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| T o ABSTRACT : - ‘ -
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4
\

i : An 1nvest1gation was undertaken to determine whether *

|

‘different-scoring procedures have varying effects upon examinee
computer patient management problem (CPMP) scores. One hundred

_and eleven, fourth/ye r medical students were examined on four

CPMPs. Student refponses were scored by twelve scoring procedures
/ .

(keys), four of which are used exten51vely by lidensing agents

‘and/or medical schools.'

the weightings for the same options could vary greatly over‘
scoring keys (i.e.,

The analySis of the data indicated that

from indispenSible pOSitive to unforgiveable

negative). Scoring keys also varied in the number and proportion
of marks allocated to p051tive and negative options.

variations resulted in alterations to the:

_ These

\

. 1) shage of the distribution of scores,

- .. . ' v
2) score variance, . —

3) trait or behavior being measured,

4) mean scores,
5) examinee satisfactory/unsatisfactory status,
6) test/retest reliability, and

. L Ty
7) rank ordering of examinees.

Based upon insights and results from this 1nvest1gation,

. it was recommended that/a profile of examinee clinical perfor-

mance be' generated, that the expert problem-solvers' perfor-

.mance'be used for determining'and/or“validating option weightings,

. that differential_Weights,be used to reflect the importance of .

an options's contribution'to resolving the patient's problem

<
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‘and ‘that continued ‘effoits be directed towardévfurthéring our
understanding and skiiIS'inlmeasuring the complex

process of clinical‘ﬁroblem—solViﬂg:

and elusive
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CHAPTER T

PURPOSE OF STUDY : i

cessary
rvices.
rvices,
ach the
studen
ssional
alifica

actice.

Accurate evaluation of professional skills is
to sodieg; to ensure a high standard of professional
As a prerequisite to high standards of professional
society must bhave institutions of higherrlearﬁing which |
necessary knowledge‘lnd_ovaJuarq thé skills acguired
ts. Licensing agencies are neerded that can examine prﬁf/\
s, either at the time the pronfessional first claims |

tion, and/ox throughout the duration of professional

Tt-is the responsibility of the edurational insti-

A e

tions and licensing ngencies to develop and administer exami-

-

tions of the highest quality which accurately assess predefined
il1ls and knowledge. Tn ocrder to develop high quality exami -
tions, institution=s and licensing agencies must clearly define

at is being tested and constantly re-examine and imprnove their

segSsmen

t instruments. Tn additieon, th + mink explare, Aevalrp

I refine new assessment methods,

yrained
» recal
nmunica

I asses

«

Prier to 1050, the majrrity of assessment instruments
multiple-chpice questione that tended to measnrgh

1 of factual information. Tn an effort to improve
tion among educators and to helﬁ teach, classify

s higher educational obijectives, a taxonomy 3



classifying‘cegnitive skiils was déveloped ané'described in
a book edited by Benjamln S. Bloom (1956) Educators, in
response to Bloom's taxonomy, became more aware of the |
comp&ex thinking skills and of the 1nadequac1es of their
examlnatnon methods., Other evaluation technlques were
sought to measure higher-level thinking skills and were
found thrnugh de&elopments in cemputer and sipulation tech-
nology. | . o
fﬁe medical profession was ameng the first to'receg~
nize and explore the potentials of patient simulations for
teaching ane asseseing complex clinical decision making skills.
Pencil end paper patient simulation were first developed and
used successfully by medical schools (McGuire and gabbott,
1967). The advantages of using patient simulations over
oral examinations were quickly recognized by licensing bodies
and concerted ef%orts Qere made to develop patient mbnégement
problems (Hubbard, 1971). With the advent of computers, the
medical profession took advantage of such capabilities +o
simulate complex patient-physician encounters which were
impossible using the earlier pencil and paper techniq&es.
A new dimension in patient simulation was launched which
today is generally referred to as cémputer patient management
problem (CPMP).

. However, with the introduction of clinical simulations
many unforseen problems were introduced. One problem that

has eluded investigation is that of scoring. This study 654:

cerned 1itself with the collection and scoring of clinical

{5



performance data u51ng CPMPs. The principal'fccus is one of
measurement to further the understanding of the effects that
various scoring procedures have upon measures for evaluating

clinical decisions.

1. Importance of Study

A large number of medical schoo}s are using patient
simulations to teach and evaluate students' clinical problem-
solving skills.' It'is important that the scoring procedures
Laccurately-reflect students' capabilities since many edu-
cational, administrative and career decisions are made on
the basis of the examinee scores. For example, the examinee
scores could be used to 1dent1fy learner strengths and weak-
nesses and used to guide the students' learning activities.
The class scores when analyzed can be used by the teacher
td revise the curriculum, learning experiences, or the
testlng 1nstrument. ‘

Licensing agencies are using patient simulations to
certify candidates. Since the score generated determines
the candidates that are licensed, it is important to the
candidates, the liCensing agency, and society that the
scoring procedure accurately reflects the candidate's
capdbilities.’ H "

Researchers are using patient simulations to study
and understand the cognitive'ﬁrocesses associated in clinical

\

problem-solving. In order to advance this body of knowledge

[

G



o
it is necessary that scoring proéedures accurately refleét
subjeets' aqtivities. Incorrect scores may lead to ineorrect
research findings ‘and coneiusions.

Over the last twehty years many types‘of'patient
'simulations and scoring procedures have been develoéed;by
_ﬁedical schdols, licensing agenciee and researchers. Un-
fortunately there seems td be some confusion as to thch
scoring procedure should be selected. 'Different scoring
procedures are used with the same type ‘of patlent 51mu1atlons,'
and vise-versa. The m1x1ng of scorlng procedures ex1sés in
spite of the p0551b111ty that dlfferent scorlng procedures
could induce dlfferences in examlnee scores. The investi-
gatlpnlof the effect of scoring procedures is overdue, con-

sidering the number of important'decisiohs that are made on

the examinee scores. ' . ~

26 Scope of £he’Study
Edwards and Cronbach (1952) distinquish between two
. types of research: (1) survey research and (2) crirical
research Survey research is undertaken when the lnvestlgator
is relatlvely uncertain of the p0551b1e relatlonshlp among.
variables. The alh of the research is to determine the
relationship between’Variables On the other hend crltlcal

research is undertaken when theoretlcal cons1deratlons

1nd1cate tH@ questlogs to be asked and even indicate



A’l |
ekpeCted~anSWers. ‘The aim. of theoretlcal research is to
substantiate and, if necessary, alter the theoretical model

4

or conCeptions through observed data. 051ng Edwards' and

Ee

S

Cronbach s deflnltlon the present study may be class1f1ed
as survey research. |

In order to‘meaningfully'examine the effectssvarious
scoring procedures have upon. evaluating cliniCal"dec%sion—4
' r.aking skills,'it was necessary to Sarry_out the following

steps:

[
. .

(1) review related medlcal llterature on how phy5101ans
conduct a medlcal work—up from the initial patlent encounter
~to the reachlng of a flnal cllnlcal dec1510n,

(Z)freview the types of patient_sinulations'used to
investigate and evaluate clinical decision-making, |

| (3) deflne cllnlcal competence,

(4) rev1ew scorlng procedures used to quantlfy the
approprlateness of cllnlcal dEClSlonS made on patient: 51mu;
lated encounters,

~-(5)'develop a classification system for categorizing
procedures, | | ' s '
‘“' (6) develop new scoring procedures by varying’the
categories of the scoring classification system,

(7) deyise'scoring keys using data gathered‘fron
ekpert physicians,’

(8) gather data of examinee clinical decisions using
computer presented patient management problehs; |

- . : R ‘ '- ‘ »
(9) calculate examinee scores using the various



scoring keYs; .
| (ldf analyZe'exaninee scores to determiné the'source;
fof varlatlon 1ntroduced by each component of the scorlng |
procedure, N
| (11) establlsh crltlcal scores Wthh reflect cllnlcal
competence and incompetence, . B |
(12) determlne the extent.to wh1ch varlous scorlng

procedures w111 affect candldates competence and 1ncompetence“

status,'and ]

-.

(13) assess the internal valldlty‘of the scoring
procedures by analysis of‘ekperts'clinical'decisf%ns.

'The above steps were followed to determlne the effect
various scorlng procedures have upon examinee ~scores.

The follow1ng chapter reviews the research whlch
descrlbes how phys1c1ans conduct medlcal work-ups from the
1n1t1al patlent encounter to the flnal dlagn051s and treat—
ment. In addltlon, the varlous patient 51mulatlons developed
to 1nvestlgate and evaluate cllnlcal problem solv1ng are

reviewed. ' ."’ o T

"-i



"CHAPTER If:
' RELATED LITERATURE AND RESEARCH
. MediCal Inquiry-

-.Central to the effectlve delivery of" health care by
‘ the phy51c1an is the’ complex skill of clinical problem solv1ng.d
‘The accuracy of thls Sklll is cruc1al to the llfe and well-
| being of the patlent Slnce the prlmary objectlve of the '
.51mu1ated patlent—management problem is to model the phys1c1an;.
patient encounter and to assess the accuracy of the phy51c1an s .
-‘cllnlcal problem-solv1ng skllls, 1tnls flrst necessary to‘
;understand how physrc1ans conduct a medlcal work—up from the.
”1n1t1al encounter to the reachlng of a flnal cllnlcal judgeé
ment. | | | o

Recent studles and theorles in the area of cllnlcal
judgement may be d1v1ded into two general types. The flrst.r
relles on 1ntrospectlon to eluc1date the mental processes byt'
whlch the c11n1c1an solves problems. Thls procedure 1s. .
exempllfled by the work of Klelnmuntz (19683 Slmon (1971),
Barrows ‘and Bennett (1972), Elsteln (1972), and Shulman (1974).
The second type also uses 1ntrospectlon, but rather than
eluc1dat1ng the mental processes, statlstlcal models are.
used to repllcate the Judgement of the c11n1c1an WLthout

necessarlly reproduc1ng the cognltlve steps.: ThlS approach

is exempllfled by the work of. Hbffman (1960), Hammond et al
. >



(1964);.and Goldberg (1970)
The most common method used to- lnvestigate the

'dlagnostlc process under controlled but natural condltlons
is to have actors and .actresses play the role of patlents.f“
f Laboratory data is’ supplled on lab report sllps ox. real
x-rays, and phy51cal examlnatlons are performed whenever ‘
) possrble on’ 51mulated patlents. Insight 1nto the phy51c1ans.
‘thlnklng is obtalned by analyzing data gathered by (1)
‘videotaplng the phy51c1ans durlng the cllnlcal encounter,‘
(2) hav1ng phy51c1ans thlnk aloud and (3) hav1ng phy51c1ans
v1ew thelr v1deotape in order to stlmulate detalled recall
"of thelr 1ntellectual cognltlve processes. ThlS method
‘used 1n whole or modlfled form produced surprlslngly 51m11ar
flndlngs in splte of hav1ng studied phy51c1ans from dlfferent
medlcal spec1a1t1es (Elsteln 1972 Barrows, 1972 and
ﬁshulman, 1974) Contrary to earller bellefs, an. Qut-
standlng flndlng madgﬂln the three 1ndependent 1nvestlgatlons
. is the dlscovery that phy51c1ans generate dlagnostlc hypothesis
early in the patient encounter (Elsteln, 1972; Barrows, 197%;
| Shulman, 1974) o SN | | o

g ,

Shulman (1974) p01nted out that these hypotheses

serve as elements of a’ conceptual framework whlch determlne

,the order and the analy51s of ‘incoming cues. He.Sescrlbes

.. the conceptual framework as belng like a matrlx with the cues.

llsted along the vert1cal axis.in the order: they are acqulred-

and the hypotheses arranged along the horlzontal ax1s.
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‘As each cue 1s acqulred it is analyzed w1th respect to each

hypothe51s. If a cue confirms a hypothe51s, Shulman con- -

ceptuallzed that the hypothe51s receives a welght of +1, if

a cue dlsconflrms a hypothe51s 1t receives a welght of -1,

-and 1f a cue nelther conflrms nor dlsconflrms a’ hypothe51 3

1t recelves a welght of zero. This conceptual framework of

p051t1ve/negat1ve ones and zeros serves as a structure to

hanHle the multitude of data that pour from the patient, and
guides the physician in the selection‘of addltional cues.,

Elstein (1972) claimS'that tnevhypotheses are roughly

"rank ordered accordlng to four pr1nc1p1es'

‘1. Probability: subjectlve estlmates are made of

the statistical likelihood that a-partlcular dlsease is

causing the patient's problem Thls estimate may closely

Ed

Qapproxlmate the populatlon base- rate for a dlsease. T

2. Serlousness life- threatenlng or 1ncapac1tat1ng

Ncondltlons are ranked higher than thelr populatlon base- rate

warrants.
“; 3. lreatability' glven two equally serious

dlse;ses, the treatable one is ranked hlgher SO as. not to

overlook any treatment whlch mlght pos51b1y be helpful

4. Novelty. some phy51c1ans seem to entertaln

'hypotheses which they know are 1mprobable.- ThlS strategy

seems to keep the phys1c1an 1nterested in. the case and

insures that unllkely avenues are explored

Elsteln (1972) also clalms that 1t is these rank—ordered

hypotheses that are systematlcally tested ina medlcal work-up.
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Barrows (1372), by categorlzlng and studylng the
- type of questlon phy51c1ans asked - found that two types‘of
questlons werevused: (1) Specific, and (Zf' general inquiry
oriented queStions. ‘The soec1f1c questlons were usually
"almed at obtalnlng detalled 1tems of 1nformatlon, while the
general questlons Were usually almed at obtalnlng global
~1tems of 1nformat10n. The phy51c1an seemed to ynconsc1ously
sw1tch back and forth between the two types of questlons
When the specific questlons were no longer prodUCtlve or
worth pursulng, he unconsc1ously swltched w1thout external
evidence to routlne general questlons Whenever a p051t1ve
response came from routlne general questlons, the phy51c1an
1nstantly switched back to spec1f1c questlons.' Barrows also
found that physicians used routine general questlons when-
ever they were puzzled or confused Routlne general questlons
were asked of the patlent w1thout exceptlon or concern for
p051t1ve answers As the phys1c1an was only half llstenlng
| to the patient's response, he seemed to be re- evaluatlng hlS
conceptual framework in order to obt&ln new leads or cues.
‘ However, should an unexpected "hrﬁ} ocCur by the patlent g1V1ng
an lmportant answer, the phys101an picked it up and SWltChed
to spe01f1c 1nqu1ry orlented questlons.
. Kagan et al. (1970) feel that routine general questlons
insure: the c11n1c1an did not Elose prematurely on an obv1ous
dlagn051s but kept .on carefully searchlng for general clues

that m;ght suggest alternate hyootheses.

Barrows (1972) categorized and studieqd the‘tyPes-of e
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hypotheses that were generated by phy51c1ans. He found that
the hypothéses of the experlenced clinician were, broad and
usefully vague. The cllnlclan took several vague hypotheses

. that popped 1nto hls mind .early - in the 1nterv1ew and allowed .
them to be shaped by the data derived from his inquiry. -

: Sgudehts on the other_hand tended to use specific and precise
hypOtheses unlike the "good" clinician.

Allal (1973) found that hypotheses can be categorlzed
in terms of their relatlonshlps with one another. . Most often
,multlple.competlng hypotheses are ‘formed. That is, a pair
(or more) of hypotheses were formulated in such a manner that
'conflrmlng one 1mp11ed rejecting the other(s) | By rejectlng
.competlng hypotheses, 1twls possible for the phys1c1an to |
-transform negatlve ev1dence for one hypothesis into a cor-
respondlng positive welght for its competltor, thus permit-
ting much more efficient use of.our limited human capabilities
for.information;prooessing;

Kleinmuntz'(1968l'demohstrated that data not related-
-to the clinician's mehtal hypotheses'or diagnoses were totally
forgotten by the cllnlclan. ‘This finding was substantiated
by Barrows (1972) Wason (l968),rhowevef> found in a noh-'~
:medlcal study that 1t is extremely difficult for an 1nd1v1dua1
to ellmlnate a hypothesms as long as there is some confiqmlng
‘ev1dence. Therefore, a physician with some supportlng"
evidence for a partlcular hypothesis w111 find it difficult

to reject that hypothe51s.

The number of hypotheses that could be held in working



»mémoryhat any.tlme‘was‘found_to‘be clearly limited. LElstein

'(l§72) found that the’number of'hypotheses.entertained aﬁ]'

‘ one time seems to be fourhplus‘or\minus one. This finding was
later supported by Shulmanl(1974l ' These findings:were |
substantlally lower than Miller's (1956) maglc number 7 and.

~are’in agreeme?t with Simon's, (19Q8).est1mate of "flve.chunh"
human mental capacity.

Shulman l1974)wfound that diagnostic error in medical
work'is rarely due to an insufficient'amount of data. He found

'that the accuracy of dlagn051s is unrelated to the thoroughness

-
—

of data collected but related to ‘the set of worklng hypotheses
whlch deflnes the problem space" within which the 1nqur;y
is conducted } If the problem space is 1ncorrect‘ then t\
problem solution w1ll llkely be incorrect. . T

Shulman (1974) compared the diagnostic process of
medlcal students and exoert ohy51c1ans He fqund that ‘
students accumulate massive amounts of information only to
become inundated by its weight and lack of organization,
To explain students' diagnostic errors he makes thevclear
dlstlnctlon between cue acquisition and cue 1nterpretat10n
In problem solv1ng, a fact or cue has no meanlng per se; its
usefulness is deriVed by its correct use in auparticular
clinical'problem. ‘Thus it isnboth cue acquisition and
interpretation that underlies the diagnostic process

Elsteln (1972) found in hlS 1nvest1gatlons that

\
' there was a reasonably hlgh probablllty that one of the
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earller generated hypotheses will become the correct dlagn051s
What Justlfles the elaborate system of hlstory taking,

and laboratory 1nvestigations? Hampton

et él. (1375) ihv tlgated the relative contrlbutlons of
history- taklng, phy 1cal examlnatlon, laboratory investi-
gatlon to dlagn051s and management of patlents They fouud i
that on the average 66 out of 80 patients were correctly
diagnosed by 24 c11n1c1ans using only referral 1etters, that
,seven addltlonal patients were correctly dlagnosed using re-
ferral letters pPlus doing physical investigations, and that
seven more patlents were correctly diagnosed u31ng referral
letters, physical examlnatlons, plus laboratory investigations.
Thus problem solv1ng generally seemed to occur almost entirely’
during the 1nterv1ew, whlle onflrmatlon of the dlagn051s
seemed to occur within the phy51cal and laboratory investi-
gatlons Barrows (1972) felt that there was a direct
relatlonshlp between the ordered hyootheses and the phy51cal
examlnatlon, the latter being used to sharpen the former.
" Leaper et al. (1974) found that senior clln1c1ans
tended'to ask fewer questlons than their junlor counterparts.
lHenalso found large individual differences exist between
similar clinicians. He stated:
| . Each clln1c1an has his own pathway to dlagn051s,
- ...not only does the dlagnostlc pathway vary from
. clinician to clinician, but from patient to patient
- depending ‘upon such external factors as the dif-
flculty,"urgency, and the role which the particular
doctor assumes in the management of each particular.

~case. Such an. observation explains the, great djif-
- ficulty encountered by our statlstlcal colleagues:

R
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in modelllng and dellneatlng in mathematical terms
the diagnostic process ~ for in practice<«they are

attempting to model something which does not “exist
as a single entity. (p. 152) _ iy

2. Clinical Competence

The Funk and Wagnall s Standard College chtlonary
defines competent as (1) having sufficient ability; capable,

(2) sufficient for the purpose: adequate and (3) baving

legal qualification; admissible. ‘A physician or student
- who is clinically competent would therefore have sufficient

" clinical ability. This definition is vague as the terms
n

"sufficient" a "clinital ability" are not defined. How
much is suffidient? What are the abilities? A search

through the medical education literature is not very illu-

'minating./ Tdylor et al. (1@75) outlined several inter-

dependertkébllltles upon which clinical competenhe is based.
I -
These abilitdies are:

1. command of a relevant body of factua¥
knowledge,
2., skills in inter-personal relationships,

3. certain observationel and interpretive skills'
concerned with the gathering of élihical information, S~
4. a number of decision-making skills ccllectively'
/

iy
Y

referred to as clinical judgement, and o
\ 5. cextain attitudés which are regarded as desir-

able in a competent clinician. These include empathy, -

compassion and altruism.
N .
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The Natlonal Board of Medlcal Examlners, w;th the

a551stance of the American Institutes of Research, used
the critical incident technlque developed by Flanagan (1954)
"té obtain a defihlthn of cllnlcal competence and skill at'
the level‘of the 1nternsh1p, as the young phy51c1an w1th
his M.D. degyree begins to assume 1ndependent respon31b111ty
for the care of patients”. (Hubbard, 1971). Thirty-three
hundred incidents of "good" and "poor" practice were col-
lected, grouped, and classxfled into the following nine
areas:
T. History:

A. Obtalhlng information from patient

B. Obtaining information from other sources

C. Using judgement s
i .Physical Examination:

A. ‘Performlng thorough physical examination

B. Noting manifest signs
C. Using appropriate technique

TTY Tests and Procedures:
A. Utilizing appropriate tests. and procedures
B. Modifying test methods correctly
C. Modifying tests to meet the ratient '« needs
D. Interpreting test results

LA nimqnostic Acumen:
”
A. Recognizing causes
B. Exploring condition thoroughly .
” Arriving at a reasonable differential
diagnosis -

~ 4
V. Trestmé%t:' Y

A. Instltutlng the appropriate type of treat-
ment

B. Deciding on thé immediacy of the need for
therapy

. Judging the appropriate extent of treatment
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L]
VI. Jﬁdgment and Skill in Implementing Care:
A. Making necessary preparations -
B. Using correct methods and procedures
C. . Performing manual. techniques
D. Adapting method to special procedure
VII. Continuing Care:
A. Following patient's prégress”
B. Modifying treatment appropriately
C. Planning effective follow-up care
VIII. Physician-Patient Relationship:
' . f
A. Establishing rapport with the patient
B. Relieving tensions
C. Improving patient cooperation
IX. Respoﬁsibilitges as a Physician:
A. For the welfare of the patient
B. For the hospital -
C. For the health 6f the community
D. For the medical ‘profession
The nine areas and their subdivisipn's'became ‘the National
Board's definition of clinical competence and "cofistituted
a well documented answer to the'Question.of what to test”
(Hubbard, 1971). What to test, however, does not answer

the question of how to test.

3. Simulations, Techniques Used to Assess

Clinical Competeﬁ;e

The use of conventional methods of evalu§£ing
medical candidates is often not optimaliy suited to assess
"clinical competence." For example, the oral examination
ig_often used in-evaluaﬁing a.candidate;s pefforménce in a

clinical situation. However, in a clinical oral at least

/



three sources of variatiomh .contribute to the candjdate's’

score; namely the candidate, the examiners, and the
patient. ¢

Simulation;techniques are often used to reduce the
variation due to the examiners and the patient. Bobula-and |
Page_(1973) define simulations as foilows:

Reduced to its eéssence, simulation consists in
plaCing an’ indiﬁfdual in a realistic setting where

he is confronted by a problematic situation that
requires a sequence of inquiries, decisions and
actions. Each of these activities triggers approp-
riate feedback which may modify the situation and

be used for subsequent decisions about what to do
next. The examinee's hext action in turn may further
modify the problem. Thus a problem evolves through -
many stages until it is terminated when the individual
reaches an acceptable resolution or is faced by
unacceptabkle consequences brought about by his own
choices and actions. (p 1) Lo w

Two forms of ‘simulations have evolved in medicine:
(1) realistic and (2) abstract simulatiens. .In realistic
simulatiens, the patient/physiciah setting is a copy of the
actual clinicai environment. The patient s role is played
by an actor or actress and the physician's role is played
by the examinee. The patient-physician interaction occurs
in a mock-up of the physician's office. This ;ethod, although
more like the actual physician—patient encounter, has proven
to be too expensive in terms of examiner time and costs.
Thus the realistic patient simulation is generally replaced
"\\ y the abstract patient simulation. In the :abstract patient
simulation, the interaction that might occur'between a patient
and a physician is duplicated on paper or ,on'a computer

terminal. It is with this latter type of simulation that
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this'investigation COncerned itself o o
N The abstract patlent simulations are referred to as
'

patlent management problems (PMP). and are currently used to
evaluate selected components of cllnlcal competence. Skakun
(1975) makes thls point very clear by statlng "It is erroneous
to conclude that PMPs measure cllnlcal competence.“ AWhat.
they attempt to measure is some aspect of the global con-ks
struct of "clinical competence" - that aspect resembllng
such candldate capabllltles as proﬁlem—solv1ng, clinical
judgement, cllnlcal management, and decision-making skills
'(p. 2). Accdrding tolBobula and'Page (1973) a simulation may
be used 'to evaluate or Studyhthe following component skills:.

(1) sk111 in determining what sequence to
follow in order to solve a problem

(2) Sklll in e11c1t1ng 1nformat10n or data
~ (3) Skill in lnterpretlng data |

(4) Skill in avoiding unnecessary and wasteful
actions (eff1c1ency)

(5) Skill in using a variety ofcresources,
including expert'advice

(g)'Skill in manipulating a situation to
alter it |

(7) Skill,in monitoring the effeéts.of'this
manipulation and intervenrné in reaction to adverse
effects .

(8) Skill in resolving a problem most effectively

(proficiency) *
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4. Histcrical Development of Patient Manaéement‘PrOblems
y Present day PMPs are derlvatlves of the Test of
: Dlagnostlc Skills (TDS) . flrst 1ntroduced by leoldl (1955, l§6l,
_1963). The test consists of cards contalned in flat pockets
which overlap and are evenly arranged on a dlsolay folder. On
the top edge of each of these cards a questlon that the examlnee
may ask is 1nd1cated - These 1nclude questions that he may wish
to ask of a patlent the manlpulatlve technlques he might w1sh
4to use, the dlagnostlc tests he might order; and so forth By

selectlng and looklng at the reverse 51de, the subject gets

@

il 1nformatlon that is given 'in the form of verbal reports, labo- '(
lratory analy51s, b ray fllms, etc For 1nstance for a questlon |
like, _"Chest x-rays," the ansWer may be "Both lung flelds are :

‘. normal." The experlmenter or the subject wrltes the number of each
' 1tem as soon as it is chosen, or, 1f the cards are perforated
1nserts them face down on a pln in the same order in whlch they
are selected By 1nspect1ng the plle of cards the examlner knows
both the cards selected and the order of selectlon lemoldl
developed the test mainly to estlmate how .a medlcal student
proceeds’ when dlagn051ng a clinical case.

In 1961, the U S. A Natlonal Board of Medlcal ‘Exam-
iners became the flrst licensing agent to utlllze the PMP.

to evaluate cllnlcal competence : They used paper, opaque
palnt and an erasure to simulate the cllnlcal encounter.. //,'
The questlons were placed in sectlons that were llnearly f/

»arranged Their linear arrangement of sections became knovn

o

as the llnear PMP model In this ‘modal there is one‘pathWay
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A

"through the sections.' The sections are sequentlally arranged
and the examlnee beglns the 51mu1ated cllnlcal encounter in . ,
sectlon one and proceeds from one sectlon to the next unt11¢;/
the last sectlon 1s completed In each sectlon, the examlnee B
'selects optlons thought to be relevant By erasxng the B
_opaque layer of ‘paint correspondlng to the selected optlon,--:
_‘the examlnee is 1nformed of the consequence of each ch01ce.h.
‘Step by step the examlnees progress llnearly through the

test selectlng 1nformat10n whlch would lead to a dlagnostlc

'dec151on. A graphlcal representatlon\of the llnear model

':1s outllned in Figure 1. l

Openlng Introductlon to Scene of - B

"Section: .i. Patlent's Probl'm
.Section' '1; | f. ﬂ'p "“'  History .
"Seotioni Ifl. B . Dlagnosis
Sectionl' ;V“ . . ~PhYsical InVestigatlonj
Section v S . #ahoratory'...h
séation/ VI ; - .-}. Treatment.
'seetionl vII " B o Prognosis |

. Figure 1.1 Linear PMP Model



-ihl1967 the. PMPs developed by leoldl and theiV
'.'Natronal Board were elaborated on by McGulre and Babbott 1n
an. attempt to create an objectlve,ieasrly admlnlstered test
that 51mulates real" cllnlcab,program—SOIV1ng.: They '
deVeloped the branchlng model ) In the branchlng model,-.
there is more than one pathway through the sectlons of the .
" PMP. - The many sectlons are 1nter11nked by a branchlng de—'

vice: called a "brldge" (McGulre and Babbott,1967) The

L student or- phy5101an beglns the cllnlcal 51mulatlon 1nﬁ

sectlon one - the openlng-sectlon The openlng sectlon is

generally followed by a brldge whlch allows the student or -

r\,’;

'phys1c1an to select a course,of actlon ( ‘ ,' electlon of f
one of the follow1ng.. hospltallze patlent, take brlef :J |
ﬂfhlstory, perform emergency treatment,:seek consultant s
ladv1ce, order 1aboratory tests, perform phy51cal examlnatlon)
lIn each sectlon?’the student or phy51c1an selects optlonsl
thought to be relevant By era51ng the opaque layer of
,palnt correspondlng to the selected optlon, the student or.
phy51c1an 1s 1nformed of the consequence of each ch01ce.l
Step by step the examlnee branches through the test selectlng
: 1nformatlon that.- would result 1n the best health care for the
-patient - In comparlng the llnear and branching models, the
7branch1ng model goes: beyond the llnear model by allow1ng
‘the student or phy51c1an to’ select one- of many courses of
actlon. For a graphlc example of 'a. branchlng model see’

Flgure 1. 2 whlch 'was obtalned from the handbook composed by

‘the Unlver51ty of I111n01s Evaluatlon Unlt (1967)
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In 1971 Helfer and Slater developed an 1nstrument
that theykcalled the dlagnostlc management problem (DMP)
The DMP is a sllght mod;flcatlon of the test developed by .
leoldl (1961) The examlnee is presented w1th a deck of'~ I
‘.cards, told the settlng in whlch he is worklng, glven a : ;'
ﬂ;brlef abstract of the case, ‘and prov1ded with an; 1ndex sheet%
whlch 1temlzes the type pf 1nformat10n avallable on. each ¢
Hnumbered card Instead of looklng at ?he top edge of each ;‘

card for a questlon that mlght be asked (1 e., TDS), the
examlnee looks at the 1ndex sheet The major dlfference
between TDS and the DMP‘are the scores that are calculated
lto descrlbe the dlagnOStlc processes. Thlsxdrfference Will‘
_be dlscussed in the next chapter. | | |
‘ In 1970 computers were being used at all.major o
'unlver51t1es and med1ca1 educators began uslng.thelr poten—
'tlal to 51mulate cllnlcal encounters. Harless et al © (1971)
wfdeveloped the s1mu1ated patlent encounter known as the |
Computer-Alded Slmulatlon of. the cllnlcal Encounter (CASE)

{
- In. CASE,- the computer beglns the se551on by presentlng on a comoutex

-

termlnal a brlef descrlptlon of the patlent s problem The

‘student then is “free" to query the computer in natural

<

language regardlng any aspect of the patlent s med1cal problem.

The student is allowed to use hls own problem-solv1ng style

'and hls own method of 1nqu1ry. There are no cues, such as T

o a dlctlonary of acceptable questlons, to 1nfluenCe the

—_———

student 'S path of 1nqu1ry and no artlflcial language to

restrlct hlS 1nteractlon w1th CASE.' The ;nteractlonvls, h&wever

23
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l llmltéd by the sophlstlcatlon of the computer algorlthm

uused to analyze requested lnformatlon. - d : y .

In 1973, the R. S. McLaughlln Examlnatlon and Research o
. Centre began experlmentlng w1th PMPs for the assessment of
cllnlcal competence. The flrst attempt was a. 301nt pro;ect
w1th the Natlonal Board of Medlcal Examlners. The llnear
,model of the Natlonal Board was utlllzed to examine Paedlatrlc-
'-fellowshlp candldates. However, in 1974 the McLaughlln
lExamlnatlon and Research Centre developed llnear and branch-
ing PMPs which were admlnlstered across Canada on computer
termlnals.? These computer—presented patlent management
'~problems.(CPMP) were SLmllarwin'form to the llnear and
branchlng models dlscussed earller, but thelr scorlng tech- -
—nlques dlffered | The scorlng procedure used by the R.S.
McLaughlln Examlnatlon and.Research Centre w111 be dlscussed.
:1n the-next‘chapter.‘ . |

| In 1973- Friedman constructed.aicomputer patient
'modeltwhlch utlllzed many of the aspects of prev1ous systems
’but whlch added a tlme ax1s, so that the length, cost
avallablllty and effect of tests or\procedures became, as N
‘they are in a real hospltal 51tuatlon, an 1mportant part of
case work—up After presentlng an openlng scene whlch |
‘“brlefly descrlbed the patlent s condltlon, the phy51c1an 1s
afree to request any test he desires ln any order he de51res,
and he may make a dlagn051s at any time durlng the encounter.
"Frledman compared the performance .of. medlcal students to

practlslng phys;c1ans and foundtthat medlcal students‘had

»
b
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the longest lapsed tlme, spent the most money, and kept

‘thelr patlents in the hospital for the longest perlod of

-’

tlme. .
In"l974; Berner et al. described a pencil and paper

instrument'they'had-developed to evaluate clinical problem-

.solving.  Their format was‘designed to‘simulate'reality, be

convenient to'administer to large groups, be easily and

objectively scored- and in addltlon mlnlmlze the effect of

cueing.. It is a comblnatlon of Weeds (1969) problem—orlented

: approach to cllnlcal thlnklng and record- keeplng, .Soloman's

sequentlal Management Problem (SMP), and ‘the PMP developed
at the Medlcal College at the - Unlver51ty of IllanlS. The

main advantage of thls 1nstrument over the other pencil and

‘paper PMPs  is that 1t mlnlmlzes cuelng and enables the

eXamlner to determlne why specific optlons were chosen by

the examlnees.

-~

‘In summary a varlity of PMPs have been developed

‘since the initial work of Rimoldi in 1955. However, with

)

the varlety of PMPs came a variety of scorlng procedures.

These scoring: procedures are brlefly outllned in the follow—

1ng sectlon.
5. Scoring Procedures - _ .

A key must be first developed 1n order to score

.‘examinee selectlons. There ane two methods for calculating

examinee scores.' The first is based upon decision theory,
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prohabilitiesk and Baysiangstatistics.‘ The second is a
-'llnear model whlch 1nvolves the summlng of a551gned weights.
'Both methods of scorlng have thelr advantages anq disadvan-
" tages. - T
Shulman (1972) argues agalnst the use of. probablllty
statements and Baysian statlstlcs. He clalms that phygiciang
h,:;e probabllltles, lf at all, only in a most‘imprecise,
“intuitive fashlon and thelr subsequent rev151ons of hypotheses
in llght of new data do not conform to Bayes' Theorem. He
..1nstead supports the use of the llnear scorlng model.

The llnear scor: g model is the. 51mplest of the' two
methods- and is used w1th all PMPs descrlbed in the prev1ous
'sectlon.r For thlS 1atter reason, this lnvestlgatlon w11l

restrlct 1tself-to the 1nvest1gatlon of the dlfferent

appllcations of the llnear model

The baslc llnear model may be represented as follows:

. =W .-+...+‘
x5 11135 , pnan

where ..xj 1s the score glven to the jth examinee,

- an is the welght assigned to the pthjdeclslon

" in the nth sectlon, and .
Spnj is the selectlon made on the pth decision
of the nth sectlon by the “jth examlnee (i. e., : 2

1l = selected and 0 = not selected). . )

' U51ng the llnear model generally 1nvolves two steps.

FirStr lt 1S necessary to” categorlze dec151ons as either cor-

rect or 1ncorrect for the solutlon of the patlent s problem..

[}
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- Naturally the correct decisions are those that should be
selected/and the 1ncorrect dec151ons are those that should
be av01ded Secondly, the categorles rmust be welghted The‘
.welght a551gned generally reflects the approprlateness or
1nappkgp;&ateness of the decision w1th.respect to theg | T
*rvoptimal health care of the patient. ’
| In all.PMfs described in section 4, expert phy51c1ans
. are used to categorlze and weight dec1sxons as either correct
or 1ncorrectr The experts used in each testlng 51tuatlon may
'vary dependlng upon the candldates examlned

In summary, research studies 1nd1cated that the

followrng characterlstlcs were 1ncluded in the dlagnostlc

.9 . &

process:
o R.(l) examinatlon-and evaluation of presenting
signs and stptoms, | |

(2)~ early formulation of'global dlagndses or
hypotheses, | |

(3) the use of hypotheses to guide information
gathering, ) |

(4) the restrﬁcturing of the hypotheses on the
basis of the new information, and- |

| (5) the establlshment of a diagnosis, and the

N

N\
selectlon of a treatment based Lon tﬁe dlagn051s made .

A varlety of forms of s1mulated patlent management problems
(PMPs) have been developed to evaluate the above underlying
characterlstlcs of the dlagnostlc process and‘a variety of
procedures have been used to develop scoring keys. . Those pro-

gedures used by the National Board of Medical Examiners;



-

'the College of Medicine, Unlver51ty of IllanlS, and the

:s

R.S. McLaughlln Examination’ and Research Centfi/ff%}xé\

examined ln detall in the follow1ng chapter.

v

i)

M
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CHAPTER ITI - .
CURRENT SCORING PROCEDURES

In order to examine the varioug sééring procedures
éﬁffently used, a‘géneral classification system will be pfesentea;
In a patient managemént pfoblém, tﬁe'key représents the cate-
goriiation'of ééceptablé and unacceptable clinicai decisions,

* and the number of marks awarded to each decision maae.
”Bas{Cally there are three methods for categorizing decisions:
(1) group consensus, (2) individual judgeménts, and (3) com-
puter performance. In group congensus a.banel of experts
collectively categorize each decision; in inéividual judgement,
each expertkindependently classifies each decision; and, in
cdmpﬁter performqnce, each’ expert independently solves the
simulated patient's problems at a computer terminal.AﬁIﬁ the
latter method expert sélections are used to categorize |
decisions as being either correct or incorrect.
| §CQring keys indicate the number Pf marks awarded
for correct and incorrect deéisions. Basically two types of
weights are assigned; (1) constant and '(2).differential. TIn
alconstant wgighting system an eqyél qpmber of marks are
awarded fbr each‘correct and imcorrect decision (e.g., correct.
;decision #101 = +5,"incorrect.decision‘#102 = -5;. In
. A .o . ' '
“ a differential weightingvsystem“an unéqual number QfVmarké

- . . . (&
are .awarded for é§§h‘correct and incorrect decision

29
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(g.g., correct decision’#ll =+6, correct decision $#21 = +3,
incorrect decision #31-— 1;’incorrect decision #41 = -4) . In QY

. both the constant and differential weiqhting systems, no-

marks are either lost or gained for seiecting decisions that
are categorized as neither correct nor incorrect.

'There may be single-or multiple keys depending upon
whether there are va11d varlatlons in expert judgements and/
or performances. If a single key is used then there'is
ohe acceptable and unacceptable set of decisions to.

‘be made. 1If multlple keys are used then there is more than
one set of dec181ons to_be made. -

Lastly, sboriﬂg techniques may vary in the method of
awarding marks. Basicaily, there are two methods currently
used: (1) sum and (2) true/false (T/F). In the sum method
m;rks.are awarded for‘selecting‘correct options andjsub— . S
tracted for selectlng lncorrect-optlons. In the T/F method.
marks are awarded for selectlng correct options and for not
selecting incorrect opthps; no marks are subtracted.

In summary, scorlng procedures can be cla551f1ed by

~

(1) method of categorizing options - group consensus, expert

»

judgements, and expert performance, (2) a551gnment ofnwelghts
- constant and differential; (3) number of keys - 51ngle or

multlple ‘and (4) the method of’awardlng marks - sum and T/F.

In order to describe the scoring procedures currently used,

. each procedure will be ‘iiflned using ‘the above ClaSSlfl—

\

cation system. ' ’
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1. Scoring Procedures Currently Used

A. Gfoup consensus, constant Weight, single key, and T/F.
method. : ' ‘ :

’ fhe,National,Board of Medical Examiners uéed é
pencil and paper managemént problem to tést‘student's
clinical pfoblem~solving skills.as part of a certification
examination for obtainingva Doctorate of Mediciné (MD) degree.
The followiné scoriné téchnique i% describ?d by J.P. Hubbard

(1971, pp. 47-48).
The scoring of patient management problems gives
credit for correct decisions and penalties for
sins of omission and commission. Each of the
several hundred choices or courses of action,
offered in the test is classified in one of three
categories: (1) it must be done for the well-being
of the patient; (2) it should definitely not be done,
and if done, would be a serious error in judgment
. that might be harmful to the patient; and (3) it is.
relatively unimportéht;ii.e;,'a procedure that might
or might not be done, depending upon local .conditions
and customs. Each examinee is given a "handicap
score” equal to a, total number of items coded as
definitely incorrect. Each time the examinee selects
‘an incorrect choice, one point is subtracted from
this score; each time he selects a correct choice,
one point is added. Thus, his total score on this
test is the number of correct decisions he has made,
“i.e., the number of indicated procedures he has
selected plus the number of incorrect procedures
that he has avoided. The choices in the equivocal

middle ground receive no score. o

o

The programmed testing method is quite different

- from the usual multiple-choice technique in which
- the candidate is offered a number of choices and
-instructed to select one best response. Here, he
is offered a number of choices and required to use
his best judgment in selecting all those, and only
those, he considers important"fo: the ‘management of.
the patient. Usually, as in a practical situation
on a hospital ward, he recognizes a number of actions
that should definitely be done agg other actions that
should definitely not be "done. is responses are
therefore interrelated. If he is on the right track,

<
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he makes a number of correct decisions from among .
the available.choices; then, by his erasures, he '
gains the information necessary for the proper
management of the patient in the next problem in -
the next 'set of choices. ' If he starts off on the
wrong track in this programmed test, he may compound
his mistakes as he proceeds and become increasingly
dismayed as he learns from his erasures the error
of his ways. If he discovers that he is on the wrong
track, however, he has a chance to change his course
and to make additional choices, although he cannot

- undo the errors that he has already committed - again

a situation rather true. to life.

