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ABSTRACf 

1 

This study was rnotivated by il "perceived ~eficit in two research nreas within Medical 

Education. One Hne ofresearch evaluates the academic performance of medical 

students from vruying premedical backgrounds on department-generated and-
;./ . 

stan~ardized examinations. A second approach examines cxpertrnovicc differencês in 

comprehension and probleI}:l-solving througirth~ use 0; complex tasks and detailed 

methods of analyses~ To date, however, these tasks and analyses have not becn used 
, 

to study medical studcnts of varying premedlcal backgrounds. This study was , . 
designed to address this issue. 

First y~~ medical stu,dents with threc types of premedical backgrounds read two 

clinical lexts desçribi~g a patient problcm, recalled them in writmg, explained the 
~ 

underlying pathophysiology, and provided diagnoses. Detailed analyses of subjects'· 
r 

pcotocols are presented. In general, group' differcnces were found in ca5'e 
, ,"'] 1, 

representation and interpretation, sug'gesting a need for the continuation of this line ofl 
o 

researeR and directions for future research. 
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RÉSUMÉ • 
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Celle recherche a été" entreprise pour palier à un déficit perçu dans detix secteurs de 
-

recherche médicale. Un de ces secteurs se préoccupè des étudiants en médecine'ayant 

reçu différents types de fonnation prémédicale. n évalue le rendement académique de 

ces étudiants lors d'examens donnés par le département de même que lors d'examens 

-généraux standardisés. Le deuxième secteur de recherche étudie les différenées entre 

experts et novices dans le domaine de la compréhension et de la résolution de 

problèmes grâce à l'usage de tâches complexes et de méthodes d'analyse détaillées. 

Toutefois, jusqu'à présent, ces t<1ches et analyses n'ont pas été utilisées pour étudier'les ~ 
., 

étucljants en médecine possédant diverses fonnations prémédicaIes. Cette recherche 

examine précisément cette dernière situation. 

Des. étudiants en première année de médecine, divisés selon trois types de fonnation 

prémé<Ïicale, lurent deux textes cliniquCS'décrivant le problème d'un patient. Leur tâc)1e 
" 

consista a réécrire le problème de mémoire, à en expliquer la pathophysiologie sous-
, 

jacente et à fournir un diagnostique. Des analyses détaillées des protocoles des sujets 

sont présentées. En général, des différences entre les groupes ont été obtenues pour ce 

qui est du rappel et de l'interprétation du cas. Ces résultatS suggèrent la nécessité de 
. " 

continuer ce type de recherche ainsi que des directions vers lesquelles ces recherches 

pourront être faites. 
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CHÀPTER 1 

REVIEW OF THE LITERA TURE 

Introduction 

Much of the research in the professional domain of Merucal Education has been 

concemed with performance; the performance of students prior to, during, and 

subsequent to medical school. These investIgatlons have followed either one of two 

approaches. The more tradIt,ional approach IS grounded In the theory and methods of 

evaluation. A more recent approach has Its roots in cognitive science These two 

approaches have been camed out mdependently, but a close examination of the goals 

and methodologles of each suggest~ that eaeh ean benefit from the other, with the end 
) 

result being an enhanced understanding of performance irr the domain of medicine. The 

motivation for the study presented here was derived from this perception. 

Generally, this study draws upon the unique insightfulness of evaluauon researchers 

regarding the need tb characterize students' premedical background when considering 

subsequent medical performance, arId the cognitive scientists' awareness.,.gf the need to . 

examine the cognitive processes underlying the performance of complex tasks in 

addition to examining the accuracy of that performance. The strengths of the two 
- . ~ 

approaches are combined to address, in a preliminary fashion, two important issues. 
, < 

The flrst issue concerns the mfluence of type of premedical education 9;1 perfonnance 
~ . 
j .. - .. -

on n12dical tasks, ~hile the second issue concems the nature of the cognitive processes , 

of novices in complex tasks. To address these issues the comprehension and problem 

1 
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solving skills of three groups of entering medical students, fmm varying premedical 

backgrounds, were assessed using methods derived from cognitive science. 

Tbe Eyaluation Approacb to PeÔormanœ As;~ment in Medicine 

2 

At one time, students enrolle<! in medical schools constituted a fairly homogeneous 

population. 111ey had completed high school and a four-year undergraduate degree in 

which they had majored in one of the basIc sciences. The students who have been 

accepted into medical school over the past few decades, however, and who continue to 

he admitted, have a wide and varied prerncdical academlc hISlOry ThIS change to a

heterogeneous populauon of medical students has becn the result ot' two developmclll!> 

within medical education One developrnent has been a growmg dissatisfacllon with 

the notion that students who plan to make a career out of medICHlC should have il strong 

background in thc sciences .)orne researchers cont1l1uc to favor this type of 

undergraduate premedical background (e g, Vaismb, 1978) because of HS perceived 
< 

relevance to a medical career while other researchers advocate the accept~nce.. ai - ~ 

students who are broadly educated in the social SCIences or humamties (e.g., 

Pellegrino, 1980; Thomas, 1978). This issue fntinues to be dCÎll!!.cd but, in the 
, 

interim, students with nonsclcnce majors presently comprise a portion of the once 

homogeneous population of natural science graduates within rncdical school (e.g., 

Thomae-Forgues and Erdtnann, 1980). 
~ 

\ A second development which has servcd to modify the population of students in 

certain medical schools has been a change in the rnedlcal curriculum itself. These 

changes h~e included an acceleration of premedical programs, medical programs, and 

" acceleration through the integration of these two programs. The speCIfies of these 
, . 

changes will he outlined and placed into an hi;torical perspective in the next section. 

. , 
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Suffice it to mention at this point that these curricular changes pennitted the acceptance 

of students directly from high school into rnedical school, thus resulting in the creation 

of an addition al group of students with a unique type of premcdical background. 

The acceptance of such a wide variety of students into medical school has spurred 
. 

curiousity and concem among researchcrs and educators alike regarding the capabilities 

of these new brecds of students, in comparison to tradition al studen ts. Both prior to 

and during medical school, students are cxposcd to a varicty of episodic examination 

procedures designcd to determine their qualification for a course grade, advancement to 

the next academic year, and ultimately, for graduation and an M.D. degree. Whether 
- .-

these examinations he faculty-generated or extramural, they sha.rç. thc.goal6f --, 
..... -..,. . . 

determining levels of competency or.'qualification at a precise pOint in the preparation 
-

1 

for a medical career. The results of these examinatIons served as a starting point for 
~ 

researchers in their quest to evaluate tllC academic ability of medical students from cp 

nontraditional premedical backgrounds, by providing a means of.comparison with 

students from traditional, science-oriented premedical backgrounds. 

An Hjstorical Oyemew ortbe Emermtce o(AcœJernted Prow=ams in Medicine 

Traditionally, the frrst stage in the professional education ofphysicians has 

involved four years of medical school subsequent to the complerion of li Baccalaureate 
" ~ 

dègrec. In 1970, however, the Carnegie Commission on Highèr Education published a 

report advocating acceleratcd medical education ('The Carnegie Report, 1970). This .. , . 
proposaI was motivated by two objectives; first, to reduce the financial expenditures 

incu.rI-ed by students, universities, and supportive agendes i~ the training of 
-. . 

. physicians, and second, to incr~ase the existing pool of pfacticing physicians. The 

system which was fav~red by the Commission was a four-year undergraduate degree 

.. , 

J~ 
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followed by a three-year medical school program with ,a concomitant revision of 
( 

:4~ 

curriculum content (Daubney, Wagner. and Rogers, 1981). In its most basic foml, 

however, accelerated medical programs were in existence appro~imately four decades 

eartier. During World War n, there was an immediate need for an increuse in the 

number of physicians in-the anncd forces (Matlack, 1972), In rcsponse to this need, a 

number of medical schools in both Canada and the United States adopted what has _ 

since been referred to as the Compression approach (Swanson, 1972), This cntail,cd 

the reduction of the numbcr of caléndar years requircd to complcte an M,O. degrcc 
; 

from four years to three yeru:s. This was accomplished by leaving the traditional 

medical curriculum intact but lcngthening the academlc year by reducing vacation 

periods. Thus, the content whic_h was cO\tered' lI1 medical schools remaÎned unchanged 

and was simply compressed into thrce longer âcademic ycars. In addition, rncdical 

schools began admitting studcnts into these acceleratcd programs every nil1e months, 

thus allowing two classes to wadùate in one calender year. White tlus fonn ol . 
. acceleration did indeed incrcase the numbcr of graduating physicians, the de~ign of the 

program placerl a tremendùus bur8en on the faculty and was discardcd shortly after the 

warended. 

In 197 C in accordance wi~h the desires of the Carnegie Commission, the 
-

implementation of a new medical program similar to that uti}ized during World War Il , . . 

was proposed (Blumbcrg, 1971). Thal is, the completion of the program would entail 

only 36 calendar mOilths of study as opposed 10 the traditional45 months. This would 

he accomplished chiefly by the reduction of vacation üme between school years. U nder 

this program, as with conventional mcdical programs, only one class would enter each ' 

calendar year. This is the primary d}"stincùon between the proposed accclerated- medical 
, , 

program and that used previously. 11us difference eliminates much of the overload ' 
, 

which was 'placed on the faculty in World War n. The primary advantage of this . 

