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Sumrnary .  A cons is tent  f ind ing in  rhe l i rera-
ture on nreasures oI cl irr ical problem-solving
scores is that there are very low correlat ions
across dif fererrt problems. This phenourenon is
commonly  labe l led 'content -spec i6c i ty ' ,  im-
plying that the scores dif fer because the conrenr
knowledge necessary to solve the problems
differs. The present srudy tests this hypothesis
by presenting groups of residenrs and cl inical
clerks with a series of simulated patient prob-
lems in which content was sysrematical ly
varied. Each subject also completed a mult iple
choice test with questions l inked ro each di-
agnosis presented in the cl inical problems.
Three of the four problem-solving scores
showed low correiat ions, even co two presenta-
t ions of the same problem, and no relat ionship
to content dif ferences. None of the scores were
related to performance on che mult iple choice
test. The results suggesr thar variabi l i ty in
problem-solving scores is relared ro factors
other than content knowledge, and several
possibi l i t ies are discussed.

in medicine (Arnerican Board of Internal Medi-
cine, r979), and is a pervasive theme in educa-
t ional objectivcs in rnost medical schools. This
abi l i ty is usually viewed as a general ski l l
described by a variery of rerms (problem-
solving, cl inical reasoning, cl inical judgement,
diagnostic ski l l ,  synthesis, etc.) which intera*s
with, but is dist inct from knowledge.

The increas ing ly  inrpor tant  ro le  o f  c l in ica l
problcnr-solving in undergraduare and posr-
sraduare education and rhe expl ici t  recognir ion
of the ski l l  by cert i f lcat ion and l icensing bodies
has led to the development of a variery of
evaluation methods to assess rhis ski l l .  They
rnay involve a real patient, in the circumstance
wirere the supervisor ci irect iy observes the
interaction between physician and parient
(Finkel & Norman, rg73), a wrirren problem
such as a patient managernent problem
(McGuire & Babbott,  1967), or a compLrter-
based problem, exempli f ied by the CBX pro-
ject of the American Board of Internal Medi-
cine and the National Board of Medical Ex-
aminers (Senior, 1976).
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correl:rt ion ."vi th nrr-r l t iple choicc' rc-srs (Casc',
I 98 I ;  Skak r - rn  e t , t l .  r gTg ) ,  wh i ch  has  beeu
in terpretcd as ev iderrce that  the y  are rest ing
sorne other  inrF)or tant  d imeusion oI  contpe-
tcnce.  Const ruct  va l ic l i ty ,  s i rowing pos i r ive
chanqe in  scorcs rv i t i r  increas ing cdr- rcat ior r  has
bccr- r  f rcquent ly  (Mazzuca t t  a l . ,  r98r ;  Robin-
son c t  D inh lnr ,  rg77) ,  but  noc l l rvays (Mar-
shal l ,  ry77)  demonst ra ted.  Orher  s t t rd ies  have
r.rscd tcchrr iqr-res sr-rch as tactor lrralvsis to
prov ide conf i r rn l tory  cv idence that  chc
nrc lhods r rc  : issc 'ss ing ouc or  l l " rorL '  gcne ' r l l
ski l ls (tsenrer et nl. ,  rg77).

Holvcver ,  research conducted over  the past
fer,v years using a varietv of p-rat ient formats and
scor ing approachcs has cons is tent ly  revca lcd
orle disqr-r iet ing t inding-there is apparerrt ly
very  l i t t le  re la t ionsh ip  betwccrr  per fbrmance of
a st lrdent or resjderrt on olte problent arrd his or
her  per fo lmance on a second d iss inr i la r  prob-
lem. This f lnding has emerged f i 'om srudies
r-rsing l ive sinrr.r lated patienrs (Norman cV Tuq-
wel l ,  rqSz;  E ls te in  e t  r r l . ,  r978) ,  p i r t ient  l ' l ta l t -
agenl r ' l l c  prob lems (Bcrner  e t  a l . ,  rg77 i  Donne-
ly  e t  t1 l , ,  r98z) ,  and compurer  s imulat ions
(Skaku r r  e t  d l . ,  r gTg :  No rc in i  e t  a l . ,  r 983 ) ,
rvh ich a l l  cons is tcnt ly  repor t  cor re la t ions across
prob icms oI  o '3  or  less.

These low corre la t ions suggest  that  genera l
sk i l ls  such as data-gather ing,  prob lem-so lv ing,
or ci irr ical jr-rdgenrent, i f  they exisr, account for
very l i t t le of the observed variat ion in perfornr-
ance.  In  a t tempt ing to  exp la in  rhese f ind ings,
some authors  have suggesred c l ' rar  c l in ica l
prob lem-so lv ing is 'conrent -spec i f ic '  (E lsre in  e t
a l . ,  r978) ;  that  is ,  the so iu t ion o f  a  s ing le  c l in ica l
prob lem requi res n lastery  o f  knowiedge spec i -
f ic  to  that  prob iem,  and rh is  knowledge is
suff icierrt ly variable t l ' rar no consistency of
per formance across prob lems can be observed.
This  exp lanat ion,  a i thourgh p laus ib le ,  cannot  be
conf i rmed by the observat ion o f  a  low corrc l l -
r ion across prob lcms,  s ince orhcr  var iab les than
contcnt  knowledgc lnay conrr iburc  ro  th is
var iab i l i ty .  A cr i r ica l  tesr  o f  t i re  hypothes is  o f
col l tent specif ici ty u,oulcl reciuirc solt lc ex-

PCr inrenta l  cot l t ro l  ovcr  fhc  rc lcVln t  contc . l ' l t
knowlecluc',  ci ther bl '  ursing I corlcl l l ' rcnt l t lc; l-
sure o f  knorv ledse re le ' r ,ant  ro  rhc prob lenr  or
by systenrat ica l ly  r , : r11, ing rhc conrcnt  o I  pr rob-
icms t ronr  very  s imi l ; r r  [o  ver \ /  c ' l i ss inr i la r .

The present  s tudy incorporarcs borh these
approaches.  Sanrp ies o f  s r . rbspcc i l l i s ts ,  res idenrs
and cl inical clerks were chal le-rrged r,virh rerr
c i in ica i  prob lenrs  porr rayed by l ive  s inru laced
pat ients ,  and a nru l t ip le  cho ice tcs t  o f  re lcvant
couter l t .  The c l in ica l  prob lents  ver ied t rom ru 'o
prescntat ions o f  che santc  prob le  nr  by d i t t t rent
actors at dif ferent t i r :res, to problerns in the
sanle sr-rbspecialty with dif [ering chief conl-
p la in t ,  d i f ferent  t ina l  d iagr loses,  and pr rob lenrs
in  a  d i [ terent  sr - rbspcc ia l ty .  The ob ject ive o f  rhe
study w:rs  to  detern ' r ine to  what  extc . l l t  var i rb i l -
i ty  in  pc ' r formance across prob lenrs  cou ld  be
attr ibr.rted to dif ferent conrplairrts, diagnoscs
and spcc ia l t ies ,  and to  rneasLrres o f  re levant
knowledge,  a l l  o f  q ,h ich represent  var iabr i icy
which cor-r ld be related to col l tenr-specif ici ty.