Since in this testing technique, as in the use of

the more traditional type of multiple-choice exam-
inations a panel of experts has determined the
rightness or wrongness of each choice or course of
-action offered to the ‘examinee, accurate and detailed .
statistical ‘analyses are equally applicable.

In summary, the above scoring procedure uses group
‘consensus to,categorize options,a constant of +1 and -1 to

respectively weight correct and incorrect decisions, a
v

single key to score examinee Seléctions, and the true/false

method to calculate examinee scores. (For'éiaboration see

Pg. 48).° | - o

B. Group consensus, -differential weights, single key, and
. sum method. S : _

At the Unive:sity of Illind%é, gél}ggefof Médicine,'
Christine McGuire piéneered the development of .the branching -

.PMP model (MéGuiré and Babbott; 1967; MdGuire‘and Soloman;
1971): Her aeveiopﬁental“wqu has feéulted.ih'éﬁ increased

use‘of'pahient'simu;ation by mediéal\Educaths in North
America, The séoring téqhnique developed b& fhe Unive?sity
of Tllinois is described below: .

| Using a‘group of experts‘eaéh bptidﬁ~iﬂ a pro£iéﬁ.
| @é placed in one of'the'f@lldwing,cateéories&-

LN



++ Category: Choices which are CLEARLY INDICATED and

‘optlon.
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IMPORTANT in the care of THIS patient at
.THIS stage in the workup or management-

+ Category: Choxces whlch are 'CLEARLY INDICATED but of
: a more ROUTINE nature, i.e., should be
- selected but are not of “special significance
‘in the. care of THIS patlent at, THIS stage;
: é .

0 Category: Ch01ces whlch are OPTIONAL, i.e. the
' ’ probability that they will be helpful for

THIS stage is fairly remote or quite

debatable, ) . O ,

- Category: Choices whlch are clearly NOT INDICATED
. though NOT, HARMFUL in the management of
. THIS patlent at THIS stage; *

—- Category: Choices which are clearly CONTRA—INDICATED

(i.e., are definitely harmful or carry an
' unjustlflable hlgh cost in terms of risk,:
+ pain or money) in the care of THIS patlent
at THIS stage.u

In ‘addition to the above categorles, a further

cla551f1catlon isg made on the ++ and - categorles. Some

o

of the optlons in these categorles are further dlv1ded 1nto

two additional categorles (1 e., +++, ‘and. ot or -——, and

-—-—). Further division depends upon the" degree of urgency

or lmportance of elther selectlng or av01d1ng the partlcular
, -

._Once.each.option"is categorized, as described above,'

':Weights are a551gned that reflect the optlon s relatlve harm

or help in the management of the patient. Whlle any-set of

weights can be employed the folloW1ng welghts are oommonly

-

used:
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?‘Weight K o ?f‘ - ‘Category

16 points . ° For any option in the "++++" category
‘8 points. © For any option in the "+++" ‘categQry
4 points - For any option in the "++" category
2 points - For any option’'in the "#+"  category
0 points. = =  For any option in the "0" ~ category
- 2 points - - For any. option in the *-" category
- 4 points ° . - For any option in the “-=" catégory .
- 8 points . For any option in the "---" category. .
- 16 points . - ~For'any option in the Hmt category’

. Each student/phys1c1an s total score is- calculated
"2
by summlng the welghts correspondlng to correct dec151ons,

- and subtractldg welghts correspondlng to 1ncorrect dec151ons..

The above scorlng technlque is descrlbed in a handbook tltled

-

"Materlalsfortme Eval%atlon of Medlcal Performance 1n
’ : . : -

_Medlclne, 1967.

In summary, the above scorlng procedure uses, group

“consensus to categorlze dec151ons 1nto one of nlne categorles,‘

'fthe categorles to dlfferentlally welght dec151ons, one key

to score examlnee selectrons, and the sum method of calculat-

" ing examinee scores.

C. Group performance, constant welght single,key,.and“sum
method. _ . : - ;

‘:\" ,‘i- The R S McLaughlln Examlnatlon and Research Centre |
.malnly use the llnear CPMP model ‘In the - 1974 Paedlatrlcs
' ,Examlnatlon, four CPMPs were used Three of the CPMPs requlred'

two types of r};ponses - (l) select, and (2) select and rank

order. Due to the twg types of responses, their scorlng

technlques were con51derably more complex.' For'51mp11c1ty

[

and: comparatlve purposes, only the: select responses w1ll be

descrlbed
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Flfteen practlsuzg paed1atr1c1ans .who had not seen
,the computer patlent management problem before took the
'examlnatlon. Thelr dec151ons on each optlon were recorded.
'and 2 scorlng key was developed based on the number of |
:experts selectlng each optlon. The follow1ng crlterla ‘were
used to categorlze the optlons;‘f: :jﬁ. L o ft"l
(l) correct (+) 1f 8 or more experts selected the
'option, B ,_' SR |
| | (2) nelther correct nor - 1ncorrect (0) 1f*7 -Or. fewer h
experts sélected the optlon, and -
: , .
(3) 1ncorrect ( ) 1f no experts Selected the optlon.
A constant welght of 5 was ass1gned to the above o
.categories 1 and 3- +5 marks were awarded to candldates for“
selectlng correct optlons,'and 5 marks were subtracted for

jselectlng 1ncorrect optlons No marks were added*or sub—

fitracted for optlons categor12e as nelther correct nor

1ncorrect : An example of ‘the. scorlng key us;ng the above

é\

1 procedure is presented in Table 3 1.

TABLE '3 1 |

Example of. Scorlng Key Based on Group Performance,
Constant Welght Slngle Key, and Sum,Method

ﬁtA#Ew

OPTION

| 101 102 103 104 -105_"10‘6 107 108' 109 110
experts ' .12 5 -7 -0 9 ‘L. .4 3 - 6 -0
selecting PRI S S '

“Key 45 0 0 -5 45 0 0 0 0 -5 .
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In conclu51on, the above key uses the selectlons of

expert problem solvers to categorlze optlons, a constant of

Q¢

+5 and 5 to respectlvely welght correct and 1ncorrect
decxslons, one key to SCOre exam1nee selectlons, and the

.sum method to calculate examlnee scores._

D. Group consensus and performance, diff%rentiallweights," N
| s;ngle key, and sum method. .s R : -

In a Menlngltls Management Problem developed by the

~

R S McLaughlln Examlnatlon and Research Centre, the commlttee '

s

e,of expert paed1atr1c1ans who de51gned the problem class1f1ed
"each option lnto three categorles._ (l) correct (+), should

._be selected (2) nelther correct nor 1ncorreLt (O); may be -

hselected- and (3) 1ncorrect ( ), should not be selected

i

In addltlon, eleven expert paed1atr1c1ans who had not

‘_ seen the problemwbefore,-took the examlnatlo' Thelr per— '

- formance was used to welght each of the (+) nd ( -) optlons.

The 6+) optlons were welghted using the foll w1ng formulaf
. . '- ’ N . "

koo
+Wis = j=1 . 1 X, 100
. m k ' i
z X

_ T (3.1)
i=lg=

Kl

7wheren AWis '1s the welght for (+) optlon i xpressed?as
AR 1_a percentage.. RS

lNijj‘ 1s the dec151on (r 'selected/fnd 0 = not

.ﬁ selected) for expert j on (+)

optlon 1.‘
X K N : T A



SR > 'Niﬁ" is. the number of k .experts who selected e
| | (+) option i.
m k-

I I N... is the total number of selectlons made
i=1 §=1 1. ,
: o .(by k. experts &h m (+) optlons.‘
'Thus, (+) W1% is proportlonal to the number of
‘pexperts selectlng (+) optlon i compared to the total number 1,

"of selectlons made by k qxperts on m (+) optlons.,

The (=) optlons were welghted 1n ‘a. s;mllar manner

- using the followmng formula. S -;i-Jf sj7- s '7u <
R R
~Wis = _ _j=1 ~- . . x '100. :
‘ o - T ’m ¢ k . . . .
o MK = _j;:‘oij
. i=1 j=1 I v

z

;where . ~Wi% is the weight a551gned to (-) optlon i expressed

as a percentage

_,Oij" isythe decision (l: selected and 0 = not
' 'selected) for expert 3 on ( ) optlon 1.._]

N J.f . . SIS
z- oijv 1s the number of k: experts not selectlng«_
- ( ) optlpn 1..

- MK - ‘L' % 0,. is’ the total number of" k experts
Ci=log=1 oM
o o not selectlng m ( ) optlons.-

/' .
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‘ 'Thus, ( )W1% is proportlonal to the number oﬁ-experts
not selectlng ( ) optlon i compared to the total number of
ik experts not - selectlng m . (=) optlons. :

AP

- AS the (- ) and (+) optlon welghts are expressed as

o proportlons of a total thelr sums would" equal -100% and

: ~+100% reSpectlvely (i e., ( )W1% = (-)100%,- (+)W1 (+)100%)
-Therefore lf all optlons were c1rcled the total score would '
yequal (+)100% + (= )100% 0%, See Appendlx B for. categorl-'

zatlon and welghts that were. a551gned to each optlon in the

| Menlngltls problem.

L " In summary, the above scorlng procedure uses group
‘ \ :
consensus to categorlze optlons, group perf_”vance data to

f dlfferentlally welght optlons, a SLngle key;to score examlnee

'_selectlons, and the. sum method to calculate examlnee scores.

3. Comparison of,Currentfscoring'Procedures-s S
A summary of the four current scorlng technlques is.

ypresented 1n Table 3 2 A comparlson of the scorlng procedures,

reveals;slmllarltleszand dlfferences; :

- A, Llnear versus branchlng{

', There is a great deal of controversy over the prQS"

and ‘cons’ of usmng a llnear ©r branchlng ‘model for asse551ng

_vproblem—solv1ng skllls. tH= sard (19?1Y wrltes'
‘.-Although the branchrng program may ‘seem attractlve,
- and -has. been introduced by McGuire (1963) as a
’modlflcatlon of .the PMP test, the’ National Board-
‘has held to: the linear metliod to assure that each
'examlnee is tested élth essentlally the same:
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examination. When unlimited branching is permitted,
two different examinees may ‘take totally different
Aapproaches to the clinical situation and follow dif-
- ferent pathways to.the solution of the problem. 1In
this case there is no accurate way to evaluate the
two éxaminees except in .terms of whether or not they
ultimately solved:the problem (i.e., gave the "correct"
- final diagnosis) . regardless -of what they had done (or
not done) for the patient in the interim.
Hubbard's criticism is based on the difficulty of

accurately asse531ng cllnlcal deClSlonS when there are un-
rlmlted branches leadlng to the correct problem solutlon.

McGuire (1967) or1t1C1zes thevllnear model as berngl

-~

‘superficial-

The earller tests are 1n linear form each examinee
is confronted with the same' problem, which remains
1dent1ca1 throughout for all respondents; thus a
premlum is necessarily placed. on-eff1C1ency in reach—
ing a single, correct solution or on the approprlate-
ness of each decision’ 1ndependently. In contrast,

'~ the branching problems . . . reguire the subject to
make revealing choices from an almost unlimited
number of broad strategic- routes, sevéral of which
may lead to an adceptable result. ' (p. lQ)

Irrespectlve of the: pros and cons of the curreut
linear or branchlng PMP models, any of the scorlngltechnlques
could be used on‘elther model. In othervwordsuu51ng expert
‘consensus end/ortperformanoe;'constant oridifferentiai.
weights, T/F or sum method, or single or multipleikeys '

a

remains 1ndependent of whether the llnear ‘or branchlng model :

- is used.. The appllcablllty of llnear VS.- branchlng model

will be %iamlned -in the present study in comblnatlon w1th

dlfferent scorlng procedures.

hY
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B. Expert consensus and/or .performance

Onerof.thq major problems in depeloping a

key is to dec1de whether 1t is more approprlate to use
expert consensus and/or expert performance to categorlze optlons.
- Currently there are #o guidelines or researcp results to
~assist in,meking a decision;. Each procedure has its
advantages'and'disadvantagesv

| ‘In group consensus, exoerts treat the test as a
problem w1th a known answer and categorize the options
accordlngly- KnOW1ng the answer,howeyer does not eliminate

E2

disagreements among-experts, One expert may consider an

-

optlon as - hlghly necessary for the partrcular patlent

necessary, unlmportant,lor even a waste of méney and time.

The resolution of the disagreements is dependent upon

the structﬁre and processes withir the group.

- In expert performance, experts begln the test

-

as a problem with an unknown answer. Dec151ons made

reflect the problem-solving behavior of the experts. As

. e
o

in group consensus, options selected by experts while
problemasolving also vary among experts.. The resolution
‘of the disagreements is dependent upon the.mathematical
;or statistical procedure usedtto summerize the data.

‘Categorizing and weighting ‘opticns while knowing the

+
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-

anﬁwers'and neingnthoroughlf familiar with'tne p;tient simu-
lation is not‘the same as the mental procees‘fhced byj'.

. éxperts who.select options\while problem-sqlbing a patient
simulation seen for the first time. The ééYiné that "hind—
sight\is better'than foresight" is certainly’applicable
here. Know1ng the end result would- certalnly allow the/

]

dlrect/optlmal course of action to be plotted but this

course of actlon may not be the same as defined in an optlmal
problem—solv1ng strategy‘ ' S r"; : .

In order to_develop a key which outlines the "optimak_“
problem-solving" strategy, group.performance data are used;
,however, to debelop a key which outlines the direct/optimal
solution, group COnsensns‘data are used. Can tnese-two pro-

. cedures’ be combined? ?

The question of whether to use group consensus or
expert performance seens to have resulted in the use of both
as 1llustrat%d~by\the/Menlnq1t1s Problem described in
example D of the previous section (p. 36). Whether the advantages
of either group consensus or group performance outwelght
their disadvantages is qﬂknown to the author, but using
both does eliminate having to chopse one over the other.

U51ng both group consensus to categorlze optlons
.and expert performance to calculate differentlal weights by
formulae 3.1 and 3.2, may however produ&e a key which does
not reflect the“perceptions of either groﬁp: An examination“
of the key derived for the Meningitis.problem'clearly'

)

indicates discrepancies between options categorized by group -
_ 0 , -

——



consehses and options‘selected by expert performance.

In the”Meningitis problem, 23 out of 57 options were
categorlzed as correct these options were percelved by the
panel of experts who constructed the PMP to be “necessary ;
for the optlmel health care of the patient." Yet, many of
the options'categorlzed as "correct" were not selected by
the eleveh expert’paediatrician problem-solvers. If all o
eleven expert problem—solvers hed selected all 23'optibns
categorlzed as "correct," there &oui& heve been 23 X 11 = 253
correct selections made. - However, the‘expert problem— |
solvers selected only 160 out of the p0551b1e 253 selectlons
(_.g., 63 25% of the (+) options were selected) Nlnety-
threec(36.75%) correct"‘optlons were.not selected by the
expert problem solvihé group.l This failure to select correct
optlons represents a hlgh exror due to omlss1on.

-

Thlrty out of 57 options were categorlzed as.incor-

rect; these optlons were perdelved by the panel of experts

C o~

who constructed the PMP to_be "detrimental for the optimal

‘health care of the patient."” Many of the ‘options categorized

as "incorrect" were not selected by the eleven expert'

. . ! : '
- paediatrician problemrsolvers. If all eleven eXpert problem-

'~ solvers had not selected aLl 31 optlons categorlzed as

1ncorrect, there would have been 31 X 11 = 341 correct

'decisions'made. Theé expert problem—solvers did not select

IV

286 out of the p0551b1e 3&1 optlons categorlzed as incorrect

(i .e., 83.87% of thé "1nc0rrect" optlons were not selected).x

" a—

Flfty-flve ?ﬁG 13%) 1ncorrect” optlons were selected by the

2
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' eiperq problem-solving grdup. This .selection of incorrect

options represents a relatively low error due to.commission.

In sdmmary,>it wouldibe,possible to desc:ibe‘tha'

errors of the expert group as being higher due to omission

than due to commission. 'However, , this behavibr pattern is

. not reflected by the dlfferentlal welghts as51gned to each '

optlon u51ng formulae 3 1 and 3. 2.
If all eleven spec1allsts selected an optlon

categorlzed as, correct it recelved a weﬁght of 6 9% (i.e.

6.9% = Ill X 100) Yet if all eleven spec1allsts did not

select an optlgn categorlzed as 1ncorrect 1t=rece1ved a.’

ll
286

the weights assign.d by the number of specialists respec-

welght of only 3.8% (1 e., 3.8% = XelOO) Plotting

tively‘selectlng and avoiding correct and incorrect options

5

wourld reveal a difference in slopes of the two llnes. See

Flgure 3. 1. | o B &
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D' o Differential
o x Weight (%)
- ~7.0
‘ 1-5.0 : )
- _— -4.0
o -3.0 .
= -2.0 _
slope = .35 . slope = .63
-1.0 N
<~l ll'lo 9"8v7(-? 54 3 21 1 2 3 4 5(()5 7 8.9 10 11
‘ Number of Specialists Not Number of Specialists
Selecting Option Cate- . Selecting Option Cate-
' gorized as Incorrect " gorized as Correct
Flgure 3.1. leference in Slope Between (+)
and (=) Welghts Assigned in Menlngltls
Problem.
ot ' The slope for the (-) options is approx1mately one-
$

half the slope of the (+) optlon. Thus fewer marks are lost
for selectlng."lncorrect" optlons than for not selectlng
"correct" options. ThlS relatlonshlp is opposite to the
behayior pattern of the spec1alrsts. Collectively most
'JspecialistS'did not select “inCorrect“-optiOns. Yet an -
e#aminee would have fewer marks taken away for selectlng .
"incorrect".options and receive hlgher marks for selectlng
“correot"'options. The assignment of welghts would be blased
in favor of the’ "non cautlous,'OVer-respondlng“ examlnee who
tended to guess, and would be blased against the cautlous,
under-respondlng candldate who tended not to. guess.
| In COnclu81qay 1n the group consensus procedure~of

.
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deweloping'a scoring'kew, differences 1n expert perceptlons
lare resolved thfough group discu551on, and in the,expert
performance procedure, dlfferences in expert perceptlons
are reflected’ by the welghts applled to’ the varlous optlons..'
The cognltlve task set for the two ~groups differ. For group
consensus, the task is to categorlze and welght optlons‘
based Jgon know1ng the results of selectlng each dec151on.

- For expert performance, the task is to select optlons
whlch 'will lead to the optlmal solution of the 51mulated -

\ .
patient's problem. Comblnlng both procedures may produce
a key that does not reflect elther group's con51stent percep—
tlons The effect on examlnee scores of u51ng group consensus

[

and/or expert oerformance to develoo a kej w1ll be studled in

t.

, thls lnvestlgatlon. : | .[ Mﬁv}

C. 'Cohstant or differential'weights'A_

| A we;ghtlng system is still aoplled whether constant
or: dlffénentlal welghts are used The " 1mportant questlon
" that must be answered ls: What welghts should be'used and.
what is’ the best method of obtalnlng them’ The Natlonal ’
Board and the Unlver51ty of I111n01s, College of Med1c1ne,
.both use group oonsensus ‘to welght and categorlze optlons
However, ‘the Natlonal ‘Board a551gns a constant welght of
(+) 1 and ( ) l to correct and 1ncorrect dec151ons, whlle
the Unlver51ty of IllanlS generally a851gns dlfferentlal;
welghts of (+) 16 to (-) 16. The main dlfference between.

v -
.
the two welghtlng systems is that the Natlonal Board doesf~'
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notrdifferentiate between:levels of'ﬂappropriateness" among'tge. gﬁ
udecisions“to be.made'in.solving'the;simulated'patlent's'
problem while the;University of.Illinoisﬂdoes;
| 'The ﬁ S. McLaughlih Eramination and Research Centre ,.tfha
'.uses expert performance to a551gn both constant and dlffer—y
'entlal welghts. There may be a dlsadvantage in using group
performance to dlfferentt?lly welght optlons. If two optlons
were both selected or av01ded by all spec1allsts taklng the
examlnatlon, both options could be equally welghted The_‘
.equal welghts however -may not reflect the “approprlateness"
“or 1nappropr1ateness of the dec151ons in, sof’ing the 51mu-,
'lated patlent s problem. One optlon may be very hlghly

1

1nappropr1ate (1 e., admlnlster a drug that would lead to

" the patlent S death) and be avorded By all exnerts._

-

g

‘Another optlon-may be . a routlne 1nvest1gatlon~(1 e., order-
a complete blood count) , and be selected by all experts

- Using expert . performance, however, to welght the above
two. optlons, w1ll result 1q\an equal numbex of qfrks awarded
to - an examlnee who selects one and av01ds the other. | .
R Lord and Nov1ck (1968) p01nt out that 1n evaluatlng
rany.welghtlng system, 1t 1s necessary to show that the system
'adds more relevant ablllty varlatlon than errot varlatlon._,;-d:;df';
The amount of re51dua1 1nformatlon :'-, can be recovered by B
hdlfferentlal welghtlng is subject to questlon, ‘and. morel“"
.1mportantly to exper1mental study (p; 134) The effect that
constant and dlfferentlal welghts have upon examlnee scores'

A
‘will be studled in this 1nvest1gat10n..-



Dv. True/False or Sum method |
| 1 The Natlonal Board assxgns each examlnee a "handlcap

‘score equal to the total number of ltems coded as deflnltely
“’1ncorrect. Each tlme the eXamlnee selects an 1ncorrect
.option,EOne p01nt is subtracted from the "handlcap score;“
each t1me the examlnee selects a correct optlon, one\p01nt
'1g added (Hubbard 1971) f A closer examlnatlon of thls tech— :
"nlque would show -that 1dent1cal scores are produced by
scorlng each option as elther true or false. 'Thls fact is
:1llustrated by F;gure 3 ZJThus 1t may be concluded that - the N
Natlonal Board of Examlners uses the T/F method of calcu—-
'latlng examlnee scores, other 1nst1tutlons hOWever use the h
sum method .' . | e ." '
| | What are the 51m11ar1t1es and dlfferences between
fthe T/F and sum method? In order to compare scores calcud:
lated by the two methods, suppose a PMP contalnlng 100
"correct" optlons and 200 "lncorrect" optlons was admlnlstered-'
" to a group of examlnees and their scores were calculated by
both methods, What observatlons would be made 1f each cor—:
:rect optlon was ass1gned a welght of +l and each 1ncorrect
,optlon a welght of -12 | I o |

| | The maxlmum and mlnlmum scores would be 360 and” 0
| for the T/F method and 100 and 200 for the sum method
The range between the max1mum and mlnlmum would be equal to
300 for both the T/F and sum methods. These two scales are
summarlzed in FlgurenB 3 If a plot were made of the examlnee

(e ]

_scores calculated by the T/F and sum methods, the p01nts

. -i.,
' .‘k{
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o summarlzed as follows..“

g
. would fall on a stralght 11ne (see Flgure 3.4).

The two sets of scores would be perfectly correlated

W1th a. slope equal to 1. 0 Thls 11near relatlonshlp»may be

.

”'¥i‘ff>d3i*4f290‘a_; J N & P

‘wherehl Yi‘\ls the 1th examlnee s score calculated by the

“ ' L‘:LT/F method . | ' .

"'X. pls the°1th examlnee s scorelcalculated by‘the
.‘sum method and | A. S

fZOd-ls the dlfference in maxrmum values between theail'

"'lT/F and sum.methods (1 e.,.300 - 100)

If examlnee percentage .8cores were calculated for\ o

ﬁl”the T/F and sum methods, and plotted the p01nts would also

'fall on a. stralght 11ne (see Flgure 3.5).
‘ L

The two sets of % scores are perfectly correlated

(r l 0) w1th a slope equal to 1/3. Thls llnear relatlon-i

fshlp 1s summarlzed as follows:
';'f%yn-gsn:1/31%st4*2dd)- S

R R L (3.4) -
o e s

fFHWﬁeré}j'%Yi fds the % score for the 1th examznee calculated?w

by the T/F method, and %X 1s the % score for'f

f‘the 1th examlnee calculated by the sum methoa,ff7~”-’

S v e
'”l/3‘.ls the ratlo of the max1mum scpres for the sum,‘

b “ land T/F methods (1 e.,vg——), and
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. Figure 3.4 ‘Linear Relationship Between Scores j S
/7 Caleulated Using True/False and Suin Methods. SR
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200 ns the dlfference of the may imum scores for'

\
the ‘sum and T/F methods (i. e‘“soo 100)

The length of the Y T/F and % sum scales respectlvely
equal 100% and 300%. ‘If the length 6f % T/F and % sum scdles
| -for other smulatlons were examlned the length of the % T/F
'scale would always equal 100%, but the leﬂ@th of the % ‘sum |

\

scale would vary accordlng to the emphas1s placed on - and

+ optlons.' For example,‘lf 50 and 150 marks were respectlvely
“a551gned to - and + optlons, the\length of the £ T/F scale ’
would equal 100% (1 e., 25% for: - optlons and 75% for + .
optlons) but the length of the % ‘sum scale would equal 133%
(33% for - optlons and 100% for + optlons) The proportlon d

of marks allocated to - and + optlons ls e same for both

-~

B scales (1 e., 1/4 and . 3/4 respectlvely for - and + optlons)

Care should be employed when 1nterpret1ng 2 scores
_calculated by elther method Percentage scores calculated by the
: T/F method should be 1nterpreted as reflectlng the percentage'

tof marks galned by respectlvely selecting and not selectlng
fcorrect and 1ncorrect optlons, whlle $ scores calculated by

:the sum method should be 1nterpreted as reflectlng the per-

tcentage of marks galned by selectlng correct and 1ost by _

*fSelectlng incorrect optlpns.'
| It is 1nappropr1ate to make dlrect compa:;sons of
scoresvlf the scales are dlfferent ' For thlS reason, lt is
”~1nappropr1ate to comfaje % T/F and $ sum scores or even

. two % sum . scores 51nce thelr scales dlffer.' It 1s, however,

[



S5

approprlate to compare Y T/F scores since their scales are
9 ’ ﬁ s
‘equal Thus the T/F method w1ll be used to calculate

student scores on each s1mulatlon.
In conclu51on, the raw and percentage scores calcu-
X
lated by the T/F and sum methods correlate perfectly. Care

should’be employed when 1nterpret1ng and, comparlng % scores

°

calculated by elther method. " If comparlsons between scores

4

are to be made, the scores must be on the same scale which
is perhaps ea51est accompllshed by u51ng the T/F scoring

metho'

tw

~E. Single or multiple keys:‘

o Alllcurrent methods use'a single key which reflects
the optlmal dec151on of the."average"_expert. Although the
'scores produged u51ng a sangle key may be stralght forward -
- they may lead to false 1nterpretatlon in that the»results

may not accurately descrlbe the pattern of responses of

-

elther the experts oiithe candldates. A more appropriate

)
4

S ;
method may be to use 1nd1v1dual or subgroups of expert
4

judgements and/or performanées to establlsh more than<one.
key.‘ Thus 1nstead of matchlng each candldate'agalnst an

average" expert and/or optlmal problem-solv1ng strategy o
 each. candldate would be. matched to each expert's or’

7homogeneous subgroups of experts"judgements and/ar . “problem

solv1ng" strategles.'

The underlylng ratlonal for" u51ng a srngle key is

-

based upon the assumptlon that the probablllty 'of error 1n
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judgement and/or performance'is randomly distributed among-

" the experts; and, that the average ipdgementsrand/or

‘performance is the best estimate of the "optimal" decisions
A o . . e
w1th1n the patlent management ‘prcéblem. A single Key also'

v

assumes that thereuﬁs only one "optimal" set of dec151ons and

that variatidn,is due to error in the expert‘s-opinion and not to

< /
the nature of the problem. ' : ‘

?

At the other extreme, if the judgements or perfor—
mance of each expert formed a key, there mlght be as many

keys-as experts.' ThlS would assume that there could be as‘/

¢

many sets of "optlmal" dec151ons ‘as’ there are experts. ’
Each examlnee s dec1slon would be. matched agalnst each key

%P determlne the key Whlch produced the best match 'ThlS'

——

key could.be used to score the examinee's decision. ‘ThiS'

model would assume either (l&bno:error in.expertdjudgements

or performance, or (2)_ that if there are errors in expert

decisions then' they are acceptable ‘in the eXkaminee.’ In both

v ©

cases the main source of variation among-experes is due to

‘the nature of 1nstruments and problems.p \

In the middle of the two extremes, 1t isfpossible\

-

»

to assume that varlatlon 4in expert judgements and performances L
is due to’ both dlfferences 1n experts perceptlons and T

] dec151on—making skills, and to the dlfferent strategles of

| solvxng the problem (1 e.,wdlfferent sets of optlmal dec1s10ns)
In thlS model 1t would be necessary to flrst group the'

experts into»homogeneousAsubgroups\and then to.determlne v

.4

o Qﬁ” IR N g
, e ‘ Sy : o #// .
. i . ) I ‘. “ . . . ) . ) | . ) L. e / .
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the "optimai“ decisiéns *lthln ‘each’ subgroup. 'If the

\ :
,‘varlatlon 1n scores is due to both\dlfferences in experts

\ .

,‘and to “optlmal" dec1510ns within the patlent problem,\the B

abpve,model would requlre-more than one key, but fewer.keys
: ' ' e A : -

I

than the number of experts.

.\\
) o

'In‘coﬁclusion{ current-scorihg procedures use a
s;ngle key which may not accurately descrlbe the con51stent
;perceptlons and/or selectlon of 1nd1v1dual experts.. On the
,vopp051te extreme of a 51ngle key, there may be as many. keys
.as experts, All consi%tent perceptlons among experts would
be accurately descrlbe . However, ‘since many experts will

most llkely share s1m1 ar perceptlons and/or selectlons,

Y .

' these experts may be di v1ded into homogeneous groups ano a
key developed for eaqh group. The extentto which 1dent1fy—

'flng and not 1dent1fy1ng homogeneous groups.w1th s1m11ar percep—

]

tlons and/or selectlons, has an effect upon 1nduc1ng dlfferences

1nto examlnee scores w1ll be 1nvestlgated 1n thls study

F.-{SCorihg'formuias’v

leferent scorlng formulas ‘have been dev1sed to
. p .
- symmarlze the pattern Of examlnee selectlons made on PMPs.

a .
-dRumoldl (1955) uses an agreement and ut111ty score.; The

N

' Qagreement score is reported as the agreement between the RS

{optxmal»and chosen sequence of questlons. The ut111ty

:'Jf.score‘is the avexége o£ welghted opthns selected by the
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~errors of om1581on, ‘errors of comm1551on, and a comp051te
'1ndex of overall competence. -The eff1c1ency score rs
reported as the percentage of correct OpthHS selected

to“the total number of optlons selected Proflclency is
h
,another name ‘for the ‘total test percentage score., Errors

)

of omission is reported as the percentage of marks lost by

falllng to select correct optlons., Errors of commission

,1s reported as the percentage of marks -lost by selectlng

v

.ilncorrectsoptlons. Fallure to achleve 100 percent pro-

N “ 'Y

'flcgency is by deflnltlon attrlbuted to errors of om1551on

L

and.comm1551on.‘ A comp051te 1ndex of over?ll cbmpetence 1s

: reported as a welghted llnear functlon of both eff1c1ency

and prof1c1ency.

®

. The Nat1ona1 Board of Medlcal Examlners and the.

*

R. S McLaughlln Examlnatlon and Research Centre use only

,

- one score (1 ey prof;crency) to summarize examlnee selec/}Ons.

1

-Helfer et al (1971), used f1ve scores¢ process, dlagnOStlc,

&

-eff1c1ency, om1551on, and commission. The process sco}e

I

reflects the degree of match between examlnee and expert s.
pseqnsnce of ﬁeclsions. The dlagnostlc score reflects the

accuracy of the dlagn051s.. The eff1c1ency, om1551on and

commxssron scores are 51milar to those dev1sed by Wllllamson .

(1965) 5 Freedman (1973) summarlzes examlnee selectlons by h“f

and treatlng a sxmulated patlenta- Bérner et al. (1974), g

. 3 T
like’ the Natlonal Board and the R. S McLaughlln Examlnatlon.ff _
K r . S " . "f

: and Research Centre, summarlze'"””"nee selectlons by‘one S




/
N

4.sé3fg (i. e.,.proficiencp)’ ' 'dt | o “
| Slnce it 1s lmportant to thorougth\lnvestlgate the

-effects varlgus scorlng procedures have on summarlzlng

> examlnee selectlons, four scores dev1sed by, Wllligmson (1965)
:w1ll be used 1n thls 1nvest1gatlon.' These four scores are°'
,prof1c1ency, error of OmlSSlon, error of comm1s51on, and |
effrcxency (see Appendlx C for scorlng formulas) The |
'competence 1ndex for an unknown reason is ‘not’ exten51vely-

used and w1ll be excluded from thls study. N

‘3:d Suﬁmary”
A claSSLflcatlon system was presented for catego—
rlzing PMP - scorlng technlques.’ Four scorlng technlques
'lcurrently used by two hlghly respected llcen81ng agencies'e_»
-~ and one medlcal school ‘were cla551f1ed and compared .
181m11ar1t1es, dlfferences, and poss1ble short-comlngs of L
'.the four scorlng technlquesiwere outllned,' Based on th13; :
-background eleven p0551ble scorlng procedures, fqur of
, whlch are currently used are presented ln the follow1ng
chapter. The extent to whlch dlfferent scorlng procedures-
. 1nduce dlfﬁerences in. examlnee scores w111 be 1nvestlgated

Jthrough the eleven scorlng metf ds descrlbed 1n the follow- fl

.1ng chapter.,,:;“;r"?uf'n:




Gel oo T . CHAPTER IV
' SCORING PROGEDURES

To devxse and study varlous scorlng procedures, the

W

follow1ng characterlstlcs were comblned

A « . -

AJ“&CeEeéorizing'options"T

“r}ﬂ{?q:(i),ﬁ

(2) 1ndiv1dual Judgements

‘(315ﬂcomputer performance

B.. 'weigh'ﬁs S
?“Fj(i) constant
(@) dlfferentlal

Lel ﬁumﬁé?wbﬁykeysl'd

d Whlch are'currently used today.

1. ClésSifigetion'

'group consensus"”-¢

,
>

In order to describe the




2. fnctatioh,“'

Y ,Cllnlcal Dec151ons in-a Computer Slmulatlon of a Patlent

'Management Problem T S o S

In both llnear and branchlng comouter patlent manage—"V"

<

'ffment problems, cllnlcal dec151on po;nts were Zf'represented‘as,{
follows | | ‘ . '
: CPMP K (DECISION) 11' 021, ...-.w.pén_ § lf
- "where CPMP K (DECISION) represents all the dec151ons in
R . = the Kth CPMP, and T
o ;.D:n' represents the nth dec1510n oolnt (or node) in’
LR “pn the pth sectlon."‘ e ; :

' B. Categorlzatlon of Cllnlcal Dec151ons h(
To formuiate a key, each cllnlcal dec151on Dp 'WAS ,‘gf*

categorrzed as elther'“deflnltely approprlate,'; optlonal
'"deflnltely 1nappropr1ate" usang grouo consensus, 1nd1v1dua1
djudgements, or computer performance. Cllnlcal dec151on~{cla551-'j‘
‘ffled as deflnltely approprlate were represented by a plus (+) |
}slgn, whlle those cla551f1ed as deflnltely lnaoproprlate werelvmm:

'14represented by a negatlve ( ) sxgn.: Cllnlcal dec18foné

ClaSSlfled as optlonal (1 e., nelther (+) nor (- » were represented

- as; zero (0) Each cllnlcal dec151on was furthed categorlzed

-ﬁf'accordlng to 1ts degree of apnroprlateness or lnapproprlaﬂjness

Toal

;'pfln SOlVlng the patlent 5. problem.(l e., +4'ﬁ+3, +2 +1*'0 .-l,
i a S T
'-2, -3 4) _ The number of plus or mlnus 51gns (1._w_ B0 s o0 PRI

'+§ +++ etc ) reflected the percelved degree of’approprlateness

LR

" or: 1nappropr1ateness of the decjslon. Categorrzatlon of

gﬁ3d80151ons by judqes wzthlnia CPMP
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“;whergfffh CBEMP K jéATEGOkf} is the categorizatlon (+ 0 Zi)*
.

flciéﬁ“ ls-the categorlzatlon of the Jthii

of dec131ons 1n the“Kth CPMP and;..yw,

@

pth sectlon'bn the nth dec151on.

L Ca Welghts of Cllnlcal DeCLSlons.ngVf

Ad

To construct a key,.each categorlzed dec151on was

. welghted The welghts_a351gned tended to quantltatively

A Y

?%v o chcdh w:;;f‘hti“iﬂfnh'ﬂ. '..éef:é%ﬁf

7 CPMP K (WEIGHTING) = W,., W,.,

. B
oo e

-

whéféét; CPMP K (WEIGHTING) 1s the welghtlng of - de0151onsl

S ,_;-;&@ : 1n the Kth CPMP and gﬂuw_ﬁﬁﬁf 3

B )

fﬁt’ wp -f-ls the welghtlng ass;gned 1n the p&h sectlon




CPMP' K- (SELECTION)..

2T

‘where' " - '.'cpma X (SELECTION) LQ the sele"tmn
: o *‘57v;is“'* Kth CPMP and

';Sipnf; is’ the selectlon made (eia

'ojo?ﬂ 'y:u‘**_géand 0 not selected)vby the 1th examlnee

"é,or expert An the pth sectlon onithe.hthx;,. | |
”fff'hdec1s1on ."f?:ﬁf:;5‘f?:i§@,laﬂf;5d. .iig.'ﬁislﬂ. .
'dﬂp t>051ng the classmflcatlon outllnes in Sectlon 1 and |

.in Sectlon 2 the foilo;angleleven

: the notatlon provlde

scorlng procedures were 1nVestlgated . For CIaSSLflcatlonS,_'

“7%-'jElevéﬁ”Séétingiérécéaurésaﬂxf-”

U_.l_ .

hAr Group consensus, constant we;ghts, and sangle key (GCS)

o
Thls procedure for developlng a key 1s currently

belng used by the Natlonal Board of Medlcalexaminers

Through group consensus each~geclslon thhln'a PMP.WaS
-l ! .

f; categorlzed 1nto one of{three categorie'
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Seately, e




CPMP K (CATEGORY)

e

e

fWhefeT:ftfbf ﬁ?fls the categorlzatlon (1?é
' “'by the gth group 1n éﬁé pth section on. the

»}nth dec151onﬂ~pf”"":

';ff.?g: : To generate a scorlng key eaeh (+) and ( ) cate—'

wgorlzatlon was a531gned a constant welght of l fThe welghtlngsw-wf’"

& ) -
assmgned to each Qeclslon can be represented as follows'¢

111' 112
R R



sn T 0 ++foategory ,,'choj.ces whlch are CLEARLY INDICATED
S T e T T and., IMPORTANT ‘in the' care ‘of THIS"
e e T e ““V"iif’:fpatlent at THIS - stage in- the wbrkuP

".'g,or management,.,,;, , . -

o .“-fﬁJ'}*ACﬁiqgory;ytch01ces whlch are. CLEARLY INDICATEbn‘ et LT
B R f-LMbut -of -a more: ROUTINF nature: (1 e., : ﬁ;ff AP
LT ! should be selected but: are not of st R

| co, e - gpécial SLgnlflcance in the care- of
e Lo "THIS patlent at THIS stage ) :

JHOVCat¢9¢£¥1_iCh01ces Whl_ ‘are OPTIONAL (1 e., : -
O T the probablllty that they w1ll be: help-
- %{;ful for THIS patient at THIS stage is

' -ﬂ“jf&arly remote or qulte debatable,):,

,i—igétQQGIYfochOlces whlch ‘are clearly NOT INDICATED .
. ... .~ .though NOT.HARMEUL in ‘the. management e
'gj“of THIS patlent at THIS stage, and ._Ij_-f‘f'

s 4= Category: gchoxces which are. clearly CONTRA— Lo e
Ve 4w i o INDICATED . (i.e#, are’ ‘definitely harm—'ﬁﬁy, S
' ~u~ji1‘\];4'““.1"p,,g*:fu1 oracarry an unjustlfiable high" R
S ST LI oo P in ¥eérms of risk, -painor money)gwwﬁﬂ

“in the. care*of THIS patlent ‘at THIS o
“’stage. . . v R

]_Cllnlcal declslons categ:rlzed as'elther (++) = +2 "-OK. (--) = .