'-
• 



c 
-

5 

~~~ed adcelerated program, as espoused by Dr. Blumberg, is the students' younger 
, . 

age at graduation. This benefit would he ntanifested in three ways: earlier enttance intô 

the workforce and thus an increase in mean m~ years of practice, fewer undergraduate 

inedic,al cxpenses, and earlier access to a stable incorne. Further, it was predicted that 

the reduction in ealender years would serve to increqse physicJan supply within the 
, 

decade without having to increase the actuai number of entrants into medieai school per 

year. With these advantages made explicit, in combination with a monetary incentive 
. 

'by the federa1 governrnent to be provided to medical schools for each medical' student 

who graduates in thrce years, rnany medical colleges began experimenting with three

yeàr aeceleratep progr'ams (e.g., Medical Education in the United States 1969-f970). 

Approximately a decade previous to the Carnegie report and subsequent to its release 

as weIl, 11 numbet of medical schools cxperimentcd with a diftcrent farro of 
~ 

acce~ratiùn. More specifically, while sorne schools bcgan accelcrating stud~nts' 

prernedical education, others wcrc integrating premedical and medical education. Both 

types of programs allowed an M.D. degree to be eamed by students only six years after 

graduating from high school. Students following the traditional route in theIr 
- ' 

at~ainrnent of an M.D. degree rcquire eight years of study subsequent to high school; 

four years are engagea in an undergraduate premedical prograrn followed by an 
_ r 0 ~ 

additional four years il) m~ical school. By allowing students to concurrently study 

courses in premedical{\nd medical programs, there is a savings in the total nU,rnber of ( 

1 calendai years it takes to become a physician. The accelerated programs which 

emerged lm~ béen variously ~erred to as prernedicaVrnedical programs, 6-year 
, . . 

, rnedical prograrns, cornbined l'11edical programs, B.A.IM.D. prograrns, and B.S.IM.D. 

prograrns. Although they did not flourish in the seventies as did the accelerated 3-year 
, -

pro~s, they'also did not experience the same decline In popularity as did the 3-year 

; programs (Daubney, et al., 1981). For example, {it the height of the ffiï-ee-yèar 

• \ 
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, program activity in 1973,,27% of the nation's inedical schools had fully adopted or 

incorporated a three-year program into their curriculum. IAn editorial published six 

years later, however, ,reported the number of three-year program schools as constituting 

orily 6% of the nation's,medical schools (Beran, 1979). A factor contribllting to this 

decline in popularity was the-fact that the monctary mccntive offcrcd by the government 

to those schools wh~ch adopted three-year medical p'rograms never materialized. 

While many medical Schools have adopted an integrated pr~medical-medical 

curriculum format, the specifics of the program adoptcd vary from school to school. 

For example, most of the medical schools which offer accelerated p~grams tend' to 
,,' 

accelerate,students' premedical education and then dcposit th cm in a convention al four-

year medical program. This is true of the programs offered at Johns Hopkins 
~~ 

University (Asper J 964), Jefferson-Penn State University (Herbu t, Sodeman, Conly, 

and Ascah, 1969), the Rensselaer Polytechnic Instttute-Albany Medical College 

(Kan ter, 1969), the Lehigh-Medîcal College of Pennsylvanï'a (Pritchard, 1976)/60ston 

University (Lanzoni and Kayne, 1976), and McGill Univ~rsity (Patel, Dauphinee, and 

MedleY-Mark, 1984). The few ~eptions to this procedure 'include the progmm at the 

, University of Michigan (Campbell and DeMuth, 1976) and at the CIty College of New 
" 

York (Gellhorne and Scheuer, 1978). These latter schools more litemlly c9mbine 
, , 

premedical and medical programs by permitting studcnts to simultaneously enroll in 

courses offered (indeed, required) by both programs. 
~/ , ' 

One co~lity between most programs, in addition to the faet that there is a 

reduction in ealendar rime between high scltool and the award of an M.D. degree, is 

that a student conti'nues to fulfill the requiremënts of an undergraduate degree in 

addition to an M.D. degree. However, not ail universities concur with the type of 

undergraduate degree students must suceessfully comp'lete. Sorne schools have 

adopted the philosophy that medical students should he pennit~ed the opportunity to, 

, 
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dcvelop their own ~I)al phllosophy through a liberal arts education (Pri~chard, 

1976). Consequen~ly, these schools (e.g., Lehigh-Medical Collcge of Pennsylvania, 
1 

" 0 

, Boston University, Universty or Michigan and Johns Hopkins University) offer 

, students a combined B.A./M.D. program. Qthcr medical schools (c.g., City Colleg~ of 

New York, the Rens~elaer Polytechnic Institute-Albany Medical College and Jefferson

Penn State University) are more'traditional in their belief that students should be , . . 
thoroughly educated in the sciences and thus award students a "!l.Sc. degree. 

Finally, while the oveIV.'helmiJ).g majority or accelerated programs reduce the 

premedical-medical years from eighno six, Jefferson-Penn State University and McGIlI 

University have funher redu~:..cJ this time lag to fivc years. Thes'e two programs, 
. 

however, are very different. While Jefferson-Penn State Universi.t)' requires students 

to complete a B.Sc. degréc, .McGill University does not. The accelerated medical 

program offered by McGill 'university, ref~rred to as the Mcdical-Prepatory Program 

(Med-P program), accepts students who hold only a College,p'Enseignment General et 

d'Enseignement Professionnel (CEGEP) certificate. This is comparable to the first year 

of Junior-College in the United States. The first year of the Med-P pro gram involv~ 

~ sorne basic science instruction. The required courses taken during this year are 

'identical to those offered to students enrolling in th~~ first year of Mc'Gill's B.Sc. 0 

program. Following the successful completion of the Med-P program (i.e., 

maintain,ing a Grade Point A.verage of 3.5) the se students proceed with the regular four

, year medical program. 
,... 

To concl,ude, this section ~as outlined two fOnTIS of curriculum change which have 
, 

occurred in medical programs over the last few decades. These incIude an acceleration 

of medica1 programs primarily through the reduction of vacation rime or through the 

integration of premedical and q1~cal programs, and an acceleration of premedical 

programs. Both modifications reduce the tradîtional time period between graduation 

4 
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from high sc,hool and the completion of an M.D. degree. One of the primary 

consequences of these new medical programs has been a diversification of the 

, J premediéal backgrounds of students in medical school. 

The EwluQtion of Acœlerated Medjœl PJœrarm 

, 

8 

The most common means of evaluating the success of accelerated medical programs, 
, - . 

whether they be the three-year medical program, combined premedicaVmedicai progam, 

ôI or accelerated prc~edical prôgram, has becn to compare the academic perfom1ancc of 

these students with those enrolled in the same O)edic~1 school but ln the traditiona\ 

program. More specificaIly, thc criteria for comparison have included grade-point

averages (GP A), scores on standardizcd tests such as thc Medical College Admissions 
1"), 

Test (MCA 1) and National Board of Mcdical Examiners (NB ME) test, rccclpt of 
, 

various awards and honors, and rate of attrition. As this hst of critcria imply, the 

majority of studies have been concerncd with the acadcmic pcrfonnancc of students in 

accelerated programs during their undergraduate Medical years; few studies have 

examined post-undergraduate performance (i.e., at the resident or intcrn levcl). Since 

the population of students participating in the present study inc1udes students who are 
- , 

enrolled in àpremcdicaVmedical progam, the remaining discussion will be restrictcd to 

studies which have evaluated students in this type of accelerated program at the 

exclusion ~f thrce-year accelerated medical program~. 

The few published studies which have examined students' performance on 

achievement tests (i.e., nonstandardized tests) during -their undergraduate Medical 

education, have not reponed statistically significant differences between accelerated, 

students and their nonaccelerated counterparts. For example, students enrolled in the 

Jefferson-Penn Smte five-year acce~erated program obtained equivalent yearly and 

, . 
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combined G.P.A.'s as those students enrolled at the sarne school but in the traditional 

medical program (Herbut et· al., 1969). Another study (Lanzoni and Kayne, 1976) 

reported that t~e medical clerkship grades (i.e., the comp'osite score of intems', 

residents', and physicians' subjective evaluation of students medical knowledge, 

motivation, and behavior with patients) of accelerated and tradïtional students were 
• 

comparable. 
" 

St~ies which have comparoo MeAT scores of students enrolled in a~elerated and 

nonaccelerated programs have yielde<J somewhat mixed results. This tes/i&1Comprised 

of many subtests, including Verbal Ability, Quantitaqve Ability, Science, and General 

Infonnation. Students enrolled in tradition,al medical programs w.rite this test in their 

final undergraduate year, before ~ey enter medlcal school. The results of this test' 

consti~te 'one 'of the criteria used y the Medical School Admissions Office in decidi~g 
• .1 

whether or not a catldidate should be admiued into a ,program. Studen ts enrolled in 

acceleratcd programs, however, usually write this test approximately one year (Herb ut 
) 

et al., 1969}or two years (Lanzonl and Kayne, 1976) ~ they have been accepted' 

into this program and the results of this test are therefore not used as admission criteria. 
, 

Herbut et al. (1969) foul}d through comparlson that accelerated students scored 

significantly higher on the Quantitative' Ability and S~ience subtests of tfie MC~T: but 

wqe comparable to traditional students on the Verbal and General Infonnation subtests. 

Students enrolled in the six-year combined Liberal-Arts-Medic~ program at Bostçn 
r? 

University wcre initially evaluated three years after- the implementation of the pf(~gram. 

At that point in time, the accelerated students and their nonacceleratoo counterparts were 
, . 

found to he comparab!e on alHour subtests of the MeAT (Keefer, 1964). However, a 

, study published approximately one decade iater, comprised of the first three graduating 
l ' 

classes of this B.A.IM.D. program, revealed that the se students were superior to 

- traditional students on the General Infonnation, Quantitative, and Science subtests of , 
, , 

" 
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the MCAT (Lanzoni and Kayne, 1976). This finding has since been substantiated in . ~ 

the same medical school using an additional two groups of graduat~s (Biaustein and 

Kayne, 1980). Despite the se mixed results, the findings of the se studies suggest that 

students in accelerated programs are, minimally, as competent as students in traditional 

programs and l maximally, superior in sorne respects, as measured by the MeAT. 

AlI students who are awarded an M.D. degree must first pass the National Board of 

Medical Examiners (NBME) test at a recognized Icvel. This standardized examination 

is composed of three parts, eaeh designed to assess students' kno\.l"ledge in different 

domains and written at different poi{1ts in one's medical cduc~t1on (Hubbard, 1978)L~'J 

Part 1 of the NBME is a multiple ehoice test which is dcsigncd to measure a 
J 

student's knowledge in the basic medieal sciences inclü~ing anatomy, bi'ochemistry, 
" , 

microbiology, pathology, pharmacology and, more rccently, the behavioral sciences. 

This part of the examination is typîcally written once the studcnt has completcd the 

second year of a medical program; that is, upon completion of basic science instruction. 

Part"II of the NBME is also in a m~ltiple-choice format and is designed to evaluate 

students' knowledge in the clinicat sciJnces, including internaI medicine, obstetrics and 

gynecology, pediatries, preventive medicine and public health, psychiatry"and surgery.-
, 

, This part of the exam is typically writtén wh en students have complet~d lheir clinical 

instruction. 

-AIthough both Pan 1 and Part Il of this exam are comprised of a number of 

component subjects, they are scored as muItidisciplinary exams. Consequently, 
. , 

students receive a total score on thesc two parts of the NBME as oppo'Sed to a grade for" 

each of the subject-matter areas. 
/ . 

. (;', 

Part ID of the NBME evaluates students' c1inical competence. The Patient 

. Management Problem (PMP) approaeh which is use;d to accomplish this, is designed to 

simulate a ~istic clinicat situation in which a patient presents ~ith a limited ~y of 

- --~' 
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symptoms and sorne infonnation regarding his previous medical history. Students 

must diagnose the patient via requests for laboratory studies and di .. \gnostic procedures 

and then make sorne ~ecisions regarding therapy and patient management. This part of 

the ex~ation is t,C~ly t~en once students have graduated from medicciI schOOl.,., ~ 

There are a limited, number of published studies which document the performance 0'1 

• accelerated students versus nonaccelerated students on all or portions of the NBME 

test. While most studies have reported that accelerated students receive higher total 

scores on Part 1 (e.g., Kanter, 1969) and Part II Ce.g., Herbut et al., 1969) of this test 

than do regular students, only one school fo~nd thcse differences to reach statistical 
, " 

significance (Blaustein and Kayne, 1980; Lanzoni and Kayne, 1976). These latter 

studies additionally reported statistically significanr differences in test scores for these 
, . . , 

two groups of students on Part III of ~e NBME; thesé differences'\vere in favor of the 

acceleiated students. 

As a more indirect meast1re of scholastic a~ility, accelerated and nonaccelerated 

students have ~n compared on ~duatio~ honors, election to Alpha Omega Alpha, 

and achiévement of specialty board certification. Whi1e.this comparison has been . 
utilized in only one study (Lanzoni and Kayne, 1976), thus limiting the generaIizability 

of the results at present, nonsignificant results wcre found on aIl three mensures. 

Another ~actor which has been used in the comparison'of B.S.fM.D. students and 

regular s~dents is attrition rate. While few studies ~ave made this comparison directly 

(e.g .• Blaustein and Kayne, 1980; Lanzoni and Kayne, 1976), the reported attrition 

rated students appears to be mu ch higher .than for traditional students 

(Da ey et al., 1981). Using an operational definition of attrition to include both 

withdrawal from a program (fo~ any reason) and failure to maintain the prescribed pace 

of ~dy (Le., having to repéat an academiç year), attrition'rates for B.S"fM.D. students 

has becn reported to De as high as 36% (Campbell and DeMuth, 1976). A variety of 

m 

,. 
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causes for student attrition have been explicated including a change of ~arecr plans •. 

, academic difficulties,"personal problems, and a loss of enthusiasm for accelera~on. 

" 

With the exception of a few studies (e.g., Flair, 1969; Kanter, 1969), however, most 

have neglected to detail the percentage of these stuàents who withdrew for each of these 

specific reasons. This is a potentially important issue because of the implications each' 

'" factor carries with it. Students enrolled in accelerate,d programs must choose the cureer 

of physician by the time they complete high school. If a large perccntage of students 

withdraw from accelcrated programs as compared to regular programs, because they 
~ 

have made a change in their career goals, then pcrhaps such a major decision is better 

made once students have more thoroughly explored other possible carcer opportunities. 

Another method of evaluating ~ccclerated programs has becn to survey the students 

themselves and inquire about their p'!rccptions of the program. A study conducted at 

the Jefferson ... Penn Stute Umversities, for eXfmple, surveyed students al various points" 

in the five-year B.S./M.D. program regarding thelr satisfaction with the program 

(Grossman, Conley, Menquke, and Graff, 1972). White aIl students felt the program 

should be continued, sixty-four percent felt that it was in necd of sorne modifiçation. 

When asked if they would have preferred a five-year program or a six-year program, 

slightly over one-half of the students statM that they would have preferred the ,six-year 

program. However, if given the choice to enron in the present five-year program or 

attend four years of college, seventy-six percent stated that they would once again 

choose the five-year prograrri. A simil~ line of research 'has been conducted at' McGiIl 

,University (Patel, Dauphinee, and Medley-Mark, 1984) involving a comparison of 

accelerilted and nonaccelerated students. While approximately seventy-five percent of- _ 
, . 

Q 

tl)e nonaccelerated students vicwed their prcmedical education as an advantage,only 

founy-four percen! of the acc,elerated students held this view. The disadvantages 

outlined by these students in~Iuded the ~lief that they were immature during the clinic~l 

, 
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phase of their s~dies and, addi~onally, $at they bad -received a narrow.education. The 

advantages espoused by theSe studeftts revolved arouhd their younger age at 
1 . . 

, graduation. This factor had advantages in tenns of fainily planning and for post-

medical studies. The study cQnducted by Grossman, et al. (1972), however, found 
J 

that students in the accelerated program felt it had encouraged them to mature faster and 

that they had not missed much in tenns of education al or life experiences. The 

differences found in these two studies may, however, simply be a result of time at 

which the questionnaire was administercd; the stiJdy at McGiII University was 
, 

retrospective in nature (Le., students were survèyed after they.nad graduated), whiIe 

the study at Jefferson University was-conducted while students were enrolled in the 

~ 
program. 

The cumulative findings of the studies rcportcd here sugg~st that students in .

accelerated mcdical programs are comparable, and in sorne respects superior to students 

in t:râditional medical programs as evidenced by direct indices of academlc ability on , 

both standardizcd tests (c.g., MeAT, NBME) and nonstandardized tests (e.g., medical 
.. 

cIerkship grades, undergraduate GPA in medical school), as weIl as indirect indices of 

, academic ability (e.g., rate oT attrition, receipt of various awards and honors). 

The CQ2l1iti't AW1roacb 10 PeÔQ~maDœ Assessrnent jD Medicine 

, 

The performance of in~vidua1s in the domain of medicine has also been ex}>lored . 

using methods derivcd from cognitive psychology. Generally, this has involved the 

use of the con~stive method in which the perfonnance or groups of individuals w~o 
, 

are at either extrem.e of an expert-novice continuum are compared on a specific task. In 

"the context of medicine, the novice population has typically consisted of medical 
t • 

~tudents whiIe the expert population has usually been comprised of post-gradua tes of 
-' 

medical schooL(e.g., intems, residents. practicing physicians). The tasks which have . - , 
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been empÏoyed vary, but typically revolve around a patient problem (e.g., in the fonn 

of a written clinical text or an interview with a sirnulated patient). The goal of this 

research is to characterize differences in behavior between novices and experts within a 

particular domain in the hopes of providing sorne insight into the underlying processes 

which must somehow be acquired and/ol altcred by the novice en route to developing 

expertise (Feltovich, 1983) . 

The contrastive approach has been used to study expertise in a wide yariety of 

content domains. While it was originally used to study expertise in the game of chess 

(Chase and Simon, 1973; deGroot, 1965), it has subsequently been used to study 

expert-novice differences in other games including the board games of GO (e.g., 

Reitman, 1976) and GOMOKU (Eisenstadt and Kareev, 1975, 1977), and the card 

garne of bridge (e.g., Chamess, 1979). In addition to these nonverbal tasks, the 

contrastive method has been used to study expert-novice differences on tasks which 

require the input and output of complex verbal infonnation. The content domains 

