 

2 1 
12... 1 

4 2 

the number of sub-

Tvo subjects with hiqh IDean tiJlles ,were rated in the 

medium range for their clinical performance. One subject 

vith a high mean time receive<! a lov clinical r'ating. 

Tweive 8ubjects vere in the medium range for both 

environmenta. One 8ubject had a medium mean tille and a lov 
• 

clinical ratinq. J'our subjects vith lov mean times .... 'ha4 high 

clinical rat1ng8 and four aubjectl vith 10 ... an tilDe •• ere 

judged to clinic,lly. Tvo subjecta .ere 

de.ignated a8 lov in bath .etting8. 
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~.ble 16 reported the po •• ible s!ail.ritie. ôetv •• n the 

lIean tilDe (sec) Ipent on problelDl anaveied correctly and the 

clinica1 rating on .elf-education. The par.eters vis-A-vis 

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

TABLE 16 ( 

Relationship Between SUbjects' Performance on 
Computerized Multiple Choie. Exam and Clinical Competence 

Mean Time (sec) Spent 
on Problems Answered 
Correctly 

8igh (80-105) 
Medium (55-79) 
Low (30- 54) 

Clinic,l Rating on Self Education 

Bigh Medium Law 
( 3 • 5- 4 • 0 ) (2 • 5- 3 • 4) ( 1-2 • 4 ) 

o 
2 
3 

2 
10 

6 

1 
1 

• 1 

Note: The numbers at each 1evel represent the number of sub
jecta fal1ing into a particu1ar category. 

J 

Two subjects with high mean times were judged to be at 
~ 

a medium 1evel c1inical1y while one subject showing a high 
C. 

mean time was accorded a low clinica1 rating. Two subjects 

vith medium mean times were CIiven high c1inica1 ratings but 

10 subjects proved to be in the medium range for both 

settings. One s\lbject with a medium mean time wa8 given a 

lov c1inica1 eva1uation. Thre. 8ubject8 with 10v mean tÛlea 

afieved high c1inica1 

1 .ean tilles achieved 

ratings while six aubjecta vith 10~ 

a medium c1iniéa1 rating for 
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self-education. One subj~ct vas in the lov classiflcation 

for both criteria. 

Tables 8 throuqh 16 ex lstence of 

processing similarities between performance on an exam and 

clinica1 performance. Tbtf!re were exceptions, however there 

was a consistent pattern of high-medium and medium-medium 

pair ing8. The results eonstitute an indicator of the 

students' use of their knowledge to perform thelr 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 1esser amount but not insignificant 

pattern of low-medium classifications. The medium category 

may in fact constitute a eut-off po in t for super ior 

performance as evidenced by the majority of medium-medium, 

medium-high and medium-low patterns. There 

high-high or low-1ow pair ings. 
of 

Analys!s Of Data Obtained fram 
Coaputerized Multiple Choie. Bxam Paradlgm 

were few 

Ta.ble 17 shows the signif lcant in tercotrela tions 

between measures obtained on the computerlzed mUltiple 

choie. question paradigm itself. The experimentai score was 

not found to corre1ate with a.ny other measure. However, aIl 

other measures eorrelated significantly with at least one 

other ca tegory • 
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T.A8LB 11 

Intelrcoclrelation of Ca.putec Me • .uree foc !blrd T •• r Madic_l 'tu4ente 
..... n 'fi_ per ,roble. 

Cou et. t IOn IIxpet:l- 1IuIIber of 1.11--- Prabl.....-.rabl .. -.--'1'O~- liver .. ü 09er - ".er .. ü o.. 
Coefficient. Mntal Pt:obl_. Prabl_. AIl_ered AIl_rld ""IIr .. l. Ou .. tion. OIt .. U.o •• 

Scorl Back traclled CorrectIy Incorrectly o.er 1. AIl_cid __ c" 
Upon Qu .. Uone correctiy lacorrectly 