The s t r , idy  was des igned ro  examine rhe
re la t ionsh ip  between coureut  knowiedge aud
prob lem-so lv ing us ing two const rucrs .

( r )  The proporr ion o f  the ro ta l  var iance in
prob lem-so lv ing scores ar r r ibutab le  to :  (a)  the
same prob lem presented on a second occas ion;
(b)  a  second prob lem wi th  the same compla i r r t
and dif lerent diagnosis; (c) a second problenr
with the same diagnosis but a dif ferent presenr-
i rg  compla inr ;  (d)  a  prob lem in  rhe same
subspecielty; and (e) a problem in a di i ferer:t
sr-rbspecialty.

(z) The relat ionship betr,veen scores on a
mult iple choice knowledge resr and problem-
so lv ing scores.

Methods

The s tudy invo lved a rora l  o I  th i r ry  sub jecrs ;
f ive  spec ia l is ts  in  rher- rmato logy and f ive in
card io logy or  resp i ro logy,  ten second-year  res i -
dents  in  in temal  nred ic ine and ten second-year
mec' l ical students. Al l  bur one special isr r,vere
acadent ic  phy,5 i . ; r t . r  a t  McMasrer  Univers icy .

E ight  s inru la ted par ienr  prob len is  were de-
veloped for the srurdy-fourr in car-diorespira-
tory  and four  i r r  rhcumaro logy.  The par ient
prob lenrs  u ,c- rc  se lecrcd accord ing ro  rhc
schenre of  F ig .  i ,  so rhat  cach prob lern s lured
c i ther  a  prescnt inq cc lmFla inr  or  d iagnos is  rv i rh
auothcr  pr rob lcnr  in  rhe sar t rc  spcc iu l tv  arca.

Proroco ls  u 'c rc  rn ic ia l l ; ,  deve loprcc l  b ; ,  spec ia l -
is rs  lssoc iared rv i th  rhc rcse; r rch tc : ln) :  these
prrorc;cols \ \ 'L-re thc.n disrr ibLrrc.d io a srnl l l

prt t l t lcnt-sol t ,  i t tp 1 4 5



316

Comploint

Cose

D iognosis

C.  R.  Nonrrnr r  c t  a l .

Rheumololoqy Co rd io respirolory

Sho r t  ness
of  breoth Ches t  po inBock po in Jo in t  po in

Re i i e r ' s  Anky los ing
synd rome  spondy l i t i s

F r c .  r .

groL lp  o f  acadern ic  in tern is ts  who werc-  askcd to
sta tc  a  d i f terent ia l  d iagnos is  and ind icatc
rvhether the problenr wor-r ld prcscnt a reason-
ab lc  cha l lcuge co a second-ycar  rcs idcut ,  In  rh is
nlanrlcr, problems weirt  throuqh a scrics oI
rcvisions Lrnri l  rhey were felt  to bc satistactory.
Once the protocols wc.re f inal ized, sinrr-r larer ' l
pa l ie l l ts  were t ra ined to  s imulatc  cach prob lenr .
For  t rvo prob lenrs  in  each spec ia l ty  area,  two
individuals \vere trairred ro sirrrulate the prob-
l cm.

In addit ion to the simulated parierlr  pro-
tocols, nrult iple choice questions were de-
vcloped rclevant to each problern area. Init ial ly,
test i tenrs were [urnished by rhe Narional
Board o[ Medical Examiners r-rsing the six
d iagnoses as key words.  These cest  i tenrs  were
therr sr-rpplenrenred by i tenrs obtained from
seif-assessmetlt  materials and by a lew itenrs
con'rposed fbr rhe str-rdy. Each sixry-i tenr
questionnaire, one in each specialty area, col l-
tained twenty test i tems per diagnosis.

Each subspecial ist saw al l  four problenrs in
his specialty arca in a singlc af lernoon and
compietcd t ire MCQ in the spr.ciaity. Students
and residcrl ts saw t ive patienrs on each o[ trvo
half-days scparated by about z rvccks. Prcsenta-
t ion was ba lanccd so rhat  cach ha l f -day the
subjc'ct saw eithcr thrce rhcunratoloey at:d t lvo
card io loey cascs,  or  the rcvcrsc.  Order  o I
prescr r tx t iou was rar rdorr r izcd,  ar :d  thc  schcdulc
w:rs constructed in sr.rch : l  w;ly fh;rt  the secoud
paticl l t  Frrcscl l t ing a problcnr waS Sccu ol 'r  fhc
a l tcnrate  ha l f -day.  Sr - rb jects  a lso conrp lc tcd rhc
MCQ tcst at this t inrc, clnc spccialt l ,  r ,16r.t t  ' ' , t

each sess ion.  Each encoul l tc luvas v idc.o tapcd
tor subscquenr rcvie 'ur,.  Surbjccts also conrpl*cd
a s t rL lcrured nrc t l ica l  rccord couta in inq d iagno-
s is ,  invcst igat ior )s  ar rd  nranaqcnrcnt  p lau.

/ Ffu\ tu\ tu\
Rheumoto id  Pe r r co rd i t i s
o r t h r i i i s

Exprcriurcntal dcsign.

Pneumon io  Pu lmono ry
embolus

Data analysis

Dcfinit iort nrtd r, , t l i t lctt iorr of '  r , iu ' i ,r /r / t ,- i

The def in i t ion o f  var iab les ro  n lcasure aspecrs
oI  c l in ica l  per fornrance is  not  s t ra iqht tor rvard.
No consensus cx is ts  in  rhc l i tc ra turc  rcgard ine
the appropr ia tencss of  v r r r ious l rc i lsLr rcs  o f
problc'nr-solving, and nrcasLlres uscd in past
studies range fronr rhe total nunrber of qlrcs-
t ions asked to  scores o f  appropr iarencss of
investigations.

The se lect ion o [  var iab les to  character ize thc
cl inical encounters was gr-r ided by sevcml,
sonlet imes contl ict ing, principles.

( l )  Measures used shor . r ld  be representar ive
of chose used in previolrs str,rdies in orclcr that
the results could be general ized to orhe-r re-
search.

(z)  MeasLrres should  focus on cogni t ive nrea-
sures o f  per ibrnrance.  Thus,  measures oF
doctor-patient relat ionship or interviewing
sk i l ls  would  bc exc luded,  nor  bccrLrsc.  they arc
not  o f  in tcrcs t ,  but  becausc.  they are lnorc
per iphera l ly  re la tcd to 'prob lenr-so lv ing ' .