which have been investigated include physics (e.g., Chi, Feltovich, and Glaser, 1981; 
J 

Larkin, McDermott, Simon, and Simon, 1980), the social sciences (Voss, Green, Post, 

and Penner, in press), baseball (e.g., Chièsi, Spilich, and Voss, 1979), geometry 

(Greeno, 1978), and ~edicine (e.g., Feltovich, 1981; Patel, Groen, and Frederiksen, 

1986). These studies (ofboth verbal and non verbal tasks) have becn concemed with 

identifying differences between experts and novices in knowledge representation and/or 

problem solving ability. In terms of the present study, the expert-novice research 

which has been conducted in the domain of rnedicine is of primary relevance and will, 

consequently,'serve as the focal point for the remainder of this section. " 
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An Histories. Oyerview of Cru:nitiye fsycbolo:y jÙ Medicine 

,\ 

In 1969, a research project was initiated at Michigan State University (El stein , 

Shulman, and Sprafka, 1978). This 'Medical Inquiry Projeat', which spanned five 

years, represented the introduction of modem cognitive psychology into medical 

education and proved to be the seminal work on the cognitive p~ocesses involved in 

15 

,. 

\ 

, 
medical problem solving. The results of this study were subsequently replicated in the , 
Clinical Methods Study conducted at McMaster University (Barrows, Neufeld, 

Feightner, and Norman, 1977). Additionally, this study extendécI the work of Elstein 

and colleagues (1977) by including 'populations of medical students, as weIl as 

internists. The significant finding from this study was the similarity in clinical 

• 
reasoning noted in first year medical students through ta practicing physicians. That is, 

the number of competing hypotheses or possible diagnoses conside:ed for a clinical 

case and the specifie point in time during the clInical IntervIew at which the se 

hypotheses were generated werc found to be-eomparable across groups, lITespecti,ve of 

level of mcdical expertise. The one differentiating feature betwee'n these ruverse groups 
, 0 

was the actual content of the diagnostIc hypotheses. Thcse results were \nte'rpreted as 

anaIogous to sorne of thoséfound in the study of expertIse In the board' game of chess 

(Chase and Simon, 1973; dcGroot, 1965). That is, chess masters could not be 

differentiated from chess novices on the basis of the number of moves considered ndr 

on the time at which they considered these moves. The single factor which did 

differentiate these groups was the specific nature of the moves under consideration. 
, ('"'--.. 

The chess studies also examined differences between experts1and novices in their 

internal representation of infonnation, an aspect which was not included in the Clinical 

Methods Study. More specifically, chess masters were.found to be superior to novices 
" 9 , . 

'- , in their recall of typical mid-game boards (as measured by the recaU of iiulividual chess 

t" 
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men) but, when asked to recaIl atypicaI boards (Le., those boards on, which the 

P?sitioning of individual chess men were ranaom, bu uvithin the legal constraints of the 

gamé), there was no difference in performance bctween experts and novices. Dlle te 

the previous similarity in results betwcen the studies cOllducted ln mcdiclIle and chess. 
D • 

~ . , 

uu,,~ere conducted both at McMaster Uf,iversÏty (e.g, Muzzm, 

Norman, Jacoby, F ghtner, Tugwell, and Guyatt, 1982; Nonnan, Jacoby, Felghlner. 

and Campbell, 1979) and, subsequently, at the University of Limburg (c.g., Claessan 

and Boshuizen, 1985) In an attempt te more thoroughly gcncralizc the findings of 

deGroot (1965) and Chase and Simon (1973) te the domain ofmedlc1l1e. These 

replications, h0wever, did. not meet wuh 'complete SllCCCSS. More spccifically, the 
Il 

su peri or memory performance of experts over novices for typlcal st10mh ,was replicated 
. 

in only one analogous stu~y In medicme (Norman, et al., 1979) Also, thls study 

replicated the c~ess finding that the superior performan'ce of experts over novices 

disappeared when they were requested to recall atypical.stlllluh. In tW(/) other StudlCS 

(Claessan and Boshuizcn, 1985; Muzzm, et al., 1982), howcvcr, no slgmficant 

differences were found betwcen medicai studcnts and practicing physicians in terms of 

the number of items recalled from a 'typical' chnical case. 

A number of reasons have been postulated for the occurrence of these mixed results, 

" inc1uding a confusion on the part ofrescafchers in MedlcaI'Educatlon regarding their 

_ ~erpretation of Chase 'lIld Simon's definition oft~picallity and atypièallity (Coughlin 

and Patel, 1985) as weIl as the methods of analyses WhlCh were employed (Grcen and 

Patel, 1985). It is this latter issue which is of particular interest. Chess IS essentially a 

nonverbal task and, consequemly, the data analysis and the methods used to 

characterize the stimulus materials are quite simplistic in nature. Conversely, both tne 
, 0 

input and output for medical pru.blem solving involves complex verbal infonnation. 
/ 

'" r, 

'/ 

/ 
/ 

Thus, a more sophi~ticated method of data analysis may be Î1~cessary. To evaluate this ~ 

, \ 
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. 
possibility, a reanalysis of sorne of thè recall protocols collect~ by Muzzin et al . 

. , 
. (1982) was u'ndertaken at McGill University by Patel anfi'Frederiksen (l984a).- The 

" 

-

\ 

method ·of data analysis which they used is rcfcrred to as propositional analysis; a 

'" technique developed to facilitate the the identification of the cognitive processes 

underlying text comprehension (Frederiksen, 1975; Kintsc:h. ~97_4). "This reanalysis 

was successful in yielding expert-novice differences and the rcsults more closely 

rcsembled those obtained in the board game of chess. More specifically, differenccs 

were found between experts (consulting intemists) ançl novices (second~year medical 

students) in tenns oftheir representation of typical and atypical cIinicaI cases as 

measured by the percentage of text-based propOsitions which werc inferred and 

recalled, rc'spectively. 

The methods of discourse analysis ,employed by Patel and Frederiksen (1984a) in. 
If 

their reanalysis <;>f the Muzzin et al. (1982) data have been used in a nurn~r of 

subsequent studies in medicine and have become the primary rncans of assessing 

expen-novice dlifcrences in the compreh~nsion of medical texts. The paradigm 

emplo~ed typically involves requ~sting subjects to read a clinical text (often wiùlÏn a set 

time limit) and then to reéall that text. Indices of comprehension processes inclu~e th.e 

perce~t of propositions which are recalled and inferred as weB as the relevancy 'of these 

propositions to th~ correct diagnosis .. ln39dition. the asscssment of differences in 

rnedical pr:ob1ern solving' has becn' accomplished by requesting experts aud novices to 

exp Iain the unde~lying pathQphy~iology of a clinical text. ThiS task enables one to 

study subjects' causal knowlepge (Patil and Szolovits; 1981). ~ 

The comp~tive profile of novices emerging from studi~s which have used these 
" ' 

~., -

paradigms inc1udes the following general characteristi~s about thcircomp~hension and: 

proble~ solving abilities: -

• 1 

., 
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(1) novices and experts represent clinical cases diff~rently; experts make more 
, . 

inferences than novices (indicating a higher level of abstraction) whiÎe novices recall 
-
more than experts (e.g., Patel, In press), 

(2) novices are less adept man experts at discriminatit:tg relevant from nonrelevant 

information containcd in a clinical text (e.g., Patel, Groen, and Fredenksen, 1986; 
1" .. ~ 

". Patel, in press), 

\ 

.. 

• 

0) novices and experts have qualitatively different causal knowlcdge; the problem 

modéls constructed by novices are based on 'cxpcrientIaI or common sense knowlcdge 

while the problem models constructed by experts arc b[lsed on domain-speciflc 
, 

knowledge (e.g., Patel and Groen, 1986a). 

(4) novices' knowledge tends to be fragmented whereas experts' knowledge is . 

highly organized (e.g., Patel and Groen, 19-56a)., 

(5) noviées and experts represent problcms diffcrently; novices' problern 

representations arc bascd on surface characteristies of the problem while the pro~lem 
, 

models constmctcd by expèrts a~e-more parsimonious, concise, specifie, and inte~ated . 

(e.g., Patei and Groen, 1986b). 

An additiQnal modification of the original deGroot (1965) and Chase and Simon .. 

(1973) paradigm which has becn implemented by rcscarchcrs in cognitive psychology 

as applied-to medical education has becn the nature of the populations which have been 

cpmpared. More specifically, in addition to exa~1I1ing groups?f indivldual~ who àit at 

ei'th~r extreme of the expert-novice continuum, researchers have compared groups of 

individuals at differing pomts 'along the contmuum, and groups of indlviduals at t~e , 
, ~ 

upper-end of the ~ontinuum. With reference to the former modIfication, the 

combinations of populations which have becn studied and contrasted in,clude: 
, -

(1) first- and second-year medical students'and physicians (e.g., Patel, 
. 

HoPing~ong, and Mark, 1984), 

.. 
... -. 

• 
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(2) Îll'St-, second-, and fourth-year rnedical students and physicians (e.g., Patel and 

Medley-Mark, 1986), 

(3) laypersons, second- anj fourth-year medical students, final year clinical clerks, 

first-year residents, family ~ysicians and practicing dennatdlogists (Norman, Muzzin, , ~ 

and Rosenthal, 1985), 

(4) second-, fou-rth-, and final-year rnedical students (Claessen and Boshuizen, 

- 1985). 

(5) fÏrst- and third .. year medical s~dents, second-year residents, and experienced 

physicians (e.g., LeClere and Bordage, 198~). 
" 

These studies have provided additional msight into the development of expertise in the 

. d.ornain of rncdicine and have indicatcd a non-monotonicity in learning (e.g .• ~atel, /. 

Groen, and Scott, in press). 

A number of studies have also cornpared groups of individuals who are at the upper 

end of the 'novice-expert continuum (e.g., Kassirer f Kuipers, and Gorry, 1982; MiIler~ 
~ , 

1975; Muzzin ct al" 1983). These stlldies represent an atternpt to characterizc . -

differential abiJities among gtoups of individuals who are cxpéh in diffcrent ;Ispects of 

one particular domain. For example, Joseph and Patel (1986) and Patel, Arocha, and: 

Omen (1986) examincd the problem solving processcs ofendocnnologists and 
, . 

cardiologists solving a problem both wiùlin and outside thclr area of expertise. While 

'~Ùl groups of-subjects rnay he considered experts, in the sens~ thm they, hold M.D: 

degrees, the physicians with subspe~ialty degre~s in endocrinology arc experts in' 

undersianding and diagnosing endocrine dis<;>rders whcreas me physician~ with 

subspecialty degrccs in ~ardiology arc experts in understanding and diag~osisng cardiac. ' 
- . . 

disorders. As a consequence ofthis differential expertise, these physicians rnay solv'e 

the two types ofproblerns differently. The inte~sting facet of'ltb.s:se studies is that they-
'. . _ .,.......r-
represent an ernerging awareness among coinitive researéhers of the need to C 

.. 
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~ characterize the populations under study in a more exact manner. Such sturues also 

suggest that there may be unique characteristics of these populations ~t the upper end of 

the novice-expert continuum which are important to identify. In a similar vein, there 

, \ 

,-

may pc unique charncteristics of populations at the lower end of the novice-expert 
1 

continuum which arc important to identify. In the domain of medicine, ,however, this 

possibility has not been empirically investlgated. 

Olase~ (1985) has noted that the încreas~ understanding 0! expertise has lcd 10 an 

increased curiosity of how it is acquired. At present,JlOwevcr,.our knowledgc about 

novices in the domain of medicine is lirnited. The reason for this is two-fold. First, the 

'populations which have previously bccn designated as novices hav~ ranged from first 

, year medical students (e.g., Patel, HoPingKong and Màrk, 1984) through to internists 

: (e.g., Eistein, ei aL, 1977). The only consislency bctween studiés has l?cen thal the 

individua1s selcctcil for the novice group arc those with less medical training than the 

individuals selected for th'e expert group. While this is acceptable, it may"not y1eld 

substantial insight into the cognitive behavior of novices. Furlhcr, If we are to 

understand the true nature of expertise within a given field of stu'dy, it seems 

reasonable, in fact necessary, to begifl with a thorough examination of 'truc' novices,-

individuals at the outset of developing expertise. A second reason our knowledge of 

novices.in the domain of medicine is limited is that the profile ,":,hich has been 

developed is based on comparisons with experts. As the bcginning of this chapter 
- , 

'outlined, s,tudents entering medical school comprise a rather heterogeneous group in 

terms oftheir premedical academic history; students either hold B.Sc. degrecs, B.A. 

degrees, or enter medical school directly from high school. Howcver, aIl previous 

expert-novice studies have failed to consider the premedical backgrounds of the 

populatio!1s under study. As a result of the:;e two conditions, our knowledge of 

novices may be, at best, more incomplete than realized and, at worst, misleading. 

• • 
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Rationale 

As the preceeding pages have outlined, two research approaches, have been used to 

study the perfonnance of students in medical schoo,l. The evaluation approach has been 

concemed with identifying academic differences between populations of medical 
-

students who are equivalent in acaden:ic year but who differ in tenns of premedicàl 

background. These studics have becn conducted primarily for the purpose of program 

evaluation. The results of these studies, based on very glbbal, cvaluative-type 

measures, suggest that diffcrences in academic perfonnance in these populations do 

exist. 

Medical students, equivalent in academic year, have alse becn studied in comparison 

to more advanced rncdical students and post-graduatcs of medical school (i.e., interns, 

residents, practicing physicians). TIIe research approach that has been used is 

cognitivcly oricntcd and has as its goal thc.identification of the,underlying cognitive 

proce~ses which must be acquired by the novice (i.e., medical student) developing 

expertise. Complex tasks and.methods of analyses have been the primary means for 

, accomplishing this goal. While differences in performance have bren noted, these 
1 

studics ~ave neglccted to differentiate between populations of medical students in tenns 

of their premedical background. Evidence from the evaÎuation rcsearch litcrature and 

more recently, research on the role of prior knowledge (c.g., Glaser, 1985) strongly 

suggests that prernedic~ background is an important factor influcncing students 

- perfonnanêE'1n medicine. 

The pUIpose of the present study was to bridge the gap between the evaluation and, 
Q 

cognitive research conducted in the domain of medicine by exploring the c1inical case 

comprehension and problem solving abilities of students from vàrihus premedical 

( , 



o 

• 

11 

.' 

1 

backgrounds upon entI)' into medical schooL The tasks and associated methods of 
- , . 

analyses were borrowed from the cognitive J\Cience lite~ture and were used in 

conj~nction with a grouping variable oorroweÇ fro611 the evaluatiùn research. This 

combiQ~ approach is ~nique ~d has the ability to enhance two ongoing lines of 

research within the professional d6rriain of medicine. 
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CRAPTER n 
, . 

METHOD ,,?,, 

SubiectS 

A total of thiIty students entering medical sthool participated in this study. * 1 The 
1> 

fust step taken in the recruitment pf these students was the attainment of a list of ail of 

the students who had &en acceptcd into McGill University's four-yc<'lf and ~ve-year 
medical programs effective September 1985. This li;;t, as weIl' as a Iist oUhe students , ' 

who had successfully complet cd the fust year of the five-ycar Medical-Prepar1ltory 

program was obtained from the Medical FacuIty's Admissions office. The 

experimentcr then randomIy selccted students from these lists and telcphoned them to 

inquire if they would like to participate in the study. The tcIcphonc conversations 
o 

included a general description of the purpose and nature of the study and an estimate of 
the time involved. Emphasis was placcd on the faet that participation was strictIy on a 

, 
voluntary basis and that refusaI or acceptance to participate would in no way influence 

their subsequent studies ât McGill University. 111C first tcn subjects from each of the ' 

three lists of studcnts who accepted were inc1uded in the study. 

Thus, three groups of students, charaeterized by tllree different prcmedical 

backgrounds, participated in the study. At the time of testing, none of these students 

had received any format'medical training. Group 1 consistcd of students (n=1O) who 

had just completed College d'Enseignement General et d'Enseignement Professionnel 
.,. 

(CEGEP) in which they had majored in Hea1th Sciences. These students, subsequently 

, , 
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referred to as CEGEP students, had been -accepted into McGill's five-year, Medical-

1Teparatory program. Group 2 consisted of students (n=9)*~ who had successfully 
\ 

completed the first year of the five-year M.edical-Preparat<?ry program, and en~ercd the 

regular four-year medical program in September 1985 (approxirnately thrcc months 

after testing). TIIe students in this group are su-bsequently referrcd to as Mcd-P 

,students. Finally, Group 3 eqnsistcd of students (n=lO) who hall complcted a 

Bachelor of Science undergraduate degree. Six of these students rnajored in . 

physiplogy, two in biochemistry, and one in neurophysiology. These stl1dent~ 

subsequently referrcd ~o as Degree stud~nts, had becn accepted int,o McGill's four

year medical program and are currently in the same classes as thoseos~udcnts from , ' 

Group two (i.e., the Med-P students). 

Materjals f;l 

The stimulus material cçnsisted of one 20-page, self-contained b60klet peT student. 

The frrst page of cach booklet contained a cover sheet (Appendix A) which described 
. ' 

both the contents of the booklc~ and ~e corresponding instructions. This cover sheet 

, was follow~ by one of two cIin~cal texts, the details of which are dcscribcd 

subsequcntly. TIlÎs cIinieal text was aeeompanied by threc separate shects of paper 

headcd with the followi,ng rcquests (l) Summarize the case, (2) Explam the casè in -

terms of the underlying pathophysiology, and (3) Provide a diagnosis. AlI 'tnatcriab 

relating to one clinical text, including the text itself, were prese,ntcd together and wcre 

'followed by the,se,cond texl and ilS aecompanying m~terial~. The two teJts were ,ùsed 
. ~, 

incounterbal~n~ed order in aIl groups and. accordingly, t)Vo,different~types of booklets 

were constructed .. 
., 

0 
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The ~o clinical texts,outlined different clinical problenis. "fext 1 (Appendix B) 

dës.cribed,a patient with an endocrinology disorder. Text 2 (Appendix C) described-a 
1 

patient with a cardi.ac disorder. Each text was developed by a physician whose area of 

medical expertise Jay in the specifie nature of the clinical problem (Le., an 

e'ilaocrinologist and a cardiologi'st, respectively). Both texts were d~rived frorn actual 

patient cases and described the hi,story, physical examination fmdings, and sorne 

laboratory test results of the patient. 
# 

The two te~ts differed with respect to their surface-Ievel text chara~teristics. The 

cardiology text (Te):: 2) was longer th an the endocrinology text (Text 1) but had a lower 
1 

proposition al dcnsity (Le., average number of propositions per segme~t). Table t. . 

outlines the exact surface-Ievel text characteristics of these two texts: 

Text 1: HashimQto's HypothyrQidism. 

Text 1, the endocrinology text, oudin&! the case of an eldetly woman with 

Hashimoto's Hypothyroidism which had progressed to a myxedema pre-coma state: 

Hypothyroidism is a condition of dcficient thyroid honnone secretion (Harrison, 

1.980). A nurnber of reasons have been postulated for the occurrence of this conditÎ<m ' 

which, depending on the specifie cause of the disordcr, is manifcsted at different points 

in one's life.- For example, hypothyroidism may he present at birth or in carly infancy e 

if-the thyroid ~Iand ha!> failcd to develop or if thcre are inheritcd defects of thyroid 