~xperlJllllnt&l .07 ,09 ,"}[-------=--rs-- -::-:lIT .15 - •• ' 
~"'coce 

.iïilMtlr ol .18 .05 . 3d* .tio • .------ .• uu----:.-nn-
'rabl_ ••• ck- p-.041 p-.001 p-.001 poo.GOi 
t r ackad Upon 

o.erall Mean fl.. .,t,*· .••••• 
Plr Pc ob te. poo.OOl poo.OOl .18 .13 .il 

tAU ,rabl ••• 1 

1 Ti_ On il' 
'robl_ 

"'" A ..... neS 
Correctiy 

1 fl .. On 
'ltobl ... 
Au_ecedl \, 
IDeon ecU y 

.~3'·* .04 
pa.OOl 

.32.* 
pa .on 

.1.1 

.lt 

-.01 

.JW 
,..036 

!'obi "".r_i. ~;r---- -- --~.-,p;r 

0._ 18 pa ••• 1 pa .811 
OUeeUone 

ae"er .. la Oiier Ou •• tion. --;.I"Kit;r 
A~cld poo •• II 

Conectly 

li •• ruL. Onr - ) 
Ou_tlon. -
AIl_re<J 
IncocIr ectly 

* Si9nificant at J!<.05 
** 8ignlficant j!<.001 
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One correla tion of in terest would be the one between 

backtracking and time spent on problems answered incorrectly 

(.:.-.348, E<'OS). It appears ta be elear that lack of 

knowledge would requir e the subject to recheck previously 

given information. The latter 

significant correlation with mean 

incorrectly. 

fS ~ borne out by the 

time on problems' answered 

4 

The number of p~oblems baektracked upon was also 

significantly correlated with total reversaIs (1. e. the 

number of times per problem subjects sought to retrieve 

informa tion over 18 questions) 

rever sals over questions answered correctly, (!-.885, 

12<·001) and with reversals over questions answ·ered 

incorrectly, (E.-.865, E<.OOl). 

Results indieate that subjects with super ior knowledge 

would have no need to backtrackJ this is confirmed by the 

lack of a significant correla tion between the number of 

problems backtraeked upon a~d Mean times on problems 

answered correctly,. 

The s ignif ieant carrela tions found to ex ist between 

Mean time spent on problems answered correctiy and Mean time 

spent on problems answered incorreetly (.!D.636 E<.OOl) were 

expected and assume minimal importance. The significant 

result constitutes an artifact beeause essentially, sim~lar 

processes were being measured. 

Despite the lack of a signifieant eorrelatij3n., between 

the number 'of problems backtracked upon and mean tilDe spent 

on problems answered corr.Etctly, the medieal students 
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exhibited definitive charleteriaties pertaininq to tbe 

in'ter aet ion be tween the two var iab le 8. 

Table 18 reveals that over 501 of all subjects vith 

high mean times on problems ansvered correctly were high 

backtrackers. In all easel, out-off points are 50 seconds 

for mean tilDe correct and 6 problems for degree of 

back tr ack lng • Specif,ically, 14 subjects wre found to be 

high in both categories while one subject was deemed to be 

low in the two settings. Seven subjects vith higb mean 

times were lov backtrackers while four subjects with lov 

mean t imes were high back trackers.' 

Frequencies 

p6mber of 
Problems 
Backtracked 

TABLE 18 

Clasaif ication of Students According 
ta Speed and Degree of Backtracking* 

Mean Time 

Low 
Low 1 

High 4 

Correct 

High 
7 

14 

* In all cases, cut-off points are 50 seconds for me~n tilDe 
correct and 6 proble1ll. for d~ree of backtracking. 

In essence, high Man tilles and high backtracking were 

conapicuous , featur •• 

\11ustrate4 in Table 

dl 

of the group' s As 

lB, 81' of all students had high .. an 
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to be high 

backtrackers. 

It - was determlned how.ver that students spent 

81gnificantLy 1es8 t~e on problemt answered corraetly than . 
1 > 

on probl.ma answered -ineorrectly. T-teats -'-COIIlpar in9 the 
E" "'!A 

'1.atter ,two vari~l.s were signifieant o~er aubj.cts 

(t·-6 ~6l, ,2<.05) 

19) • 

and over prOblema (!· .... 2.78, )2<.05) .fTable 

.1 

-
Ua 

-
TABLB 19 

T Tests Comparing Mean,Ti .. s Par Problems ~swered 
Co~rect1y and Incorrectly on on Coaputerized 

~ Mult~ple Cboic~ Ouestion Modèl 

1> 

Group 

Over Subj.ets 

·-6.61* 

Over problems 
.. 

