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ABSTRACT ' b
The organizational factors in memory relevant to lear‘ﬁing medical diagnosis
are discussed. Hypotheses-that type of list organization™Will affect total
recall, and that type of curriculum and year in school will affect organization
. of recall are tested. Ninety-six second and third yedr medical students from,
two different curricula were given 5 trials at memori‘zing a list of medical
terms organized according to three different schemes, and recall the list in a . -
| . free recall setting. ’Rééults show that .none of the hypotheses tested were
at there is an overall tendendy té use otie organizational
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Introduction _ ’ . - .

Memory factors-{particularly organization) play an important role in”~
: .+ higher order learning, particularly learning related to problem solving in
highly specialiZed content areas. This is the first of three studies which
attempt to demonstrate a relationship between memory organization and problem
solving in one highly specialized areh--the area of medical diagnosis, How
does the expert physicia ganize the volume of clinical information he
possess to make it maximally accessible during the problem solving process?
In thiz?itudy those organizational factors which seem to have the strongest
rélationship to diagnostic problem solving .are discussed, 1In the twc subse-

% catioffs for teaching problem solving in médical diagnosis as well as in other

} . quen:}studies the nature of this:relationship is further devgloged and jm 1i-
area

are discussed.

N ' &

Iy

§tatement of Problenm

Traditionally medical school curricula are organized in three different
ways: by academic discfpline by organ systems and by problem orientation,
The last{¥wo tvpes of orgdnization are most closely related to diagnostie
problem’solving, since patients present with problems, and problems occur in

organ systems.

If indeed the organization of the medical curriculum affects

the students®

former curr}@hlum would tend to adopt an organ c
those in thq latter curriculum might adopt an

problem® or diseases.

tered organizafion whereas
ganization centered around
A hypothetical model (1,2,3) for the experienced

learning organization, one mighf;;;an that students in the

physician's memory structure centers around diseases

Comparing.the curricu-

lar structures to the structure'of the experienced physician suggests that

at some time the student physician must make a shift Toward a disease centered
‘organization. It would seem that the student in the systems oriented curriculum
would have to make a more significant shift than the one in the problem centered
curriculum.

, ] ‘}his study seeks to explicate the nature of the studﬂs natural memory
organlization, the nature of the effect of a given curricu on the student’'s
“Hemory organization, and the pregsence of a shift to the disease centered
prganization as the student gains clinical experience. ,’//
f

1. Lists of diagnostic cues grouped accofding to disease entities
and organ systems will be more readily recalled than randomly
ordered lists.

Specifically the hypotheses tested are:

-

* Students 1p an organ systems curriculum will tend to cluster their
recall around systems whereas those in a problem oriented
curriculum will tend to cluster their recall around diseases.

: 4 ,
« _ % ‘ -
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"3, %Eeze will. be a shift from orgaﬁ systems clustering a disease
ciusqéring as students progress through medical school.

ﬁackground ’ - ‘ -
§ bt 'l
. e
RecentI¥ (several investigators have argued that a consideration o e
memory factors is of particular importance {n theorizing about probled-sblving
in general (4,5) and medical diagnosis in particular (6,7). Schwartz /and r EQQ

Simon state their positions as follows: .

. 'a’, a ' .

", ..the way a physician organizes or structures his medical owledge™ ,
will influence almost every phase of his diagnostic' behaviomy- That -
is, different organizations of medical knowledie would lead! to diffogr
ent diagnostic possibilities as well as variafions in the order S
which possibilities are considered, Hence, it becomes critical to '~
determine the ways in which physicians Sctually crganize medical

knowledge." . .
—-’_—, ’ %‘u

Results of ‘studies at Michigan State University (1,3) suggest the models

“for the physician's organization of knowledge. - Elstein et .al (1) and Sprafka ;“__

and Elstein (2} for example have suggested a model of inquiry which points to
early generation of diagnostic hypotheses, .acquisition of cues, interpretation
of these cues in the light of hypotheses and evaluation of thée viability of
hypotheses throughout the problem solving episode. Furthermore Allal (3) has
found that not only “are hypotheses/generated ‘'very early in the diagnostic
process but there seems to be a significant amount of hierarchical organizagion
(frolm general disease categories to specific disease entities) of those hypothe-
ses which are generated,. ‘ ) .