honnone biosynthesis. Altematively, hypothyroidism may be manifcsted in middle-age 

whii::h is typically the case if the disorder has an auto-'immune origin (also refer;ed to as' 

l-Iashimoto's hypothyroidism). Finally, hypoth)rroidism may appear at any age if th~ • 

thyroid gland has been surgically removed or has been destroyed by radio-iodine 

therapy. Sinee the patient in this case had an enlarged thyroid gland (in fact, it was 

enlarged to twice the normal size), with"a finn and irregular consistency, the rnost 

plausible form of hypothyroid~sm is Hashimoto's hyp6t~ytoidism. 

',. 
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TABLE! " 

t. 

Textuai Aspects of Stimulus Materials ., . 
c' 

HASHIMOTO'S PERICARDIAL 
HYPOTHYROIDISM EFFUSION 

(Text 1) (Text 2) , 

,ASPECI' 

Numberof ../ 

Words 150 368 

Numberof 
Segments 29 58 

• 
Numberof 
'Propositions 84 129 

Propositional 2.2~/ Density 2.90 " 
~ Number of Relevant é_" '. Propositions 32 ~ "', , 

Number of Nonrel6vant ~;J PropositIons 52 
" '9 .Percent of Relev{lIlt . . 

Propositions 38.10 37.21 
. 

Percent of Nonrelevant l 

;Proposi tions 61,90 62.79 

,. 
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~ numbèr of clinical features typical of hypothyroidism were embedded in this case. 
~\ 

These include gen/tral symptoms arising from the involvement of the :?uscles, nervous 
.; 

system, cardiovascular system, and gastrointestinal system. Such general symptoms 

inclu~ed rold intolerance and weight gain. The signs indicative of these sytpptoms are 

pale, dry, and coarse skin and hair. Symptoms which stem from nexvous system 

/ involvement typically include slowncss of thought, as indicated by slowness of speech, 

neuromuscular condition (indicated by delayed relaxation tendon reflexes), and 

drowsiness. Cardiovascular symptoms include angina of effort which is iridicated by 

such signs as bradycardia (Le., slowness of the heart, as indicated by a low pulse rate), 

evidence of ischaemic heart disease and sometimes pericardial effusior. Further, the 

heart sounds of a hypothyroid patient tend to be n:tuffled. Gastrointcstinal symptoms 

usually"include constipation and hyponatremia or reduced serum sodium (due to the 

patÏent's inability to cxcrete free water by the kidneys). In addition, a complication 

, frequently associatcd with profound nypothyroidism was evidenced by the patient in 

this case. More specifically, if hypothyroidism is Jeft untrcated, it may lead to 

.my,xoedema corna which is characterized by hypotherrnia (ieduced body temperature). 

In this case, the ~atient had recently been prescribed a potassium iodide mixture to 

~eviate what had'been di~gnosed as c~ronic laryngitis. What was not made explidt in 

the text, however, was thç fact that the patient had been J?isdiagnosed. Many p~tients 

with hypo~yroidism experience a change in their voice. That ,is, due to the low levels 
'-. 

of thyroid'hormone, their voice becomes low or hus.ky. Because the patient had not 

been diagnosed as haVing hypothyroidism, this quality of voice was mis in terpre ted "as a 

sigil of laryngitis. The medication which the patient-was subs~uently prescÎibed 

furt.her d~sed the a1ready low levels of'ciroulating thyroid hormone and resulted in a 

coma..:like state which was the.reason for the patient's admittance to ernergency. , 

, . 
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Tm 2: Pedcardial Effusion. 

Text 2, the cardiology case, outlined the case of an elderly man with pericardial 

effusion. This is a condition in which' the sac that surrounds the heart (Le., the 

pericardium) is filled with fluid (Harrison, 1980). This fluid build-up results in 

con striction of the heart ~d restriction of its pulsation. 'Nhen there is an extreme 

amount of fluid 10 the pcricardium, cardiac tamponade ensues. This reslilts in a fall of 

cardiac output and systemic venous congestion. 

A number oklinical features which are commonly as~ociated with pericardial 

effusion were embedded in this case. Mâny of these findings are due to the inefficiency 

witli which blood circulates both to and from the heart. In this patient, the capacity of 

both the right side and left side of the heart was decreased, 111e right sidc of the heart is 

" responsible for the uptake of blood once 11 has circulated throllgh the body. However, 

the large amounts of fluid in the pericardium restncted or blocked the flow of blood and 

fluids to the right si de of the heart. ü:msequently, there were abnormally large 

quantities of fluid in the body (edema), inc1udmg the abdominal cavlty (ascItes), legs, 

presacrum, and scrotum. As weIl, the jugular veins were distended because of the 

blockage of flow to the right St-te of the heart. 

The pulmonary symptoms which this patient manifested indicated impairment of the 

left side of the heart. The left side of the heart is responsible Lor the uptake and 

circulation of blood to the body once it has been purified by the lungs. However, the 

flow ofblood and fluids to the left side oflhe heart was also restricted by the flllid 

acCumulation in the pericardium. Consequently, the patient had difficulty breathing 

. (dyspnea) on mild exertion (because of the fluid in his lungs) and by the time he 

presented to the hospital, he could no longer sleep in a horizontal position. This latter 

condition (onhopnea) is a direct result of the fact that wh'en the patient lies down, the 
, 

fluid in his lungs distributes over their entirety and more severly affects the ~spiratory 
\ • 
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cycle. Sorne findings which were mdicative of these' pÙlmonary syrnptoms included 

-right pleural effusion (fluid build-up in the right lung) and partial atalectasis in the ri~ht, 

lower lobe (collapsed right Jung). , 

The fluid build-up in the pericardium was confirmed by the enlarged carruac 
'\ 

silhouette, the)ow voltage QR's and voltage fluctuation noted on the ECG readings 

(due to the electrical interference caused by the fluid), the faint heart sounds, and the 

absence of the apex beat. Finally, the clinical finding of pulsus paradoxicus was 

indicative of cardiac tarriponade. 

The patient additionally demonstrated signs of hepatic (li ver) congestion and 

intestinal dysfunctlOn (protein-Iosing gastroentropathy) as eVldenced by a number of 

laboratory test results, including the levels of albumin', bIllrubin, and urobilinogin. 

These readiI1gs sugg~sted that the levels of blood proteins 10 this patient were low. 

Procedure 

\ 
Subjects were tested individually in'one of McGill University's Centre for Medical 

Education offices. The instructions for completing the book let (outlined on the 

coversheet) were frrst presented verbally by the experimenter to ensure that the correct 

procedure was fully understood and would be followed. Any uncertainty expressed by 

the students conccrning the instructions was immediately clarified by the cxperimenter. 

Once the instructions had been discussed, studcnts were left on their own to (1) read 

~e initial cIinical case, (2) summarize it in writing, (3) prov'ide a documentation of the 
, 

underlying pathophysiology of the case (that is, to expIain the occurrence of the 

patient's symptoms in basic science terms), (4) provide a diagnosis, and (5) repeat 

these steps for the second clinical case. The order of text presentation was 

counterbalanced across students within each group, with the exception of Group 2 (the 

, 
\ 
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Med-P group) in which there were only nine subjects. In this gr p,o y four 
Q ~ 

students received ohe order ~hile the remaining five ~tudents recei cd e èmate 

order. 

Once students had completed the required task, the experimenter thoroughly 
/ ' 

debriefed them on the intended purpose of the study and answered any questions 

studejS had pertaining to the study. 

... 
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CHAPTER m 

MEmOD OF ANAl. YSIS , 

" 

Comprehension ofClinical Cases 

S,tudents' comprehension of the two clinical texts was ass~ssed using methods of • 

discotp'se' analysis; a series of analyses which were developed 10 allow investigators to 
_ 0 <, 

draw inferences about the cognitive processes that underlic the comprehension of verbal 

text. A number of systems currenù~ exist- but the two most comprehensive methodsLP'f 

discourse analysis, namely proposition al analysis, arc th~se de~elQPcd by Kmtsch 

(1974) and Frcderiksen (1975, 1985). nIe basic tenet of thcse models is that a 

sen tente is comprised of one or more sets of clements, referred to as propositions, 

which represent the sem an tic content ofthat Sentence. Kintsch's (1974) model, while , 

having the advantage of bcing relatively simple in nalure is lacking in its degree of 

specificity and precision (Tiemey and Moscnthal, 1982). The system cfeveloped by 

Frederiksen (l97Shs more comprehensive in nature and includes both a sernantic 

network and a logical system which relates sets of propositions. Il- is prccisely this 

, a~pect of Frederiksèn's method, in combll1~lion with the fact, that it has bcen 
~ 

successfully ad~pted for the dOI11ai~ of medicine (e.g., P~tel and Fredenksen, 1984a), 
1 

which provides the justi~cation for its use in,the present study. The following 1S a 

description of how this analysis is conducted, with reference to the present study. 

Thè fmt step in the analysis involves st!gmenting the stimulus materials (i.e., the , . 
1 

two clinical texts) and subjects' surnmary protocols of these materials. This is 

l' 
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accompli shed by' employing Winograd's (1972, 1983) system of clausal ,;tnalysis; n 
" , 

fonn of analysis which has its roots in Halliday's (1967) systemic grammar. ft is 
\ ' , 

essentially a syntactic analysis and, as such, is concemed with the division of texl into 

relevant syntactIc ùnits. Due to the wide range of complexlIy which cano characterize 
, , 

what is typically'jdenufied as"a sentence, these symactlc llmts arc déemed a more 

manj:\geable unit for the purpose of further analyses. 

Withi~ thi,s s.ystem, a segment is defined as a clause or ~yntactlc unit, typicaHy 

coniaining a finite verb (either tensed or conjugated). This mcludes aH major c1'luscs 

(e.g., declarative, imperative, and in,terrogatIvc) with thclr assocIated minor,clauses.

Additionally, one type of secondary clause is çonsiclered to be, jl separ:atc segment, 

specifically, the bound acljunct. A bound adjunct is a clause WhlCh modlfic~ ,lIlothèr • __ 1 

, , 

clause and is linked to that clause by m~ans of an explicll bindcr. Clauses with . 

nonfinite ver9s (e:g., infinlle, partici,ple), lllcluc.hng bound ad]uncts. arc Ilot considcred 

to he separate segments, but rather a part of a segmell.t. For example, the scntcnte: .. . . 

He then noted hc was wmded 
a[ter walkillg about 40 fcct. . 

1 

contain,s a s~ondary clause, a bound adjunct, bur bccaüse the vèrb i~ 1,nflllll~. (e:g., 

walki~g), it isrnot corisideted a separate segment. Conversely, the sentence:' 
'. . 

A month la ter she had bcen diagnosed 
as having chronic laryngitJ~ and was 

pres,cribed a potassIUm iodidç mixture 
as an expec,torant. 

is considered to he two' segments because th~ secondary clause or the bound adjunci 

contains a finite verb (e.g., prescribed). 

" 
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In summary, segmentation is the "preliminary phase in analyzin,g a' piece of text. It is 
d , 

a means of dividing a text intq cO~lVenient, weiî~defined, and theoretically motlvated 
. -

units (Dillinger, 1984) which serve as the input to the remaimng two fonns of analyses. 

- 'The second step in thfs anaIysis involyes the semantic represen~ation of each 

..segment contained in the stimulus materials. This is accompli shed using Frederiksen's . " 

(1975, 1985) mcthod of propositional analysis. This representation allows one to see~ 

at a precise level, how a sul5ject's protOCdl is related to the presented text. 

Propositions are numbcred within segments and each proposition consists of a ' 

predicate, an argument, and a l~bclled relation lin king the-two. This is commonly 

_ referred to as a 'triple' and is defined as the smallest, identifiable semantic umt. -

According to Frederiksen's model. a predicate ~ay bc lm action (e.g., diagnose), an 

object (e.g., mixture), or a relation which connec'ts propositions (e.g., a conditional, 

. ,- temporal, or causal relation). Argumenrs may bc càse relations, such as patient (the 

patient of a procéssivè'action); agent (the agencof a resultive action), therne (the theme . 
• 

of a cognitive process) or result (the result of an action). Additionally, arguments may 

he ide'ntifying relations such as locative (the location of an action or objcct), tense (past, 

pteseht, future), aspect (e.g., continuous), or modality -(e.g., truth value). An example 

of thi~ procciIure, ,using segmen~s numbcr five and six from the Hashimoto's 

Hypothyroidis~ case (Text 1), is shown below. 

5. A mon th later she had been diaghoscd as having chronic laryngitis 

" PREDICATE ARGUMENT , { 

REC:she, 1HM:(as)5.2, =TNS:past, ASPCT:comp; 
ACf:laryngitis, ASPCf:cont; J 

A TI:chronici 
[5.11, [later] 

.~. 
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6. ru:td was prescribed a potassiUJ:l iodide mixture as an expectorant. 

PREDICATE 

6.1 prescribe 
6.2 mixture 
6~3 IDENT(as) 

ARGUMENT 

REC:(a,nd), OBJ:mixture, =TNS:past; 
=A Tl:iodide, A TI:potassium; "-
J6.2], rexpe~torantl; l' 

34' 

It should be Doted that this system of propositional an~lysis allows for the 

embedding of propositions (e.g., proposition 5.2 is cmbedded within proposition 5.1), 

and the possibility of empty slots (e.g., 'the rccipient in propositIon ~ 1). 'For a mqrc' 

complete aIld comprehensive description of the systeI~l, the reader is referred to 

Frederiksen (1985). 

The third and final aspect of this analysis is ref('rred to as recul! analysi~. This 

involves matching the segments [rom subjècts' wrytten protocols agaimt the_ 

proposition al content of the original stImulus texl. Those segments From ~lIbjects' 

protocols which correspond eJo;actly to the message base as defined in the original, text 
~ . , 

~ coded as recalls. ,lfransfonnations made by subJe~ts on any message base are coded 

, as inferences. These transfonnatiom, are specified by a set o( mies developed by 

, Frederiksen (1979). For ex ample, if a segment in a 'subject's protocol read: 

Blood pressure (B.P.) was 160/95. 
. 

,and the correspon,ding segment in the original text was represented as! 

PREDICATE 

B.P. 

ARGUMENT 

=DEG: 160/95, TNS:past; 

. , 

then' that segment From the subject's protOC.91 would be scored as a recall because it 

contruns every proposition that the text segment does. However, if the segment in a 
, 

subject's protocol read: 
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Blood pressure (B.P.) was high. 

- \ . 
then that segment would be scored as an inferenç~ because the subject has altered the 

degree value of the text proposition. These two .response categories, recall and 

inference, are not distinct and a segment from a subjcct's protocol may be coded as 

both a recall and an inference. Additionally, a segment from a subject's protocol may 
/ ' 

, ' (, 
be scored as a part-recall. This is typically the case whcn only the ar.-Sl.:!ments of a text 

< 

proposition are contained w,ithin a segment of a subjcct's protocol (i.e., the predicate or 

heàd element of a proposition is not included as part of the subject's text). For example, 

a segment in the stimulus text may contain the propositions: 

PREDJCATE 

palpate 
beat 

ARGUMENT 

OBJ:beat, =TNS:past, NEG (not), MOD:QUAL (cbuld); 
CAT:apex 

... 
while the correspOnding segment in the s{ubject's protocol reads: 

The apex could not be palpated. , , 

While the argument of the second text proposition has been retained in the subject's 

protocol, the head clement Cbeat) has been omitted. The absence of this head element 
, 

~ecessarily exclu des the possibility of scoring the subject's protocol for the presence of 
: 

a triple; a necessary condition for a recall or inference to be coded. Thus, this portion 

of the segment is scored as a part-rocall. 

In summary, subjects' comprehension of the clinical texts was analysed through the 

use of techniq,ues of discourse analysis. These range from surface level dausal 

analysis, through PIVpositionaI analysis and, finally, tm analysis of the recalled, 

partially recalled and, inferred propositions which tht> subject produces. 

\-
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In tenns of collecting data for the comprehension analysis., the number of 

. ,propositions which formed the basis for recalls, part-recalls, and inferences within each 

subject's summary protocol, for each of the two teX.~s was calculatcd. These figures 
\ 

were subsequently transfonned into mean pcrcentagès for 'the purpose of standardizing 
~ 

the results across the two texts. Each of these three responses wcrc slIbsequently 

subdivided according tp their relevance to the diagnosis. 

Measures of Relcvancy 

AlI propositions in each of the two texts werc categorized as either relevant or 
, 

'nonrelevant to the correct diagnosis. This was accomplished by reques,tlng two experts 

to identify the relevant aspects of the text that wOllld Iead to an accurale dtagnosis. This 

. resultcd in a comparable proportion of pOlh relevant and nonrelevant propo'iitions , 
, -

> across texts. More specificaUy, there were a total of 32 (38.1 % of the total numbcr M 
, ' 

P!Opositi.9ns) relevant propositions and 5~ (61.9%) nonrelevant propO'Sitions for the 

Hashimoto's Hypothyroidism texl and 48 relevant (37.2%) and 81 (62.7%) 
. 

nonrelevant propositions for the Pericardial Effusion text. 

1 

Pathophysiology Explanations of Clinical Cases 

. It has been proposed (Feltovich and Barrows, 1984; Paul and Szolovlts, 1981) that 
, 

SUbjeCjS' causal,knowledge can he assessed by requesting thcm to explain the 

underlying pathophysiology of a clinical case. In more basic terms, this requires 

subjectS to explain the occurence of an unspecified number of symptoms which are 

explicitly stated within the text by using thcir basic science knowledge. At a more 

theoretica1level, this requires subjects 10 build a problem model or frame (Minsky, 

' . 
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.. 1975) ,which underlies the çlinical information provided in the text (Patel and Groen, 

1986a). Analyzing these pathophysiological protocols involves, tirst, representing 

them in terms of a causal network. A causal network is a re!ational structure with 

labelled links and nodes. Although these protocols. are not actually propositionally 

represented, proposition al analysis does fonn the basis for detcnnining these relational 

structures. That is, a working knowledge of propositional analysis,is sufficlent to 

enable one to draw out the àusaI and eonditional links within the pathophysiologieal 

'protocols, and it is not neeessary to rcprcsent the semantics of thesc protocols in their 

entirety. This representation allows one to see how,a problem modcI is built CIther 

using the subjecls' world knowledge or specifie knowledge of the case. 

As an example of this procedure, consider the following statement contained in a 

subjeçt's pathophysiology protocol: 

Lack of sleep causes drowsiness. 

In constructing a causal network of this subject's pathophysiology explanation, this 

would ~ rcpresentcd as: 

E OF~E~ .... _C_A_U __ ~ .. OROWSINESS 

The square box mdicates information contained in the original text and the circle 
-

indicates i.nfonnation provided by the subjcet (i.e., non-text based information). The 

it;tfonnation contained in these two nodes typically corresponds to a proposition. The 

lahelled arrow indicates a causal Iink l;>ctween these nodes. The representation of a 
-

subject's entire pathophysiology prqtocol contain~ a series of these link-nodc 
, , ' 

structures. lt should he noted, however, th~t the order of,these structures reflects the 

" 
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oroer in which they appear in the subject's protocol. Thal is, the order of the structure 

sirnply mirrors the order which the subject has imposed and does not imply any 

hierarchical organization. 

The second step in analyzing these protocols involves exarnining the accuracy of 

their content. This is accornplished by exarnining the representation of cach protocol in 

conjunction with a physicIan. Both the accuracy of the mformation contained in the 

nodes and the links which connect these nodes arc assessed. Thcsc two analyses 

provide qualitative information rcgardmg subjects' protocols. 

Finally, the number of text-based symptoms contained in cach subject's protocol, 

for each of the two clinical texts is calculated. This allows for a more quantitative 

