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college were provided with a set of heuristics. for clinical problea
solvirng and prompted to use them; four were provided with heuristics,
but received no.prompts for their use; four students from.each
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The ability to solve problems has for some tiime béen proposed as a ma
\

goal of schooling. Some of the innovations of the Eight Year Study had’ therf

source in the hope- that schools could teach students t® be more’efféctive problem

ED124420

.solvers (Axkln, 1942; Sm1th E.R. and Tyler, R.W., 1942) Some of the same nopes

.

~and 1deas are found in recent curricular innovations in medical schools (Ways,

~ Loftus, and Jones, 1973). The organization of much ofcthe med1ca1 school cur-

The underlying

! r1cu1um around particular problems of patients is. relatively new.

1dea-—that medical students should learn an effectlve problem 501V1ng strategy

X through their curricular experiences-=-goes back at lea
. AT
s 1

st to Flexner's famous

report (1910) ke
One of the’ assumptlona that has given problem solv1ng a- central place in the

:
-

curriculum is that problem solving strategies and techniques learned with one

-Thus, problem solving is .

- problem will be easily transferred to-other problens.
seen as an activity that has significant generalizablefaspects. This view of
‘problem solving has recently been questloned by researchers and curr1cu1ar3designers"

The .questions have arlsen.because studies of clinical prob-

Lad)
~

in medical education.‘
lem solving in simulations indicate thatmperformance 1s«case “specific (Shulman,

. 1974; McGulre, 1976) " The correlatlon between performance on one case and peri

formance on another case is low (1ess than .3, on average). Thus the assumption

of transferab111ty of problem 501V1ng skills has 1acked support. . : 3

low correlations in performance from cas€ to case

Contlnueu findings .of
1 in the medical

(4

h -
o

¥

o~

% weaken the argument of those who would make problem solving centra
Q .




: curriculum, Such flndlngs suggest that problem solving for a given case depends

+ + - on knowledge oT skill that is more—or-less unique to the cond1tlon encountered

in,theucasé,_ﬁlfuwhat mattersuls"theeposse551on~or spec1flgslrelevant to . .

! PR

F- i 1nd1V1dua1 cases; the currlculum should empha51ze acqu151tlon of as many and as
var1ed'a ‘set, of. specific? as posslble._ A curricular emphasis on the process of "

) proplem solvingvmakes sense éﬁﬁy when there Is evidence that'possession~of‘some

tactics or strategies of problem solving leads to improved performance.. Rei

f~———m« analysis of a récent study of the role ot»heuristicg in medical problem golving ‘
provides such evidence.

% ' The Studz

; .' Gordon (1973) studied 32. fog%th year medical students from two medical col- .

:
" v leges: 51xteen students from a college with a ”tradltlonal” currlculum, 51xteen

T ——
g

v ‘students from a college whose currlrulum 1ncluded some early attempts at ‘'problem-

-
~

oriented” teaching. Students in these groups were randomly a551gned tc one of

four treatment conditions. Thus four students from each college were provided

. b

ylth a set of heurlstlcs for clinical problem SOlVlng and were prompted to use the ™

oyt

heuristics; four_were prOV1ded w1th heuristics but received no prompts ‘for their

A

use; four students from each college developed their own personal llStS of problem

o

solV1ng heurlstlcs and wexé prompted to use the heuristics; four developed their

personal list of heurlstlcs but recelved no prompts to use the heurlstlcs. The -

‘hetiristics provided by Gordon are llsted in Figure 1.

SubJects had initially worked through a '"paper case’ from which pretest

measures were derived. Those subjects who received the prepared Jet of heuristics

> 14

. were aided 1n using the heuristics as they worked'.through another case. Then all

-subjects~worked thr gh two addltlonal cases from which post test measures were
der1ved The four cases, in order, are a.problem of exhaustion. with a dlagnosxs

of ulcerative colitis; a problem of fatigue and headache w1th a dlagnosls of

.
. ,
3 A '
.
. ) .
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1. Each piece of information requested by the problem
solver should be related to a plan of attack for
solving the problem. There should be a plan and a
well defined purpose béhind every question asked.

