v

‘ poclazsr arsosr ' , N
4 : . - ‘
BD 158 681" : . t BE 009 953
AUTHOR . 'Shernan,‘&hazles R.; BcShane, HNichael) G.
<TITLE Research and Primary Care: Twc Dimensices cf
. . Preference in Medical Schoc) Admiesiont. Pinal )
. " : Bepott.— . ' “_ ’
IleITU!Iﬁilj Association of American Medical CClleges,'vashiniton,

¢ . D. ¢ : L

" Health Resources Administration (DHEW/EHS), Bethesda,
ot Md. Bureau of Health Manpower. . :

« POB DATE ° ., Jan 78 ) .
. COBTRATT - 231-76-0011

NOTE - 38p.; Some pages may not reprcduce vell
 4AVAILABIE FROM Association of American Medical Cclleges, One Dupont

s_ SPONS AGENCY

L. . Circle, ¥.W., Washington, D.C. 20C36
: - - - . .

EDES PRICE MF-$0.83 HC-$2.06 Plus ‘Postage. .
'DESCRIF10RS sCluster Analysis; Bigher Educaticn; *Instituticnal

Char¥cteristics; Medical Education; *Medical
(] Besearcq‘%‘aedical Schools; skedical Students;
‘ + 'Hodels; Mhltjdimengional Scaling; Sprimary Health ,
. on s Care; Specialization . )

~ . >
"7 ABSTRACT P .
This study is an attespt &0 smcdel sthe sinila{éﬁies of
84 medical schools vith Tespect to their ‘orientatiopns toward
. . applicants gualified for research and applicants iterested in ,

" delivering prisary care or locating in non-urtan, settings. These
characteristics are defined in 17 ipstitutional %ariables. The
patterns of insti(utional simjilarity are 8eéscriked by two modeling

. technigues: cluster analysis and sultidimensicnal scaling. ’
Bultidisensional scaling confirmed that there Vere essentially twc
dimensicns of difference among medical schools with respect to the 17
. variables studied. It afppears that therg are fewer medical schools
vith preference. for research-oriented students vith goals to provide
health care directly tc patients and in geographic :yeas currently
underserved. Cluster analysis identified four groups of schqels as
Chatacteristically different froms.one another. SultBequent analysis of
4 data for scbools in each—group served to identify each grotup's
-~ distinguishing attributes. Research-oriepted schocls appear to forms a :

distinct class of institautions., Other sgt ols fcrs\ three classes R

according to the degree of their prefererdte fcr students oriented

tovard prisary care service. A silniggneous Fresertation of the

'y

-

h scaling and clustering models provid the most ccmplete picture of .
medical school similarit®es with resPect to preferences for students

who .#ould provide medica) services ditectly t@rough primary care

f delivery or indirectly through medical research. (SPG)

-

< : -
- .
I} —
.

”‘“““"tﬁ-“i“““““‘t“.“““‘.“"“““““"O“‘t““‘(“““

* °  Reproductions supplied by BDRS are the kest that-can be made s
s . - from “the original document. . . s
iaAsadddidd dadddddads At it A T P T TTY FTT T PP PP PR O rprny
- Vi . . ’ ,,'“\,—/
| - *

. [
— . »




L]
-

[ 4
5

RESEARCH AND PRIMARY CARE s
. TWO DIMENSIOVS OF PREFERENCE IN MEDICAL SCHOOL AD‘VHSSIO\'

 FINAL REPORT

. (
’ . i}
Association of American Medical Colleges
One Dupont Circle, N.W., Washington, D.C. 20036

U.S. Department of Health Educatlon and Welfare
Public Health Service .
Health Resources’ Admieistration

. Bureay of Health Manpower
*Eontract No. 231-76-0011"

¢

e




ATS

| Page
. - \ L * s F}
List of‘ Tables L ] L d L ] L d " L] L d "".p L ] L ] [ ] L] L d '. ii
= ) . . : . .
* List of Figures Y L Y 3 3 o o * L] L L 4 . . e ii‘i
P Execu:tiVe Sumary. ® e o o e o 6“'0 e e o o o ’ v f
. - ' ' li . ' - A
Chapter I . . IntIOdUCt ion. 9 ° :'?‘ e e, @ . o - ’ l
Background T oo
. Models of Similarity N . . .
s . ' Overview -
- t R
3 -+ . v I A
€hapter 1I. Methods . . . . . .% , ., . 5
¢ Selection of Variables )
Selection of Schools )
Similarity Index ) : .
, ) Multidimensional Scaling ~ .
T Cluster Analysis
\g_/ 1 . e Iy P
- . Chapter III, |Results . . . . . e e e e 13 4
-~ Spatial Model of Mediéal School RN
Similarities v
birectional Interpretations .
Cluster Analysis .
- Scaling and Clustering Results
: . , Contrasted ' - .
e N ‘ - - " - ’
Chapter I1V. Conclusion . ... .. ... - 27
) Bibliography . o . o » * o o e =@ o . . o » 29 - !
- : Apﬁend;ces \
/ A. Abbreviations Used in Variable Labels 31
- B. Result of Ward Hierarchical~Cluster
,;- : ] Analysis of 84 U.S. Medical Schools
’ on. 17 Variables Measuring Two' Dimen- - i
b o " sions of Preference in Medical ;
- , . .School Admisgions * 33"




7

.Table

Taple

Table

LIST OF TABLES

Medians, Means and Standard Devi-
ations of 17 Variables Used in
Multidimensional Scaling and
Cluster Analysis - .

Abbreviations and Names of 84
Medical Schools Used in Multi-
dimensional Similarity Model

Cluster Memberships and Distances
of Medical Schools from Cluster

+ Centroids of Four CIusters Based
on 17 Varlables. : .

Mean Values for Medical Schools, in
Four Clusters on 17 Variables
Used as the Basis of Cluster
Analy51s

)

J
3
N\
Page -8
i ,
T1s —

20

23




LIST OF FIGURES

S

Two-Dimensiongl Similarity Model

sof 84 Medical Schools with réspect

"~ to Institutional Measures of .. .
Preference for Students Qriented
Toward Research and/or Primary Care 14

. . , 7
'Pigure 2 ' ‘Two-Bimensjonal Similarity Model
, of 84 Meédical.Schoold with respect

to Institutional Meadures.of Pre-
ference for Studentsg Oriented
‘Toward ‘Research :and/or Primary Care
vith Vectors Representing Best Pit -
of SeVeral Individual Meapures

~

Simultaneous Presentation of Four-
Group Clustering Model and Two-
. Dimensional Scaling Model of 84

Medical Schools




vided compatible and complementary results.