T vllue -2.78* 

* ,.E< .,05 

e 

Tables ~O through 22 div ide the element of time into 

high, m;.,dium /' and' low categori.s and show the 
-' . ~ 
i~ terre"!a tionshïps among levels. 

o Table 20 caap~res the ovet:.all lDean tille spent on aIl 

probl... with· .. an tiJae .pent on probl... apavere4 

c~rr.c~l~~. Thrre .~bj.~t.. 1 had h~gh .an tilles for 

cate90ri •• ,~bil, four .subject. vith hlg~ overall .,an 

1 _ 72 _ ; 
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exhibited medium me an times on correct questions. One 

~ubject vith a low mean time on correct questions had a h1qh 

ovec a1l me an' t ime. , Nine subjects showed medium mean times 
1 

for ~oth categories wh11e seven subjects with lo~ mean tim.s 
/ 

on 'correct prob1ems had a medium overa1l mean time. Tvo 

subjects wer e 

categories. 

attributed a lbw ,de_19nation for both 

1 

/' 

Thé Relat10nship Between Time Spent on AlI Problems and 
Time Spent on problems Ansvered Correctly on 

Computerized Multiple Choie. Bxam 
~ 

Mean Tise on PrOblems 
An avered Correctly ( •• c) 

Overall Mean Time 
(sec) pér Prablem 81qh Medium Law 

Hi'h '(80-1115) 
,(80-105) (55-79) (30-54 ) 

3 " l 
Me "~um (5~-79) 0 9 7 
Low (40-5 ) 0 0 2 

1 

Note: The \numbers at each level corr •• pond to the number of 
subjecta fa~linq into a particular cateqory. 

Table 21 cClllpares the mean ·time speftt on problems 

anawered correctly with mean tiae spent on incorrect 

problellls. Three subjecta scorecS high .. an timea for bath 

cateqories. Six subjects who .Irell into the .edlua range on 

questions 

qU,.<io~. 
~ 

answ.red .correctly 

anawered incorrectly. 
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in the medium mean tille range f'or 60th classifications. 

Three subjeots who were low on correct vere high on 

incorrect while seven subjects with'''' lov me an 

correct questions achieved medium times on 

questions. 

TABLE 21 

tilDes on 
) 

incorrect 

The Relationahip .Betveen Time Spent on PrOblema 
An,wered CQr~ectly and Incorrectly on 

Computerized MUltiple Choice Ex .. 

Mean'Time (aec) on Problems 
Anavered Correctly 

B1gh (SQ-l05) 
Medium (55-79) 
Low (30-54) 

Mean Time (aec) on Problems 
An8Wer~d Incorrectly 

lIigh 
(80-140) 

3 
6 
3 

Medium 
(55-79) 

o 
7 
7 

Lev 
(40-54) 

o 
o 
o 

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

Table 22 charta the relationship between overall Man 

tu.. per prObl.. and mean 

incorrectly. 

t1ae apent on problem. answared 
) 

J 
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TABL! 22 

The Relationship Between Time Spent on AlI Problems 
and Time Spent on ProbleJU Answered Ineorreetly 

on computerized Multiple Choiee Exâm 

Overall Mean Time (sec) 
per Problem 

Bigh (80-115) 
Medium (55-79) 
Low (40-54) 

Mean Tille (sec) on Problems 
Anwered Ineorrectly , 

8igh 
(80-140) 

7 
5 
o 

Medium 
(55-79) 

o 
11 

3 

Law 
(40-54 ) 

o 
o 
o 

Note: The numbers at eaeh level correspond to the number of 
subjects falling into a.particular eateg6ry. 

\ 

Seven subjeets exhibited high mean tillles for bath 

taxonomies. Pive subjeets with medium ove,çall mean times 

showed high mean times on problems answered incorreetly • 
.,If{' 

Eleven subjeets medium IBean tilles for both 
_.4 

classifications wh!le 3 subjecta with low overall mean tÙlles 

spent a' medium 

ineor r ectly. 