2. No diagnostic hypothesis should be more specific or S
more general than the evidence on hand—jpgzifies. :
b A }}

~
P R

b

2 .
3. There should be at least two or three COmpetiLg
hypotheses under: consideration at a partiéulﬁr time.
Edch piece of information should be evaluated with
respect to all hypotheses presently under consideration.

4. Whenever a new or revised hypothesis emerges, the
information previously collected (particularly the
. . information from the middle of the sequente of
- quéstiohs asked) should be reviewed. - The problem
.solver should attempt to categorize the previously
elicited findings as either tending to confirm or
tercing to disconfirm his new hypothesis. ’

A4

5. When high cost, (expensive, uncomfortable or risky)
. ' prbcedureé dre being considered to confirm a’favored o ; -
T A - hypothesis, the problem solver should consider the ’
; ; poséibility of lower cost procedures which might .
. L instead rule out one Or more diagnostic possibilities :
~ in order to make the-high cost procedure. unhecessary or

o ) to increase the probability that the high cost pro-

cedure will yield the definitive diagnosis..

-

v

FIGURE 1. %ﬁé heuristics provided to half of the subjécts in the Gofdon study.
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hereditary spherocytosis triggered. by mononucleosis; a problem,of left chest

pain with a diagnosis of miltiple myeloma; a problem of nausea and vomiting with

a diagmosis of acutejglomerulonephritis,

A number of measures are available based upon the record of diagnostic

'hypothesesrbeing-enﬁ%rtalned and .actions taken.as each subJect -worked through

each paper case. Ehe varlables used in the analyses are: Scope of Early Hypotheses,

Number of Cr1t1cal Findings Ellclted Gost -of History and Physlcal Examination,
& . : .

Cost of Laboratory Work and AccuraAX_of Def1n1t1ve Dlagnosls. Gordon (19733

prOV1des a detalléd_descrlptlon of these var1ables and the provedures used in
’ . ’

their measurement. ’ - . . \

Original analyses examined four dependent varlables, one at a time. Scope,
-~ -

Critical_Findings, Overall Cost (the sum of Costs ‘of Hlstory! Physical and

¢

Laboratory), and Accuracy were analyzed in a series, of -2 (Schools) by 4 (Treatments);

Analyses of Variance with the pretest scores on each variable used as a covariate:
Only with Accuracy did the -analysis suggest statlstlcal slgn1f1cance (F3 23 = 2769;
p < .07), but»because of the repeated tests a criterionof p < .01 had been chosen
as the standard for statistical signifiCance. . - e
A variety of 1nd&cators suggested that a'reanalysis might‘be fruitful. First
tne costs of laboratory in each case (and consequently the overall costs) are’
- badly skewed with mean roughly prdportlonal to standard -deviation W1th1n cells.
Taking the log of this cost drives the dlstrlbutlon back towards a symmetrlc
normal dlstrlbutlon and stabllrzes.the var1ance.r Second, the deslgn of ‘the~study

was 2 (School‘ by .2 (Heurlstlcs) by 2 (Promptlng), with real ‘expectation .of effects

only for the Heuristics treatment, no expectatlon of effects aséociated~with'

-.schools, and~the_effects of prompting uncertain, The dependent variables were

ot independenc; the direction’and‘strength of thelr associations could be taken

&

into account in a multivariate analysis of variance. Finally, with so few degrees

I3 2
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. third heuristic urge.the articulation of an appropriately broad set of diagnostic

of freedom available it seemed best to use covariates only if they were siga/)
S N .
nlflcant predlctors of the dependent varlables. : s .

-
. ———

As preparatlon for the analysxs the degree of association between the _pre-
test variables and posttest variables was tested It d1dn t approach statlstlcal
significance. Consequently the posttest Varlables were analyzed in an ana1y51s

of variance. This is done in two parts: flrst an ana1y51s of the difference

-

N .
between scores on the two posttest cases to See whether an. 1nteractlon of treat-

+ A

»>

ment with cases is present, second, an analysis of the sum of scores on“the thO

posttest cases to determine whether there is an overall effect for the design
)
factors. The summary statlstlcs for these analyses are displayed in Table 1.