( : )  A l in r i ted unnrber  o f  nreasures shouid  be
used.  Thcrc  wcre two rcasons fbr  rh is  cr i rer ion:
rhe f i rs t  wrs  to  rcducc thc poss ib i l i ry  o f  a  rypre I
er ror  resu l t in l i  f ronr  nru l t ip lc  conrp l r isons,  aud
the sccoud was rhc cousrra inr  o f  t i ' rs ib i l i ty  in
scor ing thc :4o c l tcoLut tcrs  in  thc  s tudy.

(4)  Mcasurcs shor . r ld  havc thc propcr . r ics  o f
in tcrva l  or  ra t io  sca lcs  in  ordcr  ro  pcrur i t  thc
appl icat ion o f  ;u :a lys is  o f  var i . r r rcc  r r rc thor ' ls ,
rvh ich arc  au essc i r t ia l  apprroach to  iso l lc in i l  thc
soLl rccs o f  v l r i : rncc.

I t  was dcc idcd to  f  ocus on nre asL l rcs  o I
s ien i f icant  data garhcred,  d iaqnos is  and invcs-
t igat ions.  Mcasurcs o I  dara-eathcr inq act iv i ty ,
such as thc  lcnuth o f  rhc  t :ncot r l tc r  o f  th . .



nll lnber of questions asked, were excluded majoriry oI physicians were clesignated as ,cr i-
si .ce at leasr one scudy of cl inical reaso' ing t ical t lnct ir . ,g; ' .
demonst ra ted that  these are unre la ted to  educa-  Scores tor  c r i t ica l  f i , .J i , . - "  ^ , . . r  - i r r r i6 r ' *r l l r L t l r l q 5  d l l u  5 t g t r . t I l L d l l L

t ional level,  uncorrelated across encounters and f inci inqs tbr each eltcouuter were then derived
unre la ted to  the appropr ia teness of  d iagnos is  or  by tak ing rhe nunrber  o f  s ign i f icant  t j 'd i 'es
n la l )agement  (Barrorvs e l  r t l ' ,  I978) .  Fur ther ,  e l ic i rerJ  by eac i r  sub ject  as  a  propor t ion o f  t6e
because a cri terion group was avai lable, i t  ,"r,as number avai lable.
decided to develop nreasLlres using t lre per-
formance of this group as a srarldard rather
than comparing perforrnance to an arbitrary (c) Dia.grrosis

cnte110n.
The nreasurcs used in  the assessment  o f

performance are described ir-r detai l  below.

(a) Srgrr i f icattt  data gathered

I t  was dec ided to  focus on 's ign i f icant  data ' -
in[ormarion from rhe hisrori  and physical
examinat ion which was impor tant  to  the re_
soiut ion of cl inical problems-rarher than al l
possible dara avai lable. This rhen preserited rhe
chal lenge of  def in ing 's ign i f icant ' .

_The approach used was f irst ro develop a l ist
of history and physical f indings from rhe case
protocols used to train the simulated parients.
These l ists consisted o[ rwenry ro thi i ty f i rrd-
ings per case. The videotapes from the crirerion
physicians were then reviewed, and any addi-
t ional data they el ici ted was appended ro rhe
init ial  l ist,  result ing in an average of ten to
f i f l teen addir ional f indings. As a f ina] srep, rhe
number oI cr irerion physicians who ei ici ted
each f inding was nored, and only those f indings
el ici ted by a majoriry (rhree out of f ive) of rhe
subspecial isrs were identi f ied as signif icanr f ind-
ings for the case.

(b) 'Crirical' sigtif cant -findings

The l ist of signif icanr f indings identi f ied
containcd information rhat was volunteered by
the patient but rhat migirt  not conrribr-rte to rhe
reso lu t ion o f  the prob lenr .  In  order  to  develop
a subset of f indings crir ical to rhe nraking of r ire
d iagnosrs ,  c r i rer ion phys ic ians u,ere asked to
rve ighr  each f ind ing againsc rhe i r  pr inc ipa l
d iagnos is  and rhe correcr  d iagnos is  ( i f  d i f ie -
rent ) .  Each f lnd ing u,as rared as lead ing ro_
tvarc ls  che d iagnos is  ( '+ ' ) ,  lead ing a\ \ /a) ,  f ronr  i t
( ' - ' )  or  r re i rhcr  ( 'o ' ) .  Only  rhose s ign i f icanr
f indinqs rhac \\ /ere rveighred no,r-r. io bv a

: l
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The scoring oI diagnosis used the perfonrr_
ance of  rhe cr i ter ion group to  develop ,aggre_

gate scores '  for  each er rcounter .  The appioach
has been described in a recent paper, and has
been shown to possess adequate col lstruct and
concurrent  va l id i ry  (Norrnan,  rgg j ) .  The bas ic
e lemenr  in  the aggregare score is  a  weieht
ass igned to  each d iagnos is  mer : r ioned bv i t .
cr i ter ion group, equai to rhe proporrion of al l
cr i ter ion physicians who mentioned rhe di_
agnos is .  In  rhe presenr  s tudy,  each d iagnos is
mentioned by any subject in rhe crirerion group
rece ived a weight  o f  o '2 ,  o .4 ,  0 ,6 ,  o .g  or  r .o  ( r /5
to  S l i l .  A  score was then ass igned ro  each
encounter, in rhe foi lou,ing nanner. The
numerator  o f  rhe ra t io  cons is ted of  the sum of
,h! weighrs of diagnoses menrioned by the
subject ,  w i rh  an addi t iona l  weight ing o i  , ,o ,
o '8 ,  0 .6 ,  o .4  or  o .2  to  account  for  rank-order ing
in dif ferential diagnosis. Algebraicai ly,

NUM = r .oxSTt  (d iagnos is  r )
*o.8 l i l r  (diagnosis z)

l iu 
*, (diagnosis 3).

A denominator  was then developed cons is t_
ing of  a  s imi lar  sum o[  the rve ights  o f  those
diagnoses ranked highesr by the cri terion
group. The rario o[ these rwo sun]s rhen is a
number  between o and r ,  w i rh  a  zero score
obtained when none of rhe diagnoses of the
subject  were advanced by the cr i ter ion group,
and a score o f  one obta ined by nrent jor : ine
those diagnoses nlosr frequently mentioned b!
the cr i ter ion group.

(d) Inuestigation and managunent

Use of  laborarory  tes ts  was assessed in  a
s inr i la r  n tauner  to  d iagnos is  rv i rh  an aggrcgare
score approach.  Thc '  rank ing rve ighrs  (1 .o ,  o .g ,
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etc.) were omitted from this calculat ion, since

no ordering is usually implied in the laboratory

requisit ion.
Management was not assessed because the

patients were al l  complex cases seen ol l  an

init ial  visi t ,  and nlanagement optiorls were

usually prel iminary with defrnit ive treatment

await ing the receipt o[ cest results.