EXECUTIVE SUMMARY -

. ‘_ . Research and Primary Care: Two Dimensions of Prefer-
ence in“Medical School Admissions is the last study in a

series, conducted by the Assoclation of American Medical
Colleges, examining’the characteristic’ways in which C.S.
medical schools are similar and different. This is the

+ second of two institutional studies focusing on ‘two

possiltle preferences in medical school student admidsions:
a relative preferenceé for students oriented toward primary

care delivery and a relative preference for students pre-

pared for medical research.-

Data describing ®medical -schools, their applicants and
matriculants in-1976-77 were used. Seventeen measures
were used to define the similarity of each possible, pair
of 84 schools. The results of two different methods of
modeling applied to medigal schoql similarities data pro-

Multidimensional'scdling confirmed that there were
essentially two dimensions of difference among medicai
schools with respect to the 17 variables studied! Tt
algp- showed the joint distributior of schools on the two
,diftension Subsequent ‘regression analysis served to
identify e meanings 'of several directions in the spa-
tial model. It appears that there are fewer medical .
schools with preference for research oriented students »
‘and more schools giving pfeference to 'students with goals -
to provide health care directly to patients and in geo-

‘graphic areas currently underserved. Most but not all of

the research schools haveilpwer-than-average preferences
for students oriented toward primary care. Other schools
with a more limited research orientation, appear to be
distributed smoothly along a continuum of difference in
this preference for students with a primary care orienta-
tion. S
Cluster- analysis identified four groups of schools
as characteristically different from one another. " Sub-

. 8equent ‘analysis of-data for schools'in each royp served

to identify each groups' distinguishing attri utes. Re- .
search oriented schools appear to form a distinct class ..
of institutions. Other schools form three classes

~ according to the degree of their preference for students
.origntedﬁtqyard primary -

care service.
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. A Bimultaneous presentation cf the scalil.c arnd
clustering models provides the most corplete picture of
medical school similarities.wjth respect to rrefererces
for studentg who will' provi#e¢/ medical services directly
through primary caré)delivery or indirectly through
medical research. The cluster analysis served to ider-
tify natural groupings of medical schools that,on the
myltidimersional map appeared to differ smoothly alcng
a continuum. This facilitated identifying the different
meanings of regions in the spatial map. The interpre-
tation of rggions is more'readily corprehensibl® than
the interpretation of directioral vectors. .

T The pd&ﬁbSe and methgdﬁ'of'this'stddy are explcra-
tory and the results must be treated atcordingly. The =
boundaries drawn hetween schools are only suggestions o%

possible ‘distinctions that‘may be identified. Many )
» schools certainly are the purposes of educatirg students
who will provide b types of health services. Tie .

dimensions along which schools Have been okserved to
vary may only exaggerate smag%, even trivialgdiffer-
ences. This is one pitfall \exploratory research.

[4
.




.Chapter 3

" INTRODUCTION -

»

7. One major issue thrently confronting those involved
of Interested in medical education is the admissions prac-
ices of medical schools. Not only have medical schivols
received a great dedl of attention from ¢he media over
‘ this issue, but it has also been the subject of concern’
from the courts and Congresy. The foeus of this study
is on the preferential Felection of Students, and how it
4 .relates to two institutional purposes of mediral schools:
training primary care practitioners and praétitioners for

underserved areas, and advancing medical regearch.

Background ) ..

~ »

¢

'~ The study described'in this report is ong of a
series of exploratory studies performed by the AAMC to
examine the interrelationships among measures of insti~"
tutional characteristics angd the interrelationships among
ihstitutions on those characteristics. The purpose of
these studies is twofold: to illuminate patterns: in
variation, similarities and differences among schools,

and to rajse questions and generate hypotheses for fur-
"ther analysis. . .

Previous reports in this series described five
factor analytic studies, two of which were replications
, of earlier work (Sherman, 1976, 1977a, 1977b, 1977c, and
McShane and Sherman,: 1977); foyr cluster analysis studies -
including two replications fNunn and Lain, 1976; McShane, -
1977a, 1976b, and McShane and Sherman, 1977);.and two
multidimensio .8caling studies, one of which was av -
replication (Sherman. 19774, 1977¢). These studies
followed a common general format. Initially, a factor.
analysis was performed to ascertain
i nt» of variables from the different
which medical Bchool characteristics may
i.e., students, applicants, faculty, finances,
facilities,répd curricula. The results of the factor
analyses we subsequently used to enerate factor scores
and ‘sets of variables on which to c uster hnd scale

?qnpols.

. i ‘ .c ' . i
The range of characteristics anaivzed in the earlier
stidies was broad, covering many quantified aspects of

medigal school variation, and the results of these studfea‘
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p'rovi'!a basis for comparing echoois or. a brcad.rar.gei'of‘
charac istics. The scope of the present study is lirisx .
‘ _ted to two principal characterlstlcs.

Several con81derat10ns have chided the condyct of
the current studies. As a result cf the.explorafocry
nature of these analyses, preference was giveén tq new
measures and potential new dimensions of institut\ional
variation. Also, since it was observed in earlleihstud—
ies that the newer, less well established schqols were '
not stable in their patterns of. tnterrelationshyips, the’
analyses were further llmlt'ﬂ to school$ that pere
longer established. , \

. A conpanlon study in this series of exploratory -
analyses of institutional data examines a range of factcrs -
which reflect the admissions practices of.medical schools
-SSherman, 1977c). One of the dimensions ®p which medical
schools were found to vasy was that ddscribing the pref-
erence given to applicants who indicated an interest in )

" primary care practice o ice in small towns. The /
percentage of matriculpght ressing these career p1§P§<>,w-
varied among established medical schoocls from 22 to 6
percent. Viewed from a slightly different perspective,
the admission odds ratios for these applicants varied
among the 84 schools from .51 to 1.27. 1In.other words,
an applicant at one school who had the career -interests
described above had only one-half as good a chance of
being admitted to that school as all applicants ta that
school. At the other extreme, there was one school
where the chance of an appllcant professxnc a desire for
primary care practice or service -in a small town being
admitted to that school-was 1.27 times as great as that
for all applicants. This dimension of preferentifl ac-
ceptapnce of potential primary care practitioners Was
additionally found to be independent of other character-
istics of the schools' admission.activities. Prim
Care Orientation.was the first d}mension selected for
closer examination by this study.-'

Another dimensioh which emerged "from the previous
study was research orientation of ‘the medical schools.

* That factor incoxporated such elements as the acaflemic
preparatioh of matriculants, preference for applicants
expressing an interest in research and medical teaching, -
and an emphasis on spomsored research activities within
the medical gchools. This dimension was .similar to one
found in the other factor analytlc studies cited above.
This demonstrates the continuity of results from the

-
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several studies. The Research Orientation dimension was
" selected as the second dimension on which the similarity
of medical 'schools_ would be modeled, both by cluster.
analysis and byfmultidimepsicnal seating.