.
-

In summary, though little research is available in this area, that which
exists suggests that a) memory organization plays an important role in

the diagnostic process, and b) that the memory of ex erienced physicians is -

disease centered, . iy ’

Methods of Procedure . . .
 “ Materials: A list of 42 medical terms (signs and symptoms of diseases)
was greated with the assistance of a physician. The terms were then grouped -

into three different list organizations: accoxding te diseases, actording to '

. organ systems, and randomly., Each group contained between four and six terms,

The random groups were created by arranging the terms in random order and

randomly assigning 4,5, or 6 terms to a group. The lists were presented as

two typed single spaced columns. Booklets of 5 trial lists alternated with

recall pages containing 42 blank lines were created, The order of the cate-
gories and the order of terms within -each category was different on each -
trial 1ist. Three different page orders were used for each treatment..

.
Design: A 2x2x3 factorial design was used with 4 repeated measures in-

one instanqe (total recall) and three repeated measures in the other (clustering).

The factors are: two schools (College of Human Medicine with a problem oriented

curriculum and College of Osteopathic Medicine with an organ systems curriculum;

two stagesS im school (year twbo which is primarily diddctic and year three which

is primarily clinical/practical); three list organizations {(disease grouping,

organ systems grouping, and random). Each subject had five trials at memorizing

£he list of terms yielding five measures per subject. 'In the total recall

’ 5' //

- s .
. ' «

E




S
M . - B I- = * 3
v ‘ ¥ N .
y “ . "
i ) ~ ¢ '. / .o . '
’! ) 'l ’ - . I i,
iﬁ . BIBLIOGRAPIEY / <
o T N [ b‘ H /
4 ‘. - - LA ’. 2
Elsteih, A.S., Kagan, M., Shulman, L.S., Jason, H., and Louﬁe, M.J. ,1Methods
and® Eheory in. the study of medical inquiry, Journal of Medical Dducatipn,
47, 1972KEPP 85 92"
Spréfka, S.A# and Elstein, A.S. What do bhysicianh do”-—Ah’analysiq‘of diagnostic

- reasoning
Michigan State University, May, 1974.

» *

Allal, L.K.

Training of medical students in a problem—solving sklﬂl

Paper presented ,at the OMERAD Symposium on Hedical Judgment,

-

the

gendration of diagnostlc problem formulationa, unpublished doctoral

dissertation, 1973,

Reitman, W. What does Ft take to remember?
Human Memory. New York:

N

deGroot, A.D. Perception and memory versus thought

™ D.4.

Academic Press, 1970,

Problem solwving: ReSearch, method, and theory.
pp 19-50. , s ‘

Schwartz, S.H. and Simon, R.i,

L}

Wayne State Uniwérsity, 1971.

-

s *

Normai (Ed.j,.Hodels of
pp 469-509.

. In B. Kleinmuntz (Ed.),
"New Yark: Wiley, 1966,

o

Fifferences’ in the organization of medical
knowledge among physicians, residentd and stwlents.

“Unpublished manuscript,

-

-

- Koenker, D.L., Tﬁbmpson, CiP.

and Kleiﬁmdﬁtz, B. The role of memory in information-processing
Unpubllshed manuscript, 1971 ‘

"

Wortman, P.H.

"} models. .

Comparison of measures for the

Psychological Bulletin, 76, 1;;
]

and Br0wn, S.C.
estimation of clustering 1n free recall,
1971, pp 435348.

Box, G.E. ggme theorems on quad¥atic forms applied in the study of anglysis
of variance problems, Annals of Mathematical Statistics, 1954, 25,
pp 290-302.

e




-
-

.. analysis all five measures were used. In the clustering analysis only the last ~ Uest
~ four.measures were used. The first measure was dropped since it was extremely
erratic and was not Tepresentative of the subjects' performance on subsequent
measures. . v - - .
Subjects: Eubjects were volunteerg from the second and third year classes
of the College of Human Medicine and the College of Osteopathic Medicine. .Sub-
"jects were paid for their participation in the study. & total of 96 subfects
- participated in the study with eight subjects being assigned to eac¢h of 1.
treatment groups. . " - S
: S
. Procedure: The study was conducted about midway through ‘the scHool.years. .:~
Subjects were randomly assigned to experimental treatments. -Each subject ., '~
reﬁbived a boorlet and was instructed that he would be given five opportunities .
to memorize g list of medical tegm and after each opportunity would be asked -
to write as many terms as he could recdlNin any order he wished. At each ~

trial subjects were given two minutes f{ study the list and five minutes to

'recall. Recall protocols wpre then sag for total recall and clustering. .
) Clusterirg scores were calculated -using fie procedure outlined by Roenker, .
'Thompson, and -Brown (8)., Clusterfng according to disgase_and sSystems cate~ - N