(e) Forrrrr i /  knou,lerige

The responses of subspecial ists to each i tem

on the MCQ test in their discipl ine were
reviewed to determine i f  syste nrat ic dif ferences
were present between the correct rL'sponse
designated by NBME and the responses of the

cri terion group. Such dif ferences were present
for a few items in each subtest, and these were
reviewed by the cl inician investigators. In the
majori ty of instances, both answers were
viewed as acceptable and in scoring either
was accepted as correct. For a few items,
wording of questions was changed to remove
ambigu i ty .

Resul ts

(t) Construct ualidity of measures

In ordcr to veri fy the usefulness of these
measures, two forms of val idi ty were examined
using the cohorts from rhe study.

(a) Diuergent cotf intct utt l idi ty

i t  was hypothesized that the scores on each
dimension should  d iscr iminate among subjects
at dif ferent levels of experience. Analysis of
variance was conducted using level o[ experi-
ence as a grouping factor.

The resu l ts  are shown in  Table  r .  S ign i f icant
di l ferences among groups were demonstrated
for al l  the measures, and nearly al l  measures
showed monotonic trends in the expected
direction. I t  was interesting that residents per-
formed at che same level as cardiologists and
resp i ro log is ts  on the card ioresp i ra tory  par t  o I
the MCQ, buc not  so wel l  as  r i reumato log is ts
on the rheumatology part of the questionnaire.

Given the dif ference in exposure to problems in
chese areas in a typical internai medicine re-
s idency,  the resu l ts  are not  surpr is ing.

(b) Convetgent cot$truct val idi4t

To demonstrate convergent construct val id-
i ty, i t  was hypothesized that there should be a
srrnns nosit ive correlat ion between the two
measures of data-gathering, and weaker posi-
t ive correlat ions between data-gathering and
diagnosis and investigation scores.

Simple correlat ions among the measures, and
part ial correlat ions removing the effect of edu-
cational level,  are shown in Tabie z. From the
Table, i t  is apparent that the construct was

Tanlr ,  r .  Mean values of  var iables by educat ional  ievel  (standard

errors in brackets)

Per fo rmance Clerk Resident  Exoert  P

7o total significant
findings elicited

7o cr i t ical  s igni f icant
hndings elicited

Diagnosis

Invest igat ions scores

6+ '1  8 l ' +  <o 'ooo l
( t o ' z )  ( n ' : )

74'2 9o'7 <o'oool
( r  l ' t )  ( t o ' - s )

67'5 8Z'6 <o'ooo r
( z t ' r )  ( t 6 '8 )

8z ' l  g1 'z <o'ooo r
( r+ 'z )  (s 'u )

6S'8 i io '6 (o 'ooo t
(z ' t )  (o +)

71 '5  <o 'ooor
( r ' l  z )

6 o . t

( r o ' l )

76 ' r
( r  s '+)
6o ' r
(zz's)

70'9
( t s ' s )

Kttowlcdgc

7o iten'rs correct,
nrul t ip le choice .58'8
quest ions rheunratology (8 'C)

mu l t i p l c  cho icc
cardio respira tory

j  r ' 8
(z s)

1 . r . 1

( : 's)
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Cri t ical
findings Diagnosis Invest igat ion

Significant
findings

Critical
n - ; : -  ^ -r r r r u t l l E ; 5

Diagnosis

Invest igat ions

S imp le  o .668+  o .z4z*
Par r ia l  (o .628) *  (o . r z3 )

Simple o.z6o*
Part ia l  (o.r  +Z)*
q; ' -^ ' t -
e r r r r y r e

T)^ - . :  ^  I
r  d t  l t d l

Simple
Part ial

o ' 2 5 8 *
(o'osz)

o . 2 1 2 *

(o'oss)

o ' 3 2 5 *
(o '  i  o6)

*P <o.o5

supported, with signif icanr posir ive simple cor_
relat ion among al l  measures and the strongest
correlat ions between the two measures of dlta_
gathering. The parrial correlat ions, control l ing
lor educational level,  were lower, but remained
posit ive, and rhree of the six were signif icant.
Based on rhese results i t  was concludeJ rhar the
measures used in the study possessed construct
val idicy; rherefore, i t  was appropriare ro pro_
ceed to a resr of the study quesriorrr.

(z) Proportion of uariartce attt.ibrtable to variot.rs
Jactjfs

. 
The primary analysis of rhe study was

direcred at establ ishing the proporrion of rhe
variance in scores which could be artr ibuted to
the various fa*ors manipulated in the study, In
part icular, i r  was wished to explore the degree
to which a studenr or resident ."vho achievJd a
high or low score on one problem wor.r ld
obtain a high or low score on a secol ld problenr
which had a dif [erenr complainr or diagrrosis,
or. ditTerenr subspecialry. The specif ic la.rors
which could  be examined in  the srudy des ign
are labe l led and descr ibed be. low.

(a) Replicarion-each subjecr sa\v rwo pre_
sentations of the sante problem, by di l feienr
ind iv idua ls ,  w i rh in  each spec ia l ry  arca.  Thesc
are prob lc . rns A-A ' ,  C-C, ,  e tc .  in  F is .  r .

(b) Sanre Complaint-Differcnt 
" l) iaenosis

(problems A-8, C-D, E-F, G-H in Fig. r).
( .)  Dif ferenr Conrplainc-Sanre Diagnosis,

(prob lems B-C,  F-G in  F ig .  r ) .
(d) Di l lerent Complaint-Dil ferenr Diagno_

sis (cl inical problems wirh a dif ferent complaint

and diagnosis in rhe same specialty) (A_C,
B_D, E_G, F_H).

(e) Different Specialty-rheumarology versus
cardiology (ABCD versus EFGH).

The analysis was conducted using mixed
model analysis of variance, and a standard
stat ist ical package (BMDPSV). The detai ls of
the analysis are found in Appendix r.

The basic relarionship between rhe research
question and the analysis of variance relates to
the components of variance; specif ical ly, the
components of variance due to a main effect of
subjects, and the interaction between this lactor
and the remairr ing factors. I f  the problem_
solving scores are evidence of a general ski l l
which is independent of conrent, therr one
should f ind some subjects who performed
consistenrly well  across al l  problems and some
who performed consistently less well .  This
would be identi f ied as a iarge componenr of
variance due to 'subjecr ' ;  

eqr-r ivalently, a large
main ef lect of subjects. Conversely, i f  rhe"re
was no consistent dif ference in performance
:rcross subjects, even to trvo repl icat ions of the
same prob lem,  rnost  o f  the var iance would be
unexplainable by the factors in the analysis, and
this would result in a large residr-ral or error
variarrce contpoltent.