.--2 were further categorlzed as elther (+++) (++++) Q,Fﬂ' .‘ e

‘(———)-—'-3, or. (—-—-) 4 dépen&lng upon thelr percelved

'degree of apprOprlateness o

;proprlateness 1n 501V1ng

‘f’ I

,’”the patlent s problem.:_'”

SRy

A dnfferentlal welght wasfe551gnea tofﬁach cllnlcal;ﬁ. o

f{dec1s;on aceording

laSSlflCatlon. .For example,-

-

i s L
_EQ,CIInlcal deci lon




e . . . . v
¢ : R . T . o .
N -

C. ‘Ind1v1dual Judgements, constangﬁWeights,‘and'singlef
o key (ICS) ot T T T

In thls scorlng procedure each expert 1ndependently
p?categorized each dec151on lnto one of three categorles as
,'fdlscussed 1n the GCS scorlng key on. page 63. There were e

-as many categorlzataons as there were judges (J) l To reduce

“the J categor1zat10ns to a 51ngle categorlzatlon that

'reflected the consensus o“?the group, dec151ons w1th relatlvely
| .hlgh 1nter3udge agreement werefldentlfled and used to produce ﬁp"".
".if;dthe key. ft- | o e L

The follow1ng four steps were used to reduce the J

“categorlzatlons and cre]*e-a scorlng'key

(L) count the'dumber of tlmes each deoasxOn was B .

s e T

placed kp the (+), (0), and ( ) categorles,

(2) :select a. crlterlon Wthh refleots relatlvely : 'f‘“‘\- !
" RN o

fhﬁhlgh 1nterjudge agreement (1 e.,v;5J7% 50% of judges),
’xl(3? apply the crlterlon to the number of tlmes
L each declslon was placed ln the (4) or ( ) category‘ ;fjfu |
'[the number equd&ed or exceeded the crlterlon, then the category’
was - reta;nea, otherw1&e, the de0151on was placed in. the (O)

fcategory, and yf "Vagffa;,;f;f 'Q -

‘ ;‘.4

R

;iff,ff}{ge;ﬁ,(4) a551gn a constant welght of l to each (+)‘and“f

A= ) categorlzatlon l'u”'

Ind1v1dual 3udgemehts, dlfferentlal
(IDS) : S -



'Vtcategorlzed and Welghted dec151ons u51ng the method ex~-
5‘pla1ned under scorlng key GDS on page 66 A srngle key
was then produced by averaglng the welghts over judges.f.

"Thekkey<can be represented as follows- _ j] y -

V-J, |

o T OBISRIND = F Gy e,
3 ’:i”; o S "yyi=_bﬁ11':ﬁ12;”?f';T;f’ﬁpn
'.v'whex_-‘:é ,"'_-':iC'PMP'-'Kl- (WEIGHTING) is’ the derlved key of welghts
| b \'>l',”;l?ﬂ R £or the’ Kth CPMP and
R W 1s the average welght in the pth sectlon,. B

pn
o for the nth dec151on.

&
o

L E. Ind1v1dual Judgements,'constant wegghts, multiple key
‘ (ICM ) : . T R ' S

In thls scorlng procedure each expert’ 1ndependently‘
ncategorlzed each dec151on 1nto one of three categorles ;and
,éa551gned a constant welght to éhe reSpectlve categques 3s
;lescussed under scorlng key GCS on ‘pages" 63 and 65., Uslng

va centr01d clusterlng orocedure'on welghtlngs, the experts H» hw‘ ?ti
dlﬁ.ﬁ',;were d1v1ded 1nto ;omogeneous grpups., A 5cor1ng key was "’lyJ;;nC

'Eﬁthen produCed for each subgroup which reflected] elatlvely

 hi "gh 1nter3udge agreement. | ',rhe mrocedure explalned “nder

\

'Tthe ICS scorrng key onfpage 67 (steps l through 4), was

'wddused to-develop the Sﬁorfng%key‘for eac,fsubgroup'

;'_‘1
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' o [ < .

groups, then there were k keys. To score examlnee sebectlons,
deach of the 3 keys were used to calculate k sets of scores

‘for each examlnee. The key yleldlng the highest prorlclency
score was used to 1dent1fy the subgroup whlch the examlnee f\\

was most 11ke. R ’; | S A'
CF. Individual judgement differenﬁialvweights, multiple :
key (IDM) . . ‘ R : )

v In this scoflng procedure each expert 1ndependent1y
categorlzed and welghted eaqh dec1sron as dlscussed under |

scorlng key GDS on pages 65 and 66. Like scoring key ICM . .2_"§Ovy

a centr01d clusterlng procedure was used to lelde the
experts 1nto homogeneous subgroups accordlng to dlfferentlal

_welghts a551gned to optlons. To produce a sangle key for

-«
each subgroup, an average welght was cafculated for each

.dec151on (see scorlng key IDS on page 67 and 68) There
were as many scorlng keys as there were homogeneous groups.

'~G1ven a total of k. groupSz each of k keys were used to

D \

“calculate k prof1c1en¢y scores for each examlnee.‘ The key
*yleldlng the hlghest score was used to 1dent1fy the subgroup

whlch the examlnee was most like. .ﬁf”ﬁ*

]

"G Cbm?ut’,eﬂr Pe?fbmané.e.,':_-;.Cdns_t.ant"::-w'e‘i;gh;s'"; s~i-ng.1e‘ k;y- . (.cc,s;
.U\‘ '

ThlS scorlng procedure has been used by the R.'S.j-

." -r

: '.'l
gl ¥

: ' ; & '
:McLaughlln Examlnatlon and Research*Centre 1n thelr 1974 and

fﬁ,m”1975 aed;atrlc exam;natlons. Unllke the”other scorlnl models,
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expert compuEEr performance was used to Categorlze and L
< . & .

'welght clrnlcal declslons. In thls scorlng procedure,_j
experts, seelnggthe CPMP for the flrst tlme, took the
examlnatlon.. Thelr dec151ons weré recorded: and a scorlng

key developed based Sn ‘the number of experts selectlng

b)

fdllows: S ' ot . b

-

each optﬂgn,v Expert selectlons are represented as s 17
. B

Pl

,;._‘

CPMP K (SELECTION) lll’ .;12,.,..~r,., Sjpn

w : . . S © , N 3
whereh .Sjpn is the select}én made by the ith Judge in
. vllff%. " the pth sectlon on the nth optlon (i.e., -
'l'= selected, and 0 = not selected) SR

.TO'%ategorlze optzbns 1nto three categorles (1 e.,

74,'0, or ~)q&-cr1terlon was- chosen and applled to the propor-

4
.may be cho;en, that craterlon used by the R. S McLaughlln
Examlnatlon and Research Centre was also used fOr thls
o r . X . . L . B ’
. 1nvest1gatlon. ST e T *
~ Criterion: . B
' ToeRtedrys A8 s By Sypn 2 S A

S FQ‘Catgg¢§¥3j i

IR

tlon of experts selectlng each optlon. Although any crlterlon -
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. ' -/ ~
The categbrized decisions were weighted as follows:

the (+) category was'assigned a weighti of +1 and the (-)
category was assigned a weight of -1.

H. Computer performance, differential weights, single key
(CNHs) ‘ '

Pl

/
Tn this scoring procedure expert computer perfqQrmance
!

was again used to categorize options whigh were then diffe-
rentially weighted. Tn categorize and weight options the
selections for each optinn (i.e., +1 = salected %nd -1 -
9 . .
not selected) were added over experts’ This summatjion pro-
\ .
Auce? a numher, -}J, 1for each aptien whicrh wag the weighting

mead in the ccering koy,

T Compntery poy formance, onnpatant weighta, maltiple koy (C0M)

Tn this scoring procedure ewvpert computer parformance
Aata, v'ere used te divide axrerts intn homngeneous subgronpe
veing a centrmid ~luetering Fechnique. Kevs wer: Aevalope
fory enrh suhgreoup by the rethnd Ace y it ed nndey khe con

i o aeandur e on page 77.

The cnrtagorize! options within a euhagroup were
waiaghted +1 and need ac keys to cale~nlate examinee secares.
The key ie)ding the highes' proficiency scove was used ta

Tlent 3y fyv f he f‘*whqrr\\\p Whj.c‘}‘ “he nvrami e wes mast 1ile andg
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1
’

-
.

to calculate the final set of examinee scores.

J." Computer performance, differential weights, multiple.
key (CDM). : ’ ' .

-
"

In this scoring proéedure exéert performance'data-
were again uvsed to divide experts into homogeneous subgroups
using a céngroid clustering technique. Categorizations
and weights weré deveIdpedlfor each group by the saﬁe
procedure outlined under the CDS scoring key explained
on page 80. The key yielding the highést proficiency
score was used to identify the subgroup whieh the examinee
was most like and to calculate the final set of examinee/

Aoorvres,

K. Group consensus and computer performance, differential
weights and single key (Mc).

This scoring procedure has been nsed hy the R. §.
McT.anghlin Examinision and Research Centre. TIn this prace-
Aure a committee of Bxperte collertively categorized the
options into the three cateqgeries Adiscussed under the \
GCS scoring key on page f3. Then expert probhlem-solvers
who had not seen the CPMP before, took the examinations.
Their selectinns were used to weight (+) and (~j'options.

Fositive nptinns were weighted by means nf the following

formula:
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fﬁ o
J ' .
T Sjpn o
+an = J=1 . . (4.5)
) J P N
L. I I S. .
j=1 p=1 n=1 P
\ o
where +WDn is the weight in the pth section on the
= \ : \
nth (+) categorized option, and
N . »
Sjpn is the selection (i.e., 1 = selected~apd

0 = not selected) made by the jth judge

in the pth section on the nth decision.

L 4

The denominator of the above formula equals the
total number of selections made by J experts on the (%)
options. The numerator equals the number of judges who
selected the nth decision in the pth section. Thus,
the numerétor divided By the denominatoxr equals the pro-
portion of selectiops made on the nth decision out of the

P N W ,"’“]-'0)-

total number of selections (i.e
‘ I I %on
p=1 n—=1 '

The (-) decisions weve weight~d in a similar manner

naing the fAllmswing f~rmula:

J ’
J L S. ‘
W - j=1 P (4.6)
PN e e v s i
J P N
Jruooo. z ) I e, \
j=1 p=1 n=1 F
where an is the weight for the nth cateqgorized option

in the pth section.



The denominator of the above formula equals the ‘

v

total number of selections NOT made on (-) optiohs: The :
nﬁﬁérat;f equalé the number of judges who did NOT select
the nﬁﬁ decision in the pth section. Thus —an is the
proportiqn of‘seiections NOT madeion the nth decision out
of Ehe total number.

In éummary,'a scoring key was generdteq by’
‘categorizing options using the group consensus method
l. and assigning weights by computer performance

[

L. Aﬁthor} Aifferential weights, single key (author).

A twelfth scoring key was also investiggted. These-
were the scoring keys generated by the authors of the CPMPs
and used to calculate final‘éxaminee results. The author's

key had the following classification:

i) method of categorization: author
i1) weight : differential
iii) key : single

This scoring key will be referred to as 'author'.

Table 4.2 summarizes the twelve rcoring keys

that were studied in this investigation.



Table 4.2

. " 3 ' -~ - T
Categorization of Proposed Scoring Procedures

!

—

i
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~ group
consensus

. . Categorizatien :
Acronym of Options Weights Key
Author author differential single
GCS group S
consensus constant . single
S o
- GDS group ‘ ‘
consensus differential s‘ngle
ICS individual :
judgement. " constant single
1DS individual _
judgement - differential sincle
ICM individual L
judgement constant multiple
IDM individual . v -
judgement differential mulitple
ccs computer )
performance . constant single
CDS computer . —~
performance differential single
cecH computer
. performance ., constant multiple
CDM computer . , :
performance differential multiple
computer e
Mc performance o
differential single

Toa
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4.  Assumptions and Limitations - _
Underlying Secoring Procedures

L

The above scoring keys were based upon various
assumptions; These aSSumptions'and their limitations:/will -

be dlscussed according . to metho of categoriéation,'weight'

v -

and key.
D
"A. Method of Categorization p ) |
a. Group consensus (i&.e., GCS and GDS)
- This method assumed that:
\Y 1) wvariations in categorlzatlon were due

to dlfferences among experts, whlch could "best" be resolved
Al . [N

through group dlscu551on,'and

" 2) know1ng the\correct solutlon to the
problem resulted in the" “best" tategoflzatlon of optlons
. . a
'f'} . The above assumptlons are subject to
the following llmltatlons- | |
1) the ability to resolve differentes
amohg experts wae'dependent upon the dynamics of the group
and was llmlted by the extent to whlch the group was able

»
to collectively work together, and

i

2) a scorlng key Droducgﬁ by categorlzlng
~b

options while know1ng the- correct solutlon may not model prob-

ot

i
{
i

lem-solving behavior



)

b. Ind1v1dual 3udgements (i e.,-ICSy61DS, ICM
and IDM) , - , :

' }-J. o This method assumed that varlatlons 1n #f
rcategorlzatlons were due to differences among experts Whlch
could "best" be resolved by elther categor121ng options °
us1ng "hlgh" 1nterjudge agreement or by averaglng welghtlngs
assrgned to each optlon over judges. '

LN - B : \

. The above assumptlon may be llmlted by

£A

Lol
...

the exteﬁt to which 1nd1v1dual experts share the v1ews and
judgements of other experts. 1In addltron, thlS method,

. like group,consensns, may be limited byvthe differences:

x5 ’ ’ 3

in tasks,performed.by'expert juagés and problem-solvers.

C. Computer performance (1.e , CCS, CDS, CCM and
CDM) . : I '

ThlS method assumed that-

l) variations in categorlzatlon could

[

"best" be resolved by either categorizing optlons using "hlgh"

?

interjudge agreement or by summing selections over judges

(i.e., +1 = selected, -1 = not selected), and

2) .examinee scores would more closely

2

reflect the decisions of expert problem-solvers rather than

that of the expert -judges. ’

t

’

Assumption 1 above-may be limited
_ the extent to which 1nd1v1dual experts share the views and

opinions of other experts.

]

s
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B. Weights L
) : .ﬁ,,

"a. Constant (i.e., GCS, ICS, ICM, CCS and CCM).

-

~ ‘Wheh employing“constent Qéighte it was

.assemed that all (+) ana (=) decisibns were'eQuatinapprq— -

-prkate-er inappropriate.ih eolving“the patient's prdglem
Scores generated under the above assump—

7t10n may be llmlted by the extent to whlch thlS 1s ‘indeed

" true. For_example,tglven a hypothetlcal CPMP w1th three

‘deciSions: : . o

CPMP K (DECISION) = Dt

= Dyy1r Dypyr Dys
CPMP K (CATEGORY) = 4+ - +
CPMP - K (WEIGHTING)— +1 -1 41 = KEY

and the selectione ofdzhree hypothetlcal examlnees

CPMP K (SELECTION),= 1 1 1
CPMP K (SELECTION),= 0 - 0 1
' CPMP K (SELECTION),=1 0 0.

;the.above key would lead to.identieal'examihee scores in
spite of the different response-patterns.
b. leferentlal (1 e., Author, GDS, IDS, IDM,
' CDS, CDM and Mc). - . .
d " When employing differential Qeights it
was assumedithat all.(+) and (—5 decisions were not equally
appropriate or inappropriate for solving theépatient's
problem. | | . | |
The abs&e assumption may be limiting
L \ ' o
\\

\
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to the extent by whlch dlfferentlal welghts do or do not

&reflect the approprlateness/lnapproprl teness of deClSlonS.

. C. Key
. \

a. Slngle (i.e., Author, GCs, GDS, ICS, IDS
CCS CDS and Mc).

The 51ngle key assumed that there was:

L4

1) only one‘set of'"correct"'ciinicalv
':deo;sions and, | | |
| 2) Oniy one "optimal® route,through
the patient management problem. o
The‘use of single keys may oe straight-
forWard but is limited to the extent that it ignores:the
possible consistent, bﬁt different; perceptions among,
indiyiduak~éxéerts. ' |
b. Moltiple xi.g.}.ICM,‘IDM, ccmvéna oDM).
| The_moltiple-ke} assumedvthat: .
'l)‘ there were con51stent but dlfferent
perceptlons among experts ‘which could be 1solated using the-
centr01d clusterlng technlque, and
| L2y the scorlng key produc1ng the hlghest
proflclency score could be used to 1dent1fy the subgroup
. whlch the examinee was most like.
This procedure 'is limited to the ektent
to which it is,possible.to subdivide a Froﬁp_into hOmogeneohs

3
-clusters.
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<o 5. Summary

| | N ' .’ . | »

Tﬁelve scoring procedures, feur of‘whhch are

currently in use, have been outllned The underlylng
assumptlons on whlch the scorlng procedures are built
have been. 1dent1f1ed along with the p0551ble limitations.®
.due to the 1nappropr1ateness of assumptlons made. - The’
following chapter pPresents’ the‘materials and methods ﬁsed

‘in this investigation.

o : ' . : \\
g - ' . ‘ | . N
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( CHAPTER .V
. : oy
- | ~ L

" MATERIALS AND METHODS

Subjecté'

~

R

Data for this investigation was gathered by

pérmission an®d cooperation of the R. Sf McLéughlin'Exami—
nation and Research Center. 1In ng.of 1976, 111 medical
students, &ho had completed fouf years of medical,tréiﬂing-
at the University 6f Alberta, wrote four CPMPs as part

of their certifying exéminations. These examinations wefe_'
administered using the IBM 1500 computing facilities
operated by the Division 6f Educational Research Serviées,

Faculty of Education; University of Alberta

. 2. Examinations (CPMPs)

Two linear and two branching CPMPs were selected
for investigation in this study: CPMP 1 (linear) répreé'
sented a 44 year old man with'a cardiac problem; CPMP 2

[N

(lineaf)‘simulated a 56 year'old man' with anemia of unknown

origin; CPMP ‘3 (branching) invo;ved a 25 year old female with

a gynecological problem, and CPMP 4 (branching) simulated a 21

81
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& ‘ - , ‘

year old female with an obstetrical problem.

A. CPMP 1.

\"CPMP 1 tested the candldate s ablllty to manage

a pariént w1th a heart prob{eﬁ;//;;;\gzgplem was broken down

.into nine sectlons with questions under each sectlon as,
indicated in F;gnre 5.1 (i.g.,'sectlon 1-1, questlons lettered
a-i). The.nine sections were presented as follows: |
| Seetién l—l'AAlnltlal presenting problem - what is
an approprlate hypotheses’ ' -
| _Section 1-2: patlent admitted . to hospltal - what
‘laboratory 1nvest1gat10ns should be undertaken’

Section 1- 3: based on the laboratory results
obtained - what management should be undertaken?

Section 1-4: patlent's condition becomes critieal -
what:management should be undertaken? .

" Section 1-5: patient's conditiOn improves, elec~.
trocardiograin (ECG) presented - which arrhythmia is presented?

Section 1-6: given interpretétion or ECG - what
. management should be undertaken?

Section 1-7: patient's original‘problem corrected-
but now could be developing a new problem (i.e., possible
left ventriCufar fgdlure) - on physical examination what
would be the expected results?y

©

Section 1-8: management of left ventricular failure?
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Flowchart of CPMP 1 -
A 44 year old man with a cardiac problem l

/Initial
Dlagnoses

1-2:
Labofhtbry:
JInvestigatio
a-k

1-3:

Management
a-j

-

Complication
of
Presentihg
Problem

‘Management

2n

) 1-5:
Interpretg;—
ion of ECG.

Patient susgn‘
ected of

in left vent-
ricular fail-
ure (LVF)

83

i~7;
Symptoms of
LVF

1-8:
Management
of LVF

Y
'1-9:
boratory
Investigauul'
b of LVF
a-m

: 4
Figure 5.1 (

8]
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. ) ] ,
, Section 1-9: patient recovers - what investigative

‘procedures should be undirtaken?
The structure of CPMP 1 is linear (i.e., the

candidate proceeded from oned section to the next until the

Y
N a

problem was completed). Only in Section J-8 was the*can- .

didate's response directly dependent upmn the information

obtained in the preneding seation:

B. CvrMP 2,
CYME 2 tested the candidate's ahility to mfnagp A
middleclass, 56 year ~ld male with Aavemia of unknewn origin.

The probldm was broke down inta thea FAllowing ninem anct imna

and =ubh anctiong (see Figure 5.2): .

’

“~

Setiaon Al initif? Présenting eympt-me - haced
upon resnulte of initianl 1ah"‘raf-r\ry ANA physical cyamindt i
what fithay inverrigntiang should be nrderedr
.
1
Sectinn AD. vpan ograblishing ANrYrect Fentative
diagnceiec - what invertigative procednre ehanld he undertaken:
Seotion N3N if candidate adminiet ‘v Fhrte unite
. i ]
whole. hlnd, patinng davelops pulmonsry edam- vhnt vy act i«
. f
manaeuran ehirvnlAad e \,Jr\f‘QY("RkC—‘T‘\?
Section N:  candidate sti)l without diagnesis
‘ .
what additinnal investigative preocedures should he .orderedr~

Section AS5: based upon findings of A4 what jg

apprepriate ~hnice of treatméntsr



85

:
S

Flowchart of CPMP 2 -

‘A 56 year old man with Anemia of unknown origin '

Opening
Scene

Al:

Investigatio
101-108

Y
A2:

A6:
question on

nvestigation surgical pro

N 2D1-205
Wy

" —————
marks

dedunrted
-

ina retepn-
tion 701704

Management
801-803

Management

..301-308

-

AdA: relaﬁzzqym~
- Pui.r;:;:rv _\p'toms o
S "\ \disease
. ~ , ~\?09“316 ; 01-904

USRS A9A:
s
(1 ) Management

- tin
nvestiga 905-907

401 407
"\NM:I_"k.
./’"'Aq;"' -

Areatmpnf

\\501-3507

R

A9C:

A3A:
Pulmonary
edema

309-316

A5:
501, ¢ S
~. 507

Management
913-196

Figure 5.2

-
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Section AéA: if candidate administers three units
whole blood, patient develops pulmonary edema - what corrective

s

measures should be updértaken?= \/)
. Section A6: surgery fequired - what is correct
sufgical procedure?
%& Section AT7: acﬁte urinary retention develops -
whatwmanagem?nt should be undertaken?
h 'Section A8: two weeks pass and patient still unable
Fo veid - what management should be undertaken?
Section A9: two of patients' oroblems corrected -
what management for remdining probleﬁs?
Section A9A: after correct diagnoéis of two of
the remaining problems -~ what directions to patient?
Section A9B: what i; most likely caﬁ;e of
r@maininq problem?

Section A9C: given laboratory results of

remaining problem - what directions to patient?

The above structure of CPMP 2 is presented as_a
flowrhart in Figure 5.2, The structure is primarily linear.
Only in Sectione A3 and A5 could the candidate's linear flow

be Aistupted to Seation AN for coxrective management .

C. CrMp 3.
CPMP 3, the gynecological problem, from a branching

roint nf view, was the most complex of the four simulations
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(see,Figﬁre 5.3). Thére_is a léft and right side to Figure

5.} with several connecfing pathways begwéeﬁf Thé left side

- of e figure could be calded the mismanagement side and the
1{3: _

r , the correct management side.

CpPMP 3‘£ested the‘candidaté'slagilify to manage
a female patient wifh a éystic mass in the region oftghe
ovary. 'The .candidate's perception of the significance of
_the cystyégs tested on thfee_oCcasioné (i.e., F2, F4 #nd F5a).
If the caﬂ%idate perceived.the mass as honsignificant and
treated the situatién as an out-patient pfoblem, the candidate
was.branéhed to-the mismanagément side.  If, on the othef
hgnd; the candiaéte perceived the cyst to be significant
and hospitalized the patient or treated the situatioﬁ as an
iﬁ—patient problem, the candidate-was'bf&néhed to the correct
management side. 6ne aaditional test was given to these
candidates to determine whether they remaingd.on the corfect
management'sze. ‘This_test occurgd in Section fG where the
candidate wés told that the patient was admitted to hospital
and referred to a gynecologist; the candidate Qés then ésked
what investigations the gynecologist would be expected to
undertake. If the candidatevdid not choose lapafotomy, he
or she was branched to the mismanagement siae& On the other
hand, selecting the laparotomy resulfed in the candidate '
staying on the correct maﬁagement Side. Therefore, iﬁ
order to remain on the correct management side, the candi-

date had to recognize the cyst as béing significant,
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' hospitalize the patient, and know that a.qumoumy ﬂxnﬂd

be performed by the gynecologlst

D. CPMP 4. i

" CPMP 4, the second of the branchlng problems,
.tested the candldate s ablllty to handle a prolonged dellvery
problem. The first sectlon tests the candldate s ability
to select the appropriate 1nvest1gat1ve procedures (i. e.;
Section F2). The remalnlng six Sectlons deal with the manage-.
ment of the patlent s problem (1 e., Sectlons F3 F6 F8
Fll, F16, and F19). W1th1n the management sectlon, if a
candldate chose. to .refer the patlent to an obstetr1c1an,
. the cllnlcal encounter ended .For a dlagramatlcal repre-

sentation of the structure of the obstetrical problem

-see Flgure 5.4.

E. Comparison of éPMPs

The four CPMPs dlfger both in content and structure
Flrstly, CPMP 1 represented d\cardlac problem, CPMP 2, an
anemla problem, CPMP 3 a~gyhecologlcal problem,.and CPMP 4,
an obstetrlcal problem. ) ,

Secondly, the CPMPs differed in the staée-of%
intervention and the urgency of treatment The obstetrical
and gynecologlcal problems requlred 1mmed1ate 1nterventlon

while the anemia and/cardlac problems dld not | o
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T ly,?the CPMPs differed in the'interventions-
_ offered.' For example, CPMP 1 had one sectlon on hypotheSLS,
two sectlons .laboratory lnvestlgatlons, three sections -
on treatment one sectlon on correct 1nterpretatlon of ECG -
and one sectlon on phys1cal examlnatlon CPNPﬂZ-had threet
sectlons on 1nvestlgatlons, .seven sectlons on treatment
and two sectlons relatlng presentlng 51gns .and symptoms
to the most llkely dlagnosfs. CPMP 3 had three sections whlch
tested: the candidate's perceptlon of the srgnlflcance of the
ovarlan cyst, two sectlons on 1nvest1gatlons, ‘one on the
correct 1nvestlgat1ve procedure of the gynecolog1st, one
._on whether the gynecologist would blsect the left ovary,
one on the type of cyst and one on adv1ce'to be glven to
 the patlent. ‘CPMP 4 had one section on lnvestlgatlve
'procedures and six on treatment |

‘The CPMPs also differed in the type offfeedbackj
candrdates received. Some feedback was corrective‘(;.g.,‘
CPMP 4, option #129, "administer morphine, 10 mg;“, given
answer, "not 1nd1cated"), other feedback was only conflrm-
atoryh(irg., CPMP 4, option #123 '"take‘blood‘for Cross-
match", answer,-“done") In CPMP 2, 'candldates were .allowed

to answer some sectlons untll the correct answer was found

Sometlmes correctlve feedback for prev1ous sectlons was . glven

-at the beglnnlng of the next sectlon.
Lastly, CPWPs dlffered in the number of questlons

.with single and. multlple answers.‘ In CPMP 1, there were nine

-
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multiplefresponSe items“invcﬁMP 2, twelve (four were

actuall¥x s gle response 1tems but the candidate was allowed

to resvon W1 the correct answer was found); in CPMP 3,
there were six 51ngle and four multlple resoonse 1tems,

and in CPMP 4 there were: two 51ngle and 51x multlple

response 1tems 5
There were few features common to all CPMPs,
,those features belng that all CPMPs requlred candldates to

make selectlons from a llSt of optlons and all were{fdmlnls—

tered by comouter

. 3. "Expert" Physicians

‘

-

ihe Edmontoen area.was canvassedpfor physicians who
would volunteer to take. part—in'this study. Those who
'/olunteered were offered a chorce of part1c1pat1ng on one'
of three days. Phy51c1ans part1c1pat1ng on day one )
~constituted Group A; on day two, Group B; and on day three,.
Group C. Although volunteers were not randomlj a551gned to
each of the three groups, every effort was.made to make the
three groups as. homogeneous as poss;ble For purposes of
this study, it is assumed that the three grouos were equal
f% medlcal training, educatlon,nyears of practlce and age

‘The composrtlon of the groups is’ summarized in Table 5.1

below:

-~



TABLE 5.1
Biegraphical Data of
"Expert" Physicfians

93

Group °
A . B C
- . 3
i 1. "'Number of participants " 10 16 11
ﬁ> 2. Number of males . 13 9
.+ Number of residents 3
. Number of practicing '
3 3 1
spec1allsts -
5._'Number of pract1c1ng K o
' family practicioners 6 10 9
"6. Average number of years .
in practice . 13.3 10.1 7.2
7. 38.9 37.1

Average age - .38,4

‘A total of 37
The large number of physicians part1c1oat1ng can -only be
attributed to the concerted efforts. made byethe staff at

the R. S. McLaughlin‘Ekaminatibn and ResearerFentre.l

4.

The‘DeVelopment of Scoring Keys

expert“ phy5101ans took part in thls study.

To develop the ecoting keys;.the-physicians.were

3

the R. S.

lSpecial thanke is extehded to Wayne-Osbaldeston of

‘McLaughlin Centerxr who played a key role in the

data gathered.
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i

._aSked to‘Categorizefoptions using the three methods of’
categorlzatlon explalned in Chapter Iv, namely,'computer
performance, group consensus, and 1nd1v1dual judgement
Welghts were then assigned to options on a constant or
dlfferentlal basis. _— ‘ . |

Slnce maﬁy of the physicians who ‘took part in the
study had never been exposed to a computer patfent manage—
ment problem (CPMP), it was flrstly necessary to demon~
strate a CPMP and explain the basic computer terminal pro-
cedures required to interact with the system.  The physicians
were then asked to;sign—on to a given CPMP and select all'
options that would be helpful in resolving the simulated

«patient's problems. Selection of options through direct in-
teraction with the computer was referred to as thev'computer

tperformance' method of categorization of options:.

Next, the physicians were given a short but "thorough
course'on categorizing and Weighting options’(see Lnstructlon ‘
sheets for llnear problenis entitled Appendlx D, and branching
prohlems, entitled Appendix E). The physicians were then :
given a different CPMP (i.e.,CPMP 1, 2, 3 or 4) and asked to

.categoﬁlze the options using the group consensus method |
of catqgorlzatlon. Upon completion of this task, the
physicfans‘were given another CPMP and asked to indepen-

dently categorize options (i.e., the individual judgement

method oﬁ-categorization). Thepabove order of activities
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was given to Groups A, B, and C respectively'on day one,
two and three.
. . ’s
The act1V1t1es allocated to the specific groups )

are 1llustrated in Table 5.2.

TABLE 5.2
- Tasks and CPMPs Performed by the Three
) “Groups of "Expert“ Physicians
GROUP \
’ A B c
CPMP.l : Ccnsensﬁs f_—' Judgemeni" Performance
"~ CPMP. 2 | Pe:formance Consensus ~ Judgement
CPMP- 3 Pe#formance’ Judgement Coneensus
CPMP 4 Judgement Performance Consensus

The datalgathered from the expert physicians in
the above course cf activities were used directly to con-
struct seven of the eleven (excluding the Author sccriné
key)“ecoring keys employed in‘this'study, namely, the GDS
IDS, IDM, CCS,_épS, CCM and .CDM keys (see page 79);. HoweQer,
the remainingvfour scoring keys, nemely, the GCS lICS ICM
and Mc keys, could not be dlrectly developed using the above

data. These keys requlred each option to be placed into one
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.of threevcateéoriesv(i;g.,'*, 0, and -). The above seven
kéys,.howevef, had optiOné which had been assignedfnine
weiéhtings (i.e., weightings = catégorization + weigﬁt),
these weightings béiné +16 +8.. +4, +2, 0, -2; -4, -8, and
~16. In order to establish keys fofsﬁhe GCS, ICS, ICM and .
Mc kéys, the n;ne weightings hagd to be reduced to three. |
fb carry out this reduction, fhe following reduction rules
were applied:

+ Category: all options categérized as posi£ive

(i.e., +2, +4, +8, and +16 were

placed in the (+) category,

0 Category: ali'options categorized as zero
remained zero, and

-

- Category: all options categorized as negative
(i.g., -2, -4, -8 and -16 “were
placed in the (-) category.
In order to carry out this reduction it was assumeq
that there would be an insignificant difference beﬁween
reducing categofies and having expefts classify options

using only three categories. .
5. Description of Data

The twelve scoring keys were fifstly re-scaled so
that the maximum true/false profiéiency score equaled 100%.
Each of the re-scaled keys was then used.to calculate the
followiné four performancéJscores for each CPMP: proficiency,

error of commission, error of omission, and efficiency.

(See Appendix B).
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As a result, for each examinee, 192 scores were calculated

(i.e., 4 scores X 4 CPMPs X 12 scoring procedures) |

X ; i
. ’v
. ' . |

6. Method of Data Analysis

A. Reliability Measures.

Classical reliability theory is based upon the
°,
aésumption that every test has a true score; belongs .to
only one family of parallel tests‘(i.e., items are Homogeneous) ;

and, is vnique depending on the partitioning of variance.

However, the nature of the patient management problems made it
necessary to consider a variety of aspeéts‘é; :eliability.
In the CPMPs used in this S£udy; <; |

1) examinees could g; directed to ékip entire
sections elther because they successfully av01ded compllca—
tions, or bpcause they took a dlfferent pathway in solv1ng
the patient problem, .

it

2) the selection of an item could provide infor-
mation about the problem not available to others who had
not selected that op;ion, and |

3) the number of options S$elected may be more
a reflection of the persbn;lity of the examinee than of the
correctness or 1ncorrectness in arriving at the solutlon to
the problem. Thus, the very structure of the 51mulatlons,

it

their content ang use, suggested ‘that reliability be

treated ‘as a multi¥dimensional concept. Cronbach (1963)
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treaped.reliability as that attribute of measurement which
is related to "generalizability" of respoﬁse. Cattell (1964)
advocated'that the "consistency of measurement be used as
a Eoncépt to feplacelthé more vague term of "reliability".
‘According to Cattell, (1964), the "cbnsistency of
measurement"” has at leasé three aspects:
‘ 1) consistency across occasion,
R

2) consistency across tests, and
3) consistency across people.
Consistency across occasion refers to:
1)  the degr;e of agreement irl results ohtained
from diffcrent scoring procedures,

2) the propefty vsually referred to as test -retegt
I“reliabi1ity, and

3) the difference in results produned hy Adifferent
conditions of aaministration.

Consistency across tests refSrs to, agreement in
the resnlts of twn tests that mrarpoxrt to measure tha asme
fragf. .

Finally, consistency across pecple reaferae 1n
the appropriatene=s nf a tegt in mear ring the came +rait
in samples.

This stndy foruvsed on consistency neross orccasions
being:

1) the degree of agreement in resulte ohtained

from different scoring procedures,




2) the test-retest reliébility of homogeneous
tparts within each CpMp.

In ahdition,‘the consistency of data used in
constructing the scoring keys was'assessed Sy analyzing
the ééleétions of expert problem~solvers and juddements

of expert raters.

a) Consistency'across occasion.
The consistency acréss occasions was
assessed by determining whether different properties of
the scoying key altered the:
’ 1) distribution of scores (i.e.,
skewnees, kurtosis, and variance),
2) linear relationship among scores,
3) mean scores
4) absolute level of examinee performance
5) test-retest properties of homogeneous
Thteme within teasta, and
6) rank order nf evaminees.
The abnve giyw variahlase were aﬂ?]Y?’.?‘d
ng FAllewe- '
1)  distribution of.scorasa changes in
skewness and kurtosis were assessed by comparison over scoring
procédures; no statistical tesf was used. The F statistic

was used to compare the variance of scores among scoring

,-

procedures;
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2} linear relationships ameng scores:
a principal componenté factér analysis with iterations was
used to determine the uhderlying components of the CPMP
scores; these coﬁponents were rotated by the varimax
technique and the factor loadings used to interpret the
linear relationshiQ among scores} |

3) mean scores: a one-way mulfi— -
variate analysis with repeated measures over scorihg .
procedures and CPMPs Qas used to determine the effect
that scoring procédﬁfes had upon.mean scores;

4)‘.absolﬁte level of pex formance:
examinee proficiency'scores generated by the twelve scoring.
proiédu;%§z were cbmparéd against a minimal level of
performance (MPLj. The changes in satisfactory (pass)/
'unsatisfactgry (fail) status over ;horing procedures was
examined. The method of arriving at the MpL is elaborated
, F

5) the test-retest properties of

on page 101;

homogeneous items within CPMPs: a Cronbach's alpha and -

Tord's maximum alpha were used to estimate test-retest

reliability. The method of reducing the CPM?S to homo-

genenus items js discussed on page 102; s
6) rank order of examinee: a z statistic

for dependent samples was used to determine variation ;mong |

examinee rankings thch were induced by the s¢oring procedures.

An attempt was made to link these observed changes to the

properties of the scoring procedures.
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b. Estlmatlon of a W1n1mal étandard.oflﬁerformance
. (MPL) TR

Although there is a great deal of controversy:
surrounding the utility and the methods of determlnlng
a criterion level of performance, the practlce is advocated
by the Centre for the Study of Medical Education at the
Univeristy of Illinois and has been adooted by -medical
schools on the pass/fail system of grading, one such medical
school being the University of Calgary. For this reason,
it was felt that it was important to investigate the
effect that varlous scorlng procedures could have upon
alterlng examlnee satlsfactory (pass)/unsatlsfactory (fail)
status. ¢

The method selected to- calculate the MPL was devised

+

at the Unlver51ty of IllanlS

MPL = 100 X (Sum of "indispensable positives") - (Sum of

"forgiveable" npéatives)/ Maximum score?2

This method was desiqned fo; use with differential’weights
and applied to the following scoring procedure;; Author; GDs; IDS
CDS, and Mc. Since the MPL was to be applied to the scores
generated by the twelve scoring procedures, 1t was felt that

"the MPL should not reflect the dec151on of any one procedure

Therefore, one MPIL was calculated for each CPMP This was

2The total number of marE% that could be accumulated by optimal

choices.
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‘ Y )
achleved by calculatlng an MPL for the five procedures,
averaglng'the flve MPLs for each CPMP, and rounding the
MPL off to the nearest‘S%. This number was assumed- to

reflect the absolute minimum standard of performance for

the test.

c. Estimating the Rellablllty of Homogeneous
Optlons Wlthln CPMPs. v

-

In order to estlmate the test/retest
rellablllty of options within tests, each CPMP ‘was flrstly
reduced to its homdgeneous 1tems. ‘This was achieved by
- dividing options into two groups: / ‘ e

| 1) history—taking, laboratory inves-
tigation end ohysicalvexaminatioh, and
‘ 2) management'or treatment.. , o
This type of grouping was supported by the fiudings of
Donnelly et. al (1974), Juul et al (1977) and Skakun (1978),

who concluded that these skills (i.e., data gatherlng and

.

management skills) underlie the solution of clinical

problems. %\& | '

Secondly, the crouping.with the'largest
number of‘optious was selected within each CPMP. v |
Thirdly, two estimétes-oﬁ the relia-
bility coefficient were calculated .on examinee responses

to 'these homogeneous options:



103

! - 1) Cronbach's coefflcrent alpha, and
o 2) Lord -3 formula for max1m121ng the
‘coefficieht alpha.

"Cronbach' 'S coeff1c1ent seemed approprlate
Jfor estlmatlng the degree of generallzablllty of the data.
'gatherlng or management Sklll from one test to tests con-
talnlng the same cllnlcal problem. Lord s formula was employed

' to obtain a max1mum llmlt for the estimated parameter. .

~ . . - .- @

B.. Validity.Measures

Slnce the CPMPs, hav1ng been obtalned from the R.
S. McLaughlln Examlnatlon and Research Centre, had been fleld
tested and were admln;stered_asipart of the fourth year final
‘eXamihations in the Faculty of Medicine at‘the}Universityvof.
'Alberta, it was assumed that ‘the CPMPs possessed content,
construct ‘and’ concurrent valldlty To determlne the validity
of the expert problem—solvers' selectlons, thelr scores were

. . “

compared to the MPL. For the expert's scores to be valid,
it was expected'that-theyrwould be higher‘than those.of
‘the e#aminee;“vand that no expert would,scoée Below the
minimum‘pass level (MPL)-

The results of this" study are’ presented in the fol-

low1ng chapter.
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* CHAPTER VI' ' |

L " RESULTS

1. CharacteristiCS‘of Scoring- Keys

.t

As dxscussed in precedlng chapters, the twel
‘scorlng procedures were made up of comblnatlons of m thodS'
of categor;zatlon, welghts and 51ngle and mulxlple keys.
.&The method of categorlzatlon determlned which Patlons were
f‘categorlzed as p051t1ve, neutral and negatlve.k The welght,h'
a851gned to these optlons plus the categorlzatlﬁn determlned
. the welghtlng a551gned to the optlon w1th1n the scorlng key,
(categorlzatlon X welght = welghtlng) It was oHserved that
the above scqung keys produced dlfferent welghts for the
same optlon and, therefore, dlfferent scorlng keys for the
same CPMP. For examole, in Cpip l the author orocedure
weighting of optlon #1 1- d acute anx1ety state",-was +0 8%
‘whlle the computer orocedure welghtlng of the same was |

=1.0%. . It was also observed that the Same optlons were glven

1arge welghts but categorlzed as. opp051tes For example,'

N v

104
.)’ |
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the author method categorlzed optlon #l 4 j of CPMP 1,

"give Heparln 5000 ‘units by’ 1ntervenous 1nfu51on q4h" vas:

a deanlte course of actlon to be taken and gave it av
welghtlng of +1 6%. However,,the computer method categorlzed
'1t as an actlon to. be deflnltely av01ded and gave it a
welghtlng of —l 6%.' It follows from the above that dlfferent
welghtlngs for optlons among. scorlng keys could result 1n
dlfferent examlnee scores for the‘same,CPMP

The extent to whlch scorlng key categorlzatlons

and welghts dlffered would r; turn effect the extent to. which
lscores dlffered leferences 1n categorlzatlons and welghts
are presented in Tables 6 1 and 6.2. Table 601 presents the
,:number of negatlve and posrtlve optlons by CPMP and scorlng
‘key. From the‘table it is evrdent that the number of p051t1ve

and negatlve optlons varled greatly w1th1n the same CPMP

‘For example, in CPMP Y the number of negatlve optlons

. decreased from 45 in the GCS scorlng key to 20 in the CCS

.scorlng key The extent to whlch the welghts dlffered between
scorlng keys is observed in Table 6.2. _ Table 6.2 presents

bthe ﬁ\rcentage of welghts attrlbuted to negatlve options.