_gories waq caléulated for all subjects., Clustering dccording to random cate-

" gories was determined for half of the subjects but was extremely low, so was

not lculated for all subjects. Overlap betweemdisease categorles and systems
cateddries was seen td be a potentlal confounding variable. " The degree of .
overlap hetween-these two categorization schemes was assessed by generating 5

sets -of perfect clustering scores on the disease’ ‘dimension and calculating
clustering scores for them on the systems*dimension. The resulting systems

scores ranged from -.279 to +192 with a mean of .032 which. is hardly. better

than chance, set of total recaddmicores and the sets of/clustering scores

for systems ‘and gisease organization were 4hen each submitted to.a three way

LA

ANQVA wigh repeated measutes. - b . - -
N . X .
Results and Conclusions jr-{g o
1. The first hypothesis coukd haya been confirmed by a significant main v
effect on ‘the organization dimension for total recall. HNo such effect

vas found. There was # predictable main-effect for trials‘
F(1,84)*%=1591,36, p(;OI- L
2. The second bypothesis could have been confirmed if systems clustering
had showed main effects for type of school with Osteopathic Medicine
- students doing significantly better on systems clustering and Human
Medicine students doing significantly better on dieease clustering.
These effects did not occur. :

3. The last hypothesis would have been confirmed by a significant effect
for school year on bét§ systems gnd disease clustering scores. The
effect on sysiems clustering scores would have shown second year
students doing better than third year .students. On disease clustering
the third year students should Have done better than second yeal
students. These effectg did not occur. '

; ’ «‘1
. . . ,..

*Degrees ofa?reedom were assigned using the procedure recommended by Box (9)
for testing significance of effects in repeated measures designs.

6 A\ .
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4, List organizarion had" a 51gnificant effect’ on both diseade.clustering,
and systems clustering, F(2,95)=22.48, p .0l and F(2,95y=26.63, p .01
respectively. Subjects who studied lists organized around diseases ’
. tended to cluster their recall,more around diseases thaf around systems.
Subjects fho studied’lists organized around- systems tended to cluster .
their refall more around systems than around diseases,

a 5., There was an overall effect favoring syste%ns clustering, £(383)="-12,98, /

p .00l1. Regardless of the way in which the stimulus. list was orga-
nized, and regardless of what curriculum or what year subjects were in,
they tended to.favor the systems organization for recall, *

r

From these resolts one'may éonnlude that:

. i
A 1, Organizing lists o; stigulus items in ways which would appear to inter-
) s act optimally with a nateral organization does not produc ter over-
T all recall in Subjecta at this stage of their medical training. '

o

H

a 2. The organization of the curriculum in which a student is placed, whether
’ around problems or organ.systems, appareritly has no enduring effect on *
the way in which he oé;anlzes his storage of information.

3. There is apparently %ib shift frop a matural organ systems organization‘
to a natural disease ofganization as students progress from midway through
the didactic second ,yedr to-midway through the clinical third year..

4, There is apparentlv a natural tendency for student’s in either type of . .-
curriculum at bothe of these stages of their-medical training to favor a
systems organization, for medical. terms. This can be somewvhat affected
by ﬂhe organizata/ékﬁ stimulus lists, but is not complgtely cancelled.

Educational and scientific significanca

These .results have implications for the'training of medical studénts in’
particular, as well as teaching and learning in other problem solving areas.
Although controversy continues over the best ways to organize curriculh, medical
or -otherwise, the results found here would suggest that -the organization of the
curriculum may make little-or no_difference. Students in a curriculum.wil
organize material in a way whichlis most comfortable for them, Although the
overriding tendency is to favor the systems organization, thus suggesting the

.appropriateness of the_systems curriculut, this suggestion istnot borne out

" if the dis ase entities were associated with patient names? And, .last,

by the specific results relevant to the two curricula. This study raises several
methodological questions which must be answered before any Eonclu31ons may be
reached, On the one hand, would a different approach to analysis cltarify the
relation between results é and 5, and indicate under what circumstances the
stimulus lists gain control, and where the tendency. to Uuse the natural-organization
predominated? On the other hand, would the systems organization be maintafned

if the stimu}us materials were redesigned to make the list organization
vious? Secgndly, would the tendency to organize afound systems be maintyined

t's organization of material affected by'Etimulus materials

moeta ely resemble the case records he is expected to deal with in the real
worl e second and third experiments in' this serigs’ examine these &uestiens.
/ 4 -
. ~ 7 -,
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