Contcnr-specif ici ty represenrs an rnte r irn
s i tuat ion bet rveen these t rvo ext remes.  I f  the
scores are in f luenced by content ,  then there
should  be large var iance con. rponenrs  c iue to  the
interaction berr.vecn rhe other facrors in rhe
desisn, wl i ich are related to content, and the
subjccr  tac tor ,  For  exanrp le ,  a  large inreracr ion
betwcen 'sub jcc ts '  

and 'spec ia l ry '  
would  inrp ly
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that individual subjects do consistently well  or
poorly within a specialty but these ski i ls do not
transfer across the two specialt ies.

As outl ined in the Appendix, the analysis

grouped subjects by educational level;  there-

iore, the variarlce components are based on
differences betrveen subjects within residency

or  c lerksh ip  groups,  address ing the issue of  the

abil i ty of,  the instruments to dist inguish be-
tween good and poor residenls or clerks.

The relevant variance components, expressed

as a percentage oI the total variance, with

associated error of est inlate, arc sholvn in the

tlrst and second columns of Table 3. Although

the errors in the estirnates of percel l tage of
variance components are of rhe order o[ 5 to

t5o/o, the data are quite consistent. For three of
the four variables, the residual variance, unex-
plained by arry of the content factors, exceeded
6oo/o of the total.  Furthermore. there was l i t t le

systernatic dif ference between subjects in com-
parison with the residual variance.

These variance components were then used
in the calculation of 'generalizability coeffi-
cients'  according to the methods of Cronbach et
al,  (1963), described in Appendix z. The gener-
alizability coefficient is a ratio of variance
components, and can be interpreted as a cor-
relat ion between sets of scores. Different gener-

al izabi l i ty coeff icients are developed corres-
ponding to dif fererl t  degrees oI general izat ion.
In the present si tuation, the rnechod permits
examination of the correlat ion betrveen scores
derived from the presentatiorls o[ the same
problem, probiems q,i th the sanle conlplaint
but dif terent diagnoses, dif ferent complaint and
same d iagnos is ,  d i f ferent  compla in t  and d i -
agnosis, and dif ferent specialty. I I  problem-
solviug w'as a seneral ski l l ,  one rvould expect
the correlatrons to remain high and constant
across a l l  condi t ions.  Ac the other  ext reme.  i f
che measures were unrel iable, or problem-
solving was highly unstable, the correlat ions
should be consistently low. Content-specif ici ty
would be evidenced by a ir igh correlat ion
across situations with similar content, and a
gradual monotonic decrease in correlat ion as
the content became less similar.

The results of this analysis are shorvn in
Table +. With the exception of the diagnosis
score, measures showed only low general izabi l-
i ty, even to two presentations of the same
problem, and l i tde evidence of a relat ionship to
content knowledge. The diagnosis score did
fol low the expected pattern of 'content specif ic-
i ty ' ,  with relat ively high correlat ion on very
similar problems, low correlat ion with dissimi-
lar problems in the same specialty, and r1o

G, R. Norman et al.

TasrE 3.  Components of  var iance ar t r ibutable to var ious sources

Same complaint
different

Residual  d iagnosis

Different
Same diagnosis complaint

different different Differenr
component d iagnosis specia l ty  Subjccts

Sig. fndings
Variance
Error
%

Crit. fndings
Variance
Error
%

Diagnosis score
Variance
Error
o l
/ o

Inuestigations
Var iance
Error
o,/
t o

J9 'o
g ' 8

6z'o

I 6 3 ' 9
L l 5

87 'o

3  39 '8
56 '3
40'o

)  |  a , 1

36 '3
9  3 ' o

7'o
9'9

o'o
' r f - a

3 6 ' r
56'2
4'2

5 ' r
32 '4

) . 4

9 ' r
r  r '4
g'6

o'o
25'6

I 9 3 . I

94 '+
2z'5

32'3
o.o

o'o
r  8 ' 5

n . n

2 8 9 ' J
r r 8 ' 6

) )  |

26'4
o'o

I  I ' 9

8 ' 3
r  2 '5

r . 8
r  r . 8

90'7

o'o
I  I , A' l  t

23'2
I  3 ' . 5
T  t . o

o'o

+r '9
o'o

ro'7
r  . ) ' ^

4 8

o'o
8 '3

7 '8
7'+
8 'z
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Problem
Complaint
Diagnosis
Special ty

Same
Same
Same
Same

Different
S a m e
Different
Same

DifFe rent Differenr Different
Diffcrent Different DiFfercnt
Same Differenr Dilferent
Same Same Di f fe rent

S i  o n  i  6 r r .  t

t indings
Cri t ical

findings
Diagnosis

score
Invesr igat ions

score

v  J /

o ' r  3

o.60

o'o7

v  J v

o ' r  3

o' j6

o'o j

o '27

v  r J

o'o5

o . 2 0

v  r J

o ' j j

o ' o 5

o'o8

n  ' T  l

U

o 'o5

corre la t lon across spec ia i t ies .  However ,  che
correlat ion oI o.6o across two presentations of
the ident ica i  prob iem,  accounr ing for  36% of
the variance i l l  scores, clearly dernonstrates chat
che variat ion in scores cannoc be artr ibuted
simply ro variable conrenr.

Therefore, from the present study, there was
only weak evidence of conrenr specif iciry, as
ref lected in rhe diagnosis score, and no evi_
dence thar problem-solving, as ref lected in the
four measures Lrsed, is a general ski l l .

This observation regarding rhe minor role of
contenr knowledge in explaining the observed
variat ion in scores was confirmed by an analy_
sis of covariance, in which the scores on rhe
mult iple choice subtests were used as covari_
ates. No signif icant posir ive relat ionship be_
tween this measure of content knowledge and
the performance scores was present, thui con_
tent knowledge, as assessed by the MCe tests,
was unrelated to performance on any probiem.

Some addir ional confirmation of rh.ese f ind_
ings was obrained by suppiemenrary analyses
which simply focused on whether subiecrs

obtained the correct diagnosis, either as prin-
cipal diagnosis or on the dif l ferential.  The f irsr
analysis examined the two presentarions of the
same problcm seen by each resident and clerk.
Each encounter was analysed to determine
whether or nor the correcc diagnosis was i isted
as principal or dif ferenrial diagnosis on the f ir-st
and second presenrar ions.  As shown in  Table  5 ,
there was only a weak and non-signif icant
associat ion between the two presentations.
yielding a Kappa coeff icient of o.rz. The resulrs
therefore provided corrf irmarion of rhe hieh
variabi l i ty of performance, even across ,. io
presentat ions o f  rhe same prob lem.