‘The résults in Table 1 suggest a possible sen51t1v1ty of treatment effects' t,
tg;cgse-specific characteristics. - lowever, 1nteractlons are not statistically - .
-significant. The anelysis of posttest sums indicages that schoal dnd school-
related de;:én factors have no apparent affect .on the outcomes 6f the study. The
results also indicate that experience w1th and access to the prepared set of
heuristrcs has.an effect on medical problem solving that is likely to be ’
replicable. The effect can be described by the discriminant function separdting
the students. who worked with the prepared heurlstrcs from the subjects who worked -
with-their personal heuristics. The standardized coefflclents are indicated in
Table 2. These results are what would be expected from knowLedge of the 6
heuristics. The flrst second fourth, and f£ifth heurlstlcs urge -2 more system-

- atic and cost—efficient search for and- use of diagnostic information. This
should lend to inproved accuracy and lower costs and it does. The second and
hypotheses. This should lead to a wider rangé of early hypotheses, and it does.
The Set of heuristics does- not bear in an obvious way .on the number of crltlcal

o

findings ellclted; The relationship to the critical flndlngs variable is the

. o

_weakest in ‘the set.

-
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-nEr- yalues Associated With Edch of the Design Hypo'theses
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A. For Differences Between Scores on Posttest Cases -

N .
- ‘ 3 ~ .
N

- s

Design Hypothesis . F'Ratid*' ) vfeProbability

o ’ o » o ‘w
schooL . re2 L, P .26 -
HEURISTICS .4'5; . ©2.36 et e ® p <"08
PROMPTING . . 2.42 p<.07
HxP' T “ 1.06 - . ..pg.a1
SxH - | 76, - '
$xP . , i .86 ° . . * i
SxHxP - 2,29 ° ., pg§-08

»

o

® ? )

* . ' . -
. The number of degrees of freedom for each F is 5, 20

, . B. For Sums of Scores on Posttest Cases. . 7
“ | ) ° o : ¢ e' v ¥
Design Hypothesis - - F Ratio + ,+ Probability
. o ; : Statement
- ’ 1 . Y G =
SCHOOL A . .69 " o/
HEURISTICS , ) . 3.02 s, PS03
PROMPTING ) *1,27 . - ' p< .32
HX‘F : . v \1'174 - y e ‘éP‘S"-37£'
~SxH R 1.07 e p < .41
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. TABLE 2 .

S;andardi;ed-Coefficients.?or the -Discriminant Function

Separafiﬁg the Subjects Given Heuristics From the Others

. - . . * 9\
Variable Coefficient
ngﬁe of Early Hypotheses . . A .72
Cost of History and Physical ) =45
Cost of Labgratory Work ’ -¢4é
+mber- of Critical Findings Elicited- -.29
AC‘uracy.of Definitive Diagnosis ' -, T .96
- \. ~ v
« .' "’ ° .
“ .
- B N ‘1)
» * . .
*
]
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mEllcatrcns . e ; \‘

ClearIy the critical experimental effect——the effect of the set of prepared

4

v heUIlStICS-—ls not so 1argn as to be inescapably obvious in analys:s. n order

- -
‘ -

to find the effect you have’to look for it with care. The effect found however, -

“ .

.
L4 -4

<

is precisely the effect expected and that should redouble our. confidence that it

. - will be, robust and stable. o : . .o
. . , 1 . L I
The results indicate that fourth year medicalkstudents perform better on

- - . ~

- cllnlcal cases (more accurately and economlcally) when they have been given

; ' powerful heuristics. This effect appears desplte the relatlvely brief 1ntroductlon
(experlence in one case) that the experlmental subJects had to the heurlstlcs. It,

. appears déspite the fact that since the subJects w0re in their fourth year of

»

N . ' medical school they were not clinical novices but had had tlme to develop adaptive
L ;ﬁ Strategmes of—medlcnl problem solving. And 1t appears desplte the background of
o “tnoise" that -case-specific effects presents to the analy51s .