Once agaln, a large varlatlon is’ observabTe.; For.example,,

~in CPMP.l 66 5% of the welght was aSSLgned to negatlve optlons
Vln the CDS scorlng key but only 36 6% 1n the CCS key._ .

It is. also of 1nterest to note that there was a

relatlonshlp between the structure of the CPMP and the average o

»
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percentage weight‘allOCated to negative bptio . As the
complex1ty of the cCpPMP 1ncreased the average percentage
welght allocated to negative ootlons décreased. This is

evident in Table 6.3.

&€ - ' Table 6.3

Relatlonshlp Between Structure of CpMP and Percentage
Weight Allocated to” Negative

Optlons
Complexity ) . CPMP | Average $%
oy  least | 1 50.1
2 : 48.2
4 Y 446
, hJ ,
most 3 : 33.9

v

It seemed that as the compiexity Sf the CPMP increased, examinees
' gained marks by seleeting'eorrect bathWays: the laréest error |
being that of omission .rather thanacommission.

The descriptive statistics of the resultlng examinee
CPMP scores are presented in the next sectlon

'."0
2. Descrlptlve Statistics of the Examlnee
. CPMP Scores

The mean, standard error, standard dev1atlon, variance,v

kurtosis, skewness, minimum score and max1mum score are pre-

sented for the proficiency, error of.omissidn,;and efficienCy‘»
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scores on CPMPs 1-4 in Tables 6.4 to 6.15. The distribution
of these scores is presented in Appendix F. The effect that

scoring procedures had. upon the variance, kurtosis and skew-

——

ness of proficiency scores is discussed in the following
sub-sections.

Dy _ ;
A. Inference About the Variance Among Proficieney Scores

Calculated Using the Twelve Scoring Procedures

" A dependent sample t-test was used to test whethe;
éhanges occured in the variance of scores calculated using
the twelve scoring procedures. Since there were 66 paired -
comparisons (i.g,,.(hz - n)/2) of variénces.over all scoring

procedures, the level of significance was lowered to a

0.0005 level in order to reduce the type I error which would

be increased by ﬁsing‘66 répeated t-tests. The t-tést results

for CPMPs 1-4 are respectively presented in Tables 6.16 to

6.19.

With & t-critical = 3.375 (df = 109), the tables
reveal that there were 48 out of 66 significant differences
among the variances of CPMP 1, 41 in CPMP 2, 51 in CpPMP 3,
and_Sl in CPMP 4. Aithough theie was no consisfent pattern
over" the CPMPS} there was a tendenéy for the Mc and CDS scoring
procedu:eé Eé have the lowest variance. In addition,
scéring procedures with differeptial weighting (exciﬂding'

author) tended to yield scores with larger variances. Based
. : N\



110

8ty 86
L18°G6
mmn.wm
£€5°56
0£5°96
LL2°86
ooo.ooﬁ

"GLL°86

1N

881° L6

9Gb°S6

LG "8
.xoz

262°2L
IR Y
226" ¥
82611
2v8°0L
062°2L
89569
y55EL
1€8°89

9.2°69

81€°69
9€9°0¢

"ULY

viz' - . zse | gbo-oz
8Lt~ §(9°2 _/ 89yl
9ve" - 661" 2
566" - 28¢ 21
Lo - LLE"62
6vv° -~  £80° £€8" b2
w9 - 206" 685°€€
§2s° - 691" £6L°22
poL - 6Ll - [66°€2
sv2' - ezt , bS8z
560" 562" 12022
Ly - |

69y° . - r€8° 8L

SSIUMINS m_.mou(_s,x, wucc_,Lm\., n.>mo “P3IS p 443 "pP3S

$34npadoud butupdas z( buksn | dWd) uo pajeinoies

s “«

UOL3RLABQ PdepURlSi = "A3Q ‘PISq

ELvy

~049°¢

6L6°t
6ls°¢
0ev-s
€86 ¥
§6L°6
0LL Y

668" Y -

§80°¢
€LY
0%ty

CTAN
mvm,
L9%°
yEE”
yls°
eLp-
05§"

3

S9%°

€8y’
6y’
Ly

10443 v;mv:mpm;WL:;Lm *P3Se

lov-9g oH
86768 Wa?
191788 W2
€168 502
LYE " 18 $29
£20°98 Wa
958" L8 WOI
83y L8 sa1
pez'e8 - S
£09°8 - s09
1€6°18 N
156758 Joyany

ueay |

1 4

$3400S AOUBLIL404d 4O UOLINGLJISLQ %o $J1351303S aAL1d142s3g

v°9 °1qe) |



111

828761
889°€.
£b6° 12
5b5 ¢ 1
€y L2

2L6°2C

290° 52
218°22
bL6°52
982" L2
$98°€2
14861

" Xel

08¢ L
000°¢
000°0
byl
SLL't
262" 1
000°0 -
Lt
1652
602°2
60b°€
185" L

"uL

$3.4025

20
9/9°
8L’
gee
LLe
9ve"
—Nﬂ..
6SY°
£c0’
Lete
G6c" -
G2’
SSIUMIXS
$8.NPal0vUg

uoLSS LWy 40

oLt -
18’
2t
pzs
6l0°-
82!
48
L9t
981"

9¢¢°-

L9t-
vel’

S}soguny

LyL"S:
bEL £
£56°6:
£6/°¢
99%° 92
vy 02
£69°62
GG8°81
-mmm.orum;
mwn,www;
060" L1
6el 2t

|doueLURy

les'r
690°%
A
sy’ y
€9l
vEL" Y
¥8y°¢
"ARQ “P3S

LLg
p52°
b2y
vz
88"
62t
18t
2Ly
€2y’
G6C" ¢
26¢
Les
"443 *p3s

Butods z| Butsn | dwdd uo pajefno|e)

165°0:
9%0°5
960°01
662
655" b:
812" Lt
126" 01
955°01 .
IR
p25° L1
815 v
LLE* 01

ueay

40447 JO UOLINGLUISLE 4O SHLISLIRIS 3ALIdadSIQ

G
N
!

]
]
;
b

\

9 3fqey

*

oM
Wa3
WD)
$a2
$29
WaI
WOI
sa1
“$a1
a9
$99
LOE...—.3<



000081 000°S¢9 Spr - L §9°L8 8EL'¢ £8¢° 928 M

EEE'E6 00009 082 -  Zep 00y°2¢  269°S  OpS 295" 1L Wa2

€EE'E6  000°09  082'- v - 00v'ee  269°¢  ops 295" 1L W22

nmm.wm . 00§°29 9y~ 5 96S5°62 . Ovp'c 9IS 18y 18 - Sa9

£99°96  000°S$ lse - pot- ezee  8/9t  6eST  9£9°ge $39

0£6°96  .000°0¢ Lor - €6€'-  £68°0¢  855'S  82z¢ L2598 . WOl

© 199°98  62¥'lS  6SL- £5¢” 080°ly  60¥'S 809" €8°0L WIT

PILT96  982°¥L  60b- o= espiz  eve'c  geh 00g "78, sal

* bL°96 00070 @ S2s - p0Z" - 20L"2¢ bLL ¢ £vS” mmm.ﬁm\ - s

000°001L  005°49 L9€" - 592 0/8°9¢ 2.0 98 69%°L8 9

. 000°00L 00543 - /96~ .oz 0/8°9¢.  2L0'y  9/¢ 696°L8 - S29

I 00000l blL'89.  L01- 2807 S6L°8v  S86°9 - £93°  G6L'bg . doujny
e . .TXel “ULW Mmmmcxwxm‘ SLS034ny mwcmwgm>,«>mo "PIS "443 p3S uesy

. -S8UNP320Ug buL40§ 2l buisn | dwdd uo pazejnoje;
, S84005 ADUBLD1L443 JO UOLINGLAISLQ 40O SO13S1303S BALIALUISIG

9°9 9qel - -



113

S€2°€6

80.°96
019°96
£95 *96

_mv.wm.

651°96
6EE 16
658°96
82096

98¢°v6

ovL°06
L12°06

* Xep

mmwuoN
2592
181" L
109751
22v°89
££9° 19
££0°99
££9°89
£99°99
958" 21
561°99
16" L9

"ULW

G6€° - 290" -
o= epLl
619" - 192"
S0E°L-  pI8°L
L68° - G50°1
LI - 620"
£60° - 9g0° -
9vL* - §80°
02t* - 900" -
82’ - g5y -
62¢° - 60" -
90¢" - €22 -

SSUMBYS  SLSOJuny

“

6/8°61
g€z L1
55092
0LL Lt
201°0¢
04L°92
0¥5 26
895 °92
veL ee
£95°€2
19€°22
850°61

JdURLJRA *A3Q ‘PIS ‘43 *PIS

657" P
5Lt
£vL°s
byly
L8Y°S

bLs

v0L"S
valss
808°S

G668 ¢

62L’y

-99¢€° ¢

ger”

vee" -

88y "

Les”
L6y~
Lvs”
68t
Ls¢-
L9t
bt
viv

$34npadodd butaodg g Buisn z dwd) uo pajejnojes

78058
182°68
0£9°98
285 °68
6E%°98
£50°2¢8
8EL 6L
00,28
89508
21518
¥18°08
vEY " LS

ueay

$84035 AJUBLD1)04d 40 UOLINQLUISLE 40 $D13SLIeIS 3ALIALUAISIC

£°9 3qe;

M
W02
W22
S0
$39
Wal
W1
sa1
$31
G
599

J4d0yyny



114,

“a

I

]

vse Ll - 16STL . Lle” els - E9p €l -699°¢  8ve" 596°9 . I

9vE "2l 2L 6" ez’ 869 209'7 052 eesb Way
EE0°2Z-  O6E'E  evl' 8o WeL'6L  owbv  2ebt  smlcLL WD)
80720 189 818 we- 69 - seez 052t gL @
19562 60§°€ we©  pls- 2Ltz 968’y 9gvt £2L°2) $29
9lv’8z  £08'€ 650" L£0°- /€€ Se8'  6ShT  £6EGl o
681°0¢ 199°S 660" €L~ zZl'iz 802°S w6 186'91 - wol
948°22  086'Z . 80" VIO 45§62 €S8y 196" €98'bL - sal
el'6z 26t 910 020 68z 2uzs - 005 gso'oL s
¢S°8L  [58°Z 62" iS-  [29°€L . 169°€  0SE°  280°0L. 509
20691 L18'Z . 61" S0E'- 252711 YSE't  8let  6/b'6 599
59561 vll'z 0z g20° 652°LL . SSE'E  8lET  [40°0L  Joyany
CXeW T CULR SSIUMIYS SLSOJJNY  BoUeidep ‘A3Q ‘PIS  "ud3 ‘PIS  uedy

§34npadouqd buluods z| bulsn 2 dwd) uo paje(naye)

§3.1030§ UOLSSLWQ 4O 40443 40 UOLINGLUISLQ 40 S913s513e3S 9AL3dL4953Q

8°9 9|qel.

<@



115

-

19916 9/S°(S - (8L 92€*= 69Y°0§ . YOL'L 99" v88'2L - M

J299'88°  b2LUlS Sh0°- 2eg VEQ'WY  189°9  ¥EQ  p6vrO WG
- 00000l 69029 951'- ges° 0V6°2Zb . £65°9 _Num. ol6'sl W
| 00026 2SS 86L°- 819"  OLS'EY 9659 929" e'er - sm
00096 129°85  + v2v - 299" €06°€y  .929°9 629"  E¥6°LL . )
‘ . 000°00L  OLE"6L -. §00° 1= Zv0'9L 500t 08e” wmm.,m ' Wl
00096 L1§°S9  £90" . 495 66L72y  2ye'9 T 129° 110728 ¢ WOI
000001 298'SL  ®L'- - 9L S22vZ 226%h. (9% 1€6°88 sar
000°%6 69029 0" - p9g'-- ¥96°yy  S0L°9 989 218 SII
. 199°16  129°8 iy ne- evsy NNN.W BE9,  ¥SL'EL 7 S09
- £99°16  129°8§  19€¢" Sueewese s e YSL'€L . SD9
000°96 . le9es w6l L€0° 88L°€v  [19°  829°  Lv'sL __ Joy3ny

"XBW .. TULW .mmmczwxm w_.mOu.L:v_o wucw,wgw>. *A3Q 'p3IS "ud3 °p3sg ueay |

S3uNpadoud buluods z| BuLsn 2 duwd) uo pajeqnaie)

$34005 ADUaLOL4}3 JO UOLINGLUISLQ 4O SILISLIRIS 3AL3dLadsag 6

=

679dlqeL DR -



116

. ). ] ‘ . . _
l0£'¢6  0l8'2  G50'-  60E'L  295°98  b0E'  cget  [19'b8 - oM
0vS°€6 - L62°l  8ly'  lbbc - L6S'€2€.  [86°LL - L0L°L  628°€S WaD
000°00L  (p9°LL  L19° - 982 < ZELLE WwBL €8l S96ES WO
681756 » - ‘ofg'se BE £zl wb'LS £95°6.  B06° - 2LE°b9 - s@
€o'68 - elStle ez’ W8T 9/S'SLL - ISL°0L 020°L  SL0°09 s
988'(8  626'82 220" 186" EL0°pLL . (89°0L  ¥(0°L  190°8S Wal
999°98  666°6L - £2€'c - BLL®  6Ly'bol €28°2l - L1zl  SL0°6S WDl
G16°68 86z Lz - S6s  L99°ELL TU98°0L  2l0°L  /8b'ls  sar

688°88 . - BLL°LZ SEE WL . ELET/EL L2001l ZLI'L  4SS°ES s
16268 69£°08 -+ 929°-  Lev"  @6L°OEL  OLp'Ll  £80°L  86'99 @9
£96°98 © £96°96  092°-  09€'-  IvE'€8 6216 998 - 16209 $39
000000l ‘0001z  880°  €9L°l-  £e2'8EL  OLL'Z  6/5°7  150°8s  douany

* o xRy “ULW ~ SSBUM3YS SLSOIJNY SJuRLURA  A3Q .uuw D43 ;s ueay .

»

$3UNP3d0.4g BULI0DS Z| BuLsn € dWdd UO paje(no|e)

, &, ,
$3J4095 AJUBLILJ044 4O UOLINGLUISL] FO SOLISLFe}S aALIdLUIS3Q

o . - 01°9 3(qe]

R



~ £E0°SS
19§82
© oprer.
000:0% -
269°25
128715
,Nmm.om
20" 15
LLL L9
" 691705
Foo.om‘

8l¢’1S

‘Xey

£02°2 . l2g'-
0000 . g0L'-
000°0 89g°~

SoL'¢ 918~

£25°0L - gs5°~

26 gpge-
999°9  g0g"
€L6'8 695~
oGS g5
269°L 9z
S5°% 02"~

000°gz . - 8E0"

"ULW . ssauMays

909°
96L° -

168" -
95"

99p"
682"
880" -
o2

6b2°

861"
800°
£9/° 1~

SL503.4ny

966°S.  8LL'S
186°962  SLL'LL

£15°62¢  251°8L"

mem.@m.w 90%° ¢
860 1L _ 9v°8
ol _ mmn.m
BOLBEL . ¥5L°1L
T96E°E6. 199°6
916°521 Lot
2e mu.__e £95°8
hmw mm L8
siLe mN, 5 mmwvmﬁ

mucmrgm> >mo ‘PIS

128"
0£9° L
£2L° 1
€0L°
£08"
988"
911" 1
L16°
1690° 1
€18
Y
60€ "
a3 cpag

$a4npasody mcpgoum NF mc_ma m mzmu uo uwpm_zuﬁcu

Elb°62

€06° L€

6v2° €€

04542
0L9°SE

e Le

201°2t
6L6° L€

L Ly

0£5°52
8Ly 12

195°%2

{ - ueay

mm;oum :o*mmwssou 40 ;og;u 30 copu:n_;vmwe 40 mupum_ucum w>_pnw;ummo

[1°9 31qe]

- W
i
W29
S@)
Byl
War
W1
sa1
1
$a9
529
Joy3ny



118

000700t
- 606706

606°06

606°06

818" 18

0007001
000°00L .
000°00L -
000°00L
~ 000°00L
000°001.
10007001

xey

1§82
000°00°
© 000700
Ls"8z

000°8
 ‘.meF.wa
s’ mm,
CUUBIUO el - gogtze
PO 8L~ -68LieeE

. _mﬁm.Ln. 150t - ze6°uiL
8lE"-. 150" -m _ .NW@.NNF.
U0 829 - fgyrioz

mep Nm
000°0€
L4552
wNm.mN

- 000°0Y
E ..‘.n.._.. u wz N

wmgoum xucmpo*mwm 30 :ova:npgumpo 40 mu*um*umum m>wunvgummo

SlE- 50T - ge6niLl
b8S - ELET  9sztpog
©oes0t o eat - 815626
Nwoyy .m 5L yv ,w p8E 951

980" Y00+ 529%68L

R R

2L 088" - 158962

SSIUMIYS mrmou&sx,, oucmppm>

LPEEL.

e LL
18Y°61

50821
0LL L

6Y€°6
L1 Ll
200°6

gevsl

L LpEEL
e m_
G61° v_

A3g uuum,

9921

959° [

6¥8° 1
811
Lot
188"
mw@yﬁ,
198
052" 1
“992°1
992°1

L T |

443 pIs

mm&bumuonm mcpgoum ‘2L bursp ¢ mzau :o paje|noe)..

2109 m_awh

,.’ -

RN

S11°69
“.”mmmqu.

SbL"6Y

660765 .
uetes
S uzog
986" 49
..ch 28

oN~ mw
mhp.mo

- 51169

£SE° L9

- ueay

k)
WD)
W29
S0
$32
W
WO
sar
) g
sa
(%
;ocp=<m



119

-

989°96
965796
£0007001

p10°L6"
6€2°G6

998" v6.
- mpm.mm_

516796
| .‘mcw.om,

mwm wmw

N@N mw”
__mh_W@m

ey

295°19-
u.mumwhﬂ.

pob° 69

levies,
sWLTLS
" 796£°€9

864°85
268°59

_;wwo,mw.,
2Ue°09
680°GS
-916°06"

0L-

025 - eQOUMr. 00b°8Y . 56%9 m\ © 099"

7 gog-

oLy -
8L

Caes-
091’

ezt

._omﬁ.

vy
0€

r.wmw:zmxm

Coes - ales el . sey
088 - slz8z zle's  pos
P07 - 6980, 8lb'g

oo
.u;_ ,,—NmnF-.~. SBRELLa9%0r  slott

.

g2zt zeveE . £82°9 965"
BLL- - 686'9Y  Ss8'9 159"

661"

£€9° - o E60°1S. ,wwﬁuN,,_ 819"~

0zs' - g8Li9s - mmmJNw u..»w_\¢
096" - 968°Ly 126’ o.__, £59°
v9* - . 808°26 . [92°L 069"
SRS 9L 660"

mwmougsx mu:mch> ..>mn "pIS _.L;u vum

mmgzcmuo;m mcpgoum NP mcpmz A azmu :o vampauymu

mw;oum xucmqumo;m mo =0wuanLumpo mo muFum_uaum m>ppnrgummo

-

mp ‘9 w—noh

966°28
“n.w¢~.vwb
_.wmouum
T 1v9sg
 899°6¢

82v° 18

BLE"LL.
ver'es
 veleL
842°58
1969

00% 512

" ueay

N
Wad

W)
- Sa)

§32
War

WL

sa1

S09
s
Aoyzny



120

568° L€

. 0€9°61
 000°52

L19°81

0y ot-
‘€16°2¢

SlE°9¢

' £08°0€
69€°9€
£1278e

ommwmm

- 162°GE -

"XeW

P a6

619°  lgE"
el
YLt gest-

€z 6l

by . eget-
“09€” 260 -
el

€8 sey’-

s yee-
0L0°L L6’

‘

A

wis*  £z8°-

SSBUMANS  S1S0%4NY

0z,

869° - €10

~
1
’

48072
1828l

o olase
o -sefrel
. 696°G9
828°zy
L8y
688700
185°5p
960" 55
2LE°8Y
295781

v99'§  8Eg”
92°y  90p"

926’5 £95”

?

959° e
s L

vs'9 29

286°9 €99
€9 L09°
6009 1b9°
6L bOL
2oL 199"
,.mum.@ o9

606°€1
065" ¢

Lt

€649

60%°61
060°91

L0v°02

- 6Lyl

bS8l
b0§°21

0£5°61
285°SL

mucmwgu>_,.>mommuum‘ ‘43 °p3s ueay

$84npadouq Bupa0ds z{ Bulsn ¢ dwdd uo wmpnwjuﬁou

p1°9 alqeL

<

53005 UOLSSHUO0Y §O 40UAT, 4O UOFINGRUISLE 40 $I1I513eI§ BALIA}ATSA]

£

N. Q'

WD)
- Sa)”
s
Wa1
WOl
©s01
$31

09

$29
Joyany



121

0SL°€6

.688°88

688°88

£99°98
962°96

256796
BLLps

620" 96

LEL 16

05L°€6

" 05L°€6

000°t8

- xey

&

P

000" 2L
000" 00°

yS1°9p

100025
£99:99
.ooo.om

955 "5

€269/
865719

000°2¢

00022
- geE Es

UL

~

mowhm a9 89ee
E TN T Dt 7Y
vom.a..,\a\«mv.- ©689°86
mNN,r;y\\, 916"~ .vmmh_u,

-y vob- . legmt
R
18" 4.\, 06l 186°LL

T J | 8I8'- . BLEL6
2087 gs0tc uzisl
w8l e Lz

662°- w09~ 2u0'b2
6e2-  ope- NNN¢vN
6Ep- 082 wlzee

séaumang H.mwmomex‘ mo:m*pm>

998°p
€628
' bE6°6

L50°8

L0£°9

R oA

898°6
v8E ¥
_L6v°9
. L6y

LL6"Y

6¥8°G

>mc ‘P3s

29
GE8®
£v6°
€08°
9€9°
: /
A1)
56
91p°
£19°
mmeﬂ
Ly
GGG’
Lum uum

mmgzvmuogm mcwgoum 21 mcpm: e m:mu :o vampsuﬁmu

mm;oom »u:m*opwmu 40 :o*uznpgpmpc mo mu*umpumum w>PuaFLumwo

5179, mwMMk.

960°€8

22" 1L
80659
£21° 1L

Nomew.
£1€°06
UYL
L1568
9€€718
206°¢8
- 20€°¢8
b28° 1L

U ueay

W
Wa)
W2
507

$39

NI

WL
sa1

SJ1
- 809
599

Joy3ny



Q- $000°0>d
3 .
. 0°1 :
CNTl- 0T .
xT'Y ¥0°0T 01 |
, ¥0°8~  ¥%'y- . x°0T- 0T .//wulm.
+1°8 ¥8°TT  %0°9 «T°€T 0T \ u
LR «mwmﬂ 9°0 - x£LT- xl'E- 0T ,
x0T X6U9T  wT7L ¥6:LT LT 0T 0'tT
€€ ¥8°8 S'T- - ¥Z'0T  #L°S—  %9°%T  x%°€I-  0°'I
¥ Y €6 20~ xL°0T  x§Ty- - T'T- . xZ'g= - 9°T 0T
. R T T e T R X B LT 0°1
€'Y ¥l xE'T- ¥C'B xSTh- 0°Z- w87~ €£°0--  CEIT- 48¢- 0T
T'T-  #S°S.  x6°€~  %9°9  x6°G- ¥0°S= %601  T°E- x8'C- 09 0= 0T,
. 00z et v vzl wwaN ¢._\b,qN KR ,m,w.Nw_ 0vz . 65c vz 88l
EiY WaD WOO sao '$0D WaI o HOI sa1 $01 sao $09  ° MOHLAV

m>Hm39 ayy £g. vmumﬂsuawo 8310283 huumﬁUﬂmoum wcos< wucmﬂum>
30 aomﬂymmmmw Jo ummH I

T gmu uo ww.HﬂvNUOHN wSﬂHOUﬁ.

;

919 @1qel |



r~

N ~
.VJ -
. ) ‘ §000°05 d &
™ :
a 01 i * 2 .
2°2- 0°1 '
M XL 0T . ,
z°2- 2°0-  x9°L- 01 . -
¥9°C x0°6 k€M %66 0°1 . ,
S 42 R S 1 S W.HJ 0'1 R -
R *m.MW1 x6°L 1T k6L - 0T m‘am.w S A SR
$TY x€°S . T'0 c k€S Lo1- 9°0~  x9°L~  0'I
¥S$'8 - x['8 €€ . *wpw LT 8L L2 *n.w - 0T o N
rmﬂm,_ %6°¢€ €T~ x6°C R A mrH- *Ndw:_. 8T~  x6°G- o_ﬂ _ .\‘. e
- wyg _.*mum.,m 6°T- - . xveg *q.m-_. T°T- x2S TT- x87¢- .m.ﬁw o't . “
g0~ o1 ¥6'€- €T ¥ w9W= w8TL- x9t9e  4lvg- Lo.qw TUe- 0°1
0 6°6T  ,T°LT ' 9¢ LT T0E - 89z <ze 9% e o€z quN T°6T
. | - zpu. WD $® ,on wat WOT sar* $9I, s §09. momaa¢,
7 awan wo mmusvuoowm Sutioog . .. , |
BATAML Y3 £q pe3IBINOTER) B89100§ Louardfjyoxg Buouwy sdueTIEp
: ’ Jo uostaedwmo) 13893 7 '
| (19 etqer . - ,
. \ N



124

S o . . | $000°0%d &

0T o | |

€7° 0T
X9y €T ot L. s a
¥E16-  #€°9T-  x6°CT-  0°T m, " . .
¢N.Na rmeqv 'y *T°€T - 0'T o - | .
x°L T v~ kTU0T-  x8°9- 0T | , " @. v
¥6'8 Tt g VET wltg- xSy 0T ° Co
¥S"S | €0 91— g *T°8= %87y~ xy'9- QT , )
%Ly €0 0T- WTL e P'T- wbE- €00 0T .
*¥T'S T A A 50 0T 91 L1 0T O
¥l 9°1 $°0 . xT'g ¥y~ T ro- g €z L0 o't
%007 W TT x9%6 C¥STTT T ¥T' €T %6°L ¥€T  ¥THT LT x9°6T . 0°T

N N 2'82 670/ T°IS 89 6°Ly v-gy 825 z're 61T

o WD WO . s . s00 kit wor Sa1 so1 - Sa e “OHLAV
- . . % mﬁmo uo $3Inpavoig Suyiodg | L o L

w>am39 wsu £q paijenoTe) s9100g fdua1oTjy0ag Suomy asueTIE)
’ 3o comﬂumasou 189y I

8T°9 °1qey o | o
i . .



el

125

S000°0>4d «

-

€ dWdD uo mmu:wwuoum 8urxoog

m>~w39 aya 4£q kuma=UHmo §31005 Aduaroryoig Buouy mocmﬁum>

Jo .uostaeduwo) 383y

&
6T°9 3aTqeg

\ : m - |
01 .
*T' 17 ,,.H .
%€ 12 €1 o't : . b
01 ¥6'07-  x0°0z-  0°'T «
| , ;
¥L°7 ' wSTE - ¥T'9T-  x6°¢ 0°1 ' .
¥°% xTUET- xT'WI- gy 2:0-  0°1 “ .
¥0°0T  #8°L~  ¥6'8-  %§°L %' w671 0T :
$TY HTUETE xTYI- L°g €0~ ~Er0-  x6'6- . 0°T
¥8°9 *T°0T- x0°TIT- x0°S §°Z .«o.m ¥9°H- *V°9 . 0°'1
x0°L ¥0° 2T~ x¢HWH| M 9°1T .N.N. T xTy- 1°2 8°0-  0°T.
0°T=  »T'T2= %0722~ Z'T-. &€'%~  x€'S-  %0'TT-  %0°6- - il  T'6- - 0°T .
w09 %L ¥1°6 X'TY  %E'6E x8°0%  xBo0C *7°TY X977 x6°9€ xl'8%  0'T
998 crETE Nfﬁnm. 716 97T T™PIT  9°%9T  [°€IT  %°(€1  ¢°0€T  €°€8  ¢-8€L i
) , . N\ T
Mo HOD WD Sa9 $09 12008 S 3} saz , S01 S S0 WOHIAV
3 , . , |



/ S 126

on this data, it was concluyded that the ‘method of categori-

zation and weights assigned options could alter the variance

among CPMP proficiehcy scores.

‘B. Skewness and Kurtosis

\

Tables 6.4 to 6.15 indiclte th;t the skewness
varied over CPMPs and scorés. For example, the distribution
of proficiency scores tends to be negatively skewed for
CfMPs 1, 2 ahd 4 but positively skewed for CPMP 3, The error.
of omissiQn sco¥es tended'to be positively skewed for
CPMPs i and 4, but negatively skewed for CPMPs 2 and 3.

However, the degree of skewness of scores varied over

%
v

scoring procedures. For example, it was observed that the

¢

distribution of proficiencylsCores for CPMP 1, calculated
using the scoring pfooeduré CDM was heawily skewed to the
right (i.e., -1.181) but sliqﬁtiy skewed to the left (f.e.,
0.035) uéing the GCS scorinﬁ'proéédure-(seé Appendix F) .

The kurtosis of.the:distributibn was also altered.

f .

For example, the distribytion‘of scores rbse to a sharp point

-

using the CDS scoring proéé@ure (i.g.,_kurtosis = 1.814)

but was flattened using the GDS scoring procedure'(i.g.,
kurtosis = -0.409), &see.Appéndix F). Since ﬁo;particular
-pattern was 6bservgd between*scoring procedures and the

s - v . - -

‘distributipn;of scoféé,git was concluded:that the distri-

" bution of scores (i:e., skewness and kurtosis) could be altered

S £ '
- by different scoring procedures.
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-

The linear relationship among CPMP scores was de-
termined by factor analysis and the results are precented in '

2

the next section. . '

3. fgétor Analysis
Y
A. " Component Structure Underlying Proficiency Scores

The mitrix of correlation coefficients between
[ ,
proficiency scores calculated using the twelve scoring
" procedures on CPMPs 1-4 is presented in Table 6.20. The

matrix has been divided into-66 submatrices. An examinatidn
of the coefficients.;ithin thé submatrices revealed the'diag.—~
nal elements to be relatively large (ile., approximately |
‘0.70) as compdred to the off—diagonal elements (i.e., approxi-
mateiy 0.10). This %tggeéted a strong linear rélationship
among scofes for the same C?MP regardléss Qf scoripg pro;
cedure but little relationship.among scoreé.of different
CPMPs. -
Tableé 6.21 presents the factor lpading matrix
from the principal,compoﬁeﬁt analysis. Components with
eigenvalues greater than'one‘were retained. | ‘
- Factors I-IV were referred to as CPMP(1-4)
test factors and hadvthe folld&ing loadings:
| ’éPMP 1 loaded on factor I;
CPMP 4 l“ed on II;
CPMP 3 loaaed 6n IIT; and

CPMP 2 loaded on IV.



128

. .

01£0 80-00
0 00t£0-50
0-£0-00192

S0 92 00

S 9D .20 010010 90 60

L 1S €0-20
)1-90-9, 02
0L-60 1| 08

10 001£0-90
00 £0-001€1
60-90 €1 001

LL 0 20 10

10 £0-19 S0
10-90 12 88

{2 £ S0-90-

0 L6 21-80

8 01 10-50-001bt 80 IO

t 00150-00

11 10-4{ 80180 -50-001£0

11-¢0-€1 9¢

{0 00 £0 001

b{ 90 90-60
0 ¥8 SO 0
0-v0<€L S
L=k 21 92

6 Ot 10-214
1895 0l +0
10 80-86 L0
(-0t S 86

68 LL 90 (14
DL €4 60 +0
(0-€1-64 60
50-21 90-1¢

0L 00160 10
L0 60 00tOl
11-{0 0] 00

0010t 10 L1

€8 €0-£0-20
190 -9¢ 20 91
SO 90-09 20
0 80 S2 98

£y L0 €L-111
L1 EE 40 €L
€L €0-€EL Ol
0{ 10-pl S9

89 9110 SO.
vl 92 90 91
Lt £0-S6 20
b0 20 90 v6

9SG 20~1L-2 L]
vl 8L SO 21
0 {0 8L 80
0-£0 L €9

00LEO 90 60
€0 00LSO 91
90 S0 00190
0 91 90 GG

P13 |wo uaaq aAey sjujod [ewjdap 3yl

£6 €0 50-10
€0 S. $0 80
€0 £0-$9 90°
00 €1 6] 26
06 €0 £0-10
20-07 20 bl
20°60-1£ 60

69 ¢l £0-801
2L 02 to-L1
90 -00-9% b1

28 8l 60 10
60 0¢ S0-21
21 20 89 €0

KC SC-€0 06

9/ SO 10-01+
L= 45 10-0l
10 00-¥t €14
0-01 Q1 {{

98.01 €L 00
0 8L v0-11
0L €0-99 80
0 8l 00 8¢

00190 80
90 001£0-11

0 L0-00120
0-11-20 00

{8 81 60 (0
90 81 80-L1
€l 10-19 90

8 90 Z0-801
0 1S €0 91
10 £0-€b 0L

(L 60 L1 00
20-G. 60-91°
01 $0-£9 L1

26 S0 L0 €04
0 66 L1-LL
{0 S0-96 90

00120 50 00
20 00110~81
S0 80-00(00

20 61 20-58

v R

10-€1 €0-96.000 81 00 00 : .
00130 60 10496 20 80 00 {00190 80 10
90 66 90-01 [SO 6 50-21 |90 00150-01
£0 10-66 $0 (90 01-96 10780 §0-00L 10
10-11 10-86 |20-£| €0 S6710 0L 1O 00
26 60 L0 ¥0 [{8 20-%0 £0 [¢6 00 90 90
10-56 90-£0 |£0-26. €0-01 {L0-S6 S0-L0
L0 S0-S6 L0 |90 80-66 00 {80 $0-96 +O
£0 L1 £0 $6€0-91 OL 06 |10-0L 80 6
L 90°20-10999 10,.20-00 |9/ L0 20-00
60 84 L1-2L 01 1B OL-EL[80 b OL-EL
20 SO 89 61 [£0-20 SZ ¥l |10-90 1L 81
£0 21 50 €6 £0-BL 60 06 120-0L 80 06
28 20-20 104v. 90-10-00 |28 20-10 L0

20 vl v1 68
€6 €0 $0-10
20 €2 50 90
€0 £0-§9-80
20 €1-£1°16°
68 €0 £0-50
¥0-89 0 €0 |9
£0.£0-€L OL |t
00 €[ 12 062
18 61 LL-107
80 8/ 10-80 0 0
20-10 68 £2 {10 00-€S (1 [£0 10-0v €2
10-01 92 S6 1¢0-00 12 9/ [10 (0 90 28
06 10 01-0092 vl £L-0L4Lh 22 20-00

10 ¥0 0 I8
v0-£0€8 61 60 10
60 b1 £0-1L1
L1 10 69 SO
€0 _S0 00 06
0-90499 22 S0 L0
£0-€1 90-60

00 +9 20
00 80 v0 (8
Ly 12 90-10
L0 €€ £1-80

£0-01 Ol €L

750 20-70998 01 €1 20
LL S 20 £0 [0 BL 20-11
0 00 b L1960 €0-99.01
60-01 60 S/ I50 61 10-88
95 20 80-80406 €0 £0 60
0 8% £0-10 |00 0/ £0-60
10 00°9% 8042l £0-€9 21
L-€1 OL 2/ |v0 2 (0 88
S %0 EL-0196/ %0 10-20
Lt 95 £0-21 00 09 21-80
90-S1 8% L1 {20 00 L¥ 92
£0-60 91 £/ |E0-61 20 28
£y 10-01-1048Z 00 20 €0

Sh

00150-50 #0
S0-001£0~£0
50 £0-10 L1
v0 (0 1L 00
S8 20 10-20-
0 €L 01-£1
€0-60 9L £2 [90-£0 00152
10 80 0L 68 W0-2| S2 00
G8 £0-10-10-16 90 ¥0-£000190 60-€0

0
—I
t
L

tit 90 %04
tL 00LED 21

90 16 L0-20
'90-10-€6 Of
€0 20-92 96

90 vv 80-L0
£0 80-€9 81
60-15-02 99

50 b 60-50
¥0 £0-9€ €2
10 00 90 8/

5024 80-21

L0 09 80-60
$0-20 LS L1
£0 SO 9{49

20-10 9¢- b2
b0 SL ¥0 &4

00 65 01+£0190.87 80-11|
90-01 ¢5 12

10 90 01 S8

£0-80 €9 91

10 2| €] 28

90 L. 80-21
v0-11 9S 61
c0 0 €| €8

90 1£ 80-01
80-01 §9 22
L0 €0 bl S8

€l 68
80-90
00-90

¥0 80
16 62
8¢ 26

50 00110 L0+
60-10 00L0E
£0 10-0€ 00

0 ¥E 10 61
£0-90 b8 2¢
{0 0L 01 28

SL 20 2L-60462 21 21-S1T

6l bL-€0 12
90 20 £9 02
£0 0L SL 9

S€ {2 90-804
2l 22-90-61
80 L0 [¥ S¢
90 ti _t0-99

8% 10-80-Y11
SL ¥2 b0 61
£0-60 S 22
E0 11 0L €/

20-99 10-91
10-50 ¢¢ €2
v0-€l $0-6§

69 00 10-50909 20 50-801
60 65 SL-02
£0-(1 29 92
00 90 80-18

09 20-£0-9040, 20 S0-90
60 69. L1-12
20-01 99 L2
€0 G| G0-18

80 09 pl-22
20-t1 ¥9. 22
D €0 £0-6¢

¢0-55 21-61
90~01 69 82
10 00 t0-tL

0/ 10-/0-80108 L0

9011

60-01
20-€2
€8 0
60 £8

10-€9
Li-£0

8 80 0L-80
0-S€ 80 81(
L-€0 58 L€
0-90 51 08

BOT10 21-607

10 00140 02

2 L-%0 00102
60-02 02 00

v £ 2 |

b € 2 |

[ S|

v .£.2 |

v et

vy £ ¢ 1
d KN

vy e 21
d)

vt ¢

-

v € ¢ 0

v € ¢ i

v € 2 |

|2 SN |

M

W@l

W)J

S@d

LY M)

War .

M

. NQ320¥d ONIY0IS

“.mmgsvuuo;m bua0ds 21 ayy butsn pare|na|e)

sal

/

SJ1

SdWdD ¥ 343 O 534035 AJU3LD14044 Y] UDIM]ag ,JUa1214330) uoyle|aua0)

E}

Oc¢”

9 81q¢]

S@9

$39

YOHLNY




N
i

/’ .
s

c .
S - p
SCORING M
. PROCEDURE P
. . 'I
: . 2
. "AUTHOR 3
4
1
o 2
GCS 3
4-
1
L 2
GDS, So
4
-+
2
I1CS 3
4
1
| 2
IDS ‘3
4
1
o 2
ICM 3
4
1.
2
- IDM 3
v : 4
]
2
CCS 3
4.
_‘I .
2
CDS 3 .
' . 4
1
CCM 3
2
1
2
- CDM 3
.4
].
2
Mc . 3
4
Percentage
of Variance  23.