The second analysis examined the presence
of rhe correct diagnosis as related to perform-
ance on the mult iple choice tesr. Subjecrs were
grouped above and belorv the median score on
the mult iple choice resr in each specialry, and
the number of correct diagnoses obtained out
of a maximum possible of twenty-five (five
subjects X f ive problems) was tabulated.

As shou,n in Table 6, in no insrance was
there a signif icantly higher proporrion of cor-

Tasre 5 '  correctness of  d iagnosis on 6rsc and second presentat ion o[
the same problem (residents and c lerks)

)econcl  presentat ton

Pr incipal  Di f ferent ia l  AbsentTotal

Fi rst  Pr incipal
presenrar ion Di f ferent ia l

Absenr

Toral

4

7

r 6

t t

I 3

J I
6 l
( I

4oI 5) l

f e = t ' 8 z P : o ' 7 7
Kappa (weighted) :  0.06
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Tanrr  6.  Relat ionship between MCQ scores and presence
of correct  d iagnosis as pr incipal  of  d i f ferent ia l  d iagnosis

Nunrber (%) of  correct  d iagnoses

Rheumatology ( - r  r r l i n l n c '

Principai Differential Principai Differential

Residents
Above  13  (52 )

median
Be low 13  (S2)

median

f o
P
Studeils
Above r  r  (++)

median
Below ro (4o)

median
o':t

rz  (a8)  18 (72)

rz  (+8)  z t  (8+)

:  
' : o

r r (a6)

8 ( :o)

o'lu

z r  (8a)

:o (8o)

v  r J

reasonable magnitude-Io to 277o, sr-rggesting

that considerable variabi l i ty in individual scores
was Present.

Examining other possible biases in the st lrcly,
the two discipl ines chosen dif fered in terms of
the amount of exposure residents might have-
from high exposure in cardiorespirology to
i i t t le exposure in rheurnaiology. Wich the sing-
le exception tbat resident perfbrmance on the
cardiorespiratory MCQ was higher than or1 the
rheumatology MCQ test, there is no evidence

that the choice of specialt ies resulted in any

bias. The study used a simulat ion format-l ive
simulated patients, rather than actr-ral cl ini-

cal pcrformances, in order to pernri t  ex-
perimental control over the range of content.
However, the val idity of i ive simulated patients
has been demonstrated, usirrg measures sinri lar
to these of the present study (Norman &
Tugwell ,  r98z), therefore i t  is unl ikely that the
use of this sirnr-r lat iorr formar resulted in arry
bias which cor-r ld lead to the low general izabi l-
i ty of performance across problems.

Perhaps the strongest f ,rqunrr 'nt in sr-rpport of
the general izabi l i ty of the present f indings is

that the correlat ions across problc'rns fai l  inro

the range reportcd by othcr str- idies in which

content  was not  cont ro l led (Skakun et  a l . ,  tgTg;

Bcrner  e t  t t l . ,  r977;  Nor f l l rn  ck  Tuqu 'c ' l l ,  t98z;

E l s te i n  e t  a l .  ,  r  978 ;  Donne l y  t t  a l , ,  I 982 ;

No rc in i  e t  t t l . ,  t 983 ) .

I f  onc acceprs  the f ind ines of  the srudy,  thcre

a

D

z :  (88 )

rz (68)

2'91

t 8 (72)

t  7  (68 )

o:n

rect diagnoses for subjects with higher per-

formance on the muit iple chdice test. Thus,
content knowiecige was not reiateci lo accuracy

of diagnosis, again confirming the previous

analys is .

Discussion and conclusions

' F h o  
. e c r r l r "  n F  r ' l . e  c t r r r l r r  e r c  r n n c i e t e n f  Q n r r c e

evidence had been tbund for concent or case-
specif ici ty; rather i t  is apparent that the nrea-

sures used to assess problem-solving in this

study contain a large component of variabi l i ry
which could not be explained by systematic
changes in content or systen'Iat ic dif ferences
between subjects.

One possible explanation tor these results is
simply that the variat ion attr ibutable to factors

controlled in the study-subjects and conteut-

was small ,  ieading to a high proport ion of

variance due to random variat ion. This cir-

cumstance could arise i f  the subjects in the

study were relat ively hornogeneous in abi l i ty,

so that there was no observable variat iorr

between subjects, or i f  the cases were chosen in

such a way that the range of observed pe rform-

ance across cases was very similar. Examining

the means and standard deviat ions of scores in

Table  r ,  th is  does not  appear  to  be the case,  as

no mean va lue in  the c lerk  and res ident  sample

approached roeo/o, which would ir tdicate a
'cei l ing effect ' ,  and standard deviat ions wcre of
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are two possible explarrariotrs. Either the mea-
sures used in  the s tudy are ur r re l iab le  ind icarors
of cl inical performance, and are thus not setlsi-
t ive  to  t rue var ia t ions in  prob lenr-so lv ing sk i l l
across individuals, or cl inical perlornrancc real ly
is  as var iab le  and ur rpred ic tab le  as ind icared in
the present  resuks.  Some ev idence ex iscs to
suPPor t  boch .

Examining f irst the evidence regarding rhe
val idity of the nleasLlres, thoroushness of data-
gather iue is  a  t rad i t iona l  v i r rue assoc iared wi th
compcter l t  c l in ica l  pract ice,  and many scor ing
ntr ' thods, such as the 'signif icant 

f l rrdings' score
irr t i re present str.rdy or the 'prof iciency' 

score of
pat ient  l t la t lagement  prob lems,  rc f lec t  th is  a tcr i -
butc .  However ,  the cv idence o i  rhe va lue of
thoror-rghuess is essential ly r legative. Barrows c/
a i .  ( r 978 )  and  No rn ran  &  Tugwe l l  ( r 982 )  bo th
f  ound that  thoroughness of  dara-gather iug was
luncorrelated wich obtairr ing the correcr diagno-
sis. Marshall  Ogll)  shou'cd thar a score which
el rcouraged choroughuess was inve lse ly  re la tcd
to cxperience, whereas a nrodit ' jcat ior-r oI the
score, which rewarded eff iciency, r.vas posit ive-
ly relatcd to experience and rnore highly corre-
ia ted across prob lems.  The presenr  s tudy lends
support ro this argument; correlarions between
ciata-gathering measures anci ci iagno-
sric and laboratory outconles were only in the
range o 'o5 to  o ' t5  (Table  z)  when educat iona l
ieve l  was par t ia l led out .