’, b

N

Models of Similarity ‘
There are several ways to create a model to repre-

sent the similarities and differences among a set of
medical .schools, or among ‘any ocher objects or concepts
with measurable properties. Modeling, generally, results
in a simplification that may be adequate or beneficial
for a particular purpose. A simple model of medical .
-schoq@ls could be prepared by sitply listing the schools

© _in-ascendirg-order on some characteristic (e.g., number -
of undergraduate medical students)® Schools having
similar ranks and listed near one another wpuld then be
considered similar with.respect” to the property that was
measured., A more refited el would be created by
developing a linear scale.which would encompass the range
.0f the measure being used and writing the names of the

. schools at the point on the scale représenting each
school's value on the measure. -A less refined model 7
would be constructed by dividing the. rank-ordered list. ™~
of schools arbitrarily into three equal groups of "small”,
"medium®, and "large®™ schools. The information conveyed
by each of these models is different, and each %ay be
appropriate €or specific purposes. -

4

More camplicated models of similarity may be neces-
sary when the concepts defining the 8imilarity are more
complex, such as _the similarity of medical schools with
respect to both numbers of medical students and bagic . AN
sclence graduate studlnts. A simple ranking, scaling or
grouping of schools on the sum of the’ two counts may be
of little meaning or value. A scatter plot of school
nares between coordinate ages’corrgsponding to the two
separaté gtudent counts could be mQre interesting and
convey much more information. S¢hgols plotted closg to
each other would be' s®eqn as ’sini?ar'. A simpler model
would result by assigning each school to one of nine .
groups according to large-medium-small on both measures.

small counts of medical students and large numbers of
.Ph.D.’students) the model would be even simpler (8 instead
of 9 groups) yet would be just as accurate in representing
two long lists of numbers< Adain, schools listed togetHer
may be regarded as gimilar with respect to the two meas-

‘ures, and possibily with respect to other related measures.
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Multidimendional scalinglénd cluster analyvsis -are.
two methods of creating simpllfied models of medical

.school simidarities when the similarity méasures are

)

obtained directly or derived fror selecticns of several
measures on which scheols vary. Clystering results in

" groupings of schools with similar schaols in the same

group and dissimilar, schools in different gtoups, accord-
ing to aimathematicaH criterion. Scaling prcduces a map
of schools, havipg a usefully small number of dimensions,
where distances getween schools on-the map correspond
Closely to the measured similarity between schools.’
fcaling allowe for continuous gradients of difference

in a space of possibly reduced dimensionality, while
clustering represents empirical grouping, without grad-
ation, ifi a"space of full diménsionality. : T
Overview * - )
T ’ %

The present'study is an attempt to model the simi-
larities of 84 well-established G.S. medical schools with
respect to their orientations toward applicants qualifijed.
for research and applicants interested in delivVering .
primary caré or. locating in non-urban settings. These
characteristics are definéd by sewenteen institutional .
variables. The patternt of institutional similarity are
deseribed by two modeling techniques:  cluster analysis
and multidimensional scaling. -

It is important to note that the models presented,
in this report are modkls of the activities of medical
schools with respect to applicants and matriculants.
They may or may not reflect the schools' stated admis-
sions policies, but could provide.an indication of how
each school compares with other schodls inm attracting
«and matriculating students to train to provide direct

and ind rect health care services through primary care
and research. :

’

.




Chapter Il

’ A% l e
METHODS - -

‘ : . N ’ : =
ﬂ‘.‘ There were- five major methodological considetations = .
which guided thé conduct of the ‘stedy described in this
report. Those considerations were (1) the selection of
. variables, (2) the selectien of &chools, (3) the compu-
€ation of a similarity indek, (4) multidimensicnal~scal=~
ing and regression, and (5) ¢luster analysis._. Each’ of
th& five considerations  is discusse¢ in detail in the - .-
follpwing sections. - I '

~

‘ ?e;‘ectio"’.Of Var}abl“e? Py .

. Since the corcept of similarity is most appropriate- .
ly applied-with referegce td some property or character- .,
,istic "{even though that characteristic tay not ke well
.Gefined), the variables 'which were wsed §n thisg study

' . . @pvere carefully‘selected to represent two’'underlying di-

« - . mensions: refsearch orientation and primary care orien- ,
‘tation. These two Qimensions were explicated in Sherman's -
factor -analytic study of the ‘admissiéns practices of .o

. medical schools (Sherman, 1977c}, and "orientation” as it
isqused in this context refers to the .orientation of the
applicants for whom'meflical schoo display preference,
The vafiables which composed these two factcrs were
analyzed and some deletions were‘made from the origipal
list tQ réduce redundancy. The final data set-contained
‘17 variables which ‘measured either, the research orienta-

. tion or the ptimary care. erientation of the .medical
- schools. - Lo )

-

Due to.the sensitivity of both multidimensional -
scaling and cluster.analysgg,tp extreme or missing data,
the data were. carefully verified)with original sources.

. Missing values for' the BevVenteen. variables. used were
replaced ejther with the value for that school from an
'+ earliep-year, or with the mean '©f that variable for H11°
. .8chobls., Out of a possible 1,428 data points, there were
- only 9 missing values (less than C.1 percent), and no '
school was missing d::a for moxe than one. variable.
L J N N -
The medians, méans and. standard deviations of the
17 variables uséd in tMis study are preserted in Pable 1.
A glosaary'of"abbreviatiqns used .in the varizble labels
is presented in Appendix A/ - Three of the variables are
institutional measures‘whiéh have heen fpt?d in previous -
=z




- TABLE 1 .. .
_ v .

S, AND STANDARD DEVIATIONS OF 17 VARIABLES
"MULTIDIMENSIQNAL SCALING AND CLUSTER ANALYSIS

- ' STANDARD
TABLE - osscsupnon , _ '
STIS2 AMA: % 60-69 ALUMKI DOING RESEARCH 0R Yo
“STCY ~ AMA: % 60-69 GRADS -IN PATIENT CARE. -

S'rcm . FRS: AMA EST % ALUMS ON FT FAC OF ANY SCH -
" STC189 - % MATRICS WHO WERE ALSO ACCEPTED ELSEWHR
smn MEAN MCAT. SCIENCE SCORES OF MATRC. TOTAL
STCO43 . RAT: HOUSESTAFF TO UNDERGRAD-MD STUD
© INCOYY % TOTAL E SPON RESEARCH
STC013 % 1ST-YR MD STUD PRE-MED GPA 3.6-4.0°
. STC180 . % MATRICS SEEKING CAREER IN RES & TCH
- INR142 ©° °  NIM R@1 GRANTS: MEAN STD PRIORITY SCORE
- _STC169 ADM ODDS RATIO IF RAISED IN SMALL'LOC- - T
. STC161 ADM ODDS RAFIO IF INDIGATED PRAC.IN SM PLACE 1.02

- STC183° ¥ MATRIUS WANTING TO.LOCATE IN SM PLACE 45.68

. STC187 % MATRICS RAISED IN SMALL LOCATION . 35.25

~.STC181 % MATRICS SEEKING PRIMARMY CARE PRACTICE 46.29

. STC157 . ADM 0DDS RATIO IF SPEC IN PRIMARY y .97

. $TCI51 ADH ODDS RATIQ FOR CAREER AS GP ’ . .97
¢ o

s T /o . . . .

/ - - : )
-
. . -~
. ’ " -
* . -
. . . s >




studies to be related to- the research or graduate medical
education efiphasis of the medical schools: (4) the ratio
of housestaff to undergraduate medical students,:(2) the
. percentage -of total expenditures for sponsored reésearch,
A ’ and (3) the mean stahdardized priority score 'of RF1l (single
! ‘investigator) research grant applications. ‘Three other .
variables asgess the current activity of the schools* ,
alumni: (1) -the percentage of 1960-69 alumni who were .
¥ 3 . active in research or teaching, (2) the. percentage of"

T 1960-69 alumni active in patient care, and (3) the per-

centage of alumpi on any medical school‘faCulty.