Table 6.21
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Var1max Rotated/fr1nc1pa1 Component Factor Analysis f Prof1c1ency Scores

* factor loading > 45; dec1mal point om1tted

**communa]ity

F,aCtOT' 4
¢ , . . w,hz
I 1T 11T WV VI VIl VITI 3
83"  -04 02 -09. 14 06 10 05 73 .
23 -07 08 61 0s/. 24 . 02 55 80
18 o1’ . 63  -12 5 05 -33 03 58
--09 81 o1 - -10 -06 . 00 05 03 69
89 03 ° 02 . 13 -02 03 -04- 06 81
19 -06 * - 07 55 01 21 -08 75 97
03 06 80  -03 . -06 -07 33, 03 77
-01 95 -03 -03. 11 -02 07- -0 93
94 -02 08 07 00 05  -02 06 91
17 -02 03 72 <02 2. - 01 58 90
. 06 06 8  -06 01 -07 21 09 76
-02 93 05 -04 -20  -05 06 01 91
94 00 © 08 11 ~ -05 -01. 03 -03
02 03 -05 . 9 03 16 00 1 97
01 -03 93 02 - -03 -07- <09 04 88
05 9 . 01 04 11 -02 07 -06 91
96 02 . .08 03, -04 00 01 -03 94
00 03. '-06 96 00 20 02 01. 96
03 03 97 - 02 02 00 -07 03 95
00 9 03 05 . 38 04 02 -03 98
95 02 09 -01 -03 03 -0 -04 91 .
o7 02  -05 % . 02 13 -02 09 96
12 0 -03 7 94 - -04 04 -04 . -03 04 91
-01 83 03 .03 50 04 04 -04. "94.
98- 00 07 06 = -02 01 . 01 -02 97
-02 04 - -07 .9 0 19 03 -02 95
05 02 97 0 02 -03  ,-02 05 96
=01 . 791 04 03 37 05 02 -03 98
87 06 07 13 -07 00 -06 -02 .
:-03 06 -03 55 04 75 - -03 -13 88
13 02 80 00 10 11 16 13 .73
02 8§ -01 1 13 -09  -02,  -03 )
80 -12 05 - 514 04 04 10 15 71
09 -07 -01 30 02 88 -06 27 95
05 -02 62 01 07 15 49 . -07 66 -
-08 54 09 -02 74 05 01 -01 86
91 03 07 07 -07 -0 -07 01 84
-01 02 -03 56 04 17 01 -13 * 92
04 18 7. 02 -01 -10 8 . 00 78
02 59 06 12 73 -03 02 . 00 90
83  -TT 05 -15 04 02 06 15 75
13 -09 -01 32 03 84 -04. 33 94
02 09 21 -0 03 -02 93 0
-09 37 1, 03 99 08 -0 03 99,
97 01 03 08 -02 03 -01 08 95
16 -07 . 02 - 63 -02 - 42 -02 58 V94
05 00 . 8 -03  -03 01 - 43 <06..
'00 93 - 00 00 -28 -02 05 -01
10 .19.40. 17.20 13.70 4.60 3.80 ‘ 3.10 = 2.50 87.40
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oA

Factors V =VII were referred to as CPMP (2 4) computer factors
due to the dominant loading of the computer scorlng key.

\
The 1oad1ngs under factors V—VII were as follows-

CPMP 4, scored by the CDS, ccM and CDM .
proced¥res, loaded on v, = o

CPMP 2, scored by the -CCS, CDS, CCM and CDM
procedures, loaded on. VI, and

" cpMp 3, scored by the CCM and CDM'prOCedures,
loaded on VII , ‘

-Factor VIII was referred to as CPMP 2 group factor, with
.CPMP 2 iscored by the GCS and Mc ‘procedures, loading on VIII.
Factor VIII was referred to ‘as CPMP 2. group factor 51nce
the group method of categorlzatlon 1s used in both the
’GCS and‘Mc scoring procedures. Because‘th;s method of .
.categOrizatiou"was comﬁonifor the Mc, GCS and GDS :scoring .
'procedures,-factors ob'Wbicthc loaded with the 'GCS ‘and
GbS methods, will be referredbto-as fgroup'.

The percentage'of variance accounted forxby each
factor is presented‘at-the:bottom of Table 6.21. In total,
the'eight factors accounted'for 87. 4% of the“observéd score

variance Of this, CPMP (l 4) test factors accounted for

73.4%; CPMP (2-4) comouter factors, '11. 5%, and CPMP 2" group‘

factor, 2. 5%',

o

#

The above analytlcal results suggested a predomlnant
‘cllnlcal problem factor (factors I- IV), and a mlnor scoxing

factor (factors V- VIII) Due to.the_scorlng factors,'each~
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cllnlcal problem was further factor analyzed to determlne

the scorlng structure w1th1n each CPMP

B. Component-Analysis offProficiency SCOres_on Each CPMP

Component analy51s of scores for CPMPs 1 to. 4
,was undertaken as follows'
l) correlatlon coeff1c1ents between prof1c1ency
scores ‘on each CPMP weredpalculated uslng the twelve scorlng
'procedures, and | N
| 2). . the*Correlation coegficrentmatrix was'sub;

'jected to the same or1nc1pal component ana1y51s prev1ously

applled to the 48 X 48 correlatlon matrlx : - ‘ﬂ 3_

o .
v r.

5 5)' CPMP 1
| Table 6 22 presents.the correlatlon
'dcoeffLCLents between proflclency scores on CPMP l.
Table 6.23 preSents the resultlng
matrix from the‘prlnc1pal component analy51s.l
In the prlnc1pal components factor
analy51s, .one component was found to underlle %he correla-l
tion matrlx accountlng for 84 1% of the observed varlance.

Thls supports results 1llustrated in Table 6 20 where

all scorlng 1ethods loaded hlghly on factor 1 for CPMP 1.‘-




'fulszf‘_io‘

Tab]e 6 22

Corre]at1on Coeff1c1ent* Between Prof1c1ency Scores on CPMP 1
' Ca1cu1ated Using. the 12 Scor1ng Procedures (N 1y _
AUTHOR G ¢S GpS 1cs s 1ICM_' IDM] ’ccs f;cbsg.'ccﬁ COM - Mc .-
CAUTHOR 100 80 <. 83 .74 - 79 .81 8 59 .73 66 76 B2
. 8S . .. 100 92 -85 83 ‘83 85 77 61 78 66 . 9
@S . " 100 8 9 9 93 8 73 -8 76 95
s .+ <1000 94 90 95 88 72 87 737 90
0S8 . . 100 95 98 ‘s 75 90 76 91
ICM 00 9% 85 -73 8 . 75 -89
oM - S 100 88t .77 90 78 92
c€s . .. .. 100 63 -94 65 86
s T e T T 0 Ty 98 76
TeeM T g0, 6 88
oML o T 00 e
Me o T 00

*detimaT poinf omfttedh5

<;'; Table 6. 23

et

' Pr1nc1oa] Component Factor Ana]ysws'“"_ : R
. of Prof1c1ency Scores on CPMP 1 IR /i -

'Scoring“ 8 “Factor h. ke S
;Procedure\ R J .

Author - 83* . 68 o /.
-GS . 89 - 79 -
".60S 95 - 90 . fo
1CS - B
- 1DS SR T AR S _—
1M - 95 9
IDM . 98 97 g
cs - .88 . 77 ™
cos - . 80 .- 64
. CCM.- 91 . 83
M 97T e

K Percentaoe '"n" SR S

. of Var1ance 84 10.= . '8$¢10 :
'*dec1maT point omitted
**communa11ty




R R & -

b) cEMp 2

' Table 6. 24 presents the correlatlon

' ,coeff1c1ents between prof1c1ency scores on CPMP 2.

k)

’Téb]ei6.24"s p } |
Correlat1on Coeff1c1ent* Between Prof1c1encv Scores on CPMP 2

Ca]cu1ated Uswn' Procedures (N 111)

PR

AUTHOR Gc§ GDS " ICS IDS ICM . IDM  CCS - COS - ch' coM. Me .
_AUTHOR 100 85 8 69 64 66 .62 - 40 55 47 63" 84 -
6 100 91 65 5 63 - 52 36 . 57 36 63 93

eds - o - 100 76 71 75 .68 .41 - 49 40 53 89
S IeS . Y0 9% 99 95 64 46 64 49 ' 73
LIS 1000 9 99. 66 47 69 . 48 68
R I 100 96 63 .43 61 45 71
CIDM . 100 66 44 68 - 45 64
ceso. . oo q0 789573 60
s T 0. 797 98 73
oM T . .00 T770 61
coM e v 100 .73
Me o S T 000

* decimal point omitted

. . ! : . ’ v c .
& ' : . B

e ?

’

Table 6 25 presents the fesultlng

matrlx from the pr1n01pal compOnent analy51s

- B
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Tab]e'6.25 -
.. Var1max Rotated Pr1nc1oa1 Comoonent Factor Ana]ysas
. of Prof1c1ency Scores on CPMP 2 ‘
-’Scor1no R _Factor . - ‘ B b S
v?Procedure R 11 - IIT L
'Author .36, o 76* - 7 . 78
- 6CS 24 .94 20 .97
GDS. 46 - - 82 14 90
. Ics . 86. . 42 . 24 97
- IS 89 - 32 - 28 98
o IcM - 87 39 21 97
oM . - 9T . o 27 97
. ecs ot a9 07 - 80 89
- CDS L0 39 -89 g5 —
- Ccme - 49 - 08 83 . 93 .
COM’ oo 10 A7 - 8 94.
' MC'- S -1 .43 - 95
;,Percentaqe S R
: of Var1ance 34.42 30.58 ' 28;25 ' 93.25

*factor 1oad1ng > 45 dec1ma] po1nt 0m1tted :
**communa11ty

. In the above analySIS, three components

were found to underlle the correlatlon matrlx., These rotated

'components (1 ’ factors) were related to the methods of

: fcategorlzlng optlons., Categorlzatlon of optlons by lndlv;dual
f‘Judgement loaded on factor I by author and group on II~'and
‘by computer on III Factors I, II and III accounted respec-?

'.htlver for 34.2% 30. 58%,-and 28. 25% of the total observed
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'~variahee of 93 25% It would appear that three separate '

' comoonents are produced by group, 1nd1v1dual and computer

scorlng procedures.uj” : Soom o

c) CPMP 3 -

Table 6{%6 presents the correlatlonlfﬁw

coeff1c1ents between prof1c1ency scores on CPMP 3.

Table 6.2 -

- . . .

Correlat1on Coeff1c1ent* Between Prof1c ency g!%res on CPMP. 3
' Ca]cu1ated Us1ng the ]2 Scor1ng Pr‘cedures 111)

CCM  CDM . Mc

=227 14 34
B R VA1
3B 42 78

AUTHOR “6cs gps 1cs" 1ps 1o
AUTHOR 100 357 63 55 0. 69
6 160 85 ' 75 g
6s 00 73 74 g ,
s . 0. 95 g

SIS gy .91
" toiy. N Al

ccs
CDS
ceM | - i R
oM. TR
:: Mc‘ co . . . : S

fdecima1[pdjnt'pmjtted - 5_ i7':_. o

8 2270
.20, 20 .75

.43 58 84

©100 91 a3

100 51
100

13 1 e
14 13 73 -

26 33 76
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. . 7
Table 6 27 presents the resultlng‘matrlx-

from prlnc1pal component analy31s

NS

.. Table6.27

Varimax Rotated Principal Component Factor Ana]ySIS
- of. Prof1c1ency Scores on CPMP 3

_'Scoring ._Factor h ¢
Procedure 1 . 1r
P .
Author 70* -21 53
GCS - . 713 47 75
.Gbs . - 79 35 78
~ S ICS 92 08 86 -
- IDs 96 1 94
IcH - 9z 49
. IDM® o . 96 7. .95
ccy © 76 32 , - 68
Cbs- . b2 . 58 €1
CCM oo .02 87 75 .
COM o .04 - 97 94
Mc - e 57 85
Percentage ' ' : .
of Variance 54. 80'. 24.40- 79.30.

*ractor. load1ng z 4o, dec1ma1 noint on1tted
**conmunal1ty

In the above analy51s, two c0mponents

(-4

were found to underlle the scorlng procedures on CPMP. 3

The rotated components were agaln found to be related to

g

methods of categorlzlng optlons aythor,.group and
3 < : o o




-

individual loa?ed on factor I and computer on II.
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Factors :

I and I1 respectlvely accounted for, 54 8% and 24.4% of the

total observed varlance of 79. 3%

.

d) CPMp 4 .

Table 6. 28 presents the correlatlon

coeff1c1emts between prof1c1ency scores on CPMP 4.

Corre]at1on Coeff1c1e

Ca]cu]ated Using

AUTHOR  GCS 6DS

AUTHOR 100 83 g0
- GCS 100 9]
GDS . I 100

1CS
105
IcM
1M
cCs

. CDS

ccM

©COM Y
‘e *

. *decimal point omitted

1cs
70

85

85 .

100

. Table-6.28

~

nt* Between Proficiency . Scores on CPMP. 4
the 12 Scor1ng Procedures (N =

IDS
70
82
76

92
-100.

'ICM

60
74
66
87

96.

IDM

71
82
77

92
100.
97

100

CCs

.69

78
79
90

&6.

77
£6
100

cos

48
43
35
56
75

80

76

" 54

100

111)

'35
47

41

66

83

86

82
68
85

100

CCM

CDR -
29

26

18"
83
68

76

69
43

94

88
100

Mc

75
90
81
89
93

93
‘74
77
100
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Table 6.29 presents the resultlng matrix
from the pr1nc1pal component analy51s
1

©

_ Table 6.29

Varimax Rotated Principal Component Factor Analysis °
of Prof1c1ency Scores on CPMP 4

’ . o 2** ’
Scoring Factor S |
Procedure I i 11 J
Author 79* 19
GCS - 95 18 //gg\
GDS - 95 10 -9
"ICS - 86 40 90.
IDS 75 64 98
ICM 63 13 94 .-
IDM 75 €4 9e.
CCS 79 a0 79:

2 CDS 28 . 88 86
CCM -34 . 88 89
CDM 07 - 99 98
Mc 80 54 94
Percentage

of Yariance 51.80 38.10 89:50

*factor loading 2. 45; decimal point. om1tted
**communa]1ty

or

§

Two components were found to underlle the\

scoring procedures.on CPMP 4.» Factor lqadlngs were again

- related to the method of categorizing options: author and

group loaded on factor I, and computer on ‘II. The individual

‘method loaded on both I and II. Factors I and II respectively

O~ .




) o . 4

accounted fq;.Sl 8% and 38.4% of the total observed varlance

' of 89,5%

C. Discussion of tne Component Analytic Investigatié% of
Proficiency Scores ‘ - .

"a component analysis of the 48 x 48 correIation
matrix resulted in eight factors which when 1nterpreted
were given the following names:
B Factor - I: ?PMP'lyfactor f - if

Factor II: cCpMP 4'faCtor

Factor0 III: CPMP 3 factor

Eector IV: -CPMP 2 factor

Factor v CPMP 4, computer factor

Factor VI: CPMP 2, computer factor >
Factor .VII: CPMP.3, computer (multiple key) factor

’ Factor VIII: CPMP 2, grour factor

It was observed that motre than one scoring procednré,

‘but only one CPMP loaded on each factor. This observatlon
suggested that performqﬁce 4n dlfferent CPMPs was llnearly
unrelated (r = 0). Thus, 1rrespective of the scoring pro-
cedure, there was little linear relationship between'student
performance on different simulated problens. Profieiency,

as measured by the computer simulations, was, case specific.
] : '
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',3 Varylng scorlng procedures dida alter the llnear

s

relatlonshlp of prof1c1ency scores withln, but not across,

’

o dases. " This alteratlon -was observed in the loadings of the

. last four factors in Table 6.21. whlch accounted for a

small, but slgnrf;cant, amount of the ‘observed score

variance‘(l4 0%) In order to further understand thls
observed alteratlon, the scores of each CPMP were faotor
analyzed} In tth analy51s, no con51stent relatlonshlp

.was observed between the CPMPs aqd thevnumber of factors:
one fector wes observe% iﬁ CPMP 1, three. in CPMP nytwo in-
| CCP@P-3~ and,’ two in éBMP.4. A'reletionship did exist,
however; between tbe loadings_ob'each,compopent,and the
methodS'used to'éeteéorize optiobs.within‘ecoring procedures,

- but. thls relatlonshlp was not con51stent over CPMPs_ as
s

1Ilustrated below~‘ DR "

R 4

cwp 1
n - ) o . .
Factor'f.l; author, group, individual and
~. s«  computer t
. CPMP .2: - . .
"Factor . TI: authér and group

_ Factor’ II: individual
. Factor ITI: _computer

"

.CPMP 3:
o Factor_”fié author, group and 1nd1v1dua1
- G ‘ .- Factor 1II: computer v ,
' L L. o - ~

.J : L T . o . L] i . . a . o o . L. .
: ' .. Factor I:, author,group and individual
Factor II: computer, and individual

M
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N

It therefore appeared that bo

imulated clinical prpblems
and categorization methods /determinsd the linear relationship
among proficieﬁcy scores.

-
’

D. Component Structure Underlying Error of Commission Scores |

The correlation coefficients between ‘error of
commission scores for the four CPMPs are presented in

Table é,go. Aipattern Q?\COefficEehts within the 66 submat-
ricies was ohsbrved which wasg similar to thet of the pro- -
ficiehcy score coefficients The relatlvely large dlﬁgonal
coefflcrents and smaller of f- d1agona1 coeff1c1ents suggested
llttle relatlonshlp between scores of dlfferent CPMPs.

Table 6 31 presents the factbr loadlng matrlx

-

from the principal component analy51s. Factors I_—'IV 1n.;
Table 6.31 had the follow1ng loadlngs: : . E
| dbMP l loaded on’ factor I,
CPMP 2, loaded on IT, . .
CPMP14, loaded on IITI, and

CPMP. 3, loaded on IV.
7

The remaining three factors.had the follow1ng loadlngS°
S . CPMP 3, scored by the CCM and CDM methods, loaded
on . factor v, ' . 4 .
CPMP 4 scored by the author, éCS,and GDS. methods,
loaded on VI, and, i S ’

CPMP 2, scored by the CCS, CDS, CCM and CDM methods,
loaded on VII . . :
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*factor loading > 45; decimal point omit:ted

' **commonalit:y

_ Tab1e 6. 31
{ N o
Vammax Rotated Phncipa'l Component Factor Aha]ys'ls of Error of Corrlmssmn Scores
ScoRING P . PACTOR |
, ‘PROCEDURE I: I 10 I11 IV N VI VI
- : 1 9T* 00 . 05 Y -03 -08. 01
AUTHGR . .2 U8 - 95. 04 - 01 04 -03 -08
<3 -09  -06 -03 -36 -18 -09 -12:
A -04 -05 80 -04 04 43 01
| 1 93 13 05 01 -08 04 -04
GCS . 2 07 - 95 06 -01 02 02 -1
® 3 00 0s “0l 89 19 04 00
- 4 - 05 -01" 86 =06 09 46 . =03
. 1 95 04. -02 02 -05 -0T -0
GDS -2 08 9 05 -04 01 04 -15 .
3= .02 - -1 -01 75 -01 -06 -13
4 00 -02 79 N3 10 52 . -05.
1 85 08 ' 05 04 -01 T -01
ICS 2 03 07 -05 03, -01 . -14
3 09 -_5’ 00 94 -17.. -05 -08
4 10 - 06 9 -05 07 .22 01
\ 1 98 =01 03 03 -03 01 -01
-1DS 2 01 96 06 -06 03 01 -07 "™
3 - 06 - -03 -M 97 -15 -02 -07 -
4 02. 08 98 00 -01 -04 00
. 95 -06 . 04 106 -01 -02. . 04
ICM 2 02 96 06 -06 01 .. 00 -14
‘ 3 - .09 -08  -01 93 - -07 -10 =13
4 - 02 .05~ 95 =0T - -01 =20 03
: : 1 389 02 02 " 03 -0 -0} 00
IDM 2 00 96 06 =07 04 0 -07
K . 05 -05 -01 98 -03 =04 -08 -
4 01 ™, 07 99 00 -01 -04 01
. 1 96 © 09 06 04 00 .02 02
ccs 2 00 86 06 00 06 00 - 42
: 3 16 . -02 -04 50 -04 -05 09
4 9 - 07 92 00 - 02 17 -04
| 1 94 01 50 03 07 00 - 03
CDS 2 -0 82 00 -03 -08 -05 Y3
3 - 04 - 05 -05 70 - 16 120 07
4 .00 03 92 -03 . -06 =20 04 -
) 1 96 .07 04 03 02 . 02 - -02
CCM 2 00 87 04 00 03 -03 41
\ 3 =01 00 05 05 92 04 -02.
4 08 12 89 01 01 -35 00.
1 9% - 00 . 00 04 . 05 00. 00
- CDM T2 - 03 85 . -01 - -04 -05 -05 - 47
' ' 3 -03- I ) .08 97 =01 . -~ 00
4 -4 .08 89 01 -08 =37 02 -
, 1 98 - 08 03 03 . -02 03 -03
Mc 2 13 92 03 . 00 04 00 07
i 3 01 03 =05 . 82 - 15 05 . - .11-
4 07 03 - 92 =05 03 - 06 -03
Percentage - I - - R ' -
'of Variance 22.98  20.96 .. 20.73 . 15.09 4,-‘.,,25*- _. 2.21
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‘h"Based upon the above factor loadlngs, the follow1ng names
‘were attached to factors I-VII: CPMF 1 factor, CPMP é factogt
'CPMP 4 factor CPMP 3 factor, CPMP 3 computer (multlple 'key) -
ﬁfactor, CPMP 4 author and grouo factor, and CPMP 2 computer
factor._ o EE - L
1 The percentage of.varlance accounted for by each
factor is presented at the bottom of Table 6.31. In total,.
the.seven factors accounged for 88. 6% of the observed score‘
variance;» Of thlS, the ‘CPMP- 1-4 factors accounted for
f79r8% and the last three factors accounted for 8. 8% P
I,‘ The above analytlcal results suggrsted a domlnant -
_cllnlcal problem factor (factors I-1IV) and a m1nor scorlng
-factor (factors V-VII) ‘To examlne the affect that scorlng
procedures could have upon the relatlonshlp of comm1551on

'scores, each CPMP was further factor analyzed

~

oy

_E. Component Analysis of CommiSSion‘Scores on.Each CPMP

-

The Jrocedure for component analysxs of- comm1551on.
scores on CPMPs 1- 4. was the\same ‘as that undertgien for.
prof1c1ency scores (see oage 129)

a) ‘_ CPMP_'_;j'l .

. . < )
Table 6 32 presents the correlatlon-

coeff101ents between error of comm1ss1on scores on CPMP l
Table 6. 33 presents the resultlng matrlx

from the prlnclpal component analy51s..

PRI



AUTHOR.
-GS
GDS

L 1CS
1DS

IeM
IDM -

ccs

. CDs:

. CCM
~ CDM
'Mc

*decimal point omjtted,

TabIe 6. 32 |
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Corre]at1on Coeffic1ent* Between Errors of Comm1ss1on on CPMP |
- Calculated Us1ng the 12 Scoring Procedures (N

CAUTHOR  GCS- 6DS €S I
T00 88 94 p4

100 92 - 92

.00 89

100
1

os_

91

89,

94

93
00

'xcn
" 89
g8
‘94

90

96
100

‘IDM.

92
91

e
94
97

100

Tab]e 6 33

©CCs . CDS

85 82
.92 82

88 86

96 90

94,;'~93
89 87

.98, 92
100 - 91

100

'

1)

- CCM;{

85

90
89
.94
94

89

95
97

9.
100-

Pr1nc1pa1 Components Factor Ana]ys1s of Errors.i'
of Commlss1on Scores on CPMP 1 '

Scor1no'
Procedure

- Author
"GCS .
GDS:

ICS
IDS
. ICM
Iy o
ocs
CDS

. CDM .
M

M

"‘.’Percentaoe '
’ _‘of Variance . 92. 33

*decimal point om1tted

:.’;,,Q; o "***communa11ty

Factor

T

2']

h %%

97
- 87 .
90

R

COM
" 83
82

86

90
93.
87 -
92 .
9

99

100

Mc

93
95
95

91

96
97
92
97..
93

100

88 .
96
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JIn the above ana1y51s, one comoonent was - found to underlle N
. the correlatlon matrlx, accountlng for 92 33% of the observed

:varlance. All scorlng methods 1oad hlghly on the 51ng1e factor.”

Cmemez

R

Table 6 34 presents the correlatlon coef-‘fe”
¥ : .

o f1c1ents between error of comm1551on scores on CPMP 2

>

RS

LN ,,'-,fTabLev6g34‘

Correlat1on Coeff1c1ent* Between Errors of - Comm1ss1on on CPMP 2
Ca]cu]ated Us1ng the 12 Scor1ng Procedures (N 11]) ‘

AUTHOR GCS . .GDS  ICS 05 1M 10N cgs.s*cuse, con - cuM.}fmc,-',. |
| AUTHOR 100 91 8792 93 92 93° 76 70 ;B]fﬂ 75 8y

Cees T 1000 96 o1 g 9188 77 7276 75 95

@S 00 87 87 87 I8 72 66 70 - 69 9]

CoIes . 100 097 ‘99 9 76 70 .77 - 74 - g

DS 00 9799 79 n gy 77 84
Sl 00 6 7 70 76 7a ee
CIow oot Toi00 79 73l wr - 7. 83
e S 000 93 97 g2 g

” CDS - L s . SRR ’ 100 92 gg :.' 80

Se LT G e I
CEM T T e 100 - 84 - -
e T T TR

~*decimal point omitted . :.- \f',':p: "-'i:1f?;"“:f" ey



Ty }_ -‘ Table 6 35 presents the resultlng

X matrlx from the pr1nc1pa1 component ana1y51s

2 ﬁab@_@;ﬁ 35
Var1max Rotated Pr1nc1pa1 Component Factor Ana]ys1s of
o . Errors of Comm1ss1on Scores on CPMP 2 :

Scoring - - ._ _Factor . .~'hj**
‘Procedure - - _ T T

—
©
F—:1

' Author
- “GCS . -
, e - GDS
B N ()
LA 11
S iICME
1=CCS'-.'
CDS - -
- CCM ..
COM
- Me

*
E-3
(Ve
—

46. T 93

Q.

' }|;:-3|33 SRR |-
5
O
on

) ) .

LSS
el
N

: Percentaqe N
92.51

of Var1ance 54 13 |

RS L
)
%

' *factor 1oad1ng 45 dec1ma1 Doint omitted

”**conmuna11tv L CoL yl

Two components were found to underlle  ‘J

the correlatlon matrlx. These rotated components were

o related to the methods of categorlzlng optlons.n Categorlzatlon?'

RN



by author, group and 1nd1v1dual methods loaded on factor I,

and by the computer method on II Factors I and II accounted

/-\ .

_ respectlvely for 54 13% and 38 38% of the total obserVed

varlance of 92 15%

©) ceupo3
Table 6 36 presents the correlatlon coef-

' f1c1ents between error of comm1551on scores on CPMP 3.A.

LA .
e

- Table 6;36]*--

o

Correlat1on Coeff1c1ent* Between Errors of Comm1ss1on on CPMP 3
Ca]culated Us1ng the 12 Scoring Procedures (N 111)

rmnmR s @&Ai®~7msdjbm‘nm;ta,ﬂwsfcmfzww Me
- AUTHOR i*to';';zg 21 w25 32 -2 ;) -2 w40 218 21 -39
. 6CS’ o100 66 77 B 81 g7 73 74 21 .- 22 .93
S - 100770 77 80 80 63 - 27 04 1 7 62

SIes - . 100 98 96 . 97 .88 57 -08 08. 71 -
SIos.. o 100 96 99 86 62 -07 --07 .75 .

Lm0 97 s sz o o272

oMo o0 L1008 637 04 05 79
T 1R V| R 81
Yes. . et 1000 18 16 84
O R S T T [ R~ S v SR
M L B SRR 1 S

. ¥decima-1.. point omi tted S

)T."j: .
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Taple 6. 37 presents the resultlng matrlx

from the pr:mcipal component analys:.s

(ULTEME TR SR
Tab]eﬁ 37 g ‘. TR

Var1max Rotated Pr1nc1pa1 Component Factor Ana1ys1s of ' a
Errors of Commsswn Scores on. CPMP 3 o

Lov

- Scoring AR Factor - hoex
, ProcedUre . I -i-l; -, ;I-,." IR e e

-15 19 ¢
18 . 83
83 09 v
- 97 o o -N 96
. IDS B9 .40 - =10 97 -
CCICMT 94 28 . - 00 96
oM 7 e . a1 T 02 100
I =06
25 05
93
99
N

7Author a7 31
GCS . e B9
. DS .83 - %

ICS 34

& TS S - - 100
oMo 03 T 10 Y
M - -0 N 100
b o6 -7 87

3 Percentaae o f o U
Of Variance 44..5.0/ o 23.84 . " 15'24 - »»84..6;82

*factor 1oad1ng > 45 dec1ma1 pomt om1tted
: '_**comnunahty S

}_TL§¥.'

Three comp0nents were found to unc’ lJ.eg ,‘

’ .

the scorlng procedures of CPMP 3. . Factor ],oad:mgs were agaln o

related to the method of categorlzlng opt10ns~ . groupfand

J.nd1v1dual methods loaded on factor I, computer (s:.ngle key)

) e L A R ) S . e , . - . X P L.
Y d . .. ) R S, ) . - o .o e
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,
“on II, computer (multiole key)~Bn IiI, and.McLaughlin and‘
CCS'on'I ang. II., It is lnterestlng to note that only 19%

,of the varlance was accounted for in error of commri{ion

scores generated u51ng the author s key. This 1s not sur—
prlSlng since thlS key had very few negatlve optlons
Factors I, II and III respectlvely

accounted for 44 60% 23 84% and l6. 24% of the total

LL

a .

observed varlance of 84 68%.

“ g . ' : ’ o1 ST

- d) CPMP 4.
Table 6.38 presents the correlatlon
coeff1c1ents between error of comm1551on scores on CPMP 4,
o ;, - .Table 6.39 oresents tl# resultlng o .
matrlx fron the pr1nc1oal comoonent analy51s. '
| Two components were found.to underlle

v <

the scorlng procedures on CPMP 4, - The factors aopeared to-
be deflned by the method of categorlzlng ootlons, but the '
fpattern was not obv1ous. All scorlng Drocedures except-

the author and group methods loaded on factor I, and.all
vzprocedures exCept CDS CCM and CDM loaded on AIL. Factors
'7I and T resoectlvely accounted for 49 238 and chgfg of the'

: total observed score varlance of 92 96%



s : Table 6.38 , |
o Correlationfﬁoefficiént*”Betﬁeen’Erfoké of Commission -on CPMP 4
A Calcy1ated Using the 12 chring Procedures (N =1)

- AUTHOR  6CS GDS ICS IDS . ItM IOM' ccs  cos  com oM Me
AUTHOR. 100" 91 88 ' 79 75 g6 7 8 70 s 57719
6CS 100093 -89 82 73 82 -8 68 62 57 89
6os . 100 8 76 64 76 80 61 53 51. go°
s T oo 9 85 90 92 77 76 70 92
Ibs. S 100 97 100 91 89 93 © 89 94
IcH 3 o o 97 83 91 93 93 gy
M S . - 10 ‘91 90 90 gg 94 .

ccs | o .. 100 81" 78 74 92
cos .. D . Joo 90 9 90
ceM - : L . 100 - 94 . g8
o coM ‘ o S o _ 1007 84

~, B

*deéiﬁa]*point.omifted"‘ T IREEN : ;i
| Table-6.39 . . ST
 Varimax Rbtatéd”ﬁrihtipa] Comoonent Factor Analysis of
~ Error of Commission Scores on CPMP 4

"Scoring o Féctbr : ”--hj** ‘
Procedure - T T :

T—

(F3 ]
B =Y
Qo
E-S

*
3

Author
GCS
e
- ICS
- IDS
- ICM
IDS
.CDS
- CCM.
M-
Mc .

EA e

71 88
v 89

30 94
26 .. 95%

NgsREEERER S

s

Y

‘Percentage AT g K
of Varfance 49.83 = 42.85  92.69

‘ *faéto.-7oading ;1545;.decimél.point'omitted

~**communality’ -

N
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- F, Dlscuss10n of the Factor Analytlc Investlgatlon of Error
of Comm1551on Scores . :

W3

A componeﬁt\analysis of the 48 r 48 correlation
'matrix.resulted iﬁ»seveﬁ factors which when iﬁteroreted
were given the,following names: |

. L Factor 1I: CPMP 1 factor'
Factor II: CPMP ézfactor

 FPactor III: CPMP 4 factor

, Factof‘ Iv: CPMPl3 ﬁacﬁor .
B ¢ ~>'Factor V; CPMP 3 computer (multiple keyf factor
Factor VI: CPMP‘4,»author ahd group factor'

3

Factor VII: CPMP 2,fcomputer°factor-

It was observed that more than one scorrng proce&ure, but

only one CPMP, loaded on bach factor. lThis observationf
suggested that performance on different'CPM?s was not . lioeariy'
related (r = ‘0): Thus, 1rrespect1ve of the scorlng pro-
cedure, there was llttle linear relatlonshlp among scores of
4d1ffereot 51mu1ated problems. Error of comm1551on, as.
measured by the comppter sxmulatlons, was case spec1f1c.

Varylng scor1ng~procedures did alter the llnear

1

-relatlonshlp of error of comm1551on scores w1th1n, but not
across, cases. Thls alteratlon was observed 1n the last
chree factors in Table 6 31 whlch accounted for 8. 8% of

the observed score varlance. - L . -

N

© o~



Each CPMP ‘was factor analyzed to determlne the
llnear relatlonshlp of error of comm1551on Sscores w1th1n
each probleny No con51stent relatlonshlo was observed «
between the CPMPs and the number of factors. one factor
wastobsefved in CPMP 1, two.in CPMP 2, three in CPMP 3, and
two in CPMP 4. & relatlonshlg did exist, however, between
methods used to categorlze optlons within scorlng pro-
cedures and loadlngs on each factor but this relatlonshlp

was not consistent over CPMPs as 1llustrated belOW’

k4 2

&

-~

CPMP 1:

Factor 1I: author, - group 1nd1v1dua1 and
: ‘ computer - .

CPMP 2:
f Factor ‘I: author, group afid individual
Factor II: computer C

CPMP 3: )

s
Factor I: group and 1nd1v1dua1
Factor I1: comouter~ . - C
CPMP 4: '

,‘-'

o

'Factor I: comouter and 1nd1v1dual
Factor II: author, _group anqklnd1v1dual

It. therefore aopeared that both 51mulated cllnlcal problems
~ and categorlzatlon methods determlned the linear relat10nsh1

<

among error Of comnu.ss:.on SCOJ’.‘ES.

of

P

a8

.}
Py}
1)

Y3
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. . . . . . . . LI
4 . . . B . B \

\ .
o T . K oo \ ' N\
G. Component Structure Underlying Error of Omission Scores
o . . A ) . R o \f o N
\

kVi.“lf ' ‘The . correlatlon coeff1c1ents between error of
omrss;on scores for the four CPMPs are presented in' Table

6 40 ' The pattern of coefflclents w1th1n the 66 submatrlces

: \

was 51m11ar to that found in the prof1c1ency and error of

A

comuu. s51on SCOI‘GS .

4 '

Table 6 41 presents the factor 1oad1ng matrlx from

/

r

. the pr1ncxpal component analy51s. Nlne factors were found
“to underlie the correlatlon matrlx. The follow1ng factor

“loadlngs Were dependent upon both the CPMPs and the scorlng
? -

. procedures"' R e

g"_ CPMP l and all scorlng procedures loaded on
. factor I . , . _

CPMP q and the author, GCS, GDS ICS IDS ICM,
IDM CDs and Mc methods loaded .on factor II

: t

. '.; SR GPMP 3 and. the. GCS GDS, ics, IDS ICM IDM, CDS .
' " -and Mc. methqu loaded ‘on factor III o

‘" "cPMP 2 and ‘the Ics, IDS ICM, "and IDM methods

T ‘ ’ loaded on factor IV o ' L .
gaﬁf CPMP 2 and the author,~GCS, GDS,eCCS,-tDM and‘Mcj :
methods loaded on V r-' ' : ' .

f;i”{¢7 - CPMP 2 and the IDH, CCS and CDS methods loaded.on',
o factor VI,. : -

RS o
R ~

;f'-fl CPMP 4. and the CDS, CCM and CDM methods loaded on
factor VII,‘.= Ce T ,;.p__ o ST '
.CPMP KBﬂa the CCM and CDM" methods loaded on
'gfactor II, and : J} ‘
i . *N . :
: CPMP 3 and the author, ICS and CCS nethods loaded
Lon factor Ix ; Lo _ : .
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.Table 6 41 | o a

Var1max Rogated Principal Component Factor Ana]ys1s of Error of Omission Score -
I .11 IIT IV -[iiiﬂ‘_VIh VII.  VIIT T IX. -
8 . 10 - =02 04 01 07 ‘08 : .07 -10 - 80
2. " -06° 09 . 42 71 20 06" -04 -04 8 .-
14 .- 08 36 11 .- 06 ~ 08" 22§ -18. *48 48 .
-07- 64-- 06 . 00 01'. -02 -8 05- ‘00 - 43
89 06 -01 11 07 - 03 00" 09 -03 . 82
26 =09 . 09 26 90" 12 .06 -04  -01 7,98,
06 .12 8 '-.00 . 05 =07 .-13° .20 .08 78 . -
09 -~ 8. .10 -01 . 03. . 00. 08 07 06... 75.
85 -0V 05 4. 14 00 02" 03. .08 76
s - -14 14 41 74 02 -020 =02 -03 . 77,
or - .13 86 -05 . 02 . -07.  -05 21 . 13 83
05 75 - 15 00 - -03° =04 18 00 .00 . .62
-88- -04 10 1. 03, .04 -07 13 04 83 .
2 -05 =02 - 89 32.. 17 02 00 00 95" -
05 00 ' 7. 01 120 =74 97
05 .. 88 - =10 o .18 11 - -03" .83 -
92 -01 - 15 Q9+ - 07 .09 =02 02 ' - 02 90 - s
14 04 0z . 8- 29 "2 -06 ---03 .03 95 . ¥

, P
SCORING - M
. PROCEDURE P

AUTHOR
6CS
GDS

Ies

=y
a Gi
0
® o
[+
3R
L
o O
CAY =]
]
-
o
]
) =
—o

IDS
; 02 08 -8 ., 02 04 03 - 11 -.07 -23 7 81

03 84 .03 .04 .-07 1M 14 -~ 06 04 94
86 0z 1410 1 .07 -06 . <01 01 . .78%

17 =02 -01. .90 32 12 01 04 01 96 -
15 06 78 03" 08 -02 .01 "3 402 .65 -
, \ 01~ ~--08. .10 - "14 . 07. . .-04 74 "

95 00 ~ 12 . 07 06 06 00 . 00 -0 93

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
ICM 2
‘ 3
4
195
IDM 2 13.. 05 - 01
3 ‘ 3
4
1
2
3
4
1
2
3
4
T
2
3
4
1
2
3
4
1
2
3
4

o
~
[0}
w
O
N
!
(o §
-—
1
(o]
oo
—
o

| césﬁ-
L
?;;tﬂ,fi};'j{‘;l%m

ﬂPercentage wﬂiﬁ“y  ORI AT
;pf’VarianceZO 10 13 75 12 29yﬁ£;
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o 4 .o
'5-
R

Slnce only 2 84% of the varlance was accounted for by factor Ix
was dropped from further dlscu551ons;‘-' - |
4Based upon the above factor loadlngs, the followrng names
were attached to factors I-VIII- CPMP X factor, CPMP 4 ‘author,
group and 1nd1v1dual factor, CPMP 3 group and 1nd1v1dual factor,hﬁ'
CPMP 2 1nd1v1dua1 factor, CPMP 2 author, group and computer fac—ti
tor, CPMP 2 computer (single key) factor, CPMP 4 computer (mul— o
tlple key) factor,,and CPMP ‘3 computer (multlple key) factor...h
' The percentage of varlance accounted for by each ﬁacto;e"

is presented at the bottom of Table 6 41 In total the f1r t

elght fac&grs accounted for 78 06 of the observed score varlance..”

Of thls, factors I VIII respectlvely accounted for 20 10%; 13 75%,f
12 29% 8 89%, 8 3Z%f 5""g 4 76%, and 4. ll% of the varlance,
: ~ The above ,es s . suggested a mlnor cllnlcal prcblem
component (1 e., factor I) and a predomlnant scorlng procedure
component %i e., factors II- VII) ﬁ Factor I accounted for 20 10%
of the total varlance and factors II—VIII accounted for 57 96% |
| Further factor ;nalytlcal 1nvest1gatlons were undertakenb{?
to determlne the underlylng structure among error of om;ssron f .

scores w1th1n each CPMP

.‘.

!Q' Component Analysrs of E} .ﬁof OmlSSlon Scores on Each CPMP

The procedure fcwllomponent ana1y31s of scores for

~ "
-kl
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' '  Table 6 42 presents the correlatlon

coeff1c1en%$ between error of om1551on scores pn CPMP l

”'Thbie;6;42"

Ao

o Correlat1on Coeff1C1ent* Between Errors of Omlsswon on. CPMP 1 L o
' Ca]cu]ated Us1ng the ]2 Scor1ng Procedures (N 111) L s '

 AUTHOR .vGCS' 'GPS 168 f-ID§fffoM5“IDM s DS CCH DM M.