discussion of these protocols. 

Diagnoses 

Students' diagnoses were initially categorized as either accurate or inaccurate, Due 

to the diverse nature of the diagnoses which feIl into this latter category; il was 

subsequently sulxlividcd into four sulxatcgorics, mcluding no diagnosIs, treatrncnt

related diagnosis, pathophysiology-rclated diagnosis, and Incorrect diagnosis: A 

treatmcnt-related diagnosis typically involved a discussion of the medical procedures 

considered to bc necessary to cure the pattcnt's illncss, at thc expcnse of labeIling the 

t,diseasc itself. A pathophysiolo~-relatcd diagno~is involved a 9c<;cription of the cau~e 

of sorne of the patient's symptoms without refercncc to the pa'tient's speCIfie ~Iinical 

disorder. An inaccurate diagnosis, while having the essel)tiaI propert):' of a diagnosls, 

. was incorrect for the particular text for which il \vas provided. For each of the two 

clinical texts, then, the number of diagnoses which fcll into eaçh of the five cat~gories 

was simply tabulated. In addition, the accurate and inaccurate diagnosîs categories 

. , 
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werc' collapsed in an attempt to estimate each group's ability to identify the major" . , 

malfunctioning organ for the two patients. 

Statistical Analysis 

A repeated measures multivariate analysis of variance was conducted on the 

comprehension' and relevancy data. The dependent measures were the percentage of 

relevant and nonreIe~ant propositions which were recalled, inferred, and part-recalled. 

'There was one within subjects factor of text aFJd this factor had two levels. 

Additionally, there were two bctween subjects factors. These inc1uded group, with 

three levels, and text order, with two levels. A su'mmary of the variables inc1uded in 

the analysis is prescnted in Table 2. 

Analyses were conducted using the statistical·package SPSSX, version 2.1 on an 

,AMOAHL 470 V7 computer. 
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TABLE 2 

. 
Summary of the Variables Induded 

in the Multivariate Sta&1ica1 Analysis, \, 

l , 

INDEPENDENT V AlUABLFS: 

Group_ 
~ 

GROUP 1: CEGEP Students 
GROUP 2: Med-P Students 
GROUP 3: Degree Students 

TEXT 1: Hashimoto's Hypothyroidism 
TEXT 2: Pericardial Effusion 

IextOrder 

ORDER 1: Text 1 followed by Text 2 
ORDER 2: Text 2 followed by Text 1 

DEPENDENT VARIABLES 

Response Type 

RECALL 
INFERENCE 
PART-RECALL 

Releyance 

, , 

.' , 

"RELEVANT to the diagnosis 
NONRELEV ANf to the diagnosis 

, , 
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coMPREHENSION OF CLINICAL CASES 

ResuUs and Discussion 

, 

'I1lé surpmary results of the repeated ,measures mulùvariate analysis of variance are 
, , 

_ presented)n Table 3. The means and standard deviauons are presented 'in Table 4. 

Four significant-main effects emerged which werc aU involved in several higher-order 

interactions. Thcse mmn"effects included group (F(2,23)=3.815, p=.037), respônse 

type (F(2,n)= 72.45S, p<.OOO5), text (F( 1,23)=23.810, p<.0005), and relevancy 

(F{1,23)=142.980, p<.0005). Significant two-way mteractions includcd group by 

, response type (F(4,44)=2.741, p=.040), text by response type (F(2,22)=17.053, 

p<.OO(5), t,ext order by respoose type ( F(2,22)=3.897, p=.036), and text by 

. relev.ancy (F(2,22)=16.l73, p=.OOI). Finally, a sigmficant three-way interàCtIon was 

,", found for text by response type by relevàncy (F(2,22)=4.552, p=.022). 

The group by response type interacùon is depicted in Figure 1. AIl groups of 

students consistenüy recalled more p,ropositions than they inferred, an~ their level of 

inferencing was highcr than their level of part-rccalls. There were differcnces between 

groups, however1 in the mean percent of proposiùons which forrned the basis for 

recalls, infercnces, and part-recalls. More specifically, after examining Figure l, it is ' 

,immediately apparent that the interacùon was due to the performancé of the Med-P 

students. The CEGEP students and the Degree students recalled and inferred 

comparable percentages of text proposi?ons. The Med-P students, however, recalled. 

, 
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0 TABLE 3 

-

! ResuUs of the Repeated Measures 

() Multivariate Analysis of Variance. 

--Swm: l dt SlrmlIJalDIZ • 
Constant 32579.02 1,23 .000 
B~1Pl~n Sllbi~l:i 
Group(G) 3.82 2,23 .037 • 
Text Order (1'0) <1 1,23. .557 
GXTO 2.72 2, ~3 .087 
Wlll1in Sl.Ibi!:!;;l:i 
Text(T) 23.81 1,23 .000 •• 
Relevance (R) 142.98 1 1,23 .000 • 
Response Type (RS) 72.46- '2,22 .000 • 
TXR 16.17 2,22 .001 • 
TXRS 17.05 2,22 .000 l 
RXRS 3.21 2,22 .060 
TXRXRS 4.55 2,22 ~022 • 
InUn~ll!mS Q[ a~l:!:1<Çll 

ilml Wlt1uD'Fa~lQni 
GXT Q 

<1 2,23 .699 
GXR 3.01 ~ ~ 2,23 069 
GXRS 2.74 4,44 .040 • 
TOXT .< 1 1,23 .476 
TOXR 1.18 1,23 .289 
TOXRS j.9~ 2,22 .036 • , 
GXTOXT <1 2,23 .602 
GXTOXR 1.10 2,23 .349 
GXTOXRS 2.21 4,44 .076 11, 

GXTXR <1 2,23 415 
GXTXRS <1 4,44 .441 
GXRSXR ,< 1 4,44 .807 
TOXTXR 2.13 1,23 .158 
TOXTX"RS 2.13 2,22' .143 
TOXRXRS <1 2,22 .966 
GXTOXTXR <1 2,23 .526 
GXTOXTXRS < 1 . 4,44 .850 

~ GXTOXRXRS <1 4,44 .492 
GXTXRXRS <1 ~ 4,44 ._ ........ -~ .910 
TOXTXRXRS < 1 2,22 .5&7 
GXTOXTXRXRS 

1 

<1 4,44 .(1.)7 

0 
J 

'\ <\ . ".. 
. 
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Group 1 (CEGEP) 

Rccali 

~r!.1I\Ce Inference 
Part-Reuil 

-- Rc:call 
1.ow Inference Rclevancc 

Part·Recall 

GroUp 2 (Mrd-P) 

Reall 

~evmcc Inference 
Part-RCCYl\ 

Rccall 
1.ow Inference RcIevll\Ce 

Part-Recall 

Group 3 (Ingl"ft) 
u 

~evlllCC 
Rocall , 
Inference 
Part-RCQII 

Low 
Rocall 

Rclcvmce Inicrence , Part-Reall 

" 

TABLE 4 
Means and Standard Deviations for 
RecalJ, Inference, and Part·RecaJl of 
the Three Groups by CIlnlcal Case. 
Relevance of Information, and Text Order. 

Hufdmoto's HYPOlbyroldlsm Perlc.ardlal EffiI.sIon , 

j 

43 

, 

Onhrl 1 Ordt'r2 Oroer 1 1 Ordcr2 

l\ftWI S.D. 1 M~ SI) Mmn SO 1 Mean S.D. 

20000 11180 16875 4739 17083 6972 7083 3486 
15000 8089 8125 7194 13 333 4796 7917 1743 
6875 3423 . 8750 5135 417 932 2500 2716 

18077 11.586 7308 2507 9877 5856 8148 4150 
9615 5267 5.385 4 \69 6667 3962 5926 3074 
2.308 r 609 3077 2917 A94 1.104 494 676 

~ 

21.094 16AI3 3S 625 5229 1302\ 5201 19167 1\ 730 
\7.969 11250 18750 .3827 16146 7488 18750 - 5.312 
IO.l5§ 2992 Il 797 5229 1042 2083 1250 1 141 

11.539 9.931 22.308 19115 9.568 7.897- 13580 8.189 
12019 3284 8077 5.160 11420 6.325 10617 475Q 
2.404 962 3462 2507 .309 617 494 .676 

15.625 7967 23750 4739 10000 ,4S17 12.917 7424 
10.000 4075 12.500 5846 12 SOO 3898 14167 2.716 
937S 7.329 12.500 11.049 1667 932 833 1 141 

5.385 6853 12.692 3493 6A20 5.617 8642 6,648 
8077 3.699 6.923 4.427 7.901 5.060 7407 3904 
3007 2.193 4.615 3.988 247 .sS2 .494 .1104 

, 
V 
') 

~ 

-0' 
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-and inferred many more propositions than either the CEGEP studen'ts or the Degree 

students. In fact, the Med-P students inferred more propositions th an either of the

other two groups recalled. It should be noted, however, thaf the degree of inferencing 
, 

for ail groups ,is relatively low. The lçvel of part-recalls for all grOl1~S was very low. 

There was a progressive increas'e in the nu"mber of propositions which fo~ed the basis· . 
, for this response type from the CEGEP group through to the Degree group, but this 

iACr<fment was minimal . 

. ' This pattern of results suggests that not all groups of stl1de~ts inteI]Jreted th.c.. texts in 

-=:;---the same way. Since it has been proposed (Collins, Brown, and Lttrkin, 1980) that 
" \ \0 - • 

, inferences involvc highcr level cognitive process than reçalls, the Mcd-P students may 

have processed thc clinical texls ,at a more abstract level than the olher two groups of 

-students. It is intcresting that the Degree students, with three or four years of 

Univorsity science education pcrforrncd at' a comparable level as the CEGEP students 

who have no scienc.e educatioQ al tllC University level. 

The text by'response typc inter:-.lction is illustTI\ted in Figu~e 2, w;hcre il i~ apparent 

that the interaction is due to the more verbatim ~sponse types of recaH and part-recall as 

opposed to the' morê àbstract, inferential response. As a,group, 'students ~ecaned a 1 

rtlUch higher perce~tagc of propositions from 'the Hasqimoto's Hypothyroidism t~xt 
, . 

than. from tlie Peritardial Effusion text. They also partially recalled more propositions; 
, , 

" < 'from Text 1 than from Text 2. These differing respOnse patterns' aC'ross the tw.o text's 

- ' 
~esHhftt-the students processed them.differently. Interestingly, the mea~ percent of 

propositions which-fonned ~h~ basis for inferences was virtually idenücal across t~xts: . 

OveraU. the'n, there were more propositions' in'cluded in subj~cts' summaries for Text 1 
l ' a 

,th1Ul' for Text 2, but' thelconsî.stency ~~ level of inferences a~ross texts indicates that bath 
t .. '" ~ 

, . . ' , 'texts a}>pear to be processed at a comparable level pf abstraction. 

'. , 
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Figure 3 depicts the.tex{ oroer by response type/interaction: The consistency in 

level of inferencing across texts noted just previously is no longer-entirely trUe. That 

is, depending on the text order students receive, ~here is a slight variation in the mean 

'percent of propositions which formthe basis for inferences. More sp,ecifically, 

students giyen the Hashimoto's Hypothyroidism text (Text 1) first tended to infer more 

overaU than ifthey we,re given this text second. Conversely, students given the 

, Peri cardial Effusiol) text (Text 2) flfSt, recalled mo~e overall th an students giveh this . 

text second. lllis is truc.as well for part-recalls. ' 

'Pofential factors ~ontri~uting tb this observed behavior are thé le,veIs of difficulty 

, and comprchensibiÎity of the clinical texts used. Given the lcvcl of the students- being 

examined and the nature of the task, it seems reasonablc to assume, that if one text is 

casier and lor more comprehensible than the other, then this will be reflected In their 
. , 

perfonnance. On this prçmise, an expert physiciàn was requcsted to compare the two 

, texts in terms of level of di ffic li 1 ty and cor!lprehensibility. The resuIts of this 

co~parison indicated t~at the Pericardial Effusion text was both more difficult and less 

comprehensible th an the Hashîmoto's Hypothyroidlsm text. This decision 'was based 

on the',qüantity and type of,laboratory tests and test results, the length df the text, and" 
'. 

'the complexity of the 'disease process Ïtself. Thu~, it would app'ear that exposing' 

, s~dents. i~itially, to a diffic~lt and somewhat incomp~hensible text, detrimeinally 

~fects their level of pr~essing of a subscqùenJ text: In comparison, exposing students . , , 

to an easier, I1)Ore ~omprchensible text facilitates ,Of e?hances their lev.,el of processing 
~ , , . 

of a subsequenrtext .. \ 
- l ' • 

The text'by relev<i1;lcy interaction is shown in Figure 4. ' Students, as a whole, 
, , .',,, 

disérihiinated between relevant and nonreIevant text propOsitions as indicaterl by the 
.\; 1 r;' 

, . , 

dif'(erential percentage of these pt:Opositions incIuded in their summaries. Stllde'nts 
l, 

tended t? operate more on the relevant as opposed to the nonrelevant infonnation and, 

, ' 
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while this is ~e for ~th texts, this distinction is more promine~r the'Hashimoto's .' 

Hypothyroidism text than the Pericardial Effusion text. 

, As with the text order by response type inte~ction discllssed previously, the text by 
, 

relevancy interaction may b;e due to the differential characteristics of the two texts. Thin 

is, stuqents were better able to discero the relevant from the nonrelevant infonnation in 

the Hashimoto's Hypothyroidism text than in the Pericardial Effusion text presum~bly 

~ause this fonner text was less difficult and more comprehensible Ihan the laller text. 
< ' , 

The significant thrce-way interaction of text by rcsponse typ~ by rclevancy is 

illustrated in Figure 5. The consistency in the rnean percent of propositions which 

fom the b~sis for infercnces across texts ànd the discrimination bctwccn relevant and 
. " , , 

nonreI~vant infonnati~n is once'again prcs~nt. Overall, ~clevant text propositions werc 

inferred upon more than nonrel~vant propositions, but across texts, the degree of 

inferencing on relevant propositions' was vinually identicaI, as w~s the degree of 

~erencing ~n nonrelevant pr0,!)Ositions. 

General Discussion 

The effect of group was includcd in onlyone of the five significant interactions, 

found in the present study. Bascd on this finding, two conclusions are d,rawn. The 

frrsf conclusion is based on the interaction which iricltides 'the factor of group, thIS 

interaction implies, as noted previously, that the three groups of students did not 

represent the clinical cases equivalently. The CEGEP students and the Degree students. 

were more similiar in the way they representcd the infonnation than eitheT was to the 

Med-P group. This pattern of results has been found in another study rcponed by 

PateI, HoPingKong, and Mark (1984) which investigated the comprehension processes 

of subjects with varying levels of medical expertise, and used the same method of 

,/ 



·C 

~I 

.. 

'j 

, . 

26 

24 _ 

2Z -

en 20 
z 
0 
~ 
ü; 

18 
0 

16 Q., 
0 
QC" 
Q., 14, 
t.I.o 
0 
E-o 12 
,~ 
C) 10 QC 
~ 
Q., 

~ 
8 

~ 
~ 6 -

4 

2 -

0 

':\ 

1 

RELEVANT NONRELEV ANT • • RECALL ... __ ... 

~ INFElŒNCE 

~ PART-RECALL 
."., 

..... , ...... ......... 
... ..... ', -- .... .......... - "a.. 

- - - - - -, - - - - -:- - - - - - - ·0 

o -. ..... ,.. , ---...... - ....... -
\ 

HASHIMOTO'S 
HYPOTHYROIDISM 

(TEXT 1) 

-- ............ ---0 

PERICARDlAL 
EFFUSION 
(TEXT 2) 

flLUlre S. Mean Perœnt ofPropo:siûons by Text, 

Respome Type, and Relevançe of Infonnation 

~ F(2,22)=4.SS, p=.022 , 

---

q , 51 

1 
, ;, 

l , 



- " r 

- 1 ~ 

'. , 

. ." 

" . 

.-

;, 

o 

52 

analysis as that used in the present study. The subjecCs in the Patel. HoPingKong. and 
, \ 

, Mark (1984) study in.cl~ed first year medical students (novices). second year medical 
l' 

students (intenncdiates), and physicians (experts). When indices of the comprehension 

. p~esses (e.g., r~call, inference) orthe,~e thrè~ 'groups were compared, it was found 

that the novices and experts resemoled' eadi othçr more 50 than, elthci rcsemblcd the 
,. _. J 

int.ennediates and, further, tpat the intermediates tendCd to_?perate on the grc.\tcst , 

number of aspècts of a medical text. \Vhen thls is depictcd gclphic'ally, it rcsemblcs 
, '1 

Figure lof the p~esent-study, and the result is a peak fom1ution, wtth the mtcnnedi,\tc ' 1 
r i 

students being located at the ti~ of the ~ak and the novice and, expert subjects both at. 

comparable positions at the base of the peak. 
, 

The propositions which 'formed the basis't'or these global reponsc type~ (e.g., recÏtIl, 

inference) 'Yere s~bsequently categorizcd as either relevant' or non~elcvant t,o the 

diagnosis. This manipulation served to clarify the seemingly curious' similarity between 
• 1 ' 

the high and low level groups. as weil as the superior performance of theïntem1ediatcs 
, \' 

over the experts. More specifically, two significant interactlOns cmerged which 
, , 

involved the factor of relcvancy. The tirst inter~ction ~as a two-way interaction 
/ 

involving experience level and relevance in which experts were found to opera te the 

most on high relevance propositions and th'e least on 10\\1 relevance propmitions. The 

intennedia!es opcratcd sli~ht1y.les~ than the experts on high rdevance propositions and 

the most on low relevance propositions. Finally. novices operated the leaSt on high 

relevance propositions ànd less th an the intennediates but more than the experts on \ow 

relevance p'I:Opositions. Ir was concluded th~t the thrcè groups of subjetts 

demonstrated differential abilities in selecting relevant from nonre~evant information. 

TIie second interaction noted in the Patel, HoPingKong, and Mark (1984) study 
, ' 
, 

involved experience level, relevancy; and response type. ,This finding indicated that, in 

., A " 
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addition to possessing differential abilities in selecting relevant from nonrelevant 

infonnation, subjects processed these two typ~s of infonnation differently. 
, 

53 

While in the present study, there was no significant group by relevanoy interaction, 

or group by relevancy by response type interaction, the fonner interactIon did approach 

significance (p=.069). The Me4-P group (which could be cIassified as an intennediat~ 

group if level is detcnnmed by ~e number of years of premedical science education) 
, ' 

operated the most on both ~levant (X=15.4) and nonrelevant (X=8.8) propostion's 

(Fig. 6). The novice or CEGEP group operàted the least on relevant propositions 

(X= 10.3) and less than the intcnnediates but more thàn the experts on the no~relevant 

'propositions (X=6.5). Finally, the Degree, or expert subjetts, operated the least on the 

nonreleva;u propositions (X=6.0) and while not the most on relevant propositions, at 

least more than the novices (X= 11.3). Thus, the processes of selcctivity attributed to 

the ex,pert subjects in the Patal, HoPingKong and Mark (1984) study seem to be \ 

operative, at Ieast at a minimal levcl, in the Degree group. Thesc stud~nts, ho~ever, do 

-not -yet process this information in a ,differential manner, as indica~ed by the 
• 

nonsignificant triple interaction of group, rclevancy, and responsc type . 

~e second conclusion to bè drawn from 'the comprehension data is based on the . 

remaining four significant interactions which did not include the group factor. The 

absence of this factor in these interactions indicates that any conclusions based on these 

, findings may ~xtend to all three groUps, of -students. AU four of these interactions 

involve, in Olle form or another, the factor of text and, therefore, each interaction may 

he rela'led to the differentiallevel of difficult)' and comprehensibility of tijese texts. 

More specifically, it was found that students' pattern of response (both globallevels of 

recalIs, infetences, and part-recalls, and response type on relevant and nonrelevant 

propositions) was different for each of the two texts and was, additionally, affected by 

tpe order in which the texts were presented. The interpretations of these results are 

• 
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ptescndyambiguous. On one band, the strong text effecrs could be due to the 

. c~acteristics of the sample .. If 50, then the f"rndings indicate that not only do the 

differing knowledge structures which the three groups of students bring to the task 

affeet their interprctation of the texts (as evidenced by the main effeet of group and the 

group by response type interaction) but, the, texts themselves exert an influence on the 

manner in which the students interpret them. In other words, the inexperience of the 
'" " 

students at tbis level m~y leave them vulnerable to the quality of the materials they are 

exposed to. This, in tum, may have implications for instruction inc1uding, for 

example, the ordering of materials presentation. The response type by text order 

interaction found in the present study {Ûgg~sts that if the goal of a task is to have 

students abstract information (from m'? te~ts of differing levels of comprehensibility 

and diffi~ulty) at a'higb leve!, as opposi /0 recalling the infonnation verbatim. the~ 
students should initially be prcsented ~~th the easier, more comprehensible text. 

On the other hand, the text effects cou Id be due to the characteristics of the texts 

themselvès. That is, the qu~ity of the texts may affect students' comprehension 

regarclless of premedical background. The untangÎing of these possibilities requires 
, i 

funher, researo)l. employing comparable populations and additional text materials. 
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CHAPfER VI 

G 

PATHOPHYSIOLOGY EXPLANATIONS 
OF CLINICAL CASES 

ResuUs and Discussion 

The follo~ng i; a description ?f{he findings from the analysis of subjects' ' 
/ 

patbophysiology protocols. It-"as assumed that the vast majonty of students' 

explanations would be inaccurate and consultation wnh a physician vcrificd this 

assurpption. As a consequence, the following discussion will cmphasizc the 

dîfferential nature of students' explanations, at the expense of the accuracy of these 
~ 

exp1anations. 
" 
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The protocols of each of the three groups of students will be discussed indjvidually 

with cross comparison~ whère appropriate. Since the qua1ity of students' explanations 

were similar across texts, the results are not segregated by text. 

Qroup 1: CEGEP Students 