. .The remailding eleven variables describe character-.
istics of the schools' admission- practices. These var
- iables' include the percentage of matriculants. in dedical
schools who profess a particular career orientation or .
preference, the admission odds ratio for applicants having-
a particular orientatiop, and.the academic preparation of
matriculants. The data om applicants and matriculants to
- medical gcheols were derived from institutional aggregates °
. obtained from the AARMC's Medical Student Information Sys-
- tem (MSIS) for the 1976-77 entering classes. .These data
: are supplied by applicants for résearch purposes and not
to be reported to medical school admissions committees.
“Schools may obtain similar information’ through other
channels.-, T e

< ® -

v . .mhegaanﬁssion odds'fatios for applicants with various
charactenistics were computed as relative indications of
4 medical sthools' preference for students with certain
o characteristics. ‘For a given school, the admission odds
for an applicant to the school ' is defined as the number
of matrioulants divided by th%fr'number of applicants ‘less
L . the number'of matriculantsﬁ' is figure would represent
- the chance \that an ‘applicant to a-particular school would
N have of enrplling at that 'school. 1In the same .manner,
admission og may be computed for applicants whq have
” ' . particular aracteristics, such as. a preferenc&r pri~
. mary care, or a backgkround in the arts or humanities. The
. . admission odds ratio is equal to thé admission odds for -
applicants wilth a given characteristic divided by the ad- .
ission odds fbr all apfjjcants to a médical school. An
¢ ion ratio of 1.00 would mean that an applicant
with a particular characteristic waould Rave the same ‘chance

of getfing int? a medica1¢schT:f as-all wpplicants; an

ds' ratio over 1.0\would mean that applicants
that chardcteristic have better ¢hance of getting
an a sion odds ratio of less than 1:0 would '

"Bean a less thap averdge chance Qf ‘getting imrto the school.
Théese sures may ref ect the preference of each school
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’ igr or agalnsg appllcants with certein characteristfics.

ey may alse, tc some deg‘;/A reflect ,Lhe prefexrerce of
some acceptees for certain hocls For a more ccmplete
-explanation of the measures used in this study, see
Sherman (1977q(t 2 :

'y

e

Selection of Séhools

—

. Previous stud;es in this serles have used data from
all medical schools which are in o ation in the United
- . States. The results of these early [studies have shown
that. newer, still developing schoolg are nqt as stable
in their patterns of relationships as older schools. 1In
order to ,cqnstryct a stable, homogeneous subset of schools
+in . whicH patterns of variation could be more easily de-
tected and interpreted’® the analysis was limited to fully,
accredited medical schoolg which granted M. D. Cegrees " ..
in 1967.

As the result of'thequhsiderations described above,

data for 84 U.S. medical schools were analyzed in this
study. Of the 84 schools, 43 were private and 41 publlc

- Their enrollment of undergraduate medical students in

1975-76 ranged from 305 to 1,272 with an. average enroll-
ment of 583.8. An average of 89.9 percent of the alumni
of these schools who graduated between 1960 ‘and 1969 were
active in patient care in 1973, while an average of 6.9

percent of these alumn; were ¢ngaded in medical teaching
or research. . - . v ' -

.

Similarity Yndex I .

Prior to the computation of a similarity index, each
of the variables was standardized to have A mean of zero
and a standard, deviation of 1.0. The purpose of the
standardization ‘was to give the variables a common scale,
thus giving them equal weight in the compstatlon of the
sinilarrty index.

An index of similarity was subsequently computed = .
for every possible pair of medical schogls. The similar-
ity between two schoals was deéfined 'as the square root of
the sum of squared differences between the two schools' -
values for each of the 17 standardized measures. This*
is s ly a 17-dimensional analog of the familiar two-
dimensional ‘formula for the length of the hypotenuse of

a triangle. .
H =/a2 + B2 . -

I's

~"

B
L] ’
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» In the érésent’caseL the 17 "legs"® are_thg dif?erqnces. ‘ J/;y
.'®. between two schools' values gn the 17 standardized vari-
i ‘b ables..- Twe schools with n ly identieal values on all

- 17 measures. would have af;' larity index near zero.
Twe schdols witk very different' values would have a large
indgx of similarity. - e
. ~ ., » = '
) R Th;-ﬁhdic&s may be conceptualizeé as distances in
L}‘d' n;tonal space. Such a-space, however, is impos- )
. sibl:ffo isualize. purpose the nultidimensional .
scaling model is« epresent, as‘¥ell ‘as possible, the
17-dimerisional spac® in a smaller number of dimensions
that. can- berxzgadily -visualized. . Comparatively, the pur-
4 ’ pose-of'éigster alysis is to create groups of schools
such’ that all schools in a group dre similar to each
" other on:the 17 dimensions and different from schools
in other clusters, .

< ¥

Multidjmersicnal Scaling o . .

* 4

Metric idimerisional scaling is a computaticrnal
algorithm that™ accepts,an N-by-N symmetric matrix of
. similarity (er dissimilarity) measurements between all
. pairs of N objects, and produces a set of spatial coor-
- "dinates for each of the N objects. The mathematical
underpinnings of metric multidimengional scaling are
' detailed in,Torgerson {1958) ané explained in more geg-—
eral language in Nunnally (1967).. Basjcally, the matr
of distapces is ratheratically transformed.a dq€ﬁen fac~
.“tored by the principal axes method. 1In met ic multidgi-
" “-mensional scaling, the distances must Le established or
a ratio scal® of measurement, e.g., a dissirilarity
.. index with & value of 4 must represent twice the dissim- . .
ilarity betwden two.objects which have an index of 2.
This assurption i§ met when the similarity measures are
.cemputed ffod a set of varjables, as was done here.

< In the present study, metric multidimersional <
t - _  scaling was performed through the use of a versatile
computer prograg, KYST, developed at Bell Telephcne
Laboratcrieg and thée University of North Caroltna at.

- Chapel HiN (Kruskal, et a 1977). The matrix of :
-s1milaritié§bof the 84 schoo as scaled in .two ] ’

- ~dimensions.