' I 'he 
evidence regarding measuremenr of di-

aqnosis and use of investigations is nrore l inr i-
ted. Most work on correlat ions across cases for
diagnosis aud nlanagenterl t  is derived from
pat icnt  l r lauagement  prob lems,  and corre la t ions
are cons is ter r t ly  lower  for  d iagnos is  and inves-
t isarions than for l"r istory and physical sections
(Done l l y  e t  a l . ,  r 98z ;  No rc in i  c f  n i . ,  r 983 .  Th i s
f inding r11ay ref le ct the t-ewe r nunrber of
a l tc rnat ive opt ior ls  ava i lab le  in  th is  secr ion o f
the PMP, but  no invcsr igr tor  has examined rh is
poss ib i l i ty .  Cer ta in iy ,  the scor ing o f  d iagnoses
is  prob lcmat ic .  The nunrber  o f  reasonable
a l tc ' rnat ive d i lgr :osc 's  in  a  parr icu lar  prob lcrn  is
vcry  l imi ted,  so that  a t  rhe lcvc l  o I  d iagnos is ,  a
s ine lc  pat ic ' r : t  prob lenr  n tay be l ikc  a  s inq le
nrr - r l t ip ' r lc  chc l icc  r lL lcs t ion.  Convcrsc ly ,  a l rhoLrgh
r l re  a l tc ' rnat ivcs are tew,  rare ly  is  rhere a  s ing le
r ighr  lnswer ,  and scor ing r l lL ls t  account  fbr
degrecs of  ' r ightness ' .  

Thc aggregate scorc

problent-so!ving 3 5 3

approach used in  th is  s tudy is  an at tempt  to
account for a range of plausible alternatives,
but  the method is  not ,  as  yet ,  wei i  deve loped,
and the poss ib i l i ty  remains that  t l rese scores do
not optirnai ly detect systematic di l ferences be-
twcen ind iv idua ls .

What of rhe alternative possibi l i ty that cl ini-
ca l  prob lern-so lv ing is  a  h igh ly  var iab le  act iv -
i ty ,  ra ther  than a genera l  sk i l l?

Al though th is  h ; rpothes is  runs counter  ro  g

preva i i ing v iew in  medica l  educar ion over  rhe
p.rst tw'o decades, there is recel l t  evidence from
a diversity oF f ields that the expert problem
solver  nray be an exper t ,  not  because of  any
innate or  learned advai r tage in  prob le  m-so lv ing
sk i l i ,  but  because l re  knows n lore in  l i i s  donra in
than the novice. Work in art i f ic ial intel l igence
beqan in  the rg jos wi th  the developmenr  o f
general problem-solving programmes (Newell
& Simon, r97z) but more recent, and far more
successful,  programmes operate only in highlv
c i rcumscr ibed domains and operate  on extens ive
rules and heurist ics, which ref lect, and are
specif ic to the domain. A recent review art icle
(Waldrop,  r984)  summar ized the s ta te  o f  the ar t
recently as:

'The 
essence of intel l igence seems ro be less a

matter of reasoning abi l i ty rhan of knowir ig a
l o t  abou t  t he  wo r i d '  ( p .  r :Zq ) .

Similarly, studies of expert-novice cl i f fer-
ences in a wide variety of domains trom
phys ics  and chess to  medic ine (Chi  e t  a ! . ,  t r184
De Groot ,  i965;  Chase & Simon,  1973;  Nor-
man  c r  a l . ,  t gTg ;  Muzz in  e t  a \ . , 1982 ) ,  l " r ave  l ed
from a focus or1 gc'neral proble m-solving
st ra teg ies towards an at te l l rp t  to  unders tand the
characterist ics and organization oI knorvlcdge
st ructures acqui red by exper ts .  As Glaser  ( r98a)
conlmell ts:

'Our 
interpre tat iol l  is that the problem-

solving dif t-rcult ies of novices can be attr ibuted
largc ly  to  the inadequac ies o f  the i r  knowledge
bases and not  to  l imi ta t ions in  che i r  prob lem-

so lv ing capabi l i t ies '  (p .  pq) .

I I  knorv lcdec is  u ,har  d is t ineur is l ]cs  exper t
f rom nov ice,  why,  in  thc  prcscnt  s tLrdy,  d id  rve
see so l i r t le  e t t lc t  rcsu l t ing f iom the sysrcnrar ic
r : ran ipu la t ion o f  knorv lcdge? Thc rcrson nray
l ic in rhe dctlnit i<-rn ;rnd organization of knorv-



3 5 4 C. R.  Nonrrar r  e t  11.

)edge. Expert knowledge irr medicine, l ike any
proti ' : rsional donrain, is highly con-rplex and
interrvoven. The generatior"r of appropriate di-
agnostic hypotheses early in the elrcoulrter
(E1s te in  e t  a l , ,  r 978 ;  Ba r rows  e t  a | . ,  r 978 )  may
resu l t  i i -om a pat tern- recogni t ion process
against  pro to types or  templaces in  nrcnrory  (De
Groo t ,  r 965 ;  Muzz tn  a t  a / . ,  I 98z ) ,  r vh i ch  a re  i n
tunl a product oI extensive expe-rience with
p;r i iei i is in addit ion io fornral educational ex-
per icnces.  I I  rh is  is  the crse,  i t  sugsests  that
cl ipert krrorvledge is r-rnl ikely to bc organized in
a Iogical hierarchical tbrnr, :rs was inipl ici t ly
assumed in the experinrental manipulat ions of
t ire presel l t  str,rdy. The solut ion of a single
patierl t  problenr, wor-r ld derive not from a
ge neral problem-soiving process r-rt i l iz ing a
loe ica l ly  cons is tent  knowledge base,  but  f t 'o rn  a

! 'rattcrn-matchirrg process against erp'reriences iu
memory. I f  this is the case, the results of the
present study may !.  anticipated.

Conclusions

The results of the study clearly indicate that
patient-based evah-rat ion of heaith professionals
wi l l  not  a i low genera l izar ions about  compe-
tence based on one or  two pat ient  encounters .
However, the picture is not as discouraging as
that  presented by E ls te in  e t  a l .  ( tgZ8)  who
suggested that, sirrce transfer across problems is
so l imited, ol le cor-r ld only cert i fy conlpetence
based on those problems which the learner hird
actua l ly  encountered.  Ins tead,  i t  would  appear
that chis issue is not one of i imited transfer oi
knowledge, but is relared to the inherent, and
apparently random, variabi l i ty present in per-
formance on a single probiem. At best, this
variat ion may sinrply represen! a measLlremcnt
problem, and a better choice of measures nray
improve genera l izab i l i ty .  A l ternat ive ly ,  one
may have to  accept  that  th is  degree of  var iab i l -
i ty  is  to  be expected,  and dev ise new
approaches to assessment wl 'r ich more direct ly
top in to  the extens ive body of  knowledge
which is the iral lmark of ci inical exDert ise.
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Appendix  r :  Analys is  o f  Var iance

The pr inrary arrr lys is rcported rn rhc pi rpcr  used the
scores gerrerated by residerr ts arrd str - rdcnts o l t  c icht
c l in ical  problen' rs- [our each i t r  rheumatology and
card io logy ,  d i s t r i bu red  i r s  showt r  i n  F ig  I .  The
cr i ter ion c l in ic ians were r lot  inc luded in th is i r r ra lys is,
nor were the rcpl icat ions of  the ident ical  c lses.