. AUTHOR 1oo 87 "t7éfgf]75fﬁf519};ﬁ;73g?_ng. 45 8555 \es - 87

- -GDS

L Ies

o oToM L
Lees
R

oceM ol

LM

., *decimal.point omitted

e 100077 81 75" 87.03" 74 63" 76 gg
CUo000 92 g0 ;1 85 81 57 g g3 .
oL 090 48 62, gy 08 .81 .83 . -
ngif.v:f]DO‘f'92]:t"6515:'77f?_;71ffﬂg76 s
0. 6. 82 62 86

8 100 583 81" 79 700 g 51 80 55 §3 " gg- U

e

_100f;jf75;ff 58




s

a 5:f:‘Mc3

Lok «~-T_‘.a'ib',1'.¢'5i._'43~ x

Pr1nc1pa1 Component Factor Ana]ysis of Errors

v -

1Scor1ng ; }1?Factgri;;.'

;j]Procedure o ”,P1Fa_*

» Author 8
6CS .o B9 -
B -7

es . .. 89
s« v 94 ..
em

o -IDM

- CCS

CLCCM
‘COM-..

,"Percentaue of SRR
: ,Var1ance . 76 86<

»'w?f * dec1ma1 Do1nt om1tted
E l**commUna11ty

/ “ ’
of Omlss1on Scores on CPMP 1c ~. ﬁ'f - V.if' ‘3“  £ ‘ :jﬁ




! - . : o o 9
. tr . . N
. oo i SR

: Cient* Between Errors Of Om1ssio 'on 'CPMP 2
"Calcu]ated Usmg the 12 Scom.ng Proced‘ures (N :

AUTHOR S GDS ;.-.1-.._cs ms_,.'f-”'
o Aumon 1oo Y90 78
o aCs e 1oo 84




!

o

e ?ﬂrvgéTmé*#Rétatgdnpéi¢¢i§alf¢§mbeﬂeht:r5¢£brﬁﬁﬁa Ysis 0
4 ... ciofiErrar of Omission Scores on GPMP'2 "

L4

L

scoring L )
 Procedire - T

- Percentag

Varian

R -5 S
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Zhucoeff1c1ents between error of om1551on scores .on CPMP 3.””LY4

| mTOR G G?Ds,'-,‘.'-'il;cfs."‘*-' -.-I"_Ds B
ufﬁfAurHOR 100“"-28 28 .13 2 ar g

"_f-GCS e gy

CensT
i

Ceraps el
CIOM

el CPMP3 | e
o Table 6 46 preseqts the correlatlon

l.

Table 6 46

Corre]at1on Coeff1c1ent* Between Errors of Omlssion on CPMP {
Ca]cu1ated Us1ng the 12‘Scor1ng-PrOcedures (N 111) ’

PRI 'iﬂfﬁ,ﬁfﬁlﬂﬂflﬂﬂ'f““'“”“

‘z:f_ﬂee;if”.x“~~'
: J'ﬁef§7 :ﬂ;,4r,,p,3w
et e7 e




L ~’raif51e;s].=4ﬁ7_'-‘- '

-1ge-'.'”1 o Varimax Romated Pr1nc1pa1 Component Factor AnalySﬂs of
R e Error«of 0m1ss1on Scores on CPMP 3. . ,

','Procedure SR SIS § SCICDNRNGNE ¢ ¢ ST

- Agthor
U GES.
7 BDS. 2%
IS g .
St IDS ol BB L g7 4 s o
B S L LRt AE ) IS * 66 o
oM T BR T S R
- LoCesi .18
2 IRy ﬁCDwa TP <1
':".~“_Percentaue ’ B T UL L
.a“,of Var1ance 39‘04_¢,, 18.81. .- - 16.56 ::*-f 74.0v. ¢ E

. Ve -

“LE *Factor. 1oadm9 2 453 decma1 pmnt onntted oo
~-**communa11ty e

R
)

Three components were found to underlle the scorlng

'lfproceéures on CPMP 3 Factor loadlngs appeared to be related'

_ﬁ]fto methods.of catego 1zlng thlons~t group andflndlv1dual }f




B d) CPMP 4

Table 6 48 presents the correlatlon

coeff1c1ents between error of omlssygn scores on CPMP 4.

]

T '*75b1§46.48-;*,"

A
AUTHOR :fGCS'“ GDS  kCS - IDS

AUTHOR wo 87 a9 86

IR o

E :. 60

1. 75
6. 71
-IDS*ﬁﬁi fﬁpr.-hf‘;,e: o100

R}
a0
67
" 54
92 .
90

100"

f‘IaM»e,cCs-
74718
67 28
88 ' 28

.

.

| 'cais. )

55
53y
63, -
100 - 34
90" 28
o100 32
0 0p

63

CeM
f12‘;
3N
37 °
e

57
e
21
S 00

100

30
35 .

45
;?l

Correlthn Coeff1c1ent* Between Errors of 0m1ssion on CPMP 4
Ch]cu]ated U51ng the; 12 Scor1ng Pqpcedures CN.- 111)‘

oM

19
43

o

46

50 -
47
43

Me

66

o4

@ .

 T7T,'

97
84
76
83

g b

'ﬁ]f

76
100

32
57

243
o000 :




165 '

- " Table 649 ‘ o
A‘ . o ) . . R - . . "'.“\
e _///fiifi\\-. A A S |

Var1max Rotated Principal Component Factor Ana1y51$ of )
| Error of - 0m1ssxon Seﬁres on CPME,# '

Cseortne . kacter e
Precewre I m——qr N

Author ~ ~ 5gx. . 33 S04 .- 45
GDS - 74
1Cs, I
L s . B
e SIem 37
g ‘ L IDM T 51
- CCs - 19
. €DS 26
. "CCM 14
CDM. 14
. 8 - u 0T
« ' . Percentage ,. :~ R e o BRI
' of Variance 128.-04- ) 27.29 - - 22.8 - 7817 '
B ‘ Tel c o e
’ *factor load1ng > 45* deéima] point omitted o e
. **communa11ty o SR AR T e
o' L. . - - . .

. . . .

-

;;g¢.“':f'_,}*f ‘ﬂj Lo Three components were found to underlle f#

[d

- the correlation matrlx. Factor 1oad1ngs agaln appeared to

'n.31. be related to the method of categor121ng optlons'ﬂ author f'-:f'ﬁ”

Factors I ra and III ‘“Tffiff .o




»

'speC1f1cally, method of categorlzatlon) 1oaded onto dlf-g,

'Tlss

Y

respectively . accounted‘for‘28'04% 27. 29% .and' 22.86%.0f the

total observed score varlance of 78 17%

I. Dlscu551on of ComoonentwAnalytlc Investigation’ of
- Error of OmlSSlon scores I . A

)

A component analy51s of the 48 .X 48 correlatlon

matrlx resulted in a matr1Xaof nlne factors The factor

structure ylelded the followlng lnterpretatlon.
S -

~ Pactor < Iz CPMP l factor o
. : "‘Xk. :, ‘ I
- factor -

wIiIE GPMB-B,‘grouo and 1nd1v1dual factor

© *IV: CPMP-2, 1pd1v1dual factor

‘Factor ° V: CPMP 2, author, group and computer
L .' : factor o - R -

 uFactor  VI: CPMP 2,'computer (single:key) factor

. Factor - VIT: CPMP 4,‘computerl(muitiple,key)'factori""

~

. It was observed that more than one scorlng pro-"

. cedure but ohly one CPMP loaded on each factor;- Therefore,

the - error of om1551on score was case speclflc.- However,

"not all scorlng procedures for'Fnyaglven CPMP ioaded onto

the same factor._ Instead scorlng procedures (i e. more-ﬂr

o

erent factors. Thls varlatlon 1n structure was more

- IT: CPMP 4, authof}fgroup,and”individual.i~

Factor VIII: . CPMP 3,4compﬁter_(multiple%keyi-fadtoxr‘

4




é? v

P . Y B . ¢

v pronouncéd 1n the results of the error of om1351on scoreu
@

analy51s. ‘In the analySLS of proflclency, error of

comm1551on and error of om1551on scores, approx1mate1y

v

”14% 8% and 60% of the observed score variance was

'respectrvely attributed to. the effect of the method of -
P i oo ’

categorlzlng ootlonsu
“In .order to. further understand ‘this observed A

alterat;on, the scores of each CPMP were factor analyzed
’In these 1nvest1gatlons, nQ con51stent relationshlp was
‘observed between the CPMPs and the number of components-.. 'r é

in CPMP 2, 3 and 4 three-factors wgre found to. underlle

the correlatlon matrlces and in CPMP 1 onky one factor./
S‘A relatlonshlp dld exist however between methodsiused to
zlcategorlze optlons wrthln scorlng procedures and. the
'loadlngison each factor, but thls relatlonshlp was agaln:

1ncon51stent over CPMPs aé 1llustrated below:

. L CPME 1: o
.. - o TFactor " I: author, group,individual ang
SR R . computer o L 4 O
23 , R - P ™

Sl *,'Factora” I: author and group o | T
S R - Factor II: 1nd1v1dua1 N ‘ ' L
ol Factor III°'=computer ‘ '
S R - R P ' ' o
L Factor.. - I: - group - and 1nd1v1dual
' Factor II' fCQmputer j-”
.'Factor III-wHauthor
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CPMP 4:

\

\

Factor I: author and group a
Factor 1II: individual
Factor III: computer

Tt was nbserved that both the simulated clinical

[y

problems and categdrization methods determined the linear

~ )

relatinnship among scores, however, the method of categori
zation had a greater effect (i.e., acerunting for appraxi
mately 0% nf the Nheorrod variance)

[# .
] .
T Comyaonient St ynebtnre Hndorlyi%q EFFwownnhy Srrores

The correlation coefficients bhetween efficienrmy
meiyen for the four CPMPs are presented in Table 6 50.

Table £.51 presents the resnlting matrix from

‘

Fhe prin~ipal component analysis. Eight coempotents were
fannd ta undevJie the ravyelnbicoay gpatbtyiy The el towing
] e

' ere nhrerved:

TPMP 1, srored by all tuel e comying pmocedinee,
1nAad~A A1y fartn~r T,

PMT 2, ecored by the author, 'CS, GDT, T(a, 1pa,
Y, and "'~ methede, Tnaded nn factar 17,

CPMF 3, scored by the author, G('S, GDS, IS, 1IPS,
TCM, IDM and Mc methods, leaded on factor TTT.

CPMF 4, scored by the ICS, ICM, CC, CPG, M and
CDOM methoedg, 1naded on factor 1V, '

CPMP 4, sc red by the author, cre, are 1M ang
Tt "'\p Yhyet Toaded on f:\c{-ov o,
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Varimax Rotated Principal Compéﬁent Factor Analysis of Efficiency Scores

C
SCORING P Factor h§
PROCEDURE M ' e
P I~ V11 111 IV V VI VII  WIID®
1 82* 06 09 Y 11 08 08 05  -16 74
AITHOR 2 79 93 08 0 - <11 12 04 06 74
3 08 08 83 12 04 03 33 0 87
4 02 ~02 13 21. 64 01 -03 5 - 48
1 82 21 05 -03 09 04 08 -3B> 88
6CS 2 17 - 91 13 -03  -07 16 02 201 91
3 08 03 . 95 -08 13 05 06 -01 "93
4 09 -06 09 20 95  -05 04 02 96
1 82 21 05 -03 09 04 08 -38 88
aDS 2 17 91 13 -03  -07 16 02 -01 ~ 91
3 08 03 95 08 13 05 06 -01 93
4 09 -06 09 20 95  -05 04 02 . 96
1 92 11 08 07 01 -01 03 04 88
1S 2 15 93 03 04  -09 10 01 06 - 92
3 04 13 70 14 01 - 08 58  -21 92
4 08 05 12 76 31 09~ 03, 04 70
1 84 13 08 07 -02 01 02 14 75
NS 2 05 80 01 -01 -05 23 03  -07 71
‘ 3 01 11 77 12 28  -06  -13 30 73
4 08 -16 12 24 79 08 05 07 74
1 86 03 07 06 09 08 03  -07 ‘78
e 2 12 94 04 , 05 -08 09  -00 03 91
3 09 11 78 16 02 06 43 -18 92
4 12 -03 A 91 22 05 08 -01 90
1 89 16 04 11 -02 01 07 07. 84
TOm 2 06 67 01 -03  -00 20 01 -09 50
3 06 18 78 19 12 02 05 20 74
4 04 .22 2 13 76 10 06 13 69
1 93 06 05 05 05 07 01" 05 32
ee 2 14 49 05 05 03 82 07 02 .
3 12 07 50 18 07 10 73 07 85
4 06 05 13 79 14 02 02 06 67
1 93 06 03 05 04 06 -02 12 89
rpe 2 10 42 04 07 03 90 03 -01 99
3 10 04 04 06 22 06 02 49 3]
4 01 01 17 87 24 02  -00 03 85
1 94 08 04 03 02 05 -01 A 91
CeM 2 75 49 04 10 01 82 03 05 95
3 11 03 37 06 14 06 89 17 99
4 09 06 08 90 13 04 06 -03 86
1 94 08 04 03 02 05 -0 N 91
cn 2 18] 48 05 07  -02 80 05 01 88
3 10 01 39 -00 21 09 25 30 37
4 06 05 11 94 18 06 06 03 95
1 82 21 04 -04 09 04 07  -38 88
Mr 2 16 90 11 03 -08 19 03 04 89
3 08 03 95 08 13 05 06 -01 93
1 nA -01 09 20 92 -0A #]4] 03 90
Percentage
of Variance 20.10 17.52 13.55 1n.35 10.06 6A.52 4.6 2. 60 83.10

*factor loading > 45: decimal paint omitted
**eammunality

*k

-
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l ]
CPMP 2, scored by the CCS, CDS, CCM and CDM methdds,
loaded on factor VI, : .

- .
S

R A CPMP 3, scored by the CCS and CCM'methods, 1oaded
: on factor VII, and ' ' q

CPMP 3, scored by the CDS method, loaded on factor
VIII. }

Factor VIII was dropped since the amount of variance it accounted
for was too small (i.e., 2.50%).

~

Based upon the above factor loadinlgd, factors I-VII

0

 were referred to by the following names: CPMP 1 féctor; CPMP 2,
author, group and individual factor; CPMP, 3, authof, group and
individual factor; CPMP 4, individual and computer factor; CPMP 4
au£hor én@,éroup factor; CPMP 2 computer facth: and, CPMP 3 com-
puter factor,.

The percentage of variance accounted fox by each factor
is presented at the bottom of Table 6.51. The seven factors res-"
pectively accounted for 20.10%, 15.52%, 13.55%, 10.35%, 10205%,
6.52%, and 4.50% of the totai observed score variance of 83.10%.

The peréentage of variance accounted for by each factor
declined gradually from factor J-VITI. It, therefore, was not
possible tn identify whether ﬁhe problem or the scoring pro-
cedure had a predominant effect upon the linear relationship of
efficiency scores. Further component an-lysis was undertaken to

determine the 1mderlvivs etryucture ameny ~fficiency scores within

each CPMP.

¥. Compnnent Analysis of Ffficiency Scores on Each CPMP

The procedure for ¢ "mponent analysis of scores of
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CPMPs 1-4 was the same as that undertaken for proficiency,

~ertor of commission and error of omission scores (see page 129).

b

a) CcPMP 1
. I ‘ R .
-/ Table 6.52 presents the correlation coef-
/ .
ficients /between efficiency scores on CPMP 1.

Table 6.52

Correlatjon Coefficient* Between Efficiency Scores- on CPMP 1
Calculated Using the 12 Scoring Procedures (N = 111)

AUTHOR GCS GDS ICS IDS ICM IDM CCS CDS CCM CDM Mc

AUTHOR 100 78 78 8 66 & 76 76 70 73 73 77

GCS 1000 700 75 62 74 71 74 63 73 73 98
6DS 00 75 6 74 M 74 69 73 73 o8
1CS ' 100 90 82 91 88 8 84 84 76
1S 100 74 93 76 ©0 80 80 ‘59
ICM o0 78 7% 78 79 79 75
IDM 100 81 8 84 84 . 68
ccs | 1M 97 93 93 76
CDS 0 95 95 70
cCM 100 100 73
COM ' 100 73
Mc . ' 100

*decimal point omitted




v

Table 6 53 presen the resultlng matrlx

’

. from the pr1n01pal component ana1y51s

d’

~

TQ]e 6.53

s

Varimax Rotated Pr1nc1pa1 Component Factor Analysis
of Eff1c1ency Scores on CPMP 1

X : s ¥k
Scoring ‘ Factor . ' h?
Procedure I 7. . J
R Author 59 62* 73
\ GCS 40 a1 99
GDS - 40 91 9
' ICS - &8 48 88
IDS 83 23 78
ICM (33 55 76
IDM 83 40 85
ccs 82 (1 88
CDS 88 37 92
CCM .86 ¢ 42 9
CDM - 86 42 91
Mc 4 29 9€
Percentage ’ ‘ : ,
of Variance 52.15 36.03 88.18.

*factor loading > 45; decimal point omitted o
**communality

Ve

W

Two components .wene found to underlie

the correlation matrix‘ The factors appeared to "be related

x

to the method of categorlzlng optlons Factor I would be

best referred to as the 1nd1v1dual and computer Categorlzatlon
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. -and factor II, as the author and grdup-categorization.v, o
Factors I and II resPeCtively'accoud;éd for 52.15% and
36:l%lof‘the total observed Score variance of 88.18%.

b) CPMP 2

. " Table 6.54 presents the correlation

- codefficients bétween.efficiéncy scoresfon CPMP 2.

N

Table 6.54 - - -
Correlation Coefficient*'Between.Effﬁciency Scores on CPMP 2
/ Calculated Using the 12 Scoring Precedures (N = 111)
'*AUTHOR  6CS  GDS ICS IDS ICM IDM :CCS CDS CCM CDM ' Mc
AUTHOR 100 93 "935 93 75 91 63 58 51 60 57 Q2

6CS 100 00 €7 70 8 57 61- 55 59 . 53 98
60s 100 €7 710 8 - 57 61 . 56 - 5§ 59 98
1cs -~ 100 8 9% 66 56 48 58 57 86
105 100 "3 8 59 54 60 .53 70
oM 100 67 54 47 55 54 85
1DM o 100 29 45 50 46 59
ccs : 100 96 94 91 63
cDS - | C 100 96 94 57
CCM | | | ' | 100 92 61
COM . _ -~ 100 6
Mc ' ' —_ - 100

*decimal point omitted
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/

e

P f‘. Table 6.55 presentS'the reéulting
‘matrix from the principa;'component'anélysis;\\
o © Table .55, . . "
Varimax'Rotéted.Principa] Components Factor Analysis of ‘ ’ r
Efficiency Scores -on CPMp 2 v g

Scorina Factor . hj
Procedure SN II.

, Author 92* 29 . 93 |

- 6CS 89 < 32 90 -

GDS 89 32 90 - "
ICS 92 - 27 @
IDS 75 36 69
ICM 92. 25 91
IDM | 62 31 . 48
ccs 35 9 - 94
cps & 26 97 100
CCM 35 an 94
CDM 34 a8 88
Percentage .
of Variance 52.27 34.33 86.60

~*factor loading > 45; decimal point omitted
**communality

Two components were found to underlie

the correlation matrix.  Factors were related to the method
of catego}izing 6péions:.'the author, group and individual
methods loaded on factor I and computer on II; Factors I
and II respectively accounted for 52.27% and 34.33% of the

total observed variance of 86.60%.
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. o), cPMP 3 -

Table 6;56 presents the correlation
: ) rS - ' ‘ , T
‘wcoefficients between efficiency scores on CPMP 3.

é

Table 6.56

Correlation Coefficient* Between Efficiehcy Scores on CPMP 3
Calculated Using the 12 Scoring Pracedures (N = 111)
AUTHOR  GCS  GDS ~ ICS  IDS CICM IDM  CCS  CDS  CCM COM  Mc

AUTHOR 100 81 81 88 57 92 71 69 -18 60 31 . 81

6CS 100 100 69 69 76 51 56 07 44 45 100
GDS" - 100 69 69 76 71 56 07 44 45 100
Ics ‘ 100 44 . 96 65 87 -12 74 27 69
10S 3 100 52 87 29 31 20 42 g9
1CM : 100 6 80 -14 68 37 76
1DM " | 100 49 23  38. 3 73
ccs | 100 06 8 38 56
CDS ' 100 22 26 07
CCM E ' 100 51 44
com - ~ 100 45

Mc _ ' . 100

*decimal point onﬁtted

Table 6.57 presents the resulting
matrix from the principal component apnalysis.

P

o]
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.
N
. Table 6757
| : )
. Varimax Rotated'Principal,Component Factor Analysis of
Efficiency Scores on CPMP 3
2
Scoring . Factor hj**
Procedure 1 11 . I1]
Author - 72* 59 -23 92
GCS 80 33 05 ' 92
"GDS 80 - 33 05 9%
ICS 51 &0 -18 93
1DS 81 06 33 76
ICM 62 73 -18 94
1DM 17 28 22 71
CCS 29 &7 07 84
CDs 06 ~03 78 61
CCM 11 - 94 32 100
CDM 33 31 38 35
Mc 30 9 33 05 92
Percentage -
of Variance 42:09 30.56 9,52 82.17

*factor loadina > 45: decimal paint omittad
*rcommunality

Three components were found to underlie
the correlation matrix. Factors were dependent upon the
method of categorizing options: author, group and individual
methodshloaded on facter I; éuthor, indiyidual ana computer
on II; and computerlon TII. Factors I, IT and IIT réspec—

tively accounted for 42.09%, 30.56% and 9.52% of the total

"
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" q
observed score variance of 82.17%.
2

d) CPMP 4

R

Table 6.58 presents the correlation

coefficients between efficiency scores on CpMpP 4.
%

Table 6.58
1 . ) '
Correlation Coefficient* Between Efficiency Scores oh CPMP 4
Calculated Using the 12 Scoring Procedures (N = 111)

§

AUTHOR .GCS GDS ICS IDS ICM DM CCS  CDS ,CCM  CDM

AUTHOR 100 69 69 32 53 314 &4 28 51 19 37

6CS
- GDS
ICS
IDS
ICH
1 DM
cCS
CDS
CCM
COM
Mc

100 ‘100 4 77 43 72 27 41 35 37
1008 77 43 72 37 M 35 37

00 60 82 43 69 71 75 7

M40 93 42 37 9 3

0 28 71 85 93 g

100 32 30 15 25

™79 71 79

100 78 93

100 14

100

*decimal point omitted

22

Table 6.59 presents the resulting matri

from the principal component analysis.

Mc

66

98
98
40
74
39
68
28
"
17
36

100

X
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~.

‘Table 6.59

Varimax Rotated Principal Component Factor Analysis of
Efficiency Scores on CPMP 4

Scoring Factor h?**
Procedure I I Y
Author ' 22 - b6* 48
GCS 20° " 96 95
GDS 20 96 95
ICS 78 32 70
1DS - 25 82 73
ICM . 92 23 90
IDM 14 79 €5
CCs 79 17 65
CDS 87 26 83
CCM 92 13 86
CDM 96 18 95
Mc . 20 92 88
Percentage

of Variance 40.45 39,36 . 79.8

*factor loadino > 4R% decimal point amitted
Preommuniality

Two components were found to underlie
the correlation matrix. The computer method loaded on
factor T while the author and group methods ]ogded on IT,
The indi- idudl method loaded on both I and IT. Factors I
and IT respectively accounted for 40.56% and 39.36% of the

total observed variance of 79.81%.
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L. Dlscu331on of the Component Analytlc Investlgatlon of
Efficiency Scores

< v ' ‘ . . .
A componeht analysis of the 48 x 48 correlatlon
matrix resulted 1§:fevenUfactors whlch when hnterpreted
Vs ' —
were given the following names:

Factor I: CPMP 1 factor

Factor 1II:. CPMP 2, author, group and ‘individual
) factor _ N

Factor TII: CPMP 3, author, group and individual
factor

9
Factor °IV: CPMP 4, individual and computer factor
Factor V: CPMP 4, author and group factor
Factor VI: CPMP 2, computer factor

Factor VII: CPMP 3, computer factor

Tt was ohserved that more than one gcoring procednre,

but only oné CPMP, loaded on each factor. Thérefore, effi-
~iency, as measured by the computer simu]atiqg, was case
specific. However, not all scoring procedures loaded on
the séme factor for any given CPMP. Instead, écoring.pro~
cedures (i.e., more specifically, method of categorization)
loaded on 4ifferent factors. This variation in structure:
was similar to that Qbéervéd in the error of omission
rnﬂﬁirs.

Tn order to furthér‘understand this observed altera-

Fion, the sc~vea of each CPMP were factor analyzed. Tn these



.
]

.investigations it was observed that no consistent re-
S .

lationship existed between the CPMP and the number of

factors: two factors were observed in CPMPs 1, 2 and 4,

and three in CPMP 3. There was however a relationship

»

between the factor loadings and the method of Categorizing

options but this relationship was not crnsistent aver

.

CPMPs as {illustrated below:

CP Eat
([ ' D ae . :
Factor I: individual ‘and anthnar
( Factor TT: authar anAd aroup
CTMP D,
Factor I: author, greonp and indi-idnal

Fartrr rT. ~ompnter

v

creMe 3.
Factor 1: authdf, 7'”hn A inAdAT T Ana
Farbtmy TY. compat oy

FOMP 4.

<
Factor I: computer i :
¥ Factor 1II: author, grenem and indiviqual
Factor JTT7. IiNnATvidAnn)

T+ wae »Sarprore cnnr1ana Fhot hath CPMP and

meathnl ~f categorization Jetr’yvv\"vw;{ fhey Y irimemn ré]ml-ir\nml\';p

NIy (\‘FF"r"ipnf‘\' sScores .

v

M. “mmary of the Compornent St_'rivf"f-urm nderlying CPMF Senres

Component analyses were nndertaken to determine
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whether the same unitary trait was being assessed. CPMP
scores were generated using different scoriné'ﬁrocedures.
From the analyses of the 48 x 48 correlation matrices,
it was observed that only one CPMP and sevéral scoring
rrocedures Joaded on each factor. Since the correlatinns
bétwenﬁ CPMPs tended to be very small and since no two
CPMFs loaded on the same factor, >t was concluded that
n1iniga] performance, as measured by the computer simy
1ati&s, was oone?a]]y cAase or prohlem specifi~. This finding
is in keeping-with the récpnh work of Elstein, ef'al, (tyn78Y
whe noted that both physicians' and medical studentsg'
diagnostic affectiveness varied considerahly acenvding to
"he @linical prohlem enconntered.,

There ar~ erveral pessible explanations for tha
rrse specificity ~nf physician effectiveneas %n dealing with
~1i®ican rrobhlems. This may have orcurred becanse aarh of

the prohlems had several dimenainne interacting (e.g., medical

¢

1
content:  ohgtetricg, ~ardinlogy, gynecnloqy, medirine; intery-

ventinne lrqu-ovy, (vhyciﬁa] eraminatjon, '!_;\b'_"r:af-ory 07(amin"af‘inn,
mahaqmm@nr' contoext of cavo- Aarnte , chyoer i) haalith Maintan o,
emeygency: and, strucrture of =simulation: complax, linear
hy anching. If these gevera) dimeneions Aid interact, then
calenlating a single gcore,(e.qi, proficiency) may not

hava r»eflecrt~3 tha common elamente among cases

|
by
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» .
Although the CPMPs welre found to be case specific
(i.g.,\only one CPMP‘fell on each factor), not all scoring
procedures fell ‘on the same'factor., The scoring procedures
were observed to fall on different factors depending on
the CPMP, the method of categorization and tﬁe score analyzed,
. For example, when proficiency scores were analyzed, factor
*VI was referred to as NPMP 2 computer factor, and factor
VfIT, the CPMP 2 group factor. Since the scoring pro-
cédures (more specifically, the methods of categorization)

fell on Adifferent factors, the scoring procedures may have

rrodured measnres ~f different behaviors.

The 48 x 48 correlation matrices were suhdivided
AnAd the scoves of each CPMP were further aralyzed. Through
these analyses, it was observed that there was no consjistent
relationship among the CPMPs and the scoring procedures.
Iho factaor loadings were found Fo be unrelated to:

! n the type of CFPMP (branching verene ncn
branching, .

?Y  the typé ~f weights used within the scoring
pracedure (canstant vevsusg differential), and

1) the type nf key used (single versus multiple) .
However, a relationship was observed between the factor
1nradings and the method used to categorize options hut
this relationship also varied depending on the CPMP and scores
analyzed. Table 6.60 summarizes the numb&r of factors fennd

-

and the groupings of methods used to categorize options.



Table 6.60

Number of Factors and Structure of CPMP Scores

CPMP Score
Proficiency Error of | Error of Efficiency
Commission Omission
1 1 factor 1 factor 1 factor 2 factors
(A,G,T,C)* (A,G,T,C) (A,G,I,C) (1,€)
(A,G)
? 3 factors 2 factors 3 factors 2 factors
(A,G,) (A,G,T ) (A,G,) (A,G,1)
(1) (C) (1) (c)
(C) (c) '
3 2 factors 3 factors 3 factors 3 factors
(A,G,1) (G,I) (A) (A,G,T)
(c) (c) (6,1) (c) -
(C) (C) (C)
1 2 factors 2 factors 3 factors 2 factors
(A,G,1) (A,G) (A,G) (C,I)
(C,1) (1,C) (1) (A,G, 1)
. (C)
* A = author categorizations
G = group categorizations
I = individual categorizations
C -

- computer categorizations

Table 6.60 illustrates that both the numbér of

184

factors and the loadings for categorization methods varied

over CPMPs and clinical scores.

For example,

there was one
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component underlying CPMP 1  and three components undefly;ng
the CPMP 3 commission scores. In the error of omission scores
calculated on CPMP 2, the.individuai method loaded by itself
on a separate component but loadea‘Yith thelgroup.method in
CPMP 3. . |

There are two additional observations. in Table 6.60
tgat are wofth identifying. Firstly, there was only‘one
lcq@ponent-or dimension underlying the proficiency, e%ro; of
cémmission and error of omission scoresvin CPMP 1. Thus,
irrespective of the scoring procédufe, thére was only
one component underlying these scores while, in the other
CPMPs, there were two or three. This finding may be due
to the simplicity of the medical problem simulated in CPMP 1.
CPMP 1 was a linearily structufed simulétion qf a 44‘year
old man with a "straight-forward, gésy to diagnose and
manage" cardiac problem. Given'this conceptually and
struééurally simple simulated clinical problem, the
linear relationship among scores was unaffected by the
different meéthods of categorizing options. Since the other
simulated problems were conceptually and structurally.more
complex, several components were observed to underlie their
scores. )

Secondly, a pattern of loadings was noted among
the methods of categorizing options. The author.and.group
categorizatioﬁ methods loaded on the samé factor in 14 out

of 16 analyses; the computer method lOa@ed on a component by'
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“itself in 9 out of 16 enalyses, and thé individual method
loaded either with the author and group, with the eqmputer
or by itself. Thus, there'were basicaliy threevcomponenrs
underlyingithe methods of categorrzariou: .

yl)s author and group

' 2) individual, and

" 3) compﬁter;‘ o | .\

The exact pattern of loadings of these components
tended to vary over CPMPs and scores. |

Further analyses were carrled out to determine
the effect that scorlng procedures may have upon the means

of.cllnlcal scores. These results are reported in the'f

next section.

4. Multivariate Analysis

A._  Multivariate Analysis of CPMP Scores
N

. . Y

Analyses were undertaken to determlne the effecti
that scorlng procedures had upon mean scores. The data
was subjected to a one—way multlvarlate analysis w1th

repeaté& measures. - ' . : ‘ {
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B._ Statistical.Analysis . S

With the enormous amount of data generated within
G '3

this Study (lli examinees X 12 scoring_proeedures-x 4 '
CPMPs X 3 scores*c#-15,984 scores); there were no,compuﬁer
systems 5rvprog£ams evailable'to the.auehor to carry‘out_a
multivarieﬁeIEnalysis of this data. The coﬁputer systemd
~available had in%pyficient core and the dimeqs;ons of
avaiIable progpeme were éoo small. Therefore, a step by
‘Jﬂéfep procedure of data analysis was;undertaken. The first.
step in this procedure was to calculate tﬁe gegeralieed

.inverse of large design matrices.

C. Calculation of the Generalized Inverse of a Large
Design Matrix § . :

"The linear expression of Y, given X, is expressed
in Equation 6.1.

<
Y = XB + E ) (6.1)

N

/ . .
*Although four scores (proficiency, error of commission,
error of omission, and efficiency) were calculated for
each examinee on each CPMP by twelve different scoring
procedures, only the means'of three scores (proficiency,
error: of omission and efficiency) were-.analyzed. The error
of commission was excluded since it was linearly related
to the proficiency and error of omission scores (i.e.," .
proficiency "+ error of commission + error of omission = 100%)



the observed score

the design matrix

(x'x)~1 X'y, the beta weights, and

=
!

the error matrix. 'h o ‘ ,l.
Slnce X'x was singular, X X anverse could not be found and
the pseudo or generallzed 1nverse was used There are
several compﬁter s§stems and programs in North Amerlca thate
w1ll calculate a generallzed inverse if the dlmen51ons of
X'X are relatively small, but none 1f the dlmens1ons are

" large.

The dimensions of the X'X matrices in thisistudy
were large (1 €., 123 X 123). ‘.As the generallzed inverse
solutlon for thls matrix was bevond the scope of the ‘
computer systems available, an algebraic solution was

sought and found (see Apvendix G).
D. One-Way Multivariate Analysis

a) Linear Model
~

The llnear model of the one-way multi-

variate analysis is expressed in Equatlon 6.2.

1332712 7 1332%123 12312 * 133F1z  (6.2)

1188 .
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where\ Y = the crlterlon matrix of 1332 rows .and 12 columns_
= the de51gn matrix of 1332 rows and 123 columns

"the:effects matrix of 123 rows and 12 columns, and

MW X
I

.tﬁe error matrix of 1332 rows and 12 columns.
- The columns of the design matrix diden-
o tified the;examinee.and the scoring.procedure used to
: generate the scores in each row of the'criterion matrix.

' There were 123 columns in the de51gn matrix (lbl students

- ' ’

+ 12 scorlng procedures) Since the examinee measurements
were repeated on twelve occasions (i.e., 12 scoring proce—
dures), there were 1332 rows in the design matrix.

. The columns of the effects matrix
represented the same . twelve scores as in the crlterlon
matrlx. The f1rst.lll-roWs represented the relative gffects
that were due to examlnees, and the last .12 rows, those that
were due to scorlng procedures. In total, there were 123
Arows 1n‘the effects matrix (111 examinees + 12 scoring
procedﬁresi. |

The eérror matrix was similar in ‘dimension
‘and structure to the criterion matrix and represented the

»

dlfference between the criterion and the model matrix

-

(;.g., Y - XB).

b)‘ Hypothesis

It was hypothesized that there was no
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, \
statistical dlfference 1n the mean vector of SCores among

the twelve scoring procedures The null and alternate

hypotheses were statistically expressed as follows:

Ho: _ > _ > _ > _* _ > =
©° ¥Author T ¥Gcs T Mgps T ¥ics T MIps T ¥icm

' _ _L» _+' _-»' >

"IoM T Yees T Meps T Yeem T Mepu T MMe

> >
Hy Pi?éUj

N . .
where v vector of twelve scores in the population -

i;j= scoring procedure and i # j

c) Results

" The som of s&uaresiand'cross-products
due to total (Y'Y matrix), model (B'X'Y), model corrected
for sum of squares due to means (B'X'Y - N?Z), scoring
prOceddre ((K'B) ' (K" (X*'X) ™ K)—l(K'B)Y, and beta weights
((X'X) ' X'Y), and error (Y'f - Y'Y), are resoectively
preserited as Appendices H - M,

The tests for the one-way moltlvarlate
analysis of dlfferences in vectors of mean scores among
scoring procedures showed a significant difference (see
Table 6.61). The null hypothesis was therefore rejected

and the alternate hypothesis accepted.
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Table 6.61

Raos Approximate F Test Using Wilks Lambda

dfl = 1}2, df7~5410,73l.5, E-= 252.38( P < 0.001
and Lambda = 0.00001

:/1 *

Ray's Maximum Eigenvalue Test

s =-11, m = 0.0, n = 653.5, Heck = 0.9729
Critical Heck (o = 0.05) 0.0406, {a = 0.01) 0.0450

d) Simultaneous-Paired Compafisons
Additional analyses were then carried
out to determine on which of the 12 CPmMP scores (i.e.,
proficiency; error of omission and efficiehcy, calculated
for each of the four CPMPs) the scoring proceglures différed.
For each variable, a simultanéous-pairéd comparison, Morrison,
(1967), was made on all pairs of scoring prncedure méans.

There were 66 paired comparisons (i.e., (n? - n)/2) within

aéch scoring procedure and 792 comparisons in total
A ‘ :

(i.g:, 66 X 4 CPMPs X 3 s¢ores). Tt was hypothesized that
there was no statistical difference among’ mean scores cal-
culated using different scoring procédures. The null and
alternative hypotheses were statistically expressed as

follows:
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# 0 _ )

where y = population mean score
i,j.= scoring pgggédure with i # 3

m = CPMP score (CPMP 1, proficiency; CPMP 1, error of
commission, ...CPMP 4, efficiency). . .

' Since it was difficult to interpret all 66 paired com¥
parisons among the twélve scoring procedures{ Table 6.62 and
éﬁbsequent tables of paired comparisons were collapsed to
determine whether the‘féllowing characteristic§ of Fhe scoring
procedures systematically altefed CPMP scores:

1} method of caﬁegorization, (i.é.,'Author vs GDS
vs IDS vs CDS vs Mc, and .GCS vs ICS vs cecs),
2) - constant versus differential weights, (i.e.,
GCS vs GDS, 'ICS vs IDS, and,CCS vé cns), and
3) single ver;us multiple keys (i.e , ICS vs TCM,
IDS vs IDM, CCS vs CCM and CDS vs CDM)
Tn the above comparisons the followinng "trateagy was employed: !
g) method of caﬁpgorizatinn
This inquiry was divided into twn sets of

comparisons:

set 1: those scoring procedures employing
differentjal weights and a single key,

and
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set 2: those procedures with constant weights

and single keys.

In éet~l, the author, group,'1pdividual,computer and McTaughlin
methods were compared, and iﬁ'set 2, the group, individuval

and computer methods were compared. With five scéring pro--
cedures in set 1, ten pairs of EOmparisnns we;e made and ¢
with three scoring procedures in set 2, three pairs of
comparisons were made. Only the methnd of categnrization

differed among seoring procedures in eat~ ' ang 2.

i1)  constant versus differential weighta:

—

&

Tn determining whether monstant
and differential weiqhts_systematica]iy altered mean sdhres,
fﬁ've paired comparisons were made: GCS we (PR, TCR ve TN,
CCS vs CNS, ICM vs TDM, and CCM vs DM, Tn each paired
comparison only the type nf waiqghte Aiffevred (i @ . conalant
s AdAj fferential),

i) single vergns multiple keyg:
g
In determining whether constant
and differential weights systematica{]y altered mean
scores, four paired comparisons were made: TCS vs ICM,
IDs vs”gDﬁ; CCS vs CCM, And CDS vs CDM. TIn each pairgd

comparison only the type of key Adiffered (i.e., =ingle ve.

multiple) .
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» The above strategy was empioyed on ¥
thp mean proficiency, error of omission, and efficiency
‘cores for each of the four CPMPs giving a total of twelve
ronps of comparisons.

. In the following tables of paired
compariemns, statjstically equai means are identified by
a common underline. Means excluded from the sequance of

~yAey e megnnm arm i“'ii"aﬁﬂ,d by a H()tted line.

aA.19) CPMP 1, Proficiency Scores

Table 6.62 presents the
multiple ecrmparisons of m;am prroficiency scores on CPMP 1
calculated using #Hp twelve scoring rrnredure=. Table (.63
‘nmw");ﬁﬁg "heso ramnlta by:

] method f eategorization
Aok 1 v,

The author, agrnup and McT.Aaughlin
moathmnde were found ko ho qhaf:i'ﬂ*‘iﬁalj.y aqual and different
from the indi-idbal and computer methods (see line 1.of
Table &.63). The groun, MecT.aughlin and individnal methods
were statistically equal and different from the author and
‘computer methoas (see line 2 of Table 6.63). The McLaughlin,

individual ahd computer methods were statistically equal

and different from the author and group methods (see lipe B

. ]
I nf Tahle 6.A3) . ©
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set 2:

~The group method differed
significantly “from the computer. The individual method "
was statisticélly equal to both the computer and individual
methods ‘(see ‘lines 4 and 5 of Table 6.63).

ii) constant versus differential weights

A statistical difference was

nbserved in scoring procedures with single keys: GDS > GCS,
IDS > ICS, CDS > CCS; but, no differences were found in

scoring procedures with ﬁultiple keys: TCM = TDM and CCM =

[

CDM (s{% lines 6~10 of Table 6.63).

A
A%

it

iii) “single versus multiple keys

A statistical difference
was observed in scoring procedures with constant weights:
ICM > ICS and CCM > CCS; but no di fference was observed
in scoring procedures with i fferrontial weights: TIDS =~ TDM

and CDS = CDM,

d.2) CPMP 1, Exror of Omission Scores
Table 6.64 presents the
multiple comparisons of mean error of omission scores on CPMP 1.
Table 6.65 summarizes these results by:
i) method of éategorizationﬂ
set 1:
The combﬁter mean error of omission
score was found to be statistically lower thap those of the author

n

individual, McT.aughlin and group methods (sée line 1 of Table 6.65).