Tables 

inctividual 

globally, .s 

amount of tille on prob,l •• s answered 

22 exhibit • larg.. aJK>unt of 

tille spent, on problems however 

by the !-test., there was a 

signifieant differenee between the .-ount of tt.e spent on 

questions an.wered correcUy yersus question. reaponded to", 

inco~rectly. More tu. va. apent on probl". ansvered 

Incorrectly. 

l ' 
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Table. 23 through 25 il1uetrate the rela tionlh ip 

betw.en the number of proble •• in which a 8ubjeet 
• backtracked and the number.of reveraals (i.e. how many ttmes 

tI. 

per problem a subjeet went back to examine previou.ly qiven 

infotma tion) • Table 23 compares the number of problems 

'backtracked upon with the total number of reversals over the 
Q 

18 multiple choice questions. Seven hiqh backtrackers had a 

hlqh amount of reversals while one hi9h backtracker 

exhibited a medium number of reversaIs. Ten 8ubjects proved 

to be in the medium r ange for both categot ies but four 

medium backtrackers exhibited a low amount of reversals. 

Four subjects wece rated low for bath classifications. 

TABLB 23 

The R.elationllhip I,\et"een Backtrackinq and OVerall 
Reverlals on the COmputerized Multiple Choiee Ex .. 

Total Number of Rever •• ls 
OYer 18 Que.tions 

Number of Problema 
aacktraeked Opon 

B1gh (10-15) 
Medium (5-9) 
Law (1-4) 

Bigh 

(15-21) 
7 
o 
o 

Mediull 

(8-14) 
1 

10 
4 

Lew 

(1-7) 
o 
4 
4 

Notel 'th. nUllb.ra at •• cb le.,el repr ... nt the nUilber of aub
j.cta fa1ling into a partlcularcategory. 

AI 

1 

- 7~ -

l' 

i 



r~' . 
1 

o 

- , 

1 

1 
, 1 

1 

,1 

1 
\ , 

r 

, 

J 

Table 24 compare. backtracking with' rever.als over 
'i 

.que.tions an.wered correctly. Pive aubjecta were judged . 
high for bath categories while three high backtrackers 

ahowed a medium amount of reversals. Pive subjects fe11 

into the medium ran'Je for both cateeJorles however nine 

medium bâcktrackers showed a low number of reversaIs. Four 

subjects were low for both criteria. 

TABLE 24 
~ 

The Relationlhip Between Backtracking and Reveraa1s 
on Questions Anawered Correctly on the 

'Computerized Mult~ple Choiee Ex .. 

Reveraals OVer Ouestions 
Ansvered Correet1y 

Humber of Problems 
Backtracked Upon Bi9h Medium Low 

(10-14). (5-9) (1-4) 

Hi-.gh . (10-15) 5 3 0 
Medium (5-9) 0 5 \ 9 
ID ... ( 1-.4 ) 0 0 4 

• 
Note: The numbera at each 1evel repres.nt the nuaber of aub-
jects falling into a particular category. 

Table 25 delineates the relatlonabip between the nuaber 

of prOble •• backtracked,upon vith the nuaber 
, 

over qu .. tion. anawered Incorrectly. One 

of r..,eraala 

.~bject va. 

de.tgnûed lnto the high category for bath criteria wbile 

thr .. bigb 'backtracker. exhlbited a .. 41ua nu.ber of 
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reversals. Four high backtrackera hacS a low numbe~ of 

r.veraa~s. One medium backtracker had a high number of 

reversala but f ive medium backtrackera scored in the medium 

range on reversaIs. Eigh,t medium backtrackers were low on 

reversals and four subjecta were low in both backtracking 

and rever sal,. 

TABLE 2S 

The Relationahip Between Backtracking and Reversals 
-on Question. Annered Incorrectly on the 

Coaputerized Multiple Choiee Bxam 

Numbw of Problems 
Baektracked Upon 

High (10-15) 
Medium (5-9) 
Law (1-4) 

Reversals OVer Questions 
An.wered Incorrectly 

High 
(12-17) 

1 
1 
o 

Medium 
(6-11) 

3, 
5 
o 

Low 
(0-5) 

4 
8 
4 

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

Tables 23 through 25 exhibit consieS.rable individual 

variance bowever th. nuaber of r.v.r saI. app.ar to be ,a 

function of backtracking. The correlations confira .. 

specifie 1ink betw •• n th. two variabl... _The .dlua range 

, vas th. cut-off point for the e.tabliah_nt of pairin9.~ 

MOst of th. latter vere of the _d1u.-10v, _~lUJ1-h19b,' 

_d1u. ..... diu. type. there vere sa.. h1gb-b19h pa1rtftg. 
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>t however aignificantly there were very fev hiqh-low or 

low-lov pair inqs. Subjects 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 probl.ems baCktracked upon are closely 

related to the number of reversaIs. It should be noeed 
" 

however that the findinqs pertaining ta the data in Tables 

23, 24 and 25 were expected because the processes of 

backtracking anlt reversinq are not independent. 