Six O~IOf ~ total of IWenty prolocols werénot included in this analysis. Two l ' 
protocols were excluded because these students did not attempt to pro vide 

patltophysiology explanation. An additional four protocols were exc1uded because the 

students simply regurgitated sorne of the patient's syrt,lptoms in a list fonnat (i.e., the)' 

did not attempt toexplain the cause of these symptoms). Thu5, these protocois cou Id 

"'" not yield any insight into the type of prior knowledge these students had nOT the manner 

<, 

, 
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in which they used this knowledge. These four protocols were provided by two 

studems: orte for each of tne two cases. 

Three findings were readily discernable from the data. First, students at this level 
" 

had an obvious lac~ of basic science knowledge. Their explanations tended to be based 

on common knowledge; a finding which was somewhat expccted based on theories 

concerned with the development of preinstructional science mlsconceptions. For 

example, Osborne (1984) has proposed that through interacting with the world,' 
" 

individuals develop 'mini-theori\:,<;' which help to predict, explam, and describe!events. 
) 

He distinguishes between three types or clusters of mmi-theones: 'gut dynamics', 'lay 

dynamics', and 'physicists dynamics'. It is the middlo category of mmi-theories which (' 

appears to have bt.~n operative within this population of CEGEP students. Lay 

dynamies are defined as {'.()ns~sting of the language and Ideas that people develop 

indirectly, that is, through their exposure to other people, ,the media, and books. 

Further, thesc 'sclentific' Ideas may conslst of facts, fantasies, and beliefs. There are 

numerous ex amples of such ideas cont<:'ined In the pathophysiological explanations 

provided by the CEGEP students, particularly for the Hashimoto's Hypothyroidism 

case (Text 1). For exam,ple, the students who attempted to account for the pauent's 

constipation noted that it was caused by a lack of fibre. AdditionaIly, students who 

attempted to account for the patient's rough, scaly skin noted it to be either an allergie 

reaction to the medication the patient had received for her laryngins or to a lack of 

moisture. As a final example, students attributed the patient's high blood pressure to' 

either her obese condition or to a high level of sodium (despite the fact that the patient's 

sodium level was actually lower than normal; a fact which was included in the text but 

in numeric form). The presence of common knowledge explanations in frrst year 

medical students has previously been documented (e.g., Patel, HoPingKong, and 

Mark, 1984) but their premedicaI backgrounds were unspecified . 
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- . 
. The second finding which emerged from these protocols was anjnability on'the paft 

of the students to discem ~ny relationship between the symptoms presented in any one 
" 

case. CEGEP students typically explained each symptom indepcndently t without 

reference to the Other symptoms or to any one underlying problem. This is exempliÎtcd 

in Figures 7 and 8 where two CEGEP students' pathophysio{ogy explanations are 

represented in the form of causal networks. In Figure 7 t the stuocnt (CG #3) e)(pl~ins 
, 

only thtee of the patient's symptoms from the endocrinology text: drowsiness, 

constipatio~t and sIan condItion. There is no ovcrlap betwecn thcse symptoms 111 tenns 

of their cause; each symptom is explainêd wit~out relatmg Il to arlOthcr symptom or to II 

common cause. The same is truc for the 'pathophysiology p~otocol (Figure 8) of 
, ' 

another studen~ (CG #6) for tht; cardiology text: In this txample, more text-b'ased . 
< 

,symptoms are explained out the explanations remam mdepcndent of each other. 'Thcse 

representations suggest that students,view each symptom as an entity ail of Ils own, 
J~ 

rather than as part of a network of symptoms or as part of a system. 

The third finding denved from the analysis of the CEGEP studcnts' 

pathophysiology protocols was the little emphasis which was placcd,on the patient's' . ~, ... 

major- problem. Only three of the seven studcnts in this group w~o offered 
. , 

pathophysiological explanations for the H.ashimoto's Hypothyroidism case referred to 
, . 

the patient's.thyroid problem, AIl threè of these cxplanations revolvect' around the 

iodine level in the pâtient.'. Specifically, these students inaccurately stated that the iodine " 

level caused the thyroid gland to enlarge. In actuality, however, the thyroid gland was 

enlatgêd priot to the patient's ingestion of potassium iodide. This medication increased 

the level of iodide in, the patient's body and served to funher impair the already 

, . malfunctioning thyroid gland, Thus, it would appear that thes~ students have sorne 

kn0'7'ledge of the relatlonship between iodide and the thyroid gland, but they have 

difficulties with the direction o~the involvemenl. Additionally, only two students 

, .. .. -
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, 1 

. ascribed th.e enlarged' thyroid as a c,ause' of other symptoms ~hich were manifèsted py 

, this patie'n~ specifically the çtifficulty th~ pati,ent ~ad wi~ ,speaking and the increased 

';> blood pressure. 

There was a similar Jack of emphasis on the patient's major problem in the . . 
~' gericardial Effusion text. Ag~in, onfy three of the seven CEGEP stude~ts who 

provided a pathoÎmysiJIOgy explanation for Text 2 referred to'the patie~t's heart 
, ' 

condition. Unlike the explanations provided for Text 1, howeyer, none of th~se 
l , 

students deliïïCated the c<l:use of the patient's major malfunctioning organ. Instead, they 

either attributed it (i.e., the h~art) as the causè of another sYmptom which the patient 

man'ifested' (e.g., the patient's shortn~ss of breatn) or concluded that the heart was 

functioning ~<?nnally. This latter conclusion was deduced, in part, on the basis ot a 

'select few other findings ~entioned in the text (e.g., the fact that the patient rarely 

-drank and, that the heart rate was regular). 

In summary, then, the pathoptlysiological protocols provided by the CEGEP 

students in Group 1 demùnstrated (1)' a Iack of basic science knowledge, (2) a relianèe 
, 

on common krtowledge as the basis for their explanations, (3) an inability to recognize 
, . 

any relationship between symptoms, and (4) a Iack of emphasi~ on the patients' major 
, 

maffunctioning organs and the resultant symptoms arising from these disturbances. , ' 

Interestingly, the majority of CEGEP students did attempt to explain the 

pathophysiology of the two cases; only two students did not. 

Group 2: Med-P Studenfs 
h 

1 ' 

, AlI nine students from this group pro~ided, a pathophysiological explanation of both 

Text 1 and Text 2. In comparison to the protocols obtained from the CEGEP sfudents 

in Group 1, two striking featufes emerge. Thèse include the latge quantityof 

, ' 
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infonnation contained within the protocoIs and the more highly integrated manner in 

which this info~tion is presented. At a quantitative level, the students in Group 2 

attempted to explain ~ average of 5.4 symptoms from Text 1 and 6.9 symptoms from 
~ . . ~ 

Text '2. This is in contrast to the students in Group 1 who explained an average of 3.4 
- , 

symptoms from Text 1 and 2.3 symptoms from Text 2. In tenns of in.tegrating this 

ii'lfonnati?n, the Med-P students, like the CEGEP students, tend~ to interprei and, 

explain signs and symptoms in a fragmentary manner. This is illustrated. for example. 

in Figure 9. This Med-P student's (MP#4) explanation of the Hashimoto's 

Hypothyroidism c~se rev.olves around four distinct text-based symptoms:. edema, 

drowsiness, the enlarged thyroid, and the biochemical composition of the blood. The 
Cl .,' 

. major distinction between this prot6cor and a protocal generated by a CEqEP stlldent 

(e.g., se,e Fig. 8), however, is the larger number of no?e-link structures associatcd 

with ~ symptam Thus, the .Med-P students explained individual signs and 

symptoms in a mare integrated fashion then the CEGEP students but, their protocals 
-

continued ta lack an overall structure. '. 
, 1 

Additianally, the explanations affered by the Med-P students tended ta be mar~ 

aecuratc and sophistieated than thase of the CEGE.P students. Thi~ can he attributed, in 

part, to the Med-P' students' greater reliance on ba:;ic science knawledgc as apposed to 

common knowledge for the basis aï their ex'plan~tior1s: However, it shallid bc nated 

that many of the explanations offered by the Med-P students were only aceu'fate at a 
( 

very generallevel. For exarnple, one Med-P student (MP#4) nated that the paticnt's 

drowsy state indicated a lack of oxygen to the body's eeUs (Fig. 9). Further, this lack 

of oxygen was interpreted as an Îndicator of either an abnormally functioning 

pulinonary system or circula tory system. While bath of these interpretations are 

accurate, this explanation obviously lacks the specifics ofthese ab~ormally funetioning 

syst~ms. These explanations are, however, more sophisticated than those offered by 

" . 
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the CEGEP',students (e.g., see Fjg. 7, CG#3). Figure 9 preSents another example of 

the accurate but general quality of the explanations offered by the Med-P students. This 

student (MP#4) accura\ely intetpreted the laboratory readings of the levels of sodium 

and potassium (i.e., the sodium level was h,igh and the potassiurnJevel was low), and 

demonstrated sorne understanding of the rel'ltionship between these elements and the 

\ functioning of the kidneys. However, it is a very general explanation In the d'inieal 

- confext of this particular case. 

Both the CEGEP students and thè Mcd-P students includcd descriptlon~ in addition 

to explanations in their pathophysiology protocols: However, these descriptions were 

of a very different nature. The descriptions found in the CEGEP protocols tendcd tü 
/ 'fi. 

-include definitions of concepts. For ex ample, students noted that bccause the patients 

in Text 1 and Text 2 experienced swclling (edema), therc was watcr retention. The 

causal-relationship established by these student,s, however, Olerely consists of a 

definition of edema. 
- , 

-Descriptions contained ln the Mcd-P protocols typically revolved around nonnal 
, 

physi'ological functioning. For exaÎnple, one 'student (MP#4) noted that albumin is a 

plasma protein which maif1tains the colloid osmotic pressure (Fig. 9). While ü;is Is . 
\ I~ 1 " 

accuratc. it does not aid in the r,eneration of an accurate diagnosis. This student further 

noted that edema could develop if the albumin level is Iow. However, sinoce,the . 

U~alY~lS ~as found to he no~al, it was dedu~ed that the al~min level m~st also be 

nonnal and, therefore, could not be responsible for the edema. Thus, a number of 

unnecessary intermediary links were used to explain and then rule out the cause of a 

syrnptorn, 

Figure 10 aIse illustrates the presence of descriptions in the pathophysiological 

explanations offered by the Med-P students. In this example, the student (MP#6) 

describes the normal cycle of bilirubin, inc1uding how it is metabolized and excreted. 

\ 



c 

FieY($lO. 

\ , 

, ' 

INCRllASED 
LEVEl.SOF 

UROBIUNOOlN 

CAU: 
lNCREASED LEVELS OF 

'. BIURUBlN \vITH 
NORMALR BC 

Structural Representation 01 a Pathopbysiolo2iœl Protocol or 
a Med·P Student (MP #6) (or the PericardiaÏ EII'usion Text 

65 



, . 

o 

While providing an interesting physiological explanation of Ùüs phenomenon, it is 

peripheral to the task at hand. 
, , 
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Differences between the CEOgP students and the Med-P students, in addition to the 

qualitative nature of their explanations mentioned previously, lie in the symptoms <;m 

which they focussed their ~xplànations. The CEGEP students tended to focus on signs 

and/or symptoms which most people have experienced or for which one has some 

general knowledge (e.g., blood pressure, drowsiness, constipation, weight gain, 

ede~a, shortness of, breath). The Med-P studcnts focussed on man y of the sume signs . , 

and symptoms which the CEGEP ,sÙidcnts did but, addition aIl y, they att~mptcd to 

interpret many flndings which were more technical in ~~ture (e.g., levcls of bihru~in, 

urobilinogen, albumin, arteriai blood gases, and hemogTobin, and ECG rcadings). 

These latter interpretations may indicate a more dctailed understanding of the 

physiological functioning of the human body. 

Another feature which was ch,aracteristic of the Med-P explanations was the little 

èmphasis placed on the evaluation of alternative causal explunations of a symptom. 

This is iIlustrated, for ex ample, in Figure 9. This snldent (MP#4) noted that the 

patient's drowsiness indicated a lack of oxygen which in t~rn suggested-eithcr a , 

malfunction~ng pulmonary system or circulatory system. Neithcr of these alternatives, 

however, were furthcr evaluated and consequently, neither was ruled out. Similar . \ 
examples are contÏined in two other pathohysiology protkols for the Hashimoto's 

Hypothyroidism text and in three pathophysiology protocols for the Pcricardial 

Effusion text. 

In terms of the paùent's major malfuncùoning organ, over one-half (n=5) of the 

students from the Med-P group made reference to the thyroid problem of Text 1. While 

four 'of these students attempted to delineate the cause of the thyroid' enlargement, -only , , ' 
• 

one student was accurate in stating that it was due to sorne auto-immune malfunction. 
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'(bis student, however, suggested an alternative cause, specifically a low level of iodine 

in the patient's bloo<,i. This is, in fact, the inverse of the actual situation, and resembles 

the explanations offered by the CEGEP stlldents.· The exp~anations offered by the other 

three Med-P students were quite varied in tlature (e:g., the enlarged thyroid was due to 

partially occluded airways, overstimlliation of the anterior pituitary and oversecretion of 

various hcrmones) and all were inaccurate. Three of these students additionally 

ascribed the enlarged thyroid gland as the source of sorne of th~ patient's other 

probletps. An even larger percentage of sludents from this group made reference to the 

patient's, !llajor problem in théir explanation of the second text (56% and 66% for Text 

'1 and Text 2, respectively). Only two of the six students who made reference to the 

patient's heart problem attempted to delineate its cause. The majority of students (n=5) 

asCribed the malfunctioning heart as the source of other symptoms which the patient 

had manifested. 

In summary, the pathophysiology protocols written by the Med-P students as 

compared to the CEGEP students (1) contained more explanations of text-based 

symptoms, (2) were more highly integrated (at least within explanations of individual 
, 

signs and/or symptoms), (3) included functional déscriptions as opposed to definitions, 

and (4) had more emphasis on the patients' major malfunctioning organs and their 

resultant symptoms. A feature which was unique to the Med-P protocols was the \ 

presence of alternative causal explanations which were not evaluated. 

Group J: I&:n:e Students 

A total of six protocols were excluded from this analysis; two protocols were 

excluded because these students did not attempt this section and four protocols \vere 

jclUded because these studenlS only recalled sorne of the symptoms from the tex! in ~ 

~- . ~ 
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list fonnal These six protocols were provided by threi students and were equally 

divided between the two texts. 

The protocols generated by the Degree ~tudènts were, in 'one respect, similar to 

those generated by the CEGEP students and, in another respect, simllar to those 

generated by the Med-P students. More specifically, the Degree students and the 

68 

CEGEP students were similar in tenus of the small quantity of symptoms which were ' 

accounted for in the pathophysiology explanations of the two clinical cases. The 

Deiree students attel1Jpt~ to explain an average of 3.0 symptoms From Text 1 (as 

compared to 3.4 for the CEGEP students) and 3.6 symptoms from Text 2 (as cOq1pared 
, 

to 2.3 for the CEGEP students). The qualitative nature of the Degree students' 
o 

pathophysiology explanatlOns, howevcr, more closcly resembled those of the Med-P 
, 

students than the CEGEP students, although they were slightly more sophisucared in 

the degree of structuredness which they contained. The majority of the protocols 

ienerated by the Degree students contained one or two top-Ievel'theme~' from which 

all further symptoms or explanations were derivcd. ThlS Is illustratcd, for cxample, in 

Figure Il. This student's (DG#8) pathophysiology'explanation of the Hashimoto's 
. \ 

Hypothyroidism text revolves around the patient's consumption of/potassium iodide. 

The remain-der of the protocol is linked either directly or through lfltermediary steps to 

this state. Figure 12 similarily demonstrates this structured form of reasoning of a 
-

- Degree student (00#4) for the Pericardial Effusion text. This stu~ent emphasi~s the 

patient's problem with fluid accumulation, specifying both the cause of this state and 

the resultant respiratory symptoms arising from this state. These two protocols are 

very different in nature than those generated by the CEGEP students, where symptoms' 

were explained without refere:nce to other symptoms or one underlying problem.' 

Although the protocols generated by the Med-P students wer:e more sophisticated in this 

respect, they were typically Jimited to the explanation of a symptorn with reference to 

" 
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" other 'symptoms, at the expense of one ov~all, general problern. The Degree students. 
-

in comparison, were more inclined to identify one major problem or state from which 
," r 

~ 
all other symptoms and explanations were linked: 

Unlike both the CEGEP students alld the Med-P stud~nts, the Degree students did 

not include descriptions (functional, definitional, or otherwise) in their pathophysiology 

explanations of the two clinical cases. In this sense. the Degree students may be more 

target oriented, rcfraining from detailing infonnation they may know but that is 
~., .... 

considercd irrelevant to the task at h~nd (a characteristic of the Med-P students) and ,. , \~, , . ' 
avoiding the mistake of using a definition of a concept as a causal explanation of that 

concept (a characteristic of the CEGEP students). 

The absence of descriptions, in the pathophysiology explanatlons offered by the 

Degree students provides another point of distinction between the threc groups of 
, 

students. As rnentioned previously, the explanations offered by the CEGEP students 
1" 

were typiçally based on common knowledge. Many of the explanations offered by the 

Med-P students, were based on very detailed basic science concepts of normal 

biochemical functioning. The explanations offered by the Degree students, however, 

were more global'or geneml in nature. For example, one Degree student (00#4) t1 

explained the patient's shortness of breath (from Text 2) in terms of an interference in 

the movement of the diaphragm from an accumulation of fluid in the abdomen (Fig. 

12). This sarne symRtom was cxplained by a Med-P student (MP#5) in terms of the 

patient's ldw hemoglobin; an insufficient supply of red blood cel!s transporting oxygen 

to the body's muscles and tissues (particularly during exercise) resuIted In the ~tient's 

shortness of breath. A typical CEGEP int.~rpretation of this symptom was that it 
" 

indicated sorne form of circulatory probJem (e.g., ~G#6). 
., 

, 
Irrte~s of d~tecting or emphasizing the patient's major malfun<\tioning organ, the' 

.. , 

C'· 
Degree stùdents were similar to the Med-P students. Slightly more than fifty percent of 

,ri 
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, , 

the Degree students who provided a pathophy'siology explanation for the Hashimoto's 

Hypothyroidism case (fext 1) made reference to the patient's thyroid problem. Three" 

of these four studcnts attempted to delineatc the cause of the thyroid enlargement. 

AdditiQtl;tllYi~three students attributcd the enlarged thyroid as the source of other 

symptoms which the patIent manifested. Four Degree studcnts aiso emphasized the 

m<tior problem of the patient with Pericardial Effuslon, describcd in Text 2. An four of 

~hese students atuibuted the heart as the source of sorne of the patient's symptoms at the 

expense of stipulating why the h<. \rt was malfunctioning. 

To recapitulate, the generàl findings obtained from this analysis of the Degree 

group's pathophysiology explanations included: (1) a simîlarity 10 the CEGEP group in 
" 