~
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'lset' 2:
vThe means of;the individua;;
computer end group consensus methods.were,statistically'equal
(see liﬁe 2 of Table 6:65) |
ii) constant versus dlfferentlal welghts
A statistical dlfference ‘was
observed‘betweee five out of six paired comparisons:‘ GCS > GDSs,
ICS > IDS, CCS > CDS, CCM > CDM; but no difference was found
 between ICM and IoM. ﬁ
= ;, iii) singie verses differential keys
| A statistical¢éifferencefwas
observed in scoring procedures with constant weights: Ics’ > iCM
and CCS > CCM° but no dlfference wes observed in scorlng procedures

i -
with dlfferentlal welghts' IDS = 1DM and GDS = CDM.

P

-~

d.3) CPMP 1, Efficiene§ Scores
Table 6.66 presents the multiple
comparisons of mean efficiency scores on CPMP 1. Table 6.67
summarizes these results by: |
| i) method of categerizatiOn'
set 1: B
- ) | ' | The computey method was found to
bé.statistically lower tﬂan the~author,'Mc£aughl;n, individual
and group methods (see line 1 of Teble 6.67).
' set 2: ) : . ‘ ,‘
 The cemputer method was statisti;
eally lower than the individual and group ﬁethods (see line 2 of

Table 6.67).
o o \
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.

ii) constant verSus‘differeﬁtial weights

e ‘ | ) : - Only one’ srgnlflcant ‘difference

wes.obserbed:-fIﬁM > ICM.. No dlfferences were observed in the
other four‘paired comparisons-- GCS = GDS, ICS = IDS, CCS = CDS
and CCM = CDM (see lines 3 7 of Table 6. 67) ' | |

iii) single versus multiple’keys

The mean eff1c1ency scores were

found to be hlgher in the follow1ng comparlsons. CCs >ccM, ICs >

. ICM and CDS >/CDM- but no dlfference was found between IDM and
'”IDS (see lines 8 - 11 of Table 6. 67)

s

d.4) CPMP 2, Proficiency Scores

.comparisons of mean proficiency scores on CPMP 2. "Table 6.69
summarizes these results by:
. . ) . . '. ] ".
8 i) method of categorizatign

set 1: - o

Table 6.68 presents the~multiple

The.means of ‘author and individual

methods were found to be equal but'different from the group,

'McLaughlin and computer methods. The group and McLaughlln methods

were equal and dlffered from the computer, author and . 1nd1v1dual

~methods. The computer method was 51gn1flcantLy hlgher than the

4

‘others. Lastly, the individual, group and McLaughlin means were

equal and they dlffered from the author and computer methods
(see lines 1 and 2 of Table 6.69). '
set 2:

The means of individual and

group methods were equel and they differed significantly from the
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compﬁter (see line 3 of Table 6.69).
f ii) constant versus differential weights
| Tﬁo of the five paired comparisons
showed a significant difference: éDS > GCS and.CDS > CCS. No
differences were found in ﬁhree compafisons: ICS = IDS, ICM =
IDM, and CCM = CDM (see lines 4-8 of Table 6.69).
? i}}) single versus multiple keys
' No differences in mean scores were
observed between scdring procédures with single and multiple keys:
Ics = ICM, IDS = IDM, CCS - CCM, and CDS = CDM (see lines 9-12
of Table 6.69).
d.SZ CPMP 2, Error of Omisgion Scores

Table 6.70 presents the multiple
comparisons qﬁ'ﬁean error of omission scorés on CPMP 2.' Table
6.71 summarizes these results by:

i) methad of categorization
set 1:

The mean scores of the computer
and individual methods were found to be different from all others.
The means of the McLaughlin, author and group consénsus methods
were found to be equal (éee line 1 of Table 6.71).

set 2f

The means of the group, compﬁter

and individual methods were found to be statistically different

. from each other (see line 2 of Table 6.71).

N ii)" constant versus differential weights

\ '> : A difference was noted in mean



207

#»L0T°
xxEY8 "
*%L€8°
*¥8LL°

*x8hvy°

»¥8T6°

leT”
£es”
A0

G%6°

Y\K

«*wmd.

»»CTT°

KW

b
- «%mqo.n
€~  69€°0 x089°
€- ¥x$86°L  SE€6°
9- *xG59°0T x»xG09°
8~ ¥#EYT TT x4E6T"
G- xwGT; ¥%SL0°
PEx0TE TT %40L2°
T- #¥99€°S  90L°
0 xxTHL'Y *rmom.
T~ ¥x60€°S  Ty.°
8 - 8€L'% 88l
nac WOD

9-
0- »xGT9°¢

€ »x587°07 *»x0L9°C
S »x€L8°TT xx8ST"¥
€ waSSL°6  wxOWT'Z
Y xx0S6°0T »xxGEE°C
T~ x»¥l6°% wxTH9°Z-
,Nnm«xﬂum.v xxhhZ2°€-
T- r*mmm.q ¥¥9/.9°C~
IT 80T°¢ £CL°2T

sao SO

8861
6250

%990

#»3TTE"C- %xx668°9-

»x¥T16°6-
¥x99E G-
€6€°ST

Ra:

£
»x8T1T°7-
£26°0- 767" T
»xT8/ "p-
#2086 "L- xx%8€° G-
*¥VE6°9- ¥x9TQ v~
186°91 €98 y1
WO1 y Sar

mowtﬁmw‘n TBALIUT JOUIPTIUOD %0° 66xy
89, T '+ ='TBagda3lUT wuzmvﬁwﬁﬁu Z0°G6

¥¥9.6°6-

¥x6(G G-

»xTT0°9-

86097

Sa1

g8anpedo1q 8uj109S 7T 9yl Sufs) paijernoTes

¢ didD U0 S810DF UOTSSTUWO) JO SI0X1F UL JO UOSTIRAWOY

0L"9 STqel

anpapoxd wCﬁHOUm X0J 21008 ueam

£09°0-
Se0°0-
¢80 701

Sas

aTdTITnK

o~

£9s°¢C
6L%°6

SD9

E

Sv6°§
o

BEL Y
Wao
88(°11
WOO

801°S
Sau
€L2°C1
SJ0
£6€°ST
Wax
18691
 WoI
€98 %1
sar1
- 850°9T
801
80°0T
Sao
6LY°6
© 809
L%0°0T
HOSu:<

el%0°01

o

10y3ny



208

T
Li .
- i

0! r
m r
g

)
oo -
w .-I,lllllllttlllil.ll
G . — . N
14 a2 —— F———
£ — 1|1|||l||J“

g
L — ’ DT S

A L o<

86791 8S0°91 €6£°S! €98'pI £2/'2. 88/°Li 280°0. Ly0'0. 6LV’ Sv6°¢ 80L°¢ 8EL'T
W31 SJ: Wa: NH Sa¢ W33 Sac  Joyjny N W saz Waz

1 2

. -SA9Y m_awu_:z m:m¢m> a1buts 9 sjybLap LBLIUBUB}S LG SNSWaA jueSUO ‘g uotjeziuobajey jo poyispy -y
1AQ 2 GAd) UO $3U02§ UoLssiwg 40 J04u3 ubay s0 uosiaedwor 3ldL3 N .

lL°9 3jqe. ¢



209

~
. -

scores of scorihg pfocedures with the computer method: QFS > CDS
and CCM > CDM. No s;aﬁisﬁical differences were observed among
wﬁhe three other paired comparisons:‘ GCS = GDS, ICS = IDS and ICM
= IDM (see lines 3-7 on Tablé 6.719.
‘ i iii5 singie vefsus mult?ple keys .

e No staéiétical differences were
observed between scorind procedures with single and multiple

" keys: ICS = ICM, IDS .= TDM, CCS = CCM and CNPS = CDM (see lines

8~11 on Tahle 6.71).

d.6 CPMP 2, Efficiency Scores

Table 6.72 presents tﬁe multiple
comparisOhs-of mean effiéiency scores on CPMP 2. Tablg 6.73
summa;izes these results by:

| i) method of categorization
set 1:

The means of scoring procedures
McLaughlin, group and*computer were staﬁisfically equal while both
the author and individua% methods produced mean scores that were
different from +hé others (see line ] of Table 6.73): \

: set 2: |
- - The mean scorés of the group,
"cohputer énd individuai\msiygﬂs were statistically different
(see line 2 of ?able.6.7lf;g‘ '

~ i1} constant’ versus aifferential weights

Four .of the five paired compari-

jsons’ indicited mean scores to be different: IDS > ICS, IDM > .ICM,
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CCS > CDS and CCM > CDM: but no difference was found between
GCS and GDS" (see lines 3-7 of Table 6.73).

iii) ‘sindle versus muitiple keys.
’ No statisticelrdifferences.were

found among mean scores of single and multiple keys: 1ICS = 1ICM,

(IDS = IDM, CCS = CCM and CDS'= CDM (see lines 8-11 of Table 6.73).

d.7) CPMP 3, Proficiency Scores
Multiple comparisons of mean

proficiency scores on CPMP 3 are presented in Table 6.74. There
are few statistical differences among scoring procedures (i.e.,
six out of 66 paired comparisons). The small number of observed
differences we e primarily due’ to the large error term which is
reflected in 'the 95% and 99% confidence intervals of -lO 910 and
11, 510. There were no differences in mean scores due to
method of categorization, constant and dlfferential weights,
and single and multiple keys. These results are summarized 1n.

-

Table 6.75.

b ' -d.8 CPMP 3,.Error of Omission Scores
| Table 6.76 presents the multiple
comparisons of mean error of omission scores'on CPMP 3. Téble‘
6.77 summarizes these results byr
- i) method of cetegorization
set i:..’
The mean score of the 1ndiv1dual

- method was Significantly different from the others. The mean scores
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X |

-of the a%thor, computer,‘gronp.and‘McLaughiin methods were found

to be equal (see line 1 of Table 6.77). :
| . set 2: - | | N
. S : - . The mean scores of the grouﬁ and

-

1nd1v1dual methods Were statlstlcally dlfferent to each ot:F
pd

‘but both were equal to the mean scores of the computer met

-

Tt

_(seerllnes 2-3 of Table‘6.77). »
- ii)  cénstant Versns_differenédai wegghts
' | . No statistical differences were‘
. observed among scorlng procedures w1th constant ‘and dlfferentlal.
".welghts (see llnes '4-7 of Table 6.77).
iii) srngle yersusumultiple‘keys
v D ¢ ~ No statistical differences Qere

o

observed among scoring procedures w1th 51ngre and multiple

g

keys (see lines 8- ll of Table 6 77)

. - R _' . d.9) cpmp 3, Efficiendy ‘Scores

| Table 6.78 presents ‘the multiple
comparlsons of mean effrc1ency scores on CPMP 3 Table 6.79 .
summarlzes these results by‘ |
‘ | .i). method of categorlzatlon

: set 17

I The mean score of the individual
method was 51gn1f1cantly larger than .the others ' There was no'
51gn1f1cant dlfference among the mean scores of the author, group

and McLaughlln methods.‘ The mean score of the computer method

was 51gn1f1cantly.smaller than the others with the exceptlon of
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K

the author mean sqore (see-lines 1-2 of Table 6.79) .
o | set 2:
| The mean score of the computer
method was 51gn1f1cantly lower than the means of the individual
and group methods (see line 3 of Table 6.79).
7 ii) constant Versus differential weights £
| A significant dlfference in mean

scores was observed between the follow1ng scorlng procedures with
constant and differential weights: IDS > ICS IDM > ICM and CDM

> CCM; but the mean scores of the follow1ng comparlsons were
found equal GCS = GDS and CCS = CDS.
| "iii) single versus differential Qeiéhts

No statistical differences were

observed between mean efficiency scores.

v d.10 CPMP 4, Erofioiency Scores
| Table 6.80 presentsvthe”multiple
comparisons of mean proficiency'scores on CPMP 4. Table 6.81
summarizes these results by: | \
| | i) method of categorization
set 1:

The mean soore of the autlor scoring
procedure was 51gn1f1cantly lower than the others. There was no
51gn1f1cant dlfference among the mean scores of the . McLaughlln,
individual, group and computer methods (see line 1 of Table 6.81).

i set 2:

. : “The,mgan score of the group method
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between CCM and CDM (see lines”3—q of Tidble 6.81).

223

B " ' . ]

was significantly different from the individual and computer mean

‘sgores (see line 2 of Table 6.81). . ) | . .

- : ii) constant versus differédntial weights

A statistical difference was
observed between four of the five comparisons: GDS > GCS,

IDS > ICS, IDM > ICM and CDS » CCS but no dlfference was foiund

iii) Single versus multiple keys

Only one comparlson was statis-

'tically significant: CCM > CCS; but no difference was found

between the other three pairéd comparisons: ICS = ICM, IDS = IDM

. and.£DS = CDM.

*d.11) CPMP 44 Error of Omission Scores

.

Table 6.82 presents the multiple

. comparisons of mean error of omission scores on CPMP 4. Table

-

6.83 summarizes these results by:
h i) ‘meehod of oategofization
set i:

The mean score of thelcomputer method
was 51gn1f1cantly lower than the other means whlch were observed to
be equal (see line 1 of Table 6.83).

) set 2:

No statlstlcal dlfferences were

observed among the mean scores ‘of the 1ndiv1dual group 'and com-

puter methoqu(see line 2 of Table 6. 83)

'ii) ‘-constant. versus d1fferent1a1 weights
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x o ,;, ‘Mea scoreS'of scoring nrocednres
with“differential weights were statis icall§ lower than those Qith
constant weights: GCS > GDS, ICE™S IDS, ICM > IDM, CCS > CDS and
CCM > CDM (see lines 3-7 of Table 6.65). |

.iii) singie versus multiple keys
. iny one comparison was obseryed'

. to be significantly differentf CCS'> CCM ~No differences in mean

oY

scores were observed among the remalnlng scorlng procedures

ICS = ICM, IDS = IDM and CDS = CDM (see llnes 8-11 of Table 6.83).

d.12) CPMP 4, Eff1c1ency 8cores
Table 6. 84 presents the multlple

comparisOns of mean efficiency scores on CPMP 4. Table 6;85
summarizes‘these reSults by: | |

| | 1) méthod.of categorisation'

- set i: |
'ggé mean scores of the autnor and

.computer methods were statisticaiiy‘iowerythan those of the.

4

McLaughlinNand group methods which‘in‘turn were ‘lower than the
individual method (see iine 1l of Table 6.85).
set 2:

No statlstlcal dlfference ‘was

found among the mean scores calculated by scorlng procedures w1th -

constant welghts and 51ngle keys- _ICS = GCS = CCS (see line 2

' of Table 6.85).

“ cen 5 o . SR R
: ii) constant versus d1fferent1al welghts

¢ 4

The follow1ng statlstlcal dlffe-

rences in mean eff1c1ency scores w1th constant versus dlfferentlal

]
. . . - . b .
S, . X L
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:weights: IDS > ICS, IDM >:1cm; CCS > CDS ahd;CDM >_ch (éeé“
‘lines 3-7. of Table 6.85). 1 o . | |
111) 51ngle .versus’ multlple keys
The followlng statlstlcal dlffe-
rences in mean eff1c1ency.scores were observed between scorlng

K

"procedures of 51ngle and multlple keys: ICS > ICM, CCS >0 CCM

but no dlfferences were observed between the means'of the fol-
lowing scorlng procedures: IDS =.IDM‘and:CDS =‘CDM (See.llnes*

8-11 of Pable 6.85) .

Y

. E.‘ Summary and. Dlscu551on of Results Obtaxned 1n the One—Way
’ Multlvarlate Analy51s . :

». - The summary and dlSCUSSlOD of the effects of
scorlng procedures upon* examlnee CPMP mean scores has been d1v1ded
1nto three sub tOplCS, namely, effects due to 1) method of ' b

categorlzatlon, ii). constant versus dlfferentral welghts, and

‘111) 51ngle versus multlple keys.

[

a)’ Effects Due to Method of Categorlzatlon-
° Tables 6.86, 6 87, 6.38 6.89, 6.90 and

6.91 respectlvely summarlze the multlple comparlsons of mean

-profrcmency, error of OmlSSlOn and efficlency s¢ores. Statls-

—

tlcally equal means are ldentlfled by a commoh underllne. An:

o~

examlnatlon of the. tables ylelds the followxng observatlons.

1) ther - were no cons;stent changes in mean scores
.over “the four CPMPs

1
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o Summ&ry.of'MUItip]exCohparisbn‘of'Méan Prbficiency‘SC6resf0n}CPMP 1;4'
. Calculated UsinQ_Scokiﬂg‘Procedures‘w1th;DjfferentiaT,weights apd<Sing]e Keys:

ocep

N

:AUTHOR -

Gs .

Mc'

.

1DS

- CDS

85.357

~ AUTHOR
81.434

-85.623

" 86.401.

_87.488

1DS
-82.700

s

57.487

gps
84.512

89.131.

“Me '
. 85}084‘

AUTHOR

58.054.

s
64.372 .

Mc.
'64.647_

cos
89528
" 6Ds
66.978

" AUTHOR
- 75.400

Me .-

GDS -
. 85.248

. Cos

. B5.647

K4

N

. 82.396

- 83.434

~ Table 687

C e

Sufmary ‘of Multiple Comparison of. Mean Proficiency Scores on CPMP 1-4

CPMP

”;!

6CS .

81.931

..’..\

- Ics

- 1CS.

80.568

83.234 |

. Calculated Using Scorina Procedures‘with Constant Weights and Single Keys:

oOLCSE
84387

GCS

53.554

80,814 ..
Tees

s . -

'86.439.
. BES

[

76.347

--60;075"”

Ics

79.194 .

Cedagr
“ces '

[

79.668 .

T
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Table .6.88

Summary .of Mujtiple’ Comparison of Mean Errér o:/ Omission. - Scores on CPMP 1-4 |
Caltulated Using Scoring Procedures with Diffeyential Weights and Single Keys:

- CPMP

1 DS . AUTHOR ,//Iaéff M - @DS
. B39 10.317 10,556 - 10.591 ___ 11.528

e

P

2 . s M -7 AUTHOR 6BS. - - 10§
. 5.108 - .8:945 . - 10,047  10.082° . 14.863

3 AUTHOR -~ cos' T gbs.  me . s ¢
o . 0.540 - g24.570 . 25,530 29.413 °  37.979
A st ans owe IDS @ CAUTHOR.
o £.793 . 12504 "13.949 14197 - 15582

vy
g |

N -+ . Table 6,89 . . - ' P,
. ! . B . N . ‘ : : . ‘ ) } ‘ ' . ) . ‘v"'- e *‘4'
‘Summary of .Multj%ﬁ-e Comparison.of Mean Error of Omission ‘Scores on CPMP.-1-4
: Ca]cu]ated-.Uﬁv‘ﬁp—Scor‘mg—PrOCedures,wjth Constant Weiglits and Single Keys:

cPMP- .
L (- R . ets
| SN U [ R % - B VI -7/
2 oGS LS B (o
o 9,479 « l;23 . g0
3. . es. R
. p1.478 35610 - 41141

e = S s GCS ~
: A_‘,'18.57.4. - 1’9_.409 - ~ 19.570 -
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- Table 6.90

- Summary of Mu1tip1e”tomparisdn_df.Méah Efficiency Scores on CPMP 1-4 o
Calculated Using Scoring Procedures with Differential Weights and Single Keys: -

. CPMP

-

o est AUTHOR  Mc - Ips . gbs -
g | B1.481 84.799 . '87.267 87.390. . '87.969

S Me 6D ocps AUTHOR DS
- - 72.884 _73.154 73.671  78.477 88.931

s~ AUTHOR ° s . M - s
59.009  67.352 69.115 - 69.115  82.032

w

a CAUTHOR CBS . . Me . eds . DS
. .84 . 71.123 83.036 83.302  89.41

#

~ ~

Table .91

Summary of Multiple Comparison of Mean Efficienfy.Sdores on CPMP 1-4
Ca]cu1ated Using Scoring Procedures with'Constant Heights and Single Keys:. -

cwe - R

1 B s - ~1IDS -/  GCS -
S 83.636 . 87.896 . 87.969

2 T ees. s s
T © 73.154 77.943 - 8l.42
3 s s o oees

o 52.221 - 66.120 - 69.115
& . oIS s T ees
o - 81.336 32,302 85.307
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. 2) there were 31gn1f1cant dlfferences in mean scores
w1th1n CPMPs. l 2 and 4 but few in CPMP 3

4

3) . the author's scoring procedure tended to produce
the’ lowest mean proficiency scores while the com-

. puter scexin ocedure tended to .produce the
highest. L o

4)"the’coﬁputer scoring key with differential weights'
tended to yield the lowest mean error of omission
scores

S)i the individual scoring key tended to yleld the
highest. mean eff1c1ency score

'6) the mean proficiency, error of omlsslon and effl—
' ciency scores of the McLaughlln and GDS' scoring-
procedures were statistically’ eqdal on all CPMPs..
Each of the above six obseruftlons will be discussed in turn.
Firstly, no consistent pattern was eVldent throughout
the above tables. The lack of a consistent pattern may be due
dto dlfferences amoné groups of experts or to differences in
CPMPS, or to_both. Thebgroups of,experts'may'have varied in
‘terms of their medical‘knowledge and experiences although it
has been‘earlier assumed:that the oqmposition of the‘groups was
equal. The CPMPs'varied in terms of the nature of the presenting
medioal problem; the type of care required; the emphasis on
history, ph;Zical examination, laboratory investigatiOn and nanage-
ment; and, the‘type.of branchlng employed. It is believed that.
thenlack'of'a consistent pattern was primarily due to the diffe-

rences. in CPMPs, however, differences in the groups of experts may

have}pﬁd'a.ﬁlnor effect.

Secondly, the varlatlon 'in the number of 51gn1f1cant
paired comparlsons a;ong the CPMP means is related to the size of
the confldence interval. Table 6.92 presents both the number of

51gn1f1cant paired comparlsons out of the total of 66, and the
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‘Table 6.92
Number oﬁ Significant Paired Comparisons of Mean Prof1c1ency,“ﬂ

Error of Omission, and Efficiency Scores on CPMPs 1-4
- and the Corresponding 95% Confidence Interval

. CPMP.
. T 2 3 g

- Proficiency - 40(1.954)*  39(%2.765) 6(¥10.910) ,  33(*3.907)

Error of Omission 43(f].368) 51(%1.768) 26(* 8.417) 46(12.838)
Efficiency  45(*2.631). 46($3.377) . 35(% 9.774)  47(%4.625)

*95% confidence interval

size of the 95% confidence‘intervel CPMP 3 the most complex
branchlng problem used in thls study,” had the ‘fewest number of
.51gn1l1cant dlfferences and the largest confidence 1nterval.
CPMP 3 also had the largest amount, of variation of opinions,
judgements and selections when the group, 1nd1v1dual and com-
puter methods were respectively employed to categorlze options.
This variation occurred both within and across methods and was
reflected in changes to option weights and optimal‘pathuays.
The consequence of this variation was an 1ncreased error term
which was three to f1ve tlmes that of other scoring procedures
and few 51gn1f1cant differences among meen scores.
Terdly, it was observed that the author's

mean prof1c1ency score tended to be the 1owest whlle the com-
' Duter'E was the highest (see Table 6.86). These results\may be
explalned by comparlng the scoring keys to the frequency wrth Whlch
optlons were selected This was accompllshed in two ways:

1) by comparlng the number of p051t1ve options iden-

tlfled w1th1n the elght scorlng keys (see Table 6.93) to the
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average number of selections made by experts'and examinees,
(see Table 6. 93), and . |

2) by calculating €orrelation coefficients between
scoring Key option weightings and the frequency w1th which op- .
tions were selected by‘experts and examinees (see Table 6.94).

In the first comparison, it was observed that both
examinees and expert problem—solvers tended to select fewer op-
tions than those categorized as positive by author, group and
indiVidual keys (see Table 6.93). Since the author and the other
scoring procedures 1dentif1ed more positive options than those
selected by examinees, this lowered the examinee mean prof1c1ency
scores and increased their error of omiSSion-scores. However,
this phenomenon did not occur with the computer scoring procedure
since there was a closer correspondence between options cate-
gorized as positive and the: number of positive options selected
by the examinees.

In the secgnd'comparison it was observed that the cor-
relation coefficients for the author method were the lowest while
those for the computer method tended to be the highest (see
Table 6.94). Thus the computer scoring key produced the highest
mean proriciency scores because examine€ selections closely
matched the weightings of the computer'scoring key.

Fourthly, the computer scoring key with'differential
weights and a single key (CDS) tended to yield the lowest mean
error of omission score (see Table 6 89). As’ noted'earlier,

mean scores were directly related to option categorization and

frequency of selection.o The closer the above match, the higher
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Table »6.93 - . T

Number of'ﬁ%sitive Options jdentified_within E1§h£.5cofing'Pro¢edUres and
Average Number of Selectibns by Examinee and Expert Problem Solver

CPMP Scoring Procedures . B .

Author GDS IDS CDS Mc GCS ICS CCS | Expert  Examinee

1 39* .43 44 36 43 43 41 37 36** 34

2 36 . 33 46 24 33 33 37 26 24 22
3 20 13 17 15 13 13 14 12 15 15
¢ {

4 29 - 30 28 23 30 .30 28 24 23 21

* number of positive options identified in scoring procedures

** average number of selections

Table 6 .94

Correlation Coefficient Between Scoring Key
and frequency that Options were Selected in GPMPs 1-4
by Expert Prohlem-Solvers and Evaminees

CPMP 1. . CPMP 2 - crMp 3 CPMP 4 ‘

‘ Fxpert Examinee Expert Examinee Fxpert Fxaminee Fxpert anmineé
Author  0.78 0.84 0.56 0.6] 0.23 0.37 0.50 0.45
GDS 0.80 0.83 0.79 0.74 0.70 0.66 0.88 0.83
IDS 0.90 0.91 0.60 0.64 0.67 0.63 0.80 0.76
CDs 1.00 0.92 1.00 0.92 0.85 0.62 0.96 0.86
Mc 0.9] 0.92 . 0.78 0.76 0.81 0.79 0.86 0.77
£CS 0.77 0.84 0.59 0.64,-" 0.65 0.69 0.63 -0.55
ICS 0.83 0.84 0.54 0.58 . 0.62 0.56 0.72 0.66
ccs 0.90 0.83 0,92 0.85 0.90 0.?9 - 0.85 0.80
Expert  1.00 0.92 .00 0.92 1.00 0574 1.00 0.0

(\
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"the "'mean proflclency score and the lower the mean error of om1%%
sion score. If the average number of selections was 1ower than.
the number of options categorlzed as p051t1ve, the mean errgr of
‘omlsslon increased. Therefore, the relatlvely low mean erro; of
omission scores produced by the computer method were due to the
close match between options categorlzed_as positive and selections
by examinees. | .

Eifthly,‘it-was observed that the‘individual method
tended to yield the hlghest mean eff1c1ency score (see Table 6. 90).
This. Lbservatlon can be explalned by examlnlng the formula used
‘to calcualte the eff1c1ency score. Efficiency, 1s defined as the
“percentage of positive optlons selected over the total number of
f optlons selected (1 e., Eff1c1ency $ = number of p051t1ve selec-
tlons x 100/total number of selectlons) " Since the 1nd1v1dua1
-method tended to ;ave the largest ‘number of options’ categorlzed
-;as posxtlve, ‘the number of posltlve selectlons made by the examlnee
.1ncreased cOmpared to the total number of selectlons, thereby pro-
ducing the relatlvely hlgher mean eff1c1ency scores for the in-
leldual method ~ |

- Lastly,_lt was obsg;ved that the mean proficiency, er-~

‘ror of om1551on and eff1c1ency scores. of the McLaughlln and GDS |
:scorlng procedures were statlstlcally equal on all CPMPs. The '
only dlfference between the two procedures was the method used
'%g a551gn dlfferentlal welghts.f In the-group procedure, the
welghts reflected the collectlve judgements of the group of ex-
'perts, while in the McLaughlln procedure, they reflected the

. - o
collectlve expert problem-solvers' selectlons. The two methods

8 of d1fferential welghtlngs however had no effect upon alterlng

o
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CPMP mean scores.
N b) Effect ofvconstant and Differential Welghts Upon
' Examinee CPMP Mean Scores
/o Table 6.95 summarlzes the results of constant

and dlfferentlal welghts upon. CPMP - mean scores. The‘table pro—

’

* vides the results by scorlng procedure (i.e. GCS vs GDS) pnd
overall (1 e., GCS + ICS + ICM + CCS + CCM Vs GDS + IDS +%IDM +

CDS + CDM) "Although the results are not consrstent they do seem
]

to 1nc1cate that:
«

»

o l) mean prof1c1ency Scores were larger for scorlng‘pro-

v

cedures w1tb dlfferentlal welghts
2) ° mean error of om1551on scores were larger for
scorlng procedures w1th constant welghts, and
. , 3)1 mean- efflciency scores were larger for the 1nd1v1~
dual scorlng procedure employlng dlfferentlal welghts although
overall the effect was 1n51gn1f1can%
These results will be dlscussed 1n turn.
Flrstly, the observatlon of higher proflc;ency
scores for scoring procedures w1th dlfferentlal -weights may be

explalned by examlnlng the follow1ng formula°

)

]

- 1 I B , '
Pi = § 3 fow.. : (6.3)
J N-i=l' 1 .13‘ -
- . Ce ~5“ ' T ’ ' :
where P, = the mean true/false prof1c1ency score calculated
J . using the jth scorlng procedure‘ .
"N = the number of examlnees ¢

.. (i.e., if'option i is posttive,then £, is the- fre-
o quency of selection, but’ if ‘option i*is negatlve,
~'~'_then f is the frequency of non-selection)

£, = the frequency of elther selectlon or non-selectl e



Calculated Using Scoring Procedures With Constant and Differential. Weights

_ Table 6

.95

Summary.of Multiple Comparison of Mean Scores on CPMP 1-4

1

a Prof.EofO Eff

GCS vs GDS

ICS vs IDS

ICM vs IDM

CCS vs CDS.

CCM vs CDM

Oyerall

. Prof
"Eof0_
- Eff
NS
‘.<
>

wonouowonu

>

Prof Eof0 Eff

NS

< NS <
NS© > NS NS
NSNS < NS
<  §’ NS <
NS > NS
NS >« <
-Proficféncy Score | »
Error of Omission

Efficiency Score
not significant ,
‘less ‘than (i.e., GCS < GDS)
greater than {i.e., ICS > IDS)

-

’
NS NS
NS <
NS :< s
>'  >
> >
s

cPMP

SCORE

Prof Eof0 Eff

NS

NS
NS
NS

NS
NS

NS

NS
NS
NS

>

NS

<

<

NS

<

NS
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NS
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>

>

NS
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‘wi; = the absolute welghtlng a551gned optlon i by the
13- scoring procedure

‘ \...;.,,.jﬁ

In scorlng procedures, Wlth constanf welghts, wij

'optlons but in scorlng procedures with dlfferentlal welghts,‘w

is‘equal for all
i3
varies according to the option's. percelved degree of 1mportance.'
When constant weights are used, equatlon 6.3 can be re-written

as Qollows: v ' ;

I K '
r f, ' . (6.4)

With,the constant, wj,-moved outside the summation sign, the mag-
;nitude of ﬁj is dependent upon-the frequency with which.positive
optlons are seIected and negative optlons av01ded. 53 will be
1max1m1zed when all examlnees select p051t1ve optlons and av01d

:negatlve ones. When dlfferentlal welghts are used and f ‘and
lj'tend to vary together (i.e., when f is'large, wlJ is large),
the{total and ,the mean, will tend to increase over that of constant
weights.. Thus, tﬁ%hmean orof1c1ency scores were 1ncreased by
the dlfferentlal‘Welghts because fi and wij tended to vary to-
gether. ‘ | K
| Tﬁe~explanationifOr the,seCOnd observation, that mean
error of om15510n scores were larger for constant welghts, is the -
‘converse of that explanatlon glven for the lncrease in mean pro-

.

if1c1ency scores. If the mean proflclency scores,of the d;ffer—

entiallvaeighted scoring prpcedures were.larger,-the mean
om1551on scores were smaller. ‘The converse is llkewlse true.

-Thus the error of OmlSSlon scores for constant welghts were

"larger\because the mean proflclency-scores.were smaller.
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Lastly, eff1c1ency scores were also affected by the
dlfferentlal weights in the 1nd1v1dual scorlng procedure whlch
resulted in higher scores.- “In the 1nd1v1dual scorlng proceduresp
employing dlfferentlal welghtlngs, there ‘was an 1ncrease in the
number of p051t1ve optlons therefore an 1ncrease 1n mean eff1c1ency
- scores. f

c) Effect of Slngle and Multlple Keys upon Eximinee
o CPMP Mean Scores - .

| Table 6.96 summarizes the effect of srngle
and multlple keys upon examlnee CPMP mean scores. The results
1ndlcate that there 1s no. con51stent overall effect upon examlnee'
scores. Thls flndlng reflects the dlfflculty encountered in
1dent1fy1ng more than one homogeneous sub group among small
grouos of experts.: There were only 10, 16 and 11 oart1c1pants
respectively in groups A B and C-: The technlques employed were
unsuccessful in 1dent1fy1ng homogeneous sub -groups wlthln these
groups. Only the computer procedure in CPMP 3 ylelded more than
one homogeneous sub- gfoﬁp. However, the err%r term in CPMP 3
"was so large that no differences were found among the multlple
comparlsons of mean scores. - | .

The effect of scorlng procedures upon eXamlnee satlsr

factory (pass)/unsatlsfactory (fall) states is examined in the
next sectlon., -

!

5. Number of Examlnees Who Achleved Satlsfactory |
. Status on. CPMP 164 - o
Table 6.97 presents,theﬂnumber of examinees who were



I€S vs ICM

IDS vs IDM

CCS vs CCM

CDS vs CDM

Overall

Pfof'
Eof0;~

T
e
noa u i; "ou

A

Prof Eof0 EFf

\

NS >

NS >

Prof1ciency Score o
Error of Omission

>

NS NS . NS

Eff1c1ency Score

=_not significant

less than .(i.e., CCS

NS

NS

NS

NS

Tab]e 6. 96

C Summary of Mu1t1p1e Comparison of Mean Scores on CPMP 1-4
Calcu]ated Us1ng Scorlng Procedures Nith Sing]e and Mu]tip]e Keys

NS

NS

NS
NS

NS

CCM)

greater than Ti.e., ICS

ICM)

cPMp

' SCORE
Prof Eof0 Eff

NS
N
NS
s

NS

NS

NS ..

NS

..NS -

NS
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o

'NS"
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Table 6. 97 e

Number of: Examinees (N 111) Who Ach1eved Satlsfactory Status
on. CPMPs 1 4 Scored by 12 D1fferent Scor1ng Procedures

CPMp
] 2 3 4
MPL 75% - '70% - * 60% 70%
o © .- Author .98 o7y 70 . 67
- s -~ 93 70 58 ~89‘
‘ . Gs . 98 88 87 107
-1CS ' 95 . 65 35 101
Ips . 98 . .80 3 108
- ICM 98 = - 53 .52 . .90 .
M .98 . - 72 44 - . 106
oS - 90, .10z 53 93
DS, 10 106 - .81 . 111
ceM 109 2 o100 13 T
. CDM -, o110 0 - 106 . 12~ 11

Me 97 99 . .80 | 108

declared satlsfactory (1 e;,.score > MPLl on’ CPMPs 1= 4 scored byu
tweIVe drfferent scorlng orocedures The numbers varled from 90:
vto,llo on CPMP 1 “from- 53 to 106 on CPMP 2, from 12 to 87 on -
 cpmp 3) and, from 67 to lll‘qn CPMP 4. The largest dlscrepanc1es B
| occurred in CPMPs 2 3 and 4.‘ CPMP 2 was selected for further d”.‘h
'wanalys13 in order to determlne whether the change in examlnee
status among scorlng'égocedures occurred due to a Shlft fr0m
't satlsfactory to unsatlsfactory or Vlsa versa. ThlS analy51s was‘
3 deemed necessary 51nce Shlfts ceuld have occurred when there was‘
, no or llttle dlfference 1n absolute numbers. For example, therefu
were 71 and 70 students respectlvely declared satlsfactOry 1n |

, CPMP 2 us1ng the author and GCS 3cor1ng procedures. Were the

same examlnees declared se;isfactory and unsatlsfactory or dld the

. -~

‘-status of only certaln examrnees change? Table 6. 98 presents



. the dlsagreements in status among examlnees by scorlng procedures.
The dlagonal numbers represent the number of examlnees whose per-3”

‘formance was elther satlsfactory (pass)/unSatlsfactory (fall) on‘l”'

1

.CPMP 2 by scorlng procedure.. The off dlagonal numbers represent

example, nlne eXamlnees that were'
9

declared satlsfactory by the author s scorlng{procedure were

the number of shafts.f Fé

E unsatlsfactory by. the GCS. procedure. leewrse, 8 examlnees declared

‘unsatlsfaE%ory by the author 5. scorlng procedure were declared
'satlsfactory by the GCS procedure._ An examlﬁatlon of Table 6. 98
"would reveal that as few as zero (1 e., see scorlng orocedure

cps: and CDM) and as many as 53 (1 ‘8. see scorlng procedures ICM

-

“and CpS) dlsagreements occurred |
- ' On the baSlS of the above observatlons, 1t was concluded
ithat examlnee satlsfactofy/unsatlsfactory Status could be altered
xdependlng upon the CPMP _scorlng procedure and mlnlmum pass level

The degree to Whlch dlfferent scorlng procedures altered

';examlnées' rank orderlng 1s reported 1n the next sectlon.-.'
- . I/ --. . X . :

6L Rank Orderlng of Examlnee Scores
Tables 6. 99 to 6. 102 present rank orderlng (Spearman S

_— £ .
7rho) of examlnee scores calculated respectLVely on CPMPs 1= 4 u51ng

-’the twelve scdrlng procedures There was a large varlatlon 1n Co—f

eff1c1ents among scoélng procedures. From the tables 1t can be

% observed that the coeff1crents varled from 0 56 to 0 98 in. CPMPal,;'

'o 33 to 0. .99 m CPMP 2 ,-o 11 to o 90 in CPMP 3, and o 19 to 1 oo

1n CPMP 4 031ng the statlstlcal test of ”xy for dependent

o

3
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,, o Table 6.99 - | )
Rank 0rder1ng (Spearwun s Rha*) of Students (N 1]1) By Proficiency Scores
! Calculated on CPMP 1 Using 12 Scoring Procedpres o o |

| Author GCS 6 ICS IDS IcH IoM_ Ces DS CCM DM "M
CAuthor .. 100 76 81 72 R/ 79 79 56 69 . 61 73 78
6 100 92 8 8 "@ 83 7 575.% 76 63 96
@ 100 8 %0 8 92 79 6 8 73 o4
Ics;{ :' - 100 oa o0 94 g5 L s 1 89

s e 10 %4 8 8- 71 & 2 s

* 1o o o L ‘\L/f” B _»."ioo 96 83 68 8 72 g7 °

B 0 8% M8 76 9

ccs,f."‘ﬂ “?ff:?/, T 10 61 94 63 g5
@ R 1 N AN
oM ' ‘ '..y o - o .c' 1bo 74 86 i

mfcpﬂ7'-ci | 1 o N '*,:,.' e \7;"’/ o ‘; B ]oq,i;'76,,

Mo Tt

5

| *decimél‘pointfomitted~

S
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o  Table 6 100 . " N
Rank Ordemng (Speannan s Rho*) of Students (N Hl) by’ Profimency Scores
Cal culated on CPMP 2 Usmg 12 Scor'mg Procedurg
‘ Author GCS GDS ICS' . IDS ICM IDM CCS - CDS. ,CCM COM  Mc
Author 100 86 84 65 59 63 57 36 57 44 64 8
S 00 91T 60 51C 58 47 3 62, 3 65 93

e !

6s 00 7 es | 70 64 ' 40 55 38 58 89
fcs 0 9% 99 e 67 5o '67lf;'52 . 69
s .+ 10" 9% 99 6 61 70 - 51 64
_ICM> ' | | - o 100 - ‘95 67 '48,.: 64 49 67
B IM . | 100 68 47 69 48 .60
ccs . 1 - . 00 67 93 63 '§0 :
- cos R e o ‘W00 72 97 79
o - SRR R [ I 60
oM k o - | 100 . 80
Mc . e R 100

' * decimal -ﬁoint omitted ) | | o
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. , .Table 6. 101 , ‘
_ Rank Ordering (Spearman s Rho*) of Students (N = 111) By Prof1ciency Scores
o Calculated on CPMP 3 Usmg 12* Scormg Procedures | ‘
 Author 6CS . GDS ICS IDS . ICM IDM  CCS (DS oM oM M

Author 100 M .53 46 49 60 48 42 20 -1 -05 3

6s 00 70 56 56 55 58 4 0 28 26 s
6DS ,1 00 56 s 62 57 42 % a1 25 58
1cs N 100 | 8 83 85 \ 51 31 oé‘”‘-os 50
s . Mo & %0 5 "3 07 05 52
CIow ) ; 0 86 62 33 n 0 ;so' :
IDM o | | o 00 5 .33 11 10 52
ccs . S 00 58 25 28 53
s o . 0 3B .41 g
cM L S . 00
oo o \§g . . 100 29
M N S 100,

. *decimal point omitted

C &.