Table 26 lists each individual subject's performance on 

aIl criteria pertaining to the computerized multiple choiee 

questions. The experimental score on the 18 problems ranqed 

from a high of 14 to a low of 7, the mean score was 11.15 

and 12 was the mode. The overall time per problem ranqed 

from a high of 114.42 to a low of 41. 01 seconds with a mean 

of 69.87. The time spent on problems ansvered correctly 

ranged frOID a high,of 103.78 seconds ta a low of 32.59, the 

me an. was 61.80. The time spent on problems answerad 

incorrectly r anqed from a high of 136. S9 seconds to a low of 

58.421 the me an was 83.60. The number of prahle.s 

backtracked upon ranged from a high of 15 to a 10v of one, 

the lIean was 8.23 and the lIlode was seven • 

... 

r 
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0 TABLE 26 

Evaluation of Group'. ltespon.e. on COllputerized 
Multiple Choiee Que.tion Mode1 

\ Mean Tille per problem (sec) .. 
Sub- Bxperiment- All Problems Prob 1ells Prob1ells 
jiVt al Score on Prob- Answered An.wered Backtrack 

18 prob1em. 1ells Correct1y Incorreet1y ed Upon 

1 12 82. 73 76.5 95.1 13 
2 10 82.30 61.9 107.83 7 
3 14 80.47 68.83 121. 20 lS 

.... 4 12 73.55 70.91 78.84 S 
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. S9 62.92 9 

10 8 55.40 51.43 58.58 9 
11 11 58.JO 53.63 65.-62 4 

"-12 12 62.15 60.J7 65.71 Il 
13 7 73.84 51.68 87.94 15 
14 12 98.55 100.17 95.29 6 ~ 

_! 15 8 53.89 48.22 58.4-2 9 

1 

.. 16 12 58.14 47.62 79.18 5 
17 9 61.41 61.89 60.93. 7 
18 9 62.21 35.55 88.87 9 

1 19 12 51.96 43.19 68.24 7 
j 

20 13 62.24 58.36 72.30 2 
~1 9 114.42 103.78 125.05 5 
22 10 57.04 51.24 68.05 7 
23 13 73.80 67.01 91.43 1 
24 1J 63.99 56.88 82.44 13 
25 14 94.66 82.68 136.59 15 
26 9 69.24 60.22 78.25 7 

'-
aver a1l Mean Ti_ 

Mean Per prâbi ••• . probliiC' .. an 
Score . _PrOb- An.vereeS • Annered Nu •• r of 

1_ Corr.ctly Incorrectly , Backtrack 

11.15 1'.87 61.j80 83.60 8.23 
1 , 1 
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DISCUSSION 

, , 

It ls uncertain from these results whether or not 
~ 

auceess on mult iple ehoiee exams __'would serve as a predictor 

of sueeesaful elinical performance by medieal students (or 

for that matter vice versa). The significant correlations 

conatitute an indicator of the validity of the examination. 

Bowever a serious limitation to complete predictive validity 

was the fact that five clinical categories did not correlate 

significantly with any of the measures on the computer ized 

modela Sinee there was a high degree of signifieant 

correlation among the clinical criteria (i.e. evidenee 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 

puzzling obstacle was the lack of a s ignif icant correla tion 

be tween the total 

questions and the 

score obtained on th~ multiple choiee 

mean score obtained on the clinica1 

,eheck1ist. This evident dichotoaty preclucfes the formulation 
) 

of the exiatence of- a total relationship between the two 

task environments. Essentially, there exists a considerable 

degree of performance variance ,batveen hypotheti-cal 

situations auch .s exaainations and actual interaction. in 

the •• cUcal\context. 
1 

Heverthele •• , 'the .ignificant correlations functlon .1 

evidenae th.t ca.ponent. of th. tvo aub-paradig •• appear to 

be .... ur Ing aap.at. of .t.il.r proc...... .,be correl.&.tion 
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o 
~ between total exant score and the clinical rating on 

investigation would serve as an example. These latter two 

criteria involve the procedures of analysing existing data 

for the- purpose of the construction of a solution 

(diagnosis) to the given problem. 