I

. ’ 3 . s mnd
L - The major axes used to plot the "locations” of each

scpqo} are’not intended to ke interpreted (as are the
, Prircipal.axes after rotation in factor analysis).” The
. locatlons~of~the-sghools relative to one another are the

¢ -
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object o;fru1 idirersipnal scaling. T~he configuraticn
of plotted pcints car be rotated cr reflected cr the rap
without chancing the rodel. If sc¢re cf the rnany rossitle
directiors-on the-spatial map hage rezrirg, they are
revealed by subseqnent stuhjectiveé or dbjective zralysis.
2 person thoroughly femiliar with many cf the schccls
could subjectlvely identifv the common characteristics

of schools in tke upper—left side oD the rap, say, age

distinguished’ -from schools ir the lower-richt area. &

more objective ‘{though-not necessarily better) rethoc

is to draw, a ‘vector on the map_ that Lest Tepresents

known instituticnal.variaticn with respect to a particular

reasurg. This ig accomplished by using the twe spatzal

cocrélnates as predictor variables and an external vari-—
e of interest {or -several, but §n at a tire) as a

-

criterion qarigb&e ir a regressi el. :
. The.b- ccefficients of the derived regress. or egua-
‘tfon may ke Gsed as cccrdirates cf _ocne pcint on 2 vector
rassing through the crigin of the space. The vectcr rep-
resents the directior. of test fit in the spate:~ The
multiple correlaticn coefficient cescribes the degree

of that kest fit. Perpendicular projectiors cf school
locatiocns onto the vector {or any lineeparailel toc it}
correlate with the critericn ~ariable to the decree :irdi-

»cated by the nmultipleycorrelation ccefficient. Schools
®ar from the céntertin the directior. of the head of the
vector tend to have hxch values of the criterlicn variable;
-schools projecting onto the tail have lcw values. The

- relative values of the multiple correlaticr coeff1c1eh*s
can be used tc evaluate hcw well different critericn
t#ariables are describeé by the model.

Cluster Angzlysis

The final stage of the ana;ysxs for this study was
to use the 17 variables, reasuring primary cafe ‘and re-
search orientations qf preferred applicants, to cluster
the medical schcols into groups of like schoals. In
much the same wdy that factor analyeis As used to exarire
patterns of correlaticn gmong variables, cluster analyeis
is used to examire pattérns of similarity among objects,.
in this 5 case institutions, across a nurmber of yvariables.
Just as factcr analyesis derives groups of items that lare
sizilar to one ancther ané different from items in other
groups, cluster analvsis groups together objects (schocls)
that are similar to each other but different in some way
fron schools: in other groups. '

te
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Ag in the earMer studies, the cluster -analysis )
was performed ir two steps. The fzrstxgtepkwaéka L~
hierarchical cluster analysis using the methqd developed
by Ward (19€3). Eierarchical Cluster analysis tech- R
niques initially view each object as belonging to a
cluster of size 1. In the firs¥ step of the.analysis ..
the two most similar groups are combined to form a o
singlé, larger group of size 2. In each subsequent step, -
the two most similar groups are combined ipto a single
Yyroup. One limitation of hierarchical cluster analysis
is that once a combination of two groups has been formed,
the objects which make up that group.remain - jbined for
the duration of\the analysis. ' By forcing all objects
to be combined and reghin intact once they are gombined, -
hierdrchical cluster analysis may cause distortions of<_.
natural clusters by the inclusion of outlying object
’ /i.‘. R ‘

To dvercome the artifacts of hierarchical cluster
analysis, the hierarchical solution was refifned through. .-
the use of a second step, non-hierarchical cluster agil:)
sis, which placeg.objects into a predetermined -humbe of
clusters in such™a way that a specified riterion is
optimjzed.. Non-hierarchical cluster ana ysis allows
objects to move among clusters until @ "best"” solution
is- found, .and thus reduces the distorting effect of )
outlying objeots on cluster membership. Non-hierarchical
cluster analysis, however, does require specification of
initial estimates 6f the location of the centers of the
clusters as well. ¢ y )

In this study, a non-hierarchical cluster dnalysis
technique developed HY Forgy (1965) was used. In this
-method, using the number of clust®ts and cluster centroids
specified by, the user, ‘each object is assigned to the-
cluster! which has the closest centroid. After all objects
have been initially’asqigned to clusters, new cluster
centroids are computed for each cluster based on the ob-
jects assigned to the cluster. The distance from each
object to the centroids of each cluster is then computed
and objects are reassigned, if necessdry, to the cluster
" which now has the closest centroid. " After the reassign-
ment of objects, the cluster centroids are recomputed and
a new cycle of computing distances, assigning objects to:
. Clusters, and recomputing cluster Centroids is bequn. The
" cycle is repeated until ‘no objects are reassigned after

7

like ™heé Ward approach, minimizes the differences among
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In the present study, the 17 variebles were vuvced

. to cluster schools ysing the Ward hierarchical cliuster- -
analysis approach. The results of this analysis

(presented in Appendix B) were then usei to select '
seedpoints and determine the number of clusters to ke de- ’
.rived in the Forgy cluster aralysis. Forgy cluster anralysis
was performed on 8, 6, and 4 clusters using two sets.

‘of initial seedpoints. J0neQf the 4 cluster solutigns

was selected as the most meaningful representation of

84 schools on the two dimensions of interest. Yhe -
selected cluster soiutign and the two-dimensional. scaling
solution ar€é presented in the following chaptet,

.
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,,-3' As a result of the procedures outlined in Chapter
" " 1I,.two representations’ of the similarity of 84 medical
... .. "schools to-one another were derived. In this chapter a
"¢ 1. Tmultidimensional scaling model and a multivariate cluster
© .. * ’"model are presemted, evaluated apd contrasted with omne
L énﬁthéri‘TUEIﬁE‘fhéié'reaults, specific schools, may be!
-] compared with one another. Fianally a general inter-
A '{’pretation of the overal] patterq is presgnged.

-’
Spatial Model of Medical School Similarities /

‘.'

‘ Figure 1 presents a two-dimensional model of
medical school similarities resulting from a m;ig}c \
~o mul tidimengional scaiing of computed similarit .
‘y - Limitations of space necessitated the use of abbrevi-
;‘ ations of school names. A list of abbtreyiations and
¢ school names is presented in Table 2. Clase prﬁ ity
on the’ like representation r pregents.a high de-
gree of similarity with réspect to seventeen input
variables, while larger distand®s represent dissimiar-
j : T 1ty. For .example, Harvard and Johns Hopkims are depict-~
ed as gimilar to.one another {(on the right side
map)and dissimilar to Meharry (upper left) and Ve
(lower left). Barvard is equally similar to John
Bopkins and the.University of Chicago. Jo HopKins
is most similar to Yale. - :

The major horizontal and veﬁ:ical akes @ not

.Jm’“‘"

-

carry inherent meanipg. What is led by this method
are the distances™tétween schools, not the coordinate
systep. The direct distances between points on_khe map
) ‘correspond closely with, but are not 1l to, the com-

- Puted similarity indices, Possible iﬁggipretations.df
. the meanings of directions and regi:g: in the multi-~ :

.. Ldiménsional map may.be ascertained ough subsequent

' regression analysis and by examining data for the . ‘
original:variables.for schools in designated regions of

i A results of cluster analysis. . -
N 2 .
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TABLE 2 . . ’

4 ~ ..
TIONS AND RAMES OF. 84 MEDICAL SCHOOLS -
IN MULTIDIMENSIOMAL SIMILARITY MODEL v

. -
~ . s
.