There can be effects of strategy in clinical’ problem solving. The effects
are seen most clearly when students are provided w1th more eff1c1ent proBlem
4 solv*ng strategies. . Effective problem solving heuristics appear to be teachable
The implication seems 1nescapable. medical curricula should provide opportunltles

”
1

P to learn powerful strategies for problem solving.

The b§rdgn study is suggestlve in other ways. Correlatlons between per-

s o

formance on one case and those on another case were low in thls study as in

M *

othcrs (see Table 3. In correlations alorie we find no grounds for 'support of

[

. ¥
[ S

.attempts to teach problem solving in” the curr1culum. The Gordon study suggests

»
ey

that we will learn the value of 1nterven1ng in the curriculum to teach problem

solv1ng only by carefully controlled study of such 1ntervent10ns. Currlculum

- . pu

; — studies will have to become more exper1mental and interventionist, less pa551ve

and correlational. Correlational study can complement but cannot supplant the

2 ) needed experimental studies. o ® ) .
+
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Scope
Scope . - .13
Critical -
" Finding .09
History &
_ Physical .23
- Lab Costs o=.11
Acéuracw ‘ }{;0
ER N )
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. K}
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Correlations based on deviations-
&

A

gn-Case Correlations

i

Critical
Findings
"y
.32
38
.25
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““TABLE, 3 IR
I yhoe T
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) » * A .
. H
History & Lab’Costs ’ Accurdcy
Physical ~ (Log T
Costs Transform) T
.52 . -
.27 .01 ”
,10 . .05 .00
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The Gordon study also suggests two strategdes that should prove USeful\t? oL

-t "~

o=

. movihg us closer to an understand1ng of the process bf problem solV1ng in -
oy . <L
1mportant practical situations. " ¢ first strategyjmlght be called dlsaggregatrgn--
~ .
" the developmentxof a comprehen51ve set of narrowly defined varlaples ‘that can be'
* \' - - 124 ‘ *

aégregated in various ways: This’ prov1des the analyst freedom ‘to- look for forms 4

&
- . 4

.

of aggregatlon that prOV1de fhe most stable cHaracterlrJtloﬂ oﬁ problem solv1ng \\;;;
behav1or. For example, Gordon mon1tored seven different elements ghat contrlbute
1Y N et . - 8

‘to the cost of a work- up--the dlrect expense of a hlstory, a physical examlnatlon,

.

laboratory tests, the risks accompanylng a: phy51cal examlnatlon, laboratory tests, o
5 a . -

and the discomfort associated,thh a,phy51cal examlnatloni'laboratory'testg.” These ~ 1\

. Sseven can be aggregatedrinto the costs of a history.and}phy§ical and 6f‘Jaboratory ’
tests as in the present ana1y51s. Or they can be aggreéated'in other ways that.?.
may reveal hidden .but stable aspect; of clinical problem solv1ng performance. .

-.

The second stra*egy is an attempt to captﬁre the\constralnts on tne problem .
. e
solver and his intentions as accurately.and comprehen51vely as p0551ble. The

4

Gordon study makes maJor steps towards a fuller recognltlon that the c11n1ca1 .

Iy ~

situation presents choices of action that 1nvolve ooth costs and a probablllty
of beneflt. Currengly, in both the med1cal currlculum and studies ofacllnlcal
problem solving. the practitioner's problem is presented as one of reaching an’.” -,

approprlate conclusion--i.&., a correct d1fferent1al dlagn051s. This sub-

. - *

stitution of a problem of knowing for 3 prqblem of actlng is characterlstlc'not . -

ronly of the med1cal currlculum, but of currlculum generally. fhe instrumentation
bt . N,

of the Gordon study suggests what may be required. 1f we are to. more “accurately

¢ s

represent the problem faced‘by the c11n1cian (or of the man of practlce, in
general) It is essential that we capture the full range of practlcal elements

1n the '"'space" of .a problem if we are to develop more adequate ideas about what

.8 R

constitutes functional problem solving ability. "o ¢

11
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