The" signif icant correla tions found to be prevalent 

between thelnumber of prob-lems backtracked upon and the 

clinical grades obtained on differential diagnosis!problem 

list, physical exam and knowledge p,ovide grist for 

theorists' postulating a link between the information 

processing model of human problem sOlving and medical 

problem solving. These meaSUle' appl.r to be compatible ta 

the previously described findings of early hypothes~ 

generation and the consideration of a limited numbeI of .. . 
hypotheses (between five and nine) • The latter conforms ta 

the limited capacity channel characteristics of short-term 

,memory. The reason for the lack of a significant 

correlation between backtracking and the remaining clinical 

categor ies is unknown and would serve as a guest ion fOI 

further investigation. The present findings have some 

consistency with the Elstein, Shulman and Sprafka (1978) 

finding of suceessful medical problem solving being a 

function of educati6nal leveI. The rela tively high amount 

of baektracking and high mean time spent on problems for the 

total group syabolizes the novice-type charactelistics of 

the group who were in fact third year .. dical students 

un4ergoing thelr flrat experienee in clinieal .. dic1ne. 

They have not .a yet acquired the effieient proc ••• ing-
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s tr a teq-ie s that have proven to be endemic to experienced 

physic ians. 

The above ls borne out by the discovery of a neqative 

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 

cateqories of differential diaqnosis/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 cateqories. The anomaly appears to be 

the lack of significant corre~tions between Mean time on 

correct problems and the remaininq clinical classifications. 

Therefore complete predictive capability of the multiple 

choice exam cannot remain an unchallenged conclusion. 

However, within the computer paradiqm itself the 

manifestation of higher me an times on problems answered 

incorrectly ia further identification of a stable, invariant 

\ characteristic of Medical Inexperience. 

Globally howèver, there wa"not a prominent disparity 
#"--

between individual performance' in the two task environments. 

subjects performed similarly in both Individually, 

environments. There was a qeneral overall similarity of 

behaviour in the two framewarks. 

Presumably, efficiency will rise with increasing 

educational level .s previoua studies have shown, 'Tbe 

,-descriptive proc ••• of c11nica1 reasoning was expânded upon 

and 1inked to oveIt behavior by .diea1 .tucSent.. It .ust 

not be forqotten that the 
~ 

goal ~nq .. dic,1 
1 
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• 
evaluators is to delineate whether or not the stu'dent is 

elinically competent. The la tter must supersede the 

somewhat abstract inquir ies of complex cognitive theories. 

It should be noted however that the latter theories form the 

basis for the Medical problem solving framework and May in 

fact aid in identifying super ~or performance. 

The two mechanisms of computer based mult iple choice 

exams and clinical evaluations should not be antithetical to 

one another. There should not be an adversary relationship. 

Absolute conclusions vis-A-vis the efficacy of the two 

approaches should be àvoided. 

multiple' choice exam can never 

Clearly, a computerized 

function as the sole 

predictor of clin ica1 competence. However, if similar 

processes appear to be in ev idence in both con tex ts, then i t 

would appear that both systems have good evaluative 

proper t le s. Evaluation of medieal students should be 

multidiscip1inary in scape, the purpose of which would be 

for the identification of both strengths and weaknesses. 

The discovery of specifie processes that pertain to 

medical problem solving (high backtracking, high mean tilDe 

spent on problems with lower clinical scores) could in hct 

alter the ~pproaches employed to teach medicine. Teachi~g 

strategies must Key in to the mode in which the individual 

thinks. The aedical problem solving paradigm constitutes an 

att •• pt to cod if y these procesaes. The reaearch project 

eœpleted has illustrated however that c1inica1 evaluaUve 

cc:aponents auat alW'ays •• rve.a an adjunct to aedical 

prOblea 801ving Aspects of the two 
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APPBN'DIX 

a. ft EVALUATION rORM 

'- . 
DEPARTMfNT (IF MEDICINE 

, 

" PHASE Il 

Mc&ILL UNIVERSITl MEDICAL SCHOOL 

·STUOEJIT 1W4E: ____ \~ ___ --

HOSPITAL: 

EVALUATOR: 

o CJ 
ATTEIIOI'" STAFF HOUSESTAFF 

REPORT COYERS: FROM ________ TO ______ ,198_ 
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