Us

\ ALABANA UNIV. OF ALABAMA SCHOPL OP MEDICINE .. .
ALB ALBARY MEDICAL COLLEGE OP UNIOR UNIV. i
/ ARKANSAS ./ UNIV. OF ARKANSAS COLLEGE OF MgDPICINE
/~ N mawios BAYLOR-COREOE OF MEDTCTNE — —
- 7 F BOSTOR ‘ UNIV. SCHOOL OF MEDICIRE
BOM GRAY GRAY SCH. OP MEDICINE OF WAKE POREST UNIV.
CAL TRVINE , » URIV. 0P CALIPORMIA,IRVINE,CALIPORNIA COLLEGE OF
. - MEDICINE .
. CAL SAN v.AN UMIV. OP CALIFORWIA,SAN PRANSISCO,SCEB. OF MEDICINE . .
CASE WES RES CASE WESTERN ‘RESERVE URIV. SCHOOL OF MEQICIRE )
/ CHICAGO wED UNIV. OF HEALTH SCIENCES/THE CHICAGO MEDICAL SCHOOL . .
N CIn : UNIV. OF CINCI#nA®R COLILEGE OPF MEDICINE ‘
€OLO URIV. OF CO SCHOOL OF MEDICINE
COLUMBIA COLUMBIA UNIV. COLLEGE OF PHYSICIAKS & SURGEONS
CORNELL " CORMELL' UMIV. MEDICAL COLLEGE
CREIGETON *  CREIGHTOS UNIV. SEHOOL Of <EDICINE .
DUKE DUKE UNIV. SCHOOL Of MEOICINE
EIRSTEIN ALBERT BINSTEIN C E OF MEDICINE OF YESHIVA UNIV.
EMORY . EMORY UMIV. SCHOOL OF MEDICINE .
PLORIDA H UNIV. OF PLORIDA COLLEGE OF MEDICINE .
GZ0 wWASH GEORGE WASHINGTON UNIV. ,SCHOOL OF MEDICINE & »
. HEALTH SCIENCES ¢ ‘
GEORGIA MEDICAL COLLEGE OF GEORGIA SCHOOL OF MEDICINE
. GEGTWR . GEORGETOWN UMIV. SCHOOL OF MEDICINE . .
BABNERANS HABMENANN MEDICAL COLLEGE & BOSPITAL OF PHILADELPHIA
. BARVARD HARVARD MEDICAL SCHOOL
HOMARD BOWARD UNIV. COLLEGE OF MEDICIRE .
ILL UNIV. OF ILLINOIS COLLEGE OF MEDIGJNE N
INp INDIANA -UNIV. SCHOOL OF MEDICIME S
.o 0MA Y, UNIV. OF IOWA COLLEGE OR MEDICINE
Jerr JEPPERSON MEDICAL COLLEGE OF TBOMAS JEPPERSON LNTY. . .
JOHNS HOPKINS JOHNS HOPEIMS UMIV. SCHOOL OF MEDICINE :
: . KAN UNIV. OF EANSAS SCBOOL OFf MEDICINE
. KY UNIV. OF KEWTUCXY COLLEGE OF NMEDICINE
- - «LOMA LINDA LOWMA LINDA UNIV. SCHOOL OF MEDICINE .
LOUISVILLE UNIV. OF LOUISVILME SCHOOL OF MEDICINE . .
- . LOYOLA LOYOLA ONIV/ OF CRICAGO STRITCH SCHOOL OF MEDICINE :
~ LSD-#0 * + LOUISIANA STATE UNIV. SCHOOL OF MEDICIMNE I¥ '
i 2w ORLEAME ’ : e, )
p , MARYLAND UNIV. OR MARYLAND SCHOOL OF NEDICINE <ot . .
. S NEDICAL COLLEGE OF PEMNSYLVANIA -
oo . ne MEDICAL COLLEGE OP VIRGINIA/VIRGINIA COMMONWEALTH
- UNIVERSITY SCHOOL ©F MEDICINE
HBARRY MEBARRY MEDICAL COLLEGE L% meprcine
RIANI UNIV. OF NMIAMI SCHOOL OF ICINE . .
. nIEm UNIV. OF MINNESOTA MEDICAL SCBOOL IN MINWEAPOLIS
. NISSISSIPPI UNIV. OF MISSISSIPPI SCBOOL OF MEDICINE
v MO=CO .URIV. OFf RISSOURI-COLUMBIA SCHOOL OF MEDICINE
. ) nc *  UNIV. OF NORTH CAROLINA SCHOOL OP MEDICINE
.~ WEB .o UNIV., OF WEBRASEA COLLEGE OF NEDICINE -
.. WEM YORK © NEM YORE UNIV. SCEOOL OF NEDICINE, ‘ -
I COLLEGE OPF WEDICINE & DENTISTRY OF NEW JERSEY/
Lt - WEN JERSEY REDICAL SCHOOL - ‘
NORTEWESTEAN NORTENESTERN UNIV.oNEDICAL SCHOOL .
.o, WY NED NEN YORK MEDICAL COLLEGE R
~ O8I0 8T ONIO STATE UNIV. COLLEGE OF mEDICINE ‘
[
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TABLE 2, CONTINGED c, ’

<

L4 a

UNIV, OF OKLAHOMA COLLEGE™BF MEDICINE ]

OREGON UNIV.' OF OREGON HEALTH SCIENCES CENTER SCHOOL
OF MEDICINE
PIT? UNIV. OF PITTSBURGH SCHOOL OF MEDICINE
PUERTO RICO UNIV, OF’PUE RICO SCHOOL OF MEDICINE
—ROCHESTER . UNIV,- OF ROCBESTER SCHOOL OF MEDICINE T BERTISTRY ——— —
sC MEDICAL UBIV. OF SOUTY CAROLINA COLLEGE OF MEDICINE
SOUTBEERN CAL UNIV. OP SOUTHERN CALIPORNIA SCHOOL OF MEDICINE .
srel: ST. LOUIS UNIV. SCHOOL OF MEDICINE - . -
STANFORD STANPORD UNIV. SCHOOL OF MEDIC INE )
SUNY BUP STATE USIV. OF MEW YORK AT BUPFALO SCR. OF MEDICINE
SUNY DNST STATE UNIV. OF NEW YORK DOWNSTATE MEDICAL CEMTEK
- COLLEGEZ OF MEDICINE- -, < -
SUNY UPST STATE UNIV. OF NEW YORK UPSTATE MEPICAL CENTER
COLLEGE OF MEDICINE -
TEMP TEMPLE ONIV. SCHOOL OP MEDICINE
TENN UNIV. OP TENNESSEE COLLEGE GF MEDICINE .
TEX GAL .URIV. OF TEXAS™ ICAL BRMNCE AT GALVESTON MEDICAL
SCHOOL N ,
TEX Sw ' UNIV. OF TEXAS SOUTEWESTERN MEDICAL SCHOOL T
TUPTS TUPTS URNIV. SCHOOL OF MEDICIKE
TULANE TULANE UNIV. SCHOOL OF MEDICINE
U OF CHICAGO U¥1IV. OF CHICAGO/THE PRITZXBR SCH. OF MEDICINE
U op ©UNIV. OP MICHIGAN MEDICAL SCHOOL - .
U or URIV. OF PENNSYLVANIA SCHOOL OF MEDICINE .
U OF MASBINGTON [NIV. OF WASHINGTON SCHOOL OF MEDICINE (SEATTLE; .
U VA UNIV. OF VIRGINIA SCHOOL OF MEDICINE
UCLA UNIV.  OF CALIPORNIA,LOS ANGELES,ECH. OF ‘MEDICINE
UTAH UNIV. OF UTAH COLLEGE OF MEDLC INE
VANDERBILT VANDERBILY UNIV. SCHOOL OF MEDICINE
VERNONT UNIV. OF VERMONT COLLEGE OF MEDICINE *
MASB U. WASEINGTON UNIV. SCHOOL OF MEDICINE
WAYNE ST WAYNE STATE UNIV. SCHOOL OF MEDICINE
WEST VIRGINIA WEST VIRGINIA UNIV. SCHOOL OF MEDICINE
wIis MEDICAL COLLEGE OF WISCONSIN
WLSCORSIN UNIV. OF WISCOMSIN MEDICAL SCHBOOL
YALE YALE UNIV. SCBOOL OF MEDICIRE o .
-
. 7/
. .
e
5
s
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- Directional Interpretdkions
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/