As a resuit lhere r.r,ere tlve firctors iderrtit ' ied irr the
anaiysis:

( r )  Educat ional  ievel- resident  or  c lerk ( t r , r 'o
leve ls ) ;

(z)  Subjecrs- ten subjects ( residents or  c lerks)
'nested'  wi t l i in  cach educat ional  lcvel :

(3)  Discip l ine-cardio logy or  rheunratolosy-a re-
peated nleasLlre on cach subject ;

(a)  Compleint-a repeated l l reasure or t  cach sub-
ject ,  wi th two levels,  nested wi th in each disc ip l ine;

(5)  Diagnosis-a repeated nreaslr re wi th rwo lcvels
nested wi th in comphint  and disc ip l ine.

The analysis used l  nr ixed urodei  Rruovt  r ,v i rh
educat iorra l  level  as a f ixed factor  arrd the ret t t r in i t rg
as random laci r l rs .

Components of  var iance were deternr ined f ionr the
expected meau squares by the package prograntr t te
(BMDPSV) .  On ly  those  conrponer r rs  o I  v r r i ance
including the 'subject '  factor  are reported in the text ,
as the renrain ing conrponents are oI  per ipher.r l  in-
terest  to the srudy c l l lest io l l .

Est in ' rates of  errors associated wi th c ' lc l r  v ' l r i r tnce
col ' r ' lpone nts were deterr t r ined using thc nlethods
desc r ibed  by  Smi th  ( r9 t i r ) ,  u ,hc ' re  fo r  a  pa r t i cu l r r
est i rnated var iance conlPonent op2,  the crror  ver iance
is

var(rii):+>g++'' ci " drl
whe re Ci  is  rhe coef f ic ient  of  t l rc  mean square used

in the cst in l r t ior" l  oI  r ,ar iatrce,  EMS is rhc '  calct r ] , r tcd
nle:rn squere,  n, i th dI  ics associatec{ c ic 'grecs oI  f rce-

donr .  Thus ,  fo r  exanrp le ,  t he  va r ia t r cc  due  to  s t rb jec ts

in the prescnt  dcsign is  based on di t f  crerrces bctr teeir

meall squlres as:

drr = (MS5- MSsD) /N pNcN u.r
rvhere

MS.  =n1ear l  square  (sub jeccs )  d f : r8
MSSD=n' lean square (subjc 'c ts x d isc ip l ine)
d f  : I 8

NR =no ,  o f  l eve ls  o f  ' r ep l i ca t i ou ' : z

NC =no .  o f  l eve ls  o f  ' con rp la in t ' :  z
ND =no .  oF leve ls  o i ' d i sc ip l i ne ' : z

Therefore

2  /  MS3  MS iu \
va r (o ; J : ; : - - - l  - - t  

- - . _  f  . : - - l
(NRNCND) ' \  d ts  d fsu /

2 /  MSi usiu\---AxrVr; 
\ ts * t8 /

Srandard crrors were then deternr ined as the sguare

root  of  the est imated v l r iance.

Separaic esi i i r ia tes of  the resiCua! vrr iance were

dcteimined by analysis of  the cases u 'h ich were seel ' r

by each residerr t .  Since the pr i r lary analysis used : rn

est i r late of  residual  var iauce based on tu 'o d i f fercnt

prroblents wi th the sarne chie l /cor lp l r t i r t t ,  th is o ' "er-

est in latc 'd thc '  t rue residual  var iauce.

The secotrdary ar-ra lys is inc luded for- t r  repeated

n'icasures orr erch sr' ibject-tlre two replicatiolls of the

case wi th in cach disc ip l ine,  and the two disc ip l ines '

Var iance est inrates wcre cotrd l lc ted as in the pr i r r rary

ana lys i s ,  and  a re  shown i r r  t he  l i ne  labe l l cd  
'Rep l i ca -

t ioni  in Table 3,  Var iarrce due to i t t teract iorr  bL' tweer l

sub iec ts  and  con tp la i t t t s  wr t s  then  ob ta ined  by  s r rb -

r r : r i t i ns  the  
' two ' res idua l  

va r ia t t ces .  I r r  add i t i on ,  a

t .p, , r r t* .  analysis wirs condttcred for  those problems
iu  e l ch  spec ia l t y  r vh i ch  h ' rd  thc  sanre  d i : rg r los i s  bu t

c i i f fercnt  complainrs (B-C, F-G).  Var iance l t t r ibuted

to thc interrct ior- l  oI  sr- rb jects i rnd di lgnoses w]s t l lcr l

ob ta incd  by  sub t rac t tns  the  res idua l  va r i l t t ce  [ ron r

rhe  , rnov , r  o f  rep l i ca t i ons .
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Appendix z

The est intat ion of  general izabi l i ty  coef f ic ients i r : -
vo l ves  a  ra t i o  o I  va r iance  co r ] l pouen ts .  I r r  i t s  s in rp les t
torm, the l tunterator  contains the var iance due to
subjects,  { , 'and the denominator  contains rhe sum of
al l  orher sources of  var iance,  dfnn,  and i t  is  ident ical
to thc c lassical  rc l iabi l i tv  coef f ic ient .

G :  R =  
o ;

o, ' *o ip11

In more complex designs,  the error  var iance is
comprised of  the var iance due to the inreract ion
between subjects and the orher ' facers '  

oI  design,  ( in
th is case problem [P] ,  complainr  [C] ,  d iagnosis [D] ,
and specia l ty  IS]) .  Di f ferent  general izabi l i ty  cocf f i -
c ients are constructed depending on the degree o[
gcneral izat ion reqr. r i red.

_ Thus,  for  example,  the coef f ic ient  for  general iz ing to
the second presentar iotr  o[ the same problem is;

G _
oi+ol . -+o l1 ;*o ;5

o; * ois,* o16. + ol,, + ol,

and to a dif ferent specialty is:

Q =
oi -t oip-t o;..+ o;,, + ol,

The G coef f ic ient i rhen,  is  a number berween o arrd l ,
where  o  imp l ies  tha t  a l l  va r ia r rce  i s  a  r csu l t  o f  o the r
factors in the desisn,  and r  inrpl ies rhat  a l l  var iance is
due to t rue l 'ar iarrce betweerr  subjects,

Receiued zr  Dccerul tcr  I  985 :  accepted. ior  l t t rb l icat iot r

4 Nlnrch ry85

o.-