terms of the small quantity of text-based symptoms cont,~ined in these protocols, (2) a 

similarity to the Med-P group 10 tenns of the high degree of structuredness with which 
, - \ 

the underlying disease process was outl~ned, (3) the inclusion of one or two top Ievel-

states from which aIl remaining symptoms and explanatiol1s Were hnked, (4) the 

. absence of any fonn of descriptions, (5) the presence of global or gencnù explanations, 

and (6) a similarity to the Med-P group in tenus of the degree.of emphasis placed on the 
'. ' 

patients' major malfunctioning organs and their resultant symptoms. 
'" ' 

General Discussion 

The analysis of students' pathophysiological explanations of the two clinical cases 

revealed some qualitative infonnation about the different types(s) of knowledge each , , 

group possesses and the manner in which they use this knowledge. The CEGEP 

students, for ex~mple, had not yet been ex~osed to any f~nnal training in the basic /' 

sciences. Not surprisingly, then, there was an obvious lack of basic science 

informapon in their explanations. These students have, however, experienced illness 
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bothoirectly (through their own personal experience) and indirectly (through family 

members, friends, and the media). This experie~tial knowledge provided the basls for 

their explanations and resulted in a limited and superficial understanding of the disease 

processes implicitly contain{jd in the clinical texts. Their primary means of reasoning 

through a clinical case was through a process of association; CEGEP students 

associated tlle signs and symptoms of the patients described in the clinical texts to those 

which they have experienced. This was evidenced in aIl faeets of their cxplanations: the , 

specific symptoms on which they focusse4 thcir explanations, the lack of cohesiveness 

between possible causes of different symptoms, and the explanations themselves. 

,The Med-P students in this study were, only one year previous, CEGEP students. 

At the time of testing, the Med·P students had had one year of basic science instruction 

at the university l~"el. While this can not be considered extensive, it did increase the 

quantity of basic sçience cxplanations contained in their protocols as compared to those 

contained in the CEGEP students' protocols. 

The basic SClence courses which the Med-P studentS had successfully completed, 

however, dealt with the normal physiological mechanisms of human functioning rather ' 
1 

than the pathophysiological meehanisms. TItistwas evideneed by the presence of what 

was previously referred to as 'functional descriptions' in their protocols. In addition, 

many of the signs and symptoms which the Med-P students could n~t explain in tenns 

of basic science concepts were explained in such a way that the y made sense at an 
, , 

intuitive level. For example, one student (MP#4) noted that because the patient 

described in Text 1 had been drowsy for a week, there was an insufficient ~upply of 

oxygen to the body's ceUs. This, in tum, was interpreted as being indicative of either a 

pulmonary system problem ?r a circulatory system problem. While both of these 

systems are related to.the delivery of oxygen, this faet was probably derived from 

co~on knowledge, as opposed to any real understanding of the disease process itself. 
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Thus, the explanations provided by the Med-P students reflected a familiarity with 

sorne nonnal physiological mechanisms (due to the'-one-year of basic science 

instruction which had received) and an u~familiarity with pathophysiological 

mechanisms (due to the absence of this focus in their basic -science courses). As a 

consequence of this laner conditIon, many of the pathophysiological explaflations 

offered by these students were based on common knowledge. Further, when 

alternative explanations of this nature were provided for one symptom, students were 

unsuccessful in evaluating their relative plausibility because they lacked the necessary 

pathophysiological knowledge. 

The Degree students had completed either a three-year or four-year undergraduate 

'degree in the basic sciences and presumably have a fairly extensive knowledge b:u;c 

concerning the mechanisms of nonnal physiological functioning. They appeared to 

have relied on this knowledge as opposed to common knowledge as the basis for their 

explanations. Whether this common knowledge has actually disslpated and been 

replaced with more scientific knowledge Of exists but is known to be inaccurate, Cilll 

not he determined. The important point to note, however, is that the Degree studen.ts 

do not use this knowledge as the basis for their explahations. When they encounter a 

symptom which can not he explained in tenns of their basic science knowledge, they 

did not provide an explanatio~ based on common knowlcdge but, instead, excluded thi~ 

symptom from their protocol altogether. This strategy seems plausible considering the 

small quantity of text-based symptoms which were included in thcir protocols but 

which were explained in basic science tenns. 

In comparisoo to the other two groups of students, the Degree students appeared to 

have a more thorough understandin-g of the interconnectedness between different body 

systems; their protocols typically revolved around one or two top level'themes', 

suggestillg an attempt to view the symptoms, initially presented in a discrete manner, as 
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a network of symptoms. However, the small quantitiy of text-based symptoms which 

were included in their protocols and the erroneous nature of many of their explanations 

de'monstrates their lack of pathophysiological and clinical training. 

" , 
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. CHAPfER VI 

DIAGNOSES 

Results and Discussion 
'1 

.' o 
Thè results presented in t~is section will emphasize both the types of diagnoses 

provided by the three groups of students combined, as weIl as the content of the 

diagnoses provided by eath of the three groups individually. The results will refer to 

Text 1 followed by Text 2. 

Text]; Hashirnoto's HYllothyroidism 

The overwhelming majority (90%) of diagnoses for this text were inaccurate. Il 

seems that many students did not even understand the concept of a diagnosis. This is 

evident from Table 5 where a number of diagnoses can he more accurately characterized 

as treatment-management plans (n=4) or extensions of pathophysiology explanations 

(n=6). These two categories account for slightly more than one-third of the diagnoses 

provided for this text. More specifically, 30% of the CEGEP students, 33% of the 

Med-P students, and 40% of the Degree students failed to provide what could 

accurately he tenned a diagnosis .. 

As an ex ample of diagnos.es which are actually treatment-management plans, 

consider the following 'diagnoses' offered by a CEGEP student and a Degree student, 

respecti vely: 



TABLES 

Diagnoses Provided by CEGEP, Med-P, and Degree Students 
for Text 1: Hashimoto's Hypothyroidism 

GROUP 

CEGEP MED-P DEGREE 
STUDENTS STUDENTS STUDENTS 

(n=10) (n=9) (n=10) 

DIAGNOSES 

No 
Diagnosis 2 1 2 

Treatment 
Related 1 0 3 

Pathophysiology . 
Related 2 3 1 

Incorrect 3 4 4 

Correct 2 1 0 

,. 
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CEGEP Student 

From personal experience. 1 know that eating too many or only starclzes and not 
drin1cing enoughfluids causes drowsiness,fatigue, constipation, and obesity. The 
only tlzing 1 can suggest to the woman is for Izer ta drinkfluids, eat more vegelables 
and less starch, and to get enough sleep. [CEGEP #3] 

Degree Student 

/odine may be administered to correct th~ thyroid gland enlargement. Tite . 
expectorant appears ta be itzeffective (there still was a 30,lb. weight gain). Sorne lung 
treatment is necessary. [Degree #4] 

As an exarnple of diagnoses which are actually extensions of pathophysiology , 
explanations, one such 'diagnosis' from each group. will be presented. 

CEGEP Stude\lt 

. .) 

The woman's prob/ems seem to be due mostly to a difficulty in bringing enough 
oxygell into her blood, and possib/y mucUS formation in the /ungs. 1 don'r think her 
heart is the cause of her problems, altlwugh it cou/d be somewhat affected. As for the 
constipation, il doesn't appear to be a re/ated prob/em. [CEGEP #4] 

Med-P Student 

The e/derly lady sufJered trom an Inadequate supply of oxygen ta her organs and 
musc/es, and an Inadequate system of elimination, which both led ta a loss in energy 
and thus difficulty th moving and sleeping. The/armer symptom stemsfrom edelllG in 
her lungs and tissues whicll can be a/tered by treating with expectorant. There was a/so 
some weakness due to the abnormally sized thyroid gland, and inefficient efferent 
nervous system which prevents the musclesfrom re/axing nonna/ly. The roug/mess of 
her skin may a/so be due to sorne nervous disorder (possib/y slzingles). [Med-P #3J 

Degree Student .., !1.'?'"' 

Liver malfunction causes /owered protein production resu/ting in edema. This 
causes difficulty in breatlzing (whicJlyields drowsiness) and the edema causes the 
IlOarse voice (pressure on the larynx). The swel/ing could a/so have caused this 
patient's lack of appetite and perhaps lzer constipation. The iodide (in the expectorant) 
may a/so contribute to the constipation. The iodide (in the expectorant) likely caused 
the- hypertrophy of the thyroid. This exacerbated the J~oarseness o/voiee. [Degree #2] 
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Additionally, it should be notOO that while all three groups of students 'mistakenly' 

provided pathophysiology-like diagnoses, this was more characteristic of the CEGEP 

and Med-P students than of the Degree students. These students were more incIined to 

provide treatment-like diagnoses; an error which none of ùle MOO-P students 

committed. 

A total of eleven students provided an inaccurate diagnosis for the Hashirnoto's \ 

Hypothyroidism text. Eight of these, however, were at least related to sorne fonn of 

thyroid problem. This includes all three inaccurate diagnoses provided by the CEGEP 
" 

students, two of the four inaccurate diagnoses provided by the Med-P students, and 

three of the four inaccurate diagnoses provided by the Degree students. Converting 

these figures into percentages based on students within a group who, first, provided 

what could aœurately be termed a diagnosis and, second, emphasized the major 

rnalfunctioning organ, it was found that the CEGEP students more frequently (100%) 

ernphasized the thyroid problem of Text 1, followed by the Degree students (75%) and, 

lastly, the Med-P students (60%). 

In reference to the CEGEP group, one student diagnosed the patient as having either 

a thyroid tumor or goitre. Goitre is sirnply a more sophisticated term used to refer to 

the enlargement of the thyroid gland (i.e., it is not the cause of the abnonnally sized 

gland). While a tumor in the thyroid gland could cause goitre, this is not the cause in 

the present situation. Both of these diagnoses were also provided by students in the 

other two groups. SpecificaUy. a diagnosis of goitre was provided by two Degree 
-

students and a diagnosis of a tumor in the thyroid was provided by one Med-P student. 

A second CEGEP student provided two diagnoses; hyperthyroidism, and sorne 

form of heart problem. The. fonner diagnosis reflects the student's concem over the 

physical size of the thyroid gland as opposed to its function. That is, the prefix 'hyper' 

is typically used to refer to something in excess and this student appears to have 

, . ,-
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diagnosed the patient's problem based on the physical enlargement of the thyroid gland. 

A patient with hyperthyroidism, however, is àctually suffering from an excess am,ount 

of thyroid honnones and the symptoms' which are manifested are in the opposite 

direction to those manifested in a patient with hypothyroidism. This incorrect diagnosis 

was aIso provided by Orle Degree student. 
t 

The third CEGEP student who provided an inaccurate diagnosis had diagnosed the 

patient as having a hormonal disturbance. Although this IS true, it was considered tao 

general to be accurate. This was aiso a diagnosis provided by one Med-P studcnt. 

The remaining three diagnoses which were incorrect were aIl relatcd 10 some fonn of 

heart problem. Specifically, one Degree student and one Med-P student diagnosed the 

patient as having congestive heurt failure, while one addition al Med-P student providcd 

a diagnosis of arteriosclerosis (a disorder characterized by hardening of the arteries). 

Only three students in total provided a diagnosis which could he considered 

accurate. This included two CEGEP students and one Med-P student. The diagnoses 
, 

provided hy the CEGEP students inc1uded a malfunctioning of the thyroi.d gland, and 

sorne form of thyroid condition, both of which are very general diagnoses. The Med·P 

student diagnosed the patient as having hypothyroidism. Although there was no 

reference to the patient's pre-coma state, and thus the diagnosis was not complete, it 

was the rnost accurate diagnosis provided. 

Tex! 2: Pericardial Effusjon 

The general findings noted for students' diagnoses for the Hashirnoto's 

Hypothyroidism text extend to the Pericardial Effusion text as weil. This includes the 

large percentage or'erroneous diagnoses and a rnisconception of wh'at a diagnosis 

actually is. 

1 
'\ 
t ... 
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AIl of the diagnoses which were provided by students for this text were inaccurate 

(Tab)e 6). Compared to the Hashimoto's Hypothyroidisrn text, fewer students 

(particularly from the CEGEP group) even attempted to providc a diagnosis. This is 

revealed by comparing both the combined total for the 'incorrect' and 'correct' 

diagnoses for Text 1 and Text 2 (14 and 10, respectively) and the total for the 'no 

diagnosis' category (5 ànd 9, respecùvely). 

Students conùnued to rnisinterpret the task of providing a diagnosis, as evidenced 

by the number of diagnoses which are more accurately characterized as treatment

management plans or extensions of pathophy~iology explanations. AIl of the treatment

related diagnoses provided for the Pericardial Effusion text were provided by the .saffie 

CEGEP and Degree students who had provided treatment-related diagnoses for the 

Hashimoto's Hypothyroidism text. The CEGEP students who provided 

pathophysiology-related diagnoses for the Pericardial Effusion text included the same 

two students who had provided this type of diagnosis for Text 1 and one student who 

had. interestingly, provided an accurate diagnosis for Text 1. For the Med-P group, 

only two students provided a pathophysiology-related diagnosis for the Pericardial 

Effusion text as compared to the three Med-P students who did this for Text 1. This" 

additional student neglected to provide a diagnosis for Text 2. Finally, the one Degree 

student who had provided a pathopnysiology-related diagnosis for Text 2, had also 

provided one for Text 1. This consistency across subjects suggests a profound 

misconcepùon of what a diagnosis entails. 

Four of the ten diagnoses which were inaccurate for the Pericardial Effusion text 

were at least related to sorne fonn of heart problern. This excluded the one inaccurate 

diagnosis provide-..d by a CEGEP student but included two of the six inaccurate 

d!agnoses provided by the Med-P students (congestive heart failure, mild cardiac, 

infarction) and two of the three diagnoses provided by the Degree students 
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TABLE6 '1 

Diagnoses Provided by CEGEP, Med·P, ànd Degree Students 
for Text 2: Pericardial Effusion 

fi 

GROUP 
" 

CEGEP MED·P DEGREE 

\ ' STUDENTS STUDENTS STUDENTS 
(n=10) (0=9) (n=10) 

DIAGNOSES 
t, .. '1 

No 
Diagnosis 5 1 3 

-Treatment 
Related 1 0 3 

Pathophysiology , 

Related 3 2' 1 

Incorrect , 1 6 3 
( 

Correct 0 0 o. 
. 
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(arteriosclerosis, circulatory problem). In tenns of percentages, 0% of the CEGEP 

students, 35% of the Med-P students and 66% of the Degree students provided what 

could accurately be tenned a 'diagnosis' referred to the patient's heart problem. 

Additional inaccurate diagnoses included a kidney disorder (one Med-P and one 

Degree student), a blood disorder (two Med-P students), and a problem with the 

oxygen transport system (one CEGEP student). 

General D~ion 

The analysis of students' diagnoses indicated that many students can i'ndeed generate 

a diagnosis but that this ability is quite limited both within and across groups of 

students. Collapsing across texts and accuracy of diagnoses (Le., the aecurate and 

inaccurate diagnosis categories), the pereentage of students in me CEGEP group and . , 

the Degree group who provided diagnoses was comparable (30% and 35%, 

respectively). The students in the Med-P group demonstrated a superior ability at 

generating diagnoses, but this ability continued to be.limited, encompassing only 56% 

of the students. These figures, however, may underestimate students' ability because 

the percentages were caIculated on the basis of the performance of all students, 

including those who neglected to provide a diagnosis. Since information on students' 

diagnositic ability is not directly available under this latter condition (e.g., students may 

be able to generate a diagnosis but simply cou Id not generate a plausible one for the 

present casees) and thus did not attempt a diagnosis), the percentage of students who 

provided diagnoses was recalculated, excluding those studen,ts who neglected to 

provide a diagnosis. Based on these caleulations, the percentage of CEGEP, Degree, 

and Med-P students who provided a diagnosis increased to approximately 41 %,46%, 

and 69%, respectively. 

, 
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Overall, there was a higher percentage of students who provided a diagnosis for the 

Hashimoto's Hypothyroidism text (48%) than there was for the Pericardial Effusion 

text (38%). This difference, however, can be largely accounted for by the higher 

percentage of studcnts who ncglected to providc a diagnbsis for Text 2. This suggesb 

mat the ability of students to generatc a diagnosis may indced he undercstimatcd if 

calculated on the pcrfonnance of every student, including those who do not provide il 

diagnosis. 

Perhaps the more interesting finding was that a large pcrcentage of studcnts both 

within and across groups did not have an accu rate conception of what a diagnosis 

entails. This was evidenced by the number of students who consistently atternpted to 

prescribe sorne fonn of treatment~management plan for the patient or, altematively, 

who attempted to explain sorne of the patient's symptoms as opposed to identifying the 

patient problem as an ex ample of a particular disease. Smce this misconception was 

evidenced by students in each of the three groups, it is conc1udcd that this 15 a general 

characteristic of the novices in this sample. Previous studies (e.g., Claessen and 

Boshuizen, 1985; Nonnan et al., 1985) whicn have examined the diagnostic abili ty of 

medicaI students have been surprisingly vague in their descriptions, restricting their J 

results to the percentage of students who generated accurate and inaccurate diagnoses; 

no further infonnation is provided conceming ~the nature of the inaccurate diagnoses. 

White the findings of the present study may be unique to the level of students studied, 

thus dismissing this apparent oversight of previous researchers, il rernains an Issue to 

be further examined. Until then, the findings of the present study can be vicwed as 

contributory to the existing literature in that they provide sorne insight into the types'Qf 

errofs f'rrst year medical students commit when they atternpt to di~gnose a clinical case. 

Although the identification of the major maIfunctioning organ was not an expliclt, 
\ ~ 

requ~ment of the students in this s~dy; esÙmates of their ability to do 50 were derivcd 

j 
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by examining the conte'hrof their diagnoses, irrespective of àccuracy. Collapsing 

across the two texts and aeeuracy of diagnosis, 58% of the students were able to 

identify the major organ which was the mee of the patient's problem The thyroid 

gland problem, which t1;e first text revolved around, was more frcqucntly identified by 

all groups of students than was the heart problem of the second text. 111is finding may 

he due to the differential saliency of informâtion contained in the two lexts rcgarding the 
1 

major malfunctioning organ. Text 1 included the clinical findmg that the thyroid gland 

was enlargcd to twice the normal size and fe!t firm and irregular. The only comparahle 