- As described in the preceding,eﬁaptér} multiple
regression may be used post hoc €0'indicate possible
meanings of directions. on the map. Institutional values

for individual measures .are "predicted” from the pairs

of BG&l‘iEg- CQOrdinates. . .."f'f—.',?“'iirﬁ-.—-.—‘r—,‘.—'»'-" ~
origin define the vector; the multiple cotrelation co-

~ ‘effficient indicates the goodness-of-fit, - J -

‘Nine-véctors corresponding to the best fit of
nine selec individual variables into the Bpace are
Plotted in Figure 2. The multipl correlation co-
efficient describing the degree fit is presented be-
side the variable name near the arrowhead on each
vector. A multiple cprrelation of 1.00 would indicate
perfect fit; zero would indicate no fit. The plotted "
vectors all have fairly high associated multiple corre-
lations, ranging from .73 to .8§9,- .

Gegerally,” vectors poiating to the right and lower
‘right sides of the map correspond to variables related
to the schoolg' research orientation. Schools in the
right and lower-right regions tend to have relatively
high values on the following variables: perceritage_of
‘matriculants seeking careers in research and teaching,
percentage of expenditures for sponsored research, per-

- centage of matricylants also accepted by other schools,

percentage of alultni in research.or teaching positions,
Jean MCAT-Science score of matriculants. '

At roughly rightj,angles to the research dimension
are three vectors reg‘esenting measures describing the
relative apparent preference schools give to applicants

' expressing intere%s in fulfilling another mission of
medical schools, educating physicians who will. provide
primary care where it is now most needed. The three
variables selected to provide meaning to this axis of

+the space include: the percentage of matricdlants con-

ating careers in primary care medi®ine, the admis- - .
sion odds ratid for persons desiring to locate a practice -

.in a small city or town, ‘and the admission odds ratio for
persons raised in small cities and towns. (Several addi-
tional variables also fit well on ‘the map, but since they:*-
pProvide essentially identical interpretations they are

.‘/Pot presentfd.{ ' .

L . , »
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. With the interpretation prcvided by the vectors,
the mar can be better used to compare individual schools
with one another. For example, Vermonrt, Wiscongin, Iowa,
West Virginia and the University of Washington at Seattle
.,are represented as more ‘likely to admit students who are
" from small (by populatiqm) locations, interested in pri-
Mary care specialization, and intereetéd’in locating in
srall locetions than are Southern.Califorhia, SUNY- N
Downstate, Columbia, Puerto Rico or Chicago Medical.
Harvard, the Univeféity of Chicago, Johns Hopkins and

s

Yale attract more,students prepared for research Cfareers
than do Meharry, Chicago Medical, Creighton or Hahnemann.
Many less extreme comparisgg; are also possible.

Cluster Analysis- - | .
.

_The second npultivariate model of the similarities
of 24 medical schools on the 17 selected variables was
constructed through the use pf multivariate c¢luster
analysis. Whereas scaling qréates a map of schqols
such that the distances between schdols represent their
similarity on the selected variables, cluBter analysis
groups schools so that the schools within a cluster
are similar tc each ¢ther and different from schools igy
other clusters.
The merberships of the four c¢lusters determined:
by the analysis which was used in this study are pre-
- 8ented in Table 3. There are 29 schools in cluster 1,.
24 in cluster 2, 17 in cluster 3 and-14 ir cluster 4.
The numbers listed opposite the®names of each school
represent the distance ip 17 dimensional space of each
school from the centroid of the cluster. The cluster
centroid is the "center"™ point. of a group of sé¢hools
in the 17 dimensional space. The distance of each
school from .that point is then computed in thre sare
manher as the initial index of similarity -between any
‘ two sghools. The distances from the centroid may be
_.used to evaluate how strangly each school is associated
- - with its cluster. Schoocls which have small values terd
_to be more representative of the entire cluster. The-
" greater the distance from a school to the ‘cluster :
centroid, the weaker ig its ‘association with that group.
a For .exampde, the University of Nebraska, Gecrgetown .
-Oniversity; Northwestern Upiversity, and the Cniversity
of Pennsylvania-‘are the schqols which represent the
characteristics of the four clusters most closely.
Meharry University, the University of .California= :
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CLUSTER MEMBERSHIPS AND DISTANCES OF MEDICAL
SCHOOLS FROM CLUSTER CENTROILS OF FOUR CLUSTERS

4 -
s . - Clustef 1
NEBRASKA é 1.8149
. KANSAS - . 2.5226
BOMMAN GRAY 2.9030
. MISSOURT-COLUMBIA 2.9158
. OKLAHOMA " 3.0833
SOUTH CAROLIMA-. 3.1355
KENTUCKY - 3.64n8
M C OF VIRGINIA 4,1369
- GEORGIA ~ . 84,2151
NEW JERSEY 4,3195
NORTH CARDLINA 5,1528
- TENMESSEE 5,3025
TEMPLE 5.659
OREGON ° 50814
ALABAME . 6.1562
ARKANSAS . 6.2391
.- OHIO STATE - ¢ 6.3177
10MA : 6.3305
INDIANA 6.5659
MISSISS1PPI . 7.3248
WEST VIRGINIA 8.8402
LOUISVILLE - 9,0896
CRE 1GHTOM - 10,3891
NISCONSIN 10.6148
HAHNEMANN 11.3559
VERMONT 11,6952
LOMA LINDA 13,2469
U of WASHINGTON 16,7358
MEHARRY . 44,3857
"ot
. Cluster 3
NORTHWESTERN 1.6396
TULANE 2.4367
BAVLGR | 3.1370
TEXAS "SOUTHWEST 3.4075
FLCRIDA 3.4646
U of MICHIGAN 4,0280
MIRMI 4.1989
LOYOLA 6.4435
EHORY ) 6.8755
“§ C of PEMNSYLVANIA 6,871
BOSTON 7.92€7
"EINSTEIN 8.1087
SUNY DOWNSTATE - 8.3738
[£SE MESTERN RESERYE 11,1631
HOWAKD 11.7292
SOUTHERN CALIFOPKIA 14,4186
FUEFTG RICO .