-~
s
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| , Table 6.102 -

~ Rank Ordering (Spearman“f*Rho*) of Students-(ﬁ§= 111) By Proficiency Scores

L _ Calculated on CPMP 4 Using 12 Scoring Procedures

~ Author GCS GDS ICS IDS ICM EDM CCS CDS  CCM COM  Mc

Author 100 0 83 73 73 64 74 69 50 38 33 8
S .+ 100 91 83 79 0 79 73 3 42 27 g8
~ 6DS R 10 83 73 63. 73 73 a3 19 77
Ics - 7 100 91 85 %0 88 55 62 45 87
IDS . , 10 9 100 8 75 8 70 g2
g ¢ S 10 %6 76 B s 78 89
1DM 5 - o | 100 84 75 80 70 92
cCcs | o - 10 6 67 - 47 g
cos | w0 70 8- oss
oo IO ; o 0 75 sg
CDM I 7 | | 00 - 45
Mc | - . - 7 100

*decimal point omitted
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samples,lt was necessary for two cbrrelatlen coefficients to.
dlffer by aporox1mately 0.10 before they were con51dered 51g—
nlflcantly different at the 0.01 level.’ Apolying this general
guidelinefto'the correlation coefticients in Tables 6.99 to ’
6.102, it is evident that the sccring procedures did signifi-
cantly alterx many of the rank orderings of examinees in all
four CPMPSﬁ From this data it was concluded that different
scoring procedures did alter examinee tank Orderings.

t

The reliability of the data used to construct scoring

1
keys is examined in the next section. K

¢

7. Reliability of Expert Judgements

The consistency ameng expert individual categorization#J
and weights of 6btions was determined by a one way analysis of
variance with repeated measures. The teSults of these unalyses
for CPMPs 1-4 are presented in Table 6. 103

Reliabilities. for. the 1nd1v1dual judgements and computer
'seiections;are reported for both‘one_and n experts;'.The ne-
liabilities fot individual judgements range from 0.47 to 0.60
for ry (i,g.) the'estimated,reliabilitj‘for‘dne expert) and.fEOmc'
0.94 to 0.967fcr';hg(i e., the estinated‘teliability of the mean -

rating of n ekperts) From,thls analy51s it was concluded that\\’j

b
- 3

the estlmated rellablllty of 1nd1v1dual mean judgements (1 ‘e., r )

on CPMPs 1- 4 was hlgh ,7

-The rellablllty estimates for computer selectlons range

from 0. 17 to 0 54 for ry and 0.67 to 0. 92 for rn From thls E

L)

, data it was concluded that*the estlmated rellablllty of. the ex-.

o "



.l (\L .
L perts' computer select1ons was hlgh on CPMRS 1, 2, and’4f(i.g.; ’
0. 90 o 0. 92) but low .on CPMP 3 (i. e., 0. 67)\. .
. ) . \ . A
\\\\' R . ¥

- Table 6. 103 ' o . A

R Rel1ab111t1es of Indiv1dua1 Judgements
' oon Computer Se1ections on CPMPs 1-4 “

‘s

* Individual 0. 60'*/0’ 94%*  0.59/0.96  0.47/0.94 0.60/0.95
Judgement, (n = 16) (n = ]1) {(n =16) n=10) .
- Compuier- - 0. 48/0 9} 0 54/0 92 ‘.0.17/0;67 ©.0.37/0.90
‘Selections (n = ]1) {n = 10) : (n =.10) (n"=16)
-  '*r] = est1mated re]iabllaty for one,Judge : i
. L % = estimated re11ab11nty of the mean: rat1ngs of n
: . 'n
) s&y; . Judges' : _ o v . .

“ie

»

The estlmates of rellablllty for examlnee responses to

homogeneous optlons is presented in- the mext sectlon

D “- R IR
' po] . K
- K . e S
- P !

oo ;%,,f8;'.ESt1mates Gf Rellablllty for Homogeneous Optlons
e e WltidJl CPMPs fr RN

.‘
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'_'fobserved among the observed alphaSt-

_ L
‘alpha coeff1c1ent Each score of profﬂcxency, error of commls-,-'"*

-

51on and om1551on for each CPMP w111 be dlscussed 1n turn.ffj,

£

A, Reliabiliti.Eséimates EOr*CPMpzié-e
ST R o :

‘ There is lrttle varlatlon 1n alpha max1mum coeff1c1ents d;
;,among scorlng procedures.5 prof1c1ency ?rom 0 92 to 0 98, error
':‘of commlsslon from 0. 97 to 0. 98 _and error of om1551on from 0. 96

"to~0 97. Greater varlatlon was observed among the observed alphas~"
‘f:prof1c1ency from 0 32 to 0 56 'error of comm1551on from 0 33 to
>0 47 and error of omlss1on fron 0 47 to 0 56 %see Table 6 104)

B ‘:‘fie‘ilialyaviv:llity ES‘timataefs j forCPMP "zf:f-

X4

'-.CPMP l. The max1mum alphas varled fromyo 80 tohof

to 1. 00 and fromvo 94 to 0 95 respectlvel

"error Of COIHI!]J.SSlOI‘l and omlss:Lon SCO]’.‘GS. Greater varlatlo.n—'was

._..- A

prof1c1ency ﬁgom 0. 25 to

”;_ 0 40' error cf com91551on frdm 0 05 to»QL46 and errgr Qf‘

\”4.f~5v"

7 °C: i Reliability l°«'twrm-M:es»fm' CPMP 3

- L0 T cpmputer- os
largegg elgenv ue, 'the maximam ‘numbez
g, set. to . The *.indicate




“‘ﬁtabie, is that the observed alpha coeff1c1ents vary from -0 93

ko 0 29 Slnce the corrblatlon coefflcient 1s an estlmate of

o’

the test rellablllty and sxnce the rellablllty for a: test com—l'

»

posed of tWo parallel components is theoretlcally p051t1ve, the

/

least estlmate of 1nternal cons1steﬁcy\wou1d be zero. It there-7-gg}d‘

. r\

fore must be concluded that the test wab composed of two or more

homogeneous but 1ndependent sub tests ok that the homogeneous

a optlo,ns -had fxo 1nternal consistency

- P BN

D." _R'.e"l"iab:ifliti"-"‘E‘stimates forceMp 4 |y |
The max1mum alphas varled fromf0;94”t640;97ifor prO—

.-‘

f1c1ency, from O 94 to 0 96 for error of commlsSLOn and from

e

Table 6 107) ;lThe

-0 55 to O 01 and 0 48 to 0 76._ The best estlmate oﬁ observed

' _alphjs for error of comm1551on scores was zero. Thls result

..’ . T

Y

‘is best explalned 1n llght of the structure of CPMP 4 IA"'




te

! occurred Ln rellablllty estlmates across scorlng procedures

%;:withln the four CPMPs., From thls obserVatlon 1t was concluded 3fﬁL

e . T o R O

‘ that the con31stency of responses on homogenebus optlons could

u.;be effected by dlfferent scprlng procédures.VJH"

. (o L . ) e - 2 o . -:S'\\\\ T
ey e T : LT
‘9. Validity Measure . .
. fﬁ{The mean scores of expert oroblem-solvers were: com—fltw”f%Ft
H;;ijared to a mlnlmal performance level (MPL) to determlne Whether‘.frf_;;
i'a' ’prohlem solvers were "experts" Table 6 108 summarlzes the'i_f;fit
tnumber of expert problem—solvers w1thfscores above the MPL “The;f“:
and
the MPL of 70%

on CPMP 4 Erom these obsérv?tlons it appeared that groups A and

v

'7[fnd 2, were probably experts”



Tab]e 6 108

w05 acs s aow

On the basls of’the above observatlons, 1t was concluded

B that. gfoups A and C,

f”l'vé

S and t 1rteen out of 51xteen members of group.B,

were e,perts. " ‘5=' ,7w *”via.' :

,and recommendatlons for further research are presented in the

;;ﬂ~next chapter

-

.vI'D:M tes

16 14 113 1 13 14

Number of Expert Prob]em~Solvers "
' with Scores Above the M1n1ma] Pass Level (MPL)

SRR REEE I

0 10

13 6

”c-.Ds . ,'CCM?’

A summary of the concluSLQns, mellcatlons, llmitatlons;u

ne
0 0
w0

A3 s

com

It

who respectlvely solved CPMPs l and 2 were
..erts"; flve out of ten members of group A, who solved CPMP B[

who solved CPMP 4
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. 2 |
cHAPTER VII . |
B SUMMARY, IMPLICATIONS , _IJI,I:’II;‘I."ATIC‘)'NS. AND RECOMMENDATIONS
f~%.SUﬁmarya;fi o - hk;; ;yyj

Thls study was des1gﬁed to determlne the possxble ef~{'

fects of varlous scorlng procedures upon examlnee CPMP scores.

Some llght ‘was- shed upon the matter, but the study dld not and
could not ldentlfy whlch one of the twelve scorlng procedures

1nvestlgated was optlmal The study was able to 1dent1fy

" L . : . \

that d1fferent scorlng procedures do have varylng effects upon.‘

éxamlnee 5cores and that these effects are 1n some cases de—

pendent upon the CPMP used ' More specn;}cally, lt was found
that soorlng procedures cbuld alter the-n |
;IT' l)i‘shape of the dlstrlbutlon of scores:yp
'*yf' f:'egis score varlance o ; W
ol {f3)f‘vai1d;ty‘o¥ the tralt or: behav1or belng measured

'ﬁjf" 401 score meanhﬁfﬁﬁdtef”f "ff “‘h-_'sy~v*iﬁg




. yx i = lp- o ‘, Ei‘ "blldjte"'r” , | éGl»
scorlng keys and the group of "expert" jpdgeswemployed to
'categorlze and welght CPMP optlons.' . A

o Flrstly, it was observed that welghtlngs for the
‘same optlon could va{y greatly between scorlng procedures (1 e.
from an 1ndlspen51bly p051t1ve to an’ unforglvable negatlve)

. Scoring procedures also varled 1n the number of p051t1ve and
.negatlve optlons 1dent1f1ed for the -$ame CPMP These ‘'varia-
tlons in optlon'welghts .and categorlzatlons were partly due

to the spec1f1c characterlstlcs of egch scorlng procedure . .
'and partly to t;e con51stency or 1ncon51stency of welghtlngs ' B

glven optlons b the "experts" | The follow1ng 1s a summary

the above'varlatlons upon examinee scores.
: . Co 1 ‘ ‘\ N . )
A.: Shape of the Dlstrlbutlon of Scores f' C s

A . -

: of the effects o,

é?i -1t had been observed that both the kurt051s and skewl
1ness of scores varled among scorlng procedures and that thlS .
'fvarlatlon was dependent upon the CPMP and the score | (1 e.,

‘ prof1c1ency, error of om1551on and eff1c1ency) Slnce there

. was no trend produced by the scorlng orocedures 1t could

'only be concluded that scorlng procedures could 1nvgeneral, -

e

alter the dlgtrlbutlon Qf scores.,:’

B. Score‘V%riance ‘ f'\' . . R R T S

'l A statlstlcal comparlson of the v\rlance of scoreslreey:
;‘vealed many 51gn1ficant d;fferences among scores calculated byfpi;
the varlous scorlng procedures.; Once agaln, as no trend was f:‘
produced by the dlfferent scorlng procedures, lt could only hﬁ;f‘

' be conckuded that, 1n general sc0r1ng procedures could :-ff*7ffe¥gpi-
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significantly alter .the variance of scores.

C.. Tralt br Behav1or Measured | |
A prlnc1p;l components factor analys1s was undertaken
eto.determlne what spec1f1c tralts weqi actually measured by
'each CPMP and‘whether these measurements were altered by\the
scorlng procedures. When the scores generated by each of
the scorlng procedures for each CPMP Were factor analyzed
it was observed that only one CPMP but several scorlng pro-.
"cedures loaded on a factor | Slnce no~two CPMPs loaded on the
same factor, it was concluded that cllnlcal performance, as.
'Tmeasured by the computer srmulatlons, was case soe01f1c.
However, not all scorlng procedures 1oaded on the same factor.
: The scorlng procedures were’ observed to fall on dlfferent |
wfactors dependlng upon the CPMP the method of categorlzatron1 v
'and the score analyzed It was therefore concluded that the'
'scorlng procedures could produce measures of dlfferent

[Ng ‘ .
_gehav1ors.or dafferent .measures of‘the same behav1or.

.‘& - Y

In order to. further study thls alteratlon, the scores¢

-

of. each CPMP :were. factor analyzed ThlS lead to the observatlon o
fthat the number of factors varled over CPMPs and Sscores ahalyzed Tl 3;1
f;The number of factors appeared to be most hlghly related to the
structural complex1ty of the CPMP and, to a lesser degree, the
method of categorrzatlon employed'“ ?. ,'jlif; - '3 V.‘lkt'“

| A trend of loadlngs was noted among the methods of

'=gj¢&£égbr§zlng optlons.' The author and group methods loaded

'“ﬁztogether on” the same factor, the computer method by 1tself




263 .

5

>

. and, the 1nd1v1dual method elther by 1tself w1th the author
and group methods, or with the computer method. From these
obserVatlons 1t was concluded that a 51m11ar behav1;&&is

measured by the author and. group methods which i's unlike that

v

behavror measured by“the computer method and whlch may or may

not be similar to the behav1or measured by the individual nmethod.
It was also observed that the weights (constant/differential)

and number of keys (s1ngle7mult1ple) had no effect upon the

factor loadlngs.‘qk

-

S v W
'D. Mean Scores.”

A multlvarlate analy51s was undertaken to determlne
-4
the. offect of scorlng keys upon examlnee mean scores. No
s K ‘
con51stent pattern was observed among the. CPMP s but trends

did EXlStﬁ.
| Flrstlyi it was observed that the author S mean pro-f
¥‘f1c1ency score tended to be the lowest and the computer s
the hlghest In addltlon, the computer s error of om1551on
'score tended to be lower than that of - other 3cor1ng procedures.‘:

These results occurred due to the relatlvely closer match

v

between examlnee selectlons and optlons welghts 1n the computer

-
. 2 :

‘ -procedure.-

Secondly, the 1nd1v1dual scorlng procedure tended to
) N ‘ T % l : N .
xiyleld the hlghest efflciency scores._ Thls result occurred

'5ﬂ{due to the relatlvely greater number of p051t1ve optlons

'an‘the 1nd1v1dual scorlng procedure.v,.Q'fge'ffgf“'

S

R SRR TR




364 .
me&n ~Scores were statlstlcally equal on CPMPs l 4 even though

‘these procedures employed dlfferent methods in a551gn1ng

dlfferentlal welghts.

4
2

,

Fourthly, 1t was observed that~the mean prof1c1ency

r.

'scores Were hlgher for scorlng procedures with differential - 1
weights than Sbr those with constant welghts T?hlIe sthe error.
of OmlSSlon scores were lower These results were explalned g
by examlnlng the equatlon for the efficiency percentage
Lastly, i\t was observed that scores dld not dlffer
relatlve to the key employed (51ngle or multlple) This was
attrlbuted to -the lnablllty of methods employed to separate

[N
small numbers of experts into two or more homogeneous groups

v

E. Examinee,Satisfactory‘(Pass)/Unsatisfactory (Fail)~Status :

< - The number of examinees declared satlsfactory/

/.

unsatlsﬁactory varied greatly among scoring procedures This e

/
observatlon was particularly pronounced in CPMPs 2, 3 and 4.

When CPMP 2 was further analyzed to. determlne the extent of

L2
varlatlon, 1t ‘was found that status. changes on as few as

¥

zero. and as many as 53 out of 111 examlnees.
_ C , ~
. F. Test/RetesthReliabilltyf' g

Cronbach's alpha coeff1c1ent and Lord's max1mum es-. -,-‘;fg

tlmates were calculated for the prof1c1ency, error or comm1551on I

.and om1551on scores based upon homogeneous ootlons scored by

T

L each-of the twelve scorlng procedures. It was observed that the
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Lord's maximum estimates approqched 1.0 but the observed alphas
varied from 0.0 to 0. 76 dependfhg upon the CPMP and the score
anal?zed. Sincg there was no pattern of change among the sco-
ring prncedures; it rould only be concluded that jindices re-

fleécting the consistency of responses on homogeneous options

“™ld he afferted by different scoring prhqeﬂuraél

G.  Rank Ordering nf Examinee Scores

| .
The rank ordering of eyamjnee pro#icionﬂy |SCNYes wae
calculated using Spearman's rho. A statistical test nf

.

pxy " 0y, for dependent samples was used tn detarmine sig

nificant differences among the examinee rankings. Tt was ob-
served fthat sfgnifin;nt di fferences neonrred ameng rankings, bnt
no pattern or trend was evident over CPMPs. Tt wae ther~feore
concluvded that scoving nroceduraee do eianificantly alter

qxan\-j Nee Oy ank qrﬂerinrvr"\ Yogpe 41y 0 e i 4 LAL TR EETE B LR B ll\l!]':r -

A et Ve Al Fined

1B (s Ly ionﬂ

Oy the has;i..c ~f t+his -invegt-iqaf-ir)n, Fhe following ron .
clnsione wores rmached vegarding the effecta of Aifforant =raring
procedinea npon examinee CPMD sCNYres:

1) the weightings (categorization + weight) can vary
arent]yv aver scoring pro#%dures. These variations are rartly
Ane th the specific characteristics of each smoring key and

Partly te the coneietency Ay -inrrﬁngw'etnnr‘y ~f waightings given
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options by experts,
2) the distribution of examinee scores (i.e., skew-
ness, kurtosis and variance) can thange with different scoring

~

procedures

3) clinical performance on CPMPs was problem specifin,
4) an examinee's clinical decision-making score is

N

priméri]y dependent upon tbhe:content of the CrMP bnt the
scoring procedure (i.e., method of cafogori7a*;on\ ~an alter
the hehavior that is measured,

5) the ankﬁnﬂ an? group methods of categorization

L4

measure «imilar hehavibrc which can AdAiffer from those behayimrr
‘ /
measirad by the compnter and individnal methods, )
6) the mean p%oficipncy score for the crmputer metho
is highr-‘??,’ than that fr_)';’ other scoring pracednreas whila ite
~vror of omission score is Jower,
7) scoring procednres with Adifferentdal weights yield
higher axrminee mean scores Fhn theece with canastant weight=,
R seoring procednr ea neing individoal judgement«
viell the 1arg-st number ~nf pneitive (+) opticns which in
i et in bhe largegt cvaminee mean officiancy gmecy e,
9) scores gentratred by the M”Lhnqh1in Aand anea
=~ ing precedures are nq.nivalent,
10) there is nn difference hetween examinee mean
crareqg _qpnnra(—gﬂ 1,1si,ng Qingle and maltiple keys,

1) the gatisfartorv/unsatiefactory status of evaminens

ey "'*"V n’lmr\'-\”;]i'\q 1A} SERER} the crvr\rinq py'ﬂw!\nﬂ\i]’ﬂ ramrl(\yf‘ﬂ_

SO,

e e o
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12) the method bf categorizing options could alter

the measure of int?rnal consistency,
-~ ' 3
13) scoring procedures alter the rank ordering of

examinees, and
14) the more complex the strﬁcture of thg,s{mulation,
the mor~ difficult it is to develop a valid scoring key. %\

In summary, it was c¢oncluded that scoring procedures

can he an added source of variability in examinee CPMP scores.

2. Tmplications

S
This investigation was of particular importance to the

autho; because it revealed how little we know about scoring simu-
lations which purports to measure clinical problem—soiving skills,
Variations in scoring procedures can alter examinee scores. Tt
has haen shown that both the method of categorization (awthor,
aroup, individual or compﬁrer) and the type of weight aqg{éhpﬂ'
fcenvnetant vy differential) can affect examinee scores.

The ecoring keye investigated in this study empleyed
the gronp, individnal or computer methnda of oateanizayioﬁ. Tn
the suthor and agroup methode, optrions were categorized hy 'éxpar'ra
ha—ing ﬁlibr 'nowledge f the correct solution to the problem,

Tt would seem that keys generated from the grouwp and author
~ateqgorizations vonld reflect a different mode of behavior than
that emplonyed by the examinee. The examinee, having ne prior
knowledge of the snrIntion, selects options using problem-solving
hebaviny while the axpert categorizes options with knowledge

e~ f Y he eavyract calnt ion . Tt ia therafare enqgqgested that the

-,
.



.. ’ 268

. -~ %
. pY

scores getnerated by these scoring keys would reflect sthe

measuréﬁent of thgs§ th differené types-of behavior. Pefhabs
the pfactice of genefating scoriﬁg keys while possessing prior
- knowledge of the correct solution is one £eason why scores

éenerated by the author and group cqhsensué methods fxequentl§

| s
loaded on the same factor. =~ N

On tﬁe other hand, options that are cateﬁg;;;éd éﬁa
weighted while prohlem-solving aré clgser to the task faced
by the examinee. Thus, an examinee score generated éy.scoring
keys which employ computer categorizations would reflect the

A
“se]ectlonq made by both the expert and the examinee whlle in

the problem solv1ng mode of behavior. Perhaps it was for this

VAR

reason that the scores generated by the computer procedure tended

te lead on separate factors and have highér means.

From the above oBservations, it is sggqaéfed that a
more optimal method for categorization of options would be to
0mp]my1

1)  both group donsensus and computer performance
mathods: group consensus being used to refine the weijghts
derived from ﬁoﬁputer performaﬁco, or

.

2) group consensus tn cateqgorize and weight options

A4

while problem-solving.

Use of either of the above nethods would help to ensure that

scores reflect the problem-solving process as well as the degree

"t which each task is correctly completed.

T+ has also been observed that the type of weight used
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by the scoring procedure can affect examinee scores.’ Based ubon
the results of tﬁis study, it is suggested that options which
are of varying"aegrees of importénce‘in the resolution of the §
patient's problem be given differential wéights. The weights |
.would then reﬁﬂect the contrlbutlon of the optlon in resolving
" the patient' s/problem. : ‘ #
| The aboye discussion focuses oﬁ the alterations in

examinee performance resulting from variations in the twelve

scoring procedures. However, it is important to remember that

(i.e.

the additive affect of several choices may be mu
than their sum). For example, if an examinee gave five'fbrgizjﬂj
able treétmenés (e.g., drugs) to a patient, individually, they
may have no serious repercussions, but collectively, they may
be deadly. That is, the interaction of the drugs may havq/g
multiplicative rather than an additive effect. ~Further inves-
tigation is réquired to determine the igadeqnacies of the
édditive model.

The twelve scoring procedures iﬁvestigated in this
study have another common characteristic. The attempt to
summarize the complex process of clinical problem-solving in
a single score resulted in a great‘deal of inﬁgrmation being lost.
‘Rather than using a single sceore to summarize examinee perfor--
mance, it Qou]d'seem more’ appropriate té think of clinical

prob]emé@olv1ng as a profile of abllltles observed in an

approprlate sample of clinical cases. This is partlcular}y_trﬂiﬁj



' by the scorlng procedure can affect examlnee scores._vBased uponit
the results of thlS study, it is sﬁggestedfthat optlons whlch |
are of varying degrees of 1mportance 1n the resolutlon of the
patlent s problem be glven dlfferentlal welghts. ~ The welghts
would then reflect the contrlbutlon of the optlon in reSolv1ng

the patlent‘s problem.

The above dis usSldn f0cuses.on;theualterations in 5
examinee performance resulting from]Variations in the twelve.
scoring procedures. HOWever; it is i&portant to remember that
all of these scorlng procedures are based upon an addltlve
.model whlch could also 1nva11date examinee scores since 1t may -
not\reflect the degree to which a task is correctly completed
(1 e., the additive effect of several choices may be much greater
than thelr sum) For example,-lf an éxamihee ~gave five forgiv-
able treatments (e. g drugs) to a patient, 1nd1v1dually, they
may have no serious repercussioﬁs,)but.collectively,~they may
be deadly. Further investigation is required to determine the

4

prevalence of'fhis problem. v
The twelve scorlng procedures investigated in this

study have another common characternstlc. The attempt to

summarlze the\complex process of clinical problem—solring in

a single sco:; resulted in a.great deal of information being lost.

. -

Rather than using a sinqle score to summarizg*examinee perfor-

mance, it would seem more appropriate to think of clinical’

problem-solving as a profile of abilities observed'ln an

appropriate sample of c¢linical cases. This is particularly  true
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in medical schools where more empha51s is placed on the Cllnltala

process of problem—solv1ng and less on the outcome itself ' Thus

Va student's proflle may 1nd;cate strengths and weaknesses in:
. 1) varlous components -of problem—solv1ng (e. g,
hypothesis generatlon, data gathering, data 1nterpretatlon,

datavEfilizatlon, and hypothe51s reflnement), and
. 1§2) particular- types of cases’ (e g., cardlac p}oblems,
remergency problems, obstétrical problems in young females, etc.).
Such profiles should be based upon a sample‘of'many cases. In
all profiles, the génerated'Score shouldxreflect the degree t;
which each task and/or process is correctly completed..

Emphasis upon ciinical.problem—solving proceres may
however be 1nappropr1ate for llcen51ng agents charged with the
respon51b111ty of asse551ng cllnlcal competence. Instead, their
empha51s should be directed toward the proper uSe of available
resources for optimal patient management.

| However, both me¢“ical schools and}llcen51ng agegts
should be concerned with - the rellablllty and validity of simu-
‘lations. Therefore, they should examine the effects that varia-
tions in the structure of the simulation may haVe upon examinee
performance. For example, variation in performance could occur
due to the: |

1) response mode - selertion or open response

2) method of responding - rubout or typed "
3) number of pathways ~ one (linearl to unlimited

4) time - static or dynamic

-
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5) presentation of information - verbal description,

visual &nd/or audio.

\ !t
~

With:fespect to variatlons }n‘pathways; the results
revealed that particular eaution hould be exercised. in the
development of scorlng keys for branching problems. The judge(s)
must thoroughly understand the problem and assign weights whicH'
reflectﬁthe merit of each pathway in the problem's resolution.

In order for this to occur, it would appear that judge (s) should

know the solution to the patient's problem. However, as dis-

cussed earlidr ior knowledge of the,eorrect'solution to.a
S\\grébiem_may~hav nfavourable effect upon the scoring key.
It is therefoq? sugge ted that expert pfoglem+so;vers be used
to categorize options/and group consensus be used'to'determine
the relative merits offi each pathway;' By hsing this method, one
can insure that wei ings more closely match the task of the
problem-solver and that scores reflect the degree to .which the
task was'Eérnectly completed. ’

Fro% the above discussions, it is evident that examinee
CPMP scores are affected by a wide range or variations. With
all of these.sourcesbof variation, one can only be impressed
with the complexity and elusiveness of clinical problem—solvino
and by the promise that simulations hold in furthering ouxr under-
standing of this process.

In summary, it is'recommended that:

1) a profile of student clinical performance be

generated,
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2) licensing agents emphasize proper use of ‘availabile
resources for optimal patient nanagement |
| 3) greater attentlon be paid to the potent al use of
expert problem—solvers' performance in tge establishméent of
scoring- keys, |
| 4) differential weights be employed which.reflect
the option's contribution in resolﬁing the patient's problem,
and A .
5) continued efforts'be made to understandland

measure clinical problem-solving.

3. Limitations

It is difficult to generaiize the results of this study
beyond the fourth year medical students and medical problems
used in thlS study since néither students nor medical problems
were randomly sampled. It is also 1mportant to keep in mind
.that the categorlzatlon of optlons in CPMPs 1s a judgemental
process Thus, the usefulness of the types of scorlng procedures
generated within this study is dependent upon the quality of the
judgements and the procedures used to reduce or eliminate des-
crepancies within these judgements: It was also observed that
not all "experts" were experts, and to this extent, the results
are also limited.

;-
4. Recommendations

This investigation has provided insights into the
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"
effects of scoring procedures upon examinee scores. Based upon
the results angd 1n51ghts gained within thls study, it is re-
commended that the follow1ng be 1nvest1gated
. l) the processes underlying Cllnlcal problem- solv1ng,
2) the effect of the nature of the problem- upon

clinical problem—solv1ng performance,

3) the effect of the structure of the simulation upon

A}

[y

clinieal problem-solving performance,
4) the ﬁer;ts of categorizing and assigning weig;ts.
to options while problem—solving, ) p
| 5) possible_procedures for determininé examinee
scores other than the additive model, and

6) the conSIQrent hut %>£Ferent perceptions among

pProblem-solvers.
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APPENDIX A

-

INSTRUCTIONS
FOR SAMFPLE PATIENT

1. First study the initial information given.

2. Raod all of the covrses of acticn given in Problem S-1.
Then select a study o procedure thot you consider
pertinent ond necessary .and erase the biye rectangle
numbered jo cowes/pqond to it choice. fIn the actual
test, lbes{ APPear in the separate wmwer bookiet.) The
information YOU receive may lead ?ou,_@_mled other
procedures within this problem, or yoU may decide to
make othar cheices avite indapendent of raeulte Xh»ndy
abtained,

A
3. After you have completed Problam $-1, ond bearing
in mind thé additionol informotion resulting from your
decisinng, procead in o similar manner with Prohlam S ?

v i
4. In this timplified exomple of o patient with diohetic
crmo, the cofrect actions in Problem S 1 are 7, 4 cnd 4.
it Prohlory §9, Me eairac actons ara 9 and 11,

ER N T PP by oy sl ey ynatiye LETIIEr Y
nie q‘ 1 L t

Lineor Sirmulated Frrt{ont f;:'7z/’n7.171+a7'

SAMPLE PATIENT

A 40-year-old man with known digbates is brought to the hospital in o comatose state.,
There is no obvious evidencd of frovma. There is Kussmaul breathing and the breoth has
an acetone odor, The skin is dry. The eyeballs are soft to palpafion. Examination of
the heart and lungs shows nothing abnormal except for lobored respiration and o ropid,
regular heart rate of 120 Per minute. The abslamen is soft, There is no evidence of
enlarged liver or splerty o abnormal masser. [‘eep tedon eflrves arm somewhat
hypoactive bilatar ety AT S (0R0 1) Blaed Presere i
10070 mm Hg

The a-tot frinpes et

SAMPLE PRORIFA ¢ y

v,

ANSWER BOOK

* royld 3'mw-diah’y

T. Ovdar carum enloiym daterminatian 1
2. Ovdder taivm bienrbanate Jw...m:.,cq:..., '3
3. Meosure venmue prossurey 3.
4 Ordar W?ocly‘:- (cnthetariewd spee’ ' 4
5. Parfrem Tumhar preenve fuen s
6 Order hland gliea le ' %

SAMDPIE PpYRIFpe

~wtd now

7 Adminider digitatis 7.
9 Adminjstar macphina 8.
9 Adminietar foebin 9.
10 Adminiter rornming 0.

T .,...,qr,ﬁ n,

T Tt Bteye ottt

LI
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APPENDIX B.1

MERINGITIS MANAGEMENT SECTION
v

THE SCORING 1S BASED ON THE PERFOIMANCE OF 1) PEDIATRICIANS
_ = — "

NO. OUT OF -11 SPECIALISTS WHO

- £ 00 00 00 0 00 o

DID TAKE DID NOT TAKE WETGHT ING
. SECTION ITER SCORE + ITEMS - ITEMS +% -3
A 1 + 3 Ve i
- 57 2 + ! -6
lHHcDIATEﬂT, 3 N 7 , th N
FVALUATION I - 1] 3.8
’ 5 - 6 ' 2.1
Uy 6 S 5.6 \
7 7 \ 2.4
8 - 7 S 4
) - 9 | 3.1
10 + 6.9
11 + 6.9
12 - 7 2.4
13 10 3.5
8 1 7 h. .y
INITIAL 2 - 10 3.5
TREATHENY z - 10 " 6.3 ‘3,'8
5 - H 3.8
6 - 9 3.1
7 - 8 2.8
8 - 6 2.1
9 4 4 2.8
c ] - 7 2.4
YOU WOuLD 2 0
3 + L 2.5
UMY NNt Q - 9 . 3 1
5 - 1) 3.8
6 + 6 3.8
7 + 2 1.3
8 - n 3.8
9 + n 6.9
0 o ] - 9 '3
AFTER CANCELLA- 2 - 11 3
TION OF PREVIOUS . * o . 6.3
ORDERS YOI WOULD 5. - 1 3
" NOW ORDER 6 ] " 3.
e 7 - . 8 2.
S 8 - 1 3.
9 - -7 2.
10 - A 9 3.
] 1 0.6
12 - 7 2.k
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APFENDIX B.2

NO. OUT OF 11 SPECIALISTS WHO

DID TAKE DID NOT TAKE WEIGHTING A
SECTION ITEM SCORE + ITEMS - ITEMS  +g7 -y
€ 1 + - 1 6.8
2 + 1 6.8
AFTER 3 DA :
ER 3 DAYS 3 . 9 5.6
YOU WOULD ORDER 1{ + 8 ° 5.0
5 + 3 1.9
3 - H 3.8
) o F l - lo 305 .
YOUR PLAN OF 2 - 10 3.5
/ 3 + 8 5.0
HKAN MENT
\ {ANAGEMENT WOULD i M 10 | 3.5
NOW INCLUDE 5 + 8 5.0
6 0 :
7 0 :
8 * s 3.1
TOYAL \ 1 100.0% 100.0%



Score

Z;gjiciency (%)

Errors of
Omission (%)

Errors of
Commission (%)

Efficiency (%)
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SCORING FORMULAS \FOR SIMULATION‘EXERCICES

i
Formulation

The sum of (+) and {-) points for
options chosen, divided by the
maximum possible score, convers
ted to percent. : '

P = é{("') + (")] x 100

Max. Score

100% minus [The.sum of the
positive points chosen, divided
by maximum possible Score,
converted to per cent.]

£.0.% = (100) - Zf+2

Max. Score X 100

The sum of the negative points
chosen, divided by the maxi-
mum possible score, converted
to per cent.

F.C.% =__2;§;)

- x 100
Max. Score
r

The number of positively
weighted choices made,
divided by the total number
of choices made, converted
to per cent.

E% = No. of (+) choices
No. of all choices

x 100

Example

Candidate X made the fol-
lTowing choices on a PMP
where 90 was maximum score.
No. of

Choices - Weight Sum

3 16 48
© 2 .8 16
4 2 8
2 0 . 0
2 -1 -2
2 ‘ -

-4
- [721 + [0
P——EgT.j—E— x 100
P= 68.8 or 69%
For the above candidate:

E.0. =700 - 72 x 100
90

E.0. = 20%

f For the above candidate:

%g X 1Qd

1y ¥

£E.C.%

E.C.%
NOTE:
100% - [E.0.% + E.C.%)
100% - [20% + 119)

4

P%
69%

]

For the candidate:

9 choices were (+)

2 choices were 0
_4.choices were (-)
15

m
n

9 x 100 .
15

E = 60%
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APPENDIX D . (linear) -
" INSTRUCTIONS '
~ . . ' .' : .
1. Read the patient management problem and.become familiar with the

2.

final diagnosis and the various options offered.

Cétegorize eacﬂ-decision into one of the five categories:

. / . ‘ J . ‘ ) b

++ (+2) Category: Cho des which are CLEARLY INDICATED and
IMP , in the care of THIS patient at
“THIS in the workup or management ;

+ (+1) Category: Choices which are CLEARLY INDICATED but of
a more ROUTINE nature, i.e., should be selected
'but are not of special significance in the
care of THIS patient at THIS stage; '

0 Category: Choices which are OPTIONAL, i.e., the
- Probability that they will be helpful for
THIS patient at THIS stage is fairly remote
. or quite debatable;

~ (~1) category: Choices .which are clearly NOT INDICATED
though NOT HARMFUL in . the management of THIS
patient at THIS stage:

-= (-2) Category: Choices which are clearly CONTRA-INDICATED
(i.e., are definitely harmful or carry an
unjustifiable high cost in terms of" risk, .
pain or money) in the care of THIS patient
at THIS stage, :

>

N

Re-examine the pptions categorized as either ++ (+2) or -- (-2).
Where appropriate these options should be further categorized as

either ++ (43), +++ %), 4 (45), or ——= (-3), —-—x (-4)
—— (-5),'depending upon the perceived degree of their
appropriateness or inappropriQéi?ess.

\

' NOTE: Steps 2 and 3 mai’be carried’out simult@hqpusly.

L

] I

s
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" APPENDIX g (branching)

4

INSTRUCTIQNS

73

Read ‘the patient management problem and become familiar with
the final diagnosis and the various options offered.

.. Using the fiowchgr; outline the optimal foute.

-

“

‘Categorize gach decisioﬁ into one Bf.the following five

categories: Y

b . . ¢ )

- 4% (+2) Category: Choices which ane CLEARLY INDICATED and
IMPORTANT in the care of THIS patient at
THIS stage in ‘the workup o% management ;

+ (+1)'CatEgory: Choices which are CLEARLY INDICATED but of
\ a more ROUTINE nature, i,e,, should be gelected
but are not of special significance in the
care of THIS patient at THIS stage;

0 'Catggory: Choices which'aré'OPTIONAL,‘i.e., the
' probability that they ‘will be helpful for
THIS patient at THIS stage is fairly remote

g™ ﬁich afe clearly NOT INDICATED
though NOT HARMFUL in the management .of THIS
patient at THIS stage;

-~ (~1) category:

[

-—- (~2) Category: Choices which are clearly CONTRA-INDICATED

. ({,e,, are definitely harmful or carry an
unjustifiable high cost in terms of risk,
rain or money) in the care of THIS patient
at THIS stage,

Re~examine the options catégorized as either + (+2) or —- (-=2).

. Whexe appropriate thege optiong should be further categorized as

elther ++ (+3), +++ (4), H+++ (+5), or —— (=3), ——— (-4),
————— (-5), depending upon the perceived degree of their
appropriateness or 1inappropriateness.

4

NOTE: Steps 3 and 4 may be carried buE‘simultaneoualy.
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. APPENDIX G.1

The X'X matrix of a multivariate analysis w1th repeated

measures is made of four suhnatrloes whlch are 1llustrated below:

-1 ‘ n 1 vvm,'_
Plm 0 0 0O 06 00 011 1 1 1 1|1
O m 0 0 0 000 0+s1 1 1 1 1
-0 0 m 0 0000 0'1 1.1, 1.1}

| 0 0 0 m 0 000 011 1 17 1,1

S EEEEEE | B

0 0 0 0 m 0 0 0 0'1 1 1 12

0 0 0 0 0O m 00 0'1l 1 1 -..-1"1

0 0 0 0 . 0 0m o0 0'1 1 1 . 1 1

0 0 0 0 0 0 0m 0!l 1 1 1 1

9_0_9_.0____0_9_0_Q_m_i_l_l__.__l__l n =

1 1 1 1 111 171tn 00 0 0 |1
1:1 1 1 1 1°1 1 °12'0 o 0 0o o
1111 1111 1'00.n 0 0.

: : R : R Do

11 1 1 1 11111000 n 0
ntm {1 1 1 1 1111 1'00 0 On_jin

Figure 1: 'Struc;ure of the X'X matrix.

where n_ = number of repeated cells. (i.e., students), and

= number of repetitions (1 e., soorlng procedures) .
Submatrix a, a Square matrix of dJme.ns10n 1} X n, contains zeroes on
the off~d_1agonal and m' elements on the dlagonals Submatrix b, a
rectangular matrJ_x of dJmens:.on m X m, contains ones throughout
Submatrix c, a square matrix of dlme.nsmn m x m, oontalns ze.ros J.n
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- the off—dlagonal and n elements in the dlagonal pOSlthnS Carputmg

APPENDIX G.2

208

the generallzed inverse of the X'X matrix gave the followmg results. .

-

Sul:matrlx a', contamed the oonstant a,

1
l fa b b b. b
b a b b ‘b
I b a b b
b b b a b
I b bbb a
b b b b b
b bbb s b
b b b b . b
R0 SO
‘e e e ¢ ... ¢
c ¢c ¢ ¢ .M
Jec ¢ e ¢ !,c
c ¢ ¢ c' c
n¥+mlc ¢ ¢ ¢ -c
Figure 1:
p

o'voo

dﬁnpvvmwu-

AN NTTP OO

o ovoo

T 00N T O,

oo oo

T oood

OO OIP CTFT ..

0O e

0000k

-
POALORONN ..

'and the constant b, in the off-dlagonal

‘the constant

C~

- -

c0n0oDn

Py 0000 6N ..

v

. m
c ... ¢ ¢
c ... ¢c ¢
c r.!'c c
c A¥c c|
c c ¢
e c ¢
c c e
c ., c |
c .. C ‘C
e T eTe]
e Me e
d e e
. O
e d e
e’ e d
. R—

Structure. of the_ generalized inverse
of the X'x matrix

Subxratrlx c’, conta:.ned the constant, 4, 1n the

dlagonal and the constant e, 1n the. off;dlagonal

Analyses of the generallzed lnverse of several natrlces

yielded the fbllowxng five equatlons

mthedlagonal

X'x)"

Suhnatrlx bﬁ, contalned only )



N .’

APPENDIX G.3

“a+ m=b=m °

_Jd+ (m - 1)ér

= nc
m(a -b) =1
n({d@-e) =1
, N 4
‘cm+n)2 =1 -

Since the five equations contained five unknowns (1. e., a-e),

solution bf' unknowns was calculated. The valJ.dJ.ty of the algebralc

solution of the generallzed inverse of X'X was ensured by the pre and.

post nmltlpllcatlon of the generallzed inverse matrlx by the original
matrix which ylelded the orlglnal matr:Lx (i.e,, (X'X) (X'X)” (X'X) =

(X'X))
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