climcal feature ofText 2 was the enlarged eardiac silhouette. PreviOlls studics (e.g., 

Patel and Frederiksen, 1984b) have noted that 'novices' typically focus on dramallc 
... 

aspects of a chnieal case. At an intuitive Icvcl, the explicit tcxt-based mfOnllatlOn 
• q 

referring to the thyroid problem ofText 1 appe,arsmorc salient than the heart problem 

of Text 2. The superior ability of studcnts to identify the major malfunctlonmg organ 

ofText lover Text 2 coneurs with this intuitive notion of saliency. 

This diffcrential ability to discem the major rnalfunctioning organ was also n01ed 

within groups, as weIl as eollapsing across groups. The CEGEP students were 

superior at identifying the thyroid problem ofText 1 but, the Degree stùdcnts were 

superior at identifymg the heart problem of Text 2. 
';i 

A total of only three accurnte diagnoses we;e provided, ~nd ail three'were provided 

for the Hashimoto's Hypothyroidlsm tcxt. White it rnay seem surprising that two of 

these diagnoses were provided by CEGEP students, it should he noted that their' 

diagnoses involved the identification of the major malfunctioning organ (e.g., sorne 

fonn of thyroid condiùon) as oppossed to the assignrncnt of a c1inical name io the 

patient's problern. 

. Both at an intuitive level, and subsequent to examihing the pathophysiology 

protocols of all students in this study, it is not surprising that the overwhelming 

-
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, majority of the diagnoses were inaccurate. Generating an accurale diagnosis for a 

clinical case involvcs, minimally, discriminating relevant from nonrelevant case 

infonnation, .. synthesizing this information into a coherent problern modeÎand, finally, 

differentiating between various diseases. The text by relevance interactionllOted in the 

comprehension analysis revealed that these students, as a whole, could discriminate 

relevant from nonrelevant information iD sorne extent. While this discrirninatioll was -=--- -

more evident in the Hashimoto's Hypothyroidism text than in the Pericardlal Effusion 

text, the total perccntage of propositions which formed the .oasis for both rcealls and . 
inferences was relativdy low for an groups. The group by releval1l,;e interaction 

approached significance and indicated that the Degree students wcre slightly more adept 

than the other students at discriminating the relevant from the nonre~evant infonnation. 

The pathophysiology protocols gencrated by these students, however, suggested 

- -
that they did not fully comprehend the significance of this relevant information. Their 

problern models, while varying from group to group, contain~ explanations which 

were lirnited in focus and ,wcre either inaccurate or, at best. accurate in a very general 

sense. Presumably, this latter condition arises because the students. who have sorne 

basic science knowledge have not yet leamed to apply it in a clinical context. '1 

Finally, the ability to differentiate between various disease~ involves both an 

awareness of the tlinical names used to refer to them and knowledge of the signs and 

symptorns y..'hich characterize these diseases. Students at this level have not yet OO?n 

exposed to the plethora of clinical diseases which exist. The possibility that any of 

the se students have heard of Hashimoto's Hypothyroidisrn or Pericardial Effusion, let 

alone their associated complications (e.g., myxodema coma, cardiac tamponade) is 

minimal. The possibility that these students have sorne knowledge about the signs and 

symptoms typically associated with these diseases is even less probable. Thus, it 
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should not he surprising that orily one student was able to accurate1y diagnose one of 

the clinical texts, 

'. 

", 
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CHAPfER VIT 

"The mœt important single factor inOuencing 
Jeaming is what the learner aJready knows. 
Asœrtain tJùs and teach him accordingly." 

(Ausubel, 1968, p.vi ) 

CONCLUSIONS AND IMPLICATIONS 

In summary, this study was an exploratory attempt at evaluating the effeet of type of 

Premedical education on clinical case comprehension and problem solving in a 

population of students upon entry into medieal school. Previous studi~s whîch have 

been eopducted using comparable populations of students have been concemed with 
." 

,evaluating the effectiveness of accelerated versus nonacceIerated medical prograrns as 

measured by student perfonnance on depanment-generated and/or standardized 

exanùnations. Other studies have been concerned with the underlying cognitive 

processes involved in.perfonning complex tasks (such as those employed in the present 

study) and have compared medical students early in their studies-~i.e., novices) with 

more advanced students or post-graduates of medical sehool (i.e., experts). These 

latter studies, however, have neglected to consider the premedical background of the 

students comprising the designated novice (an~ expert!) population. The present 

study, then, is unique in that it draws from and supplements two ap:,as of research in 

medical e;ducation. The results suggest that there are both quantitative and qualitative 

differences and similarities bety.'een acçelerated and nonaccelerated medical students 

upon entry into medical school; a finding whieh was previously obscurcd beeause 
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researchers either grouped students according to their academic year, irrespective of 

tyPe of premedical education, or used materials which were dèsigncd to identify only 

quantitative differences between these groups of students. -

The analysis of students' summary protocols in the present study, for examplc, 

indic~ted that the three groups of students had different representations of the clinical 

texts. More specifically, the Med-P students recalled and inferred more propositions 

-, from the two texts combined than either the CEGEP students or the Degree studcnt~. 
~ 

While it can be suggested that the Med-P students represented the texts at a more 

abstract level than the other two groups of students, there was also a trend for the 

Degree swdents to he the,most selective in tenns of which propositions (i.e., relevant 

or nonrelevant) fonned the basis for recall and/or inferencc. Dctennining wn.kh group 

is superior or more advanced in their representation of c1inical cases would bc 

premature and perhaps constitutes an issue of minor importance at this time. The crux 

of these resuIts is that type of premedical education does influçnee studcnts' 

representation of clinical texts. A more immcdiate issue for cognitive scientlsts, then, 

lies in determining the extent to which 'previous expert-novice studies have elToncou~ly 

characterized the cognitive behavior of 'novices', 

The analysis of students' pathophysiology explanations of the two clinieal texts ahn .. ' 

yielded group differences. The marked improvement from the CEGEP students 10 the 

Med-P students suggests that the one-year medical preparatory program has a 
1 

substantial and positive impact. For example, much of the 'common knowle.dge' 
<lf 

which was characteristic of the CEGEP students' explanations appears to have 

dissipated and been replaced with basic science knowledge. While much of this 

knowledge is not yet accurate in the specifie context of the clinical case, sorne of the 

concepts have been mastered at a generallevel. Additionally, students at the Med-P 
, 

level appeared more awa.re of the interconnectedness between different body systems 

\ 
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and functions as compared to the CEGEP students as evidenced by the former's more 

highly structured and integrated explanations. This awareness, however, was even 

more acute in the group of Degree students. 

FinaUy, this study providcd sorne insight into the diagnostic ability of students upon 

entering medical schooI. While it is readily apparent that such a task is bcyond the 

scope of students' ability at this level (as evidenced by the extremely low level of 

accuracy), requesting-them to do so yielded sorne interesting infonnation. Specifically, 

approximatlcy one-half of the students wi thin each of the three groups did attempt to 

pro vide a diagnosis for the two clinical cases and, dcspite their inac'curacy, a nurnber of 

the se diagnoses indicated that the students could, at least, identify the major 

malfunctioning organ. Since this is a skill which sorne of these students already 

possess (at least at a rudirnentary level), perhaps this would be a good building block 

from which to teach more advanced diagnostic skills. However, before such an 

approach is implemented, the generalizability of this skill should first be examined 

through the use of'additional clinical problerns describing patients with disorders . . 
involving other major organs. Further, the possibility that this skill is influenccd by the 

manner in which the case information is presented (i.e., the saliency of the cues) 

suggests that this is a factor to be manipulated and examined in future studies. 

To conclu de, the overall results of the present study warrant a continuation of this 

tine of research. It has been shown that differences in premedical education are 

reflected in 'novices" representation, explanation, and diagnosis of clinical te?fts. A .. 
question which remains unanswered is "To what extent do the initial differences 

between groups with varying premedical backgrounds persist?" The answer to this 

question requires sorne developmental research involving either a longitudinal study in 

which these same students are tested (in a similar manner as the present study) at 

successive points in their rnedical slUdies, or a cross-section al study in which groups 
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of students with premedical backgrounds comparable to those students uscd in the 

present study, but who differ in lerms of academic year, are tested and compared. A 

comparison of the results obtained in the present study with those obtained through fi 

developmental study should detennine if the se group differences persist and, if 50, 

perhaps the duration of the se differences (i.e., do these groups of students remain 

heterogeneous or do they become more homogeneous in nature?). The possibility also 

exists that such a comparison will reveal qualitative differcnces of a nature other than 

those noted in the present study. 

In addition ta conducting a developmental research study, a useful modification of 

the research design used in the present study would be the inclusion of an additional 

group of students, specifically, students with an undergraduate degree in the social 

sciences or humanities. The comparative performance of these students would he of 

interest for two reasons. First, students with this type of premedical background arc 

becoming more prevalent in medical schools around the country (e.g., Thomac-. - . 
Forgues and Erdmann, 1980) and, while researchers have compared these students ta 

tradition al students (i.e., medical students with a B.Sc. degree), thcse studies have, 

again, restricted their comparisons to academic performance on department -gcncrated 

and/or extramural examinations (e.g., Dickman, Sllf!lacki, Schimpfhauser, and Katz, 

1980). Funher, simply dichotomiziog students based 00 their premedical 

ùodcrgraduate major (e.g., science or oonscieoce) may oot be an adequate means of ..,J> 

assessing the effeet of type of premedical eduaction on studcnts' subsequent 

performance in medical school. The faet that students do not major in one of the natural 

sciences at university does oot exclude the possibility that they have taken sorne science 

courses. Therefore, consideration should also be giveo to the g:.rcentage of a student's . 

coursework which was devoted to science courses. This awareness has recently 

emerged in the evaluation literature in studies concerned with the ~pact of type of 
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Baccalaureate preparation on perfonnance in tnedical school (e.g., Canaday and 

Lancaster, 1985; Zelezn~, Hojat, and Veloski. 1983)b~t has yet to he considered as a 

possible influential fac~or in the cognitive performance of 'novices'. 

A second reason for the ~c1usion of medical students with B.A. degrees in futre 

studies is to equate groups of students with different premedical backgrounds in tenns 

of age. Medical students who have lITSt completed sorne form of undergraduate degree 

will be more similar in agê and experience than students accepted into medical school 

directly from High School. Thus, maturation al differences cao he eliminated as a factor 

influencing the potential differential performance of B.A. and B.Sc. students. Further, 

since students enrolled in accelerated medical programs have perceived rhernselves, in 

retrospect, as lacking in rnaturity, p4U1icularly during the clinical phase of their studies 
1 

Ce.g., PateI, Dauphinee, Medley-Mark, 1984), this factor may he of particular 

importance in a developrnentaI study on the effects ,of type of premedical education on 

subsequent performance in ~edical school. 

FinaIly, it is suggested that future studies include additional clinical texts both from 

the sume specialty areas as those used in the present study (i.e., cardiology and 

endocrinology) as welI as frorn ar~s ol\tside ~f these specialties. This manipulation 

would serve to de termine the generalizability of the findings from the present study 

and, when used in combination with the previous suggestions, should provide a more 

accurate profi1e.of the cognitive behavior of 'novices' in the domain of medicine and 

generate practical suggestions for their instruction. 
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Footnotes 

• 
1 Concem is frequently expressed when a study is conducted with a relatively 

'small' sample size. Since this is an aspect of the present study, an attempt is made to 

clarify why this was done and why such a taetie does not necessarily detract from or 

limit the results. 

As outlined in the body of this thesis, th~ method of analysis used to assess 

subjects' comprehension of the clinical texts is quite detailed. Such an a~alysis is very 

derrlanding and tirnc consuming. In lieu of this, a larger sample size is not considercd 

to be feasible. 
, 

In terms of statistical analyses, sample size is directly related to the power or 

set1Sîtivity of an experiment. While it is true that the larger the sample size, the greatcr 

the power or sensitivity of the experiment in detecting trcatment diffcrenccs in the 

population, it should bc noted that if differcnces are deteeted using a smallcr sampIe 

size (i.e., using: a less sensitive and less powerful measure of treatment effects), the y 

are probably !hat much more real and significant. 

Taken together, then, the use of a relatively sm aU sarnple size in the present study 

would appear j ustified. 

2 The Med-P group was initially comprise.d of ten students, as are the other two 
\ ' 

groups. However, the tenth Med-P subject in this study was excluded because s/he . 
was unable to complete the booklet within one sitting (due to a conflict in schedules). 

The stopping point of this student was after s/he had read the second clinical tcxt and 

had summarized il. Thus, to resume testing would have invplved having this subject 

either re-read this second text or simply carry on from where s/he ~ad Jeft off. Since 

.. 
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c ..... -

both situations could have possible confounding effects, this subject was excluded 

from the study. In addition, due to the time constraints necessarily imposed on this 

endeavour. a replacement subject was not possible. 
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Centre for Medical Education 
McIntyre Medical Science .. Building , 
Room 529 
McGill University 

There are two clinical cases, each provided with: 
• 

(1) the his{ory of a patient, 
(2) the physical examination findings of that patient, and 
(3) the laborntory findings of that patient. 

'. 

1. Read the first case. When you have finished, tum the , 
, page over and do not rcfer to it again at any point during • 

the study. 

2. Summarize the case. 

3. Explain the case in terrns of the underlying pathophysiology. 

4. Provide a diagnosis. 

5. Repeat (1) through (4) above for the second clinical case. 

Please write your answ~rs in IOD~hand. Do not use short note' fonn. 

Thank you for volunteering your time to help us with our study. 

Birthdate~ -------------------------------
If you hold an undergraduate degree, please specify type 
(e.g., B.Sc.) and your major. 
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c CASE! 

A 63 year-old woman with a one-week1tistory of increasing drowsiness and 

shortness of breath was brought to the emergency room by her daughter. The patient 

• had not been weIl for over a year. Shc complained of feeling tired aIl the time, had a 

1055 of appetite, a 30 lb. weight gain and constipation. A month Iatcr she had becn 

diagnoscd as having 'chronic laryngitis' and was prescnbcd a potassium lOdide mIXture 

as an expectorant. 

Physical exaoùnation revealed a pale, drowsy, obese lady with markcd peri orbital 

edema. She had difficulty speaJdng, and when she did speak her voicc was notcd to be 

slow and hoarse. There werc patches of vitiligo over both her legs. Her skin felt 

rough and scaly. Her body temperature was 36 deg. C. Pulse was 6O/minute and 

regular. B.P. was 160/95. Examination of her neck rcvealed no jugular venous 

distention. The thyroid gland was enlarged to approximately twice the normal size. It 

felt firm and irregular. Therc was grade 1 galactorrhea. The apex beat could not be 

palpated. Chest examination showed decreased movements bilaterally and dullness to 

percussion. Therc was no splenomegaly. Neurological testing revealed symmetrical . 
and normal tendon reflexes but, with a delayed relaxation phase. Urinalysls was 

normal. ehest X-ray showed large pleural effusions bilaterally. ECG revealed sinus 

bradycardia, low voltage complexes and non-specifie T-wave flattening. Routine 

biochemistry (SMA=16) showed Na=125, K=3.8, BUN=8mgllOOml. Arterial blood 

gases PÛ2=50 mm Hg, PC02=60 mm Hg. The patient was admiued to the intensive 

care unit for further management. 
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CASE 2 

This 62 year-old retired Air Force mechanic was apparently weIl until about 5 

months before presenting to the hospital. He then nOted he was 'winded' after walking 

about 40 feet. He was increasingly brèathless lying down, tried using 4 pillows to 

sleep and most recently is sleepi~g si~ing up. He has occassionally awoken cxtremely 

short of breath. He has a mild non-productive cough and agrees that his voice is a litùe 

hoarse. During this rime his legs have becn swelling. His apperitc has decreased yet 

his abdomen has increased and he has gained weight. He says "no food tastes good" 

and he has constant mild nausea but has not vomited. He has had no chest or 

abdominal pain. He does not smoke, drinks alcohol socially but less lately. His only 

admission to the hospital was for a heart attack 12 years ago. He recovered completely 

and was walking 6 miles a day a year ago. He is taking no_medication. 

On examination: H.R. SO/min. and regular. B.P. 120/98 mm Hg. Pulsus 

paradoxicus 12 mm Hg. No cyanosis. Pronounced peripheral edema of legs and 

presacrum. Sorne edema over abdominal wall and scrotum. Abdomen was large with 

shifting dullness and a fluid wave was demonstrated. Liver edge was smooth, 3 cm. 

below the right èostal margin. Spleen was not palpated. No masses: )ugular veins 

distended to the angle of the jaw at 45 deg., apex not palpable, heart sounds faint, no 

S3, no S4, no ~urmurs. Sorne dullness to percussion at right lung base. Breath 

sounds diminished at both lung bases with decreased ehest expansion. Fine end 

inspiratory crepitutions noted. Remainder examination was normal. 

Hb=13.5 gm%, WBC=5,500 with a normal differential. Prothrombin tin;te 12.5 

(control 11.8), P.T.T. 34 (control 34), T4=7.5 (nonnal 4.5 - 10.5). Urinalysis was 

nonnal except urobilinogen 4.0 (normal 0.1 - 1.0). SMA 16 normal except: Albumin 

3.5 (N=3.7 - 4.9), total bilirubin 1.7 (N=O.2 - 1.0), alkaline phosphotase 169 (N=30 -
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105). Chest X-ray: "Enlarged cardiac silhouette, no evidence ofpulmonary edema, 

right pleural effusion, partial atalectasis in right lower lobe". ECO: remote inferior 

myocardial infarction. Diffuse ST sagging with T-wave inversion. Generally low 

voltage QR's with voltage fluctuation. 

This patient has been referred from an outlying hospital for definitive management. 
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