23.1973

TABLE 3

* BASED ON 17 VARIABLES
’

. Cluster 2
GEORGE TOWN - \ 2.2027
ALBANY . " 2.6795
CINCINNATI 2.682¢
M C OF WISCONSIN 2.8989
* ST LOUIS 3.3415
ILLINOIS ~3,7972
SUNY BUFFALO 3.7972 |
TEXAS GALYESTON 4,089
JEFFERSON 4,.2357
COLORADO 4.,2939
PITTSBURGH - 4,3016
NEW YORK MED - 4,3837
MINNESOTA MINNEAPOLIS 4.4603
.U OF VIRGINIA 4.6672
WAYNE STATE 5.8616
UTAH 6.1552
GEORGE WASHINGTON \ €.2458
TUFTS -~ . +6.2746
LOUISIANA NEW ORLEANS- 7.8619
CALIFORNIA IRVINE 8.9528
SUNY UPSTATE 11.3733
MARYLAND . 12.9233
CHICASB0 MEDICAL 16.7684
CALIF SAN FRANCISCO 21.2602
F
Cluster &
U of PERNSYLVANIA 2.288%
STANFORD 2.8755
¥ASH U ST LOUIS 3.0477
JOHNS HOPKINS 4,5989
CORNELL . 5.1320
NEW YORK UNIY J156
YANDERBILT .7453
YALE 6.1803
U OF CHICAGD 13.1077
. COLUMBIA . 13.7151
ROCHESTER 16.8734
DUKE 17.0538
HRARVARD - 18.0488
UCLA ' 19.2419
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of their respective clusters. They are,
ser to the centroids of the .cluster in which
they are pyaced than to those of any other cluster.

s " The méan values of the four ‘clusters oh the 17 -
variables on which the clustering was based are present-
, ed in Table 4, From the evidence presented in Table 4
» : it is apparent that cluster 4 is the most distinctive.

: The schools in this .cluster had an average of 81 percent
of their alumni from the decade of the 1960's active in .
patient care compared with 90 percent in the other three

.. tlusters. They had 14.6 percent of their alumni in
research and medici}'teaching compared with 5 percent
in other groups.’ . .

=

\

The research orientdtion of the schools in cl
4 is further emphasized by their mean values fo

percentage of total expenditures devoted to spénsored
research, the mean standardized priority spgdres of Rl '
research grant applicdations, the me science N

. score of first-year medical students, and the Percentage
. of first year medical students with pre-medical under-
, graduate grade point averages between 3.5 and 4.0.
» L d

' The admission practices of the gchools in cluster
P - 4 show a stronger preference for students oriented

toward research than do the schools. in the other three
clusters. The schools in cluster 4 had the ‘highest
percentage of matricmlants who professed an :interest
in research or teaching careers and the highest per-
centage of matriculants who were also accepted at other

. medical schools. Also, the schools in cluste? 4 had
low percentages of matriculants,raised in sz}l towns
or rural areas, low percentageﬁJof matriculant& who
desired to locate their practices in these locafions, -
and low percentages of matriculants who indicated a .
desire for careers ‘'in the primary care specfalties
or as general practitioners. The admissien odds ratics - -

. for applicants to the schools in cluster 4 who were
raised in small -towns or rural areas, who desired to
.practite in these areas, or who expressed an interest -
in a career in primary general care were also the @
¥ ’'lowest of any of the groups of schools. In fact, the av-

eraged admission-odds ratios for fhe schools in cluster
4 for applicants-with the four characteristics mentioned

" above were all below 1.0, indicating that applicants
21
Q “ 23




with any of these characteristics had less of a chance

to enroll in’ these scnools thar all applicenfs to the
school. . .
. - >
The other three ‘clusters. each showed evicdence of,
preferring students with a primary care orientation to-
those with a research or1entat10n. Bowever, - there was
an app nt gradation in ‘the degree of preference for
medical students with primary care orientation amorfg
the ‘three clusters. The, schools in cluster 1 appeared
to the greatest preference for students oriented
" toward primary care. They hag the highest percentage
of matriculants with each of e characteristics
associated with a prefetence ‘for careers in primary
care and had the highest admisésion odds ratios for
applicants with primary care orientation..‘Coalgrsely,
the SChools in cluster ] had the-lowest mean ues
of the four clusters on each of the variables associated
with- a research orientation. .
s 7 . ¢ ° 4
- CIusteré 2 and 3 seemed to be somewhere betweer the
extremes of cluster 4 and cluster-l in the preference
for studemts with research and primary care orientation.
{ These schools did not show as strong a preference for - . -
students with an orientation toward ,primary care as did the
schools in cluster 1. Moreover, the schools in cluster
2 showed no preference for applicants’ who were oriented
toward primary care (admission odds ratios ‘all approx—
imately equal to ‘1.0), and the schools in cluster 3
showed a negative: preference for applicants who.in-
dicated an orientation toward primary care, n AZhough
an average of almost 90 percent. of their 196§¥§9 alumni
were active in patient care. It appears as if schools
in cluster 3 are attempting to create a different-balarice
in their mix of students. - .

Scaliggﬁand Clustering Result Contrasted'

Figure 3 presents the results of the multidimension-
al scaling and clustering simultaneously. Three straight
-lines divide the space into four regions.' The region
labled "1" contains only schools in the first cluster;
"2", the second cluster; i LI the third cluster and
'lz‘the fourth cluster.

’Re%}snal boundaries are nearly pe(pendlcular to the
Vectqrs plotted in Figure 2. YSchoels in Region 4 have

v -
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FIGURE 3

. .
SIMULTANEOUS PRESENTATION OF POUR-GROUP CLUSTERING MDDEL
AND TWO-DIMENSIONAL SCALING MODEL OF 84 MEDICAL SCHOOLS
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charébtéristically high values on the variables repre-
sented by the vectors drawn to thé lower right. This is
~ also confirmed by .the mean® in Table 3. For example, 14
percent of alumni- of schools in region 4 are doing re-
search or teaching ctharyd with 4, 5 and 6 percent in
regions 1, 2 and 3, respectively. )

Schools not in region 4 are distinguishable on
the dimensiong represented by the vectors drawn to the
lower left. is, too, is confirmeéd by the means in _
Table 3. Fof example;, the percentages of matriculants
wanting to cate in a small city or town are 61%, 45%
and 35% in fegions 1, 2 and 3, respectively.

. The dimension representing a primary care orienta-
tion also plies to schools in region 4. The admissions
odds ratios.and pergentages of matriculants raised in
small plages), wanting to locate in small places and
seeking primary care specdializatioh are all higher for
Rochester and U.C.L.A. than .for Columbia aor N.Y.U.
Schools in region 4, however, are more distinguished
-from other schools by their reggarch orientation than
vith- respect to their relative™reference for potential
pProviders of primary care. . ’

- o
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. ConcLusTon 7 - .
J . . . )
; - ) 1 . S
[ ) The_results of two different methods of modeiing »
L ‘applied to medical schoolfgimilaéteies data provided
. * compatible and complemeptary res . , )

Multidimensiobnal s¢dling confirmed that two dimen- -~ °
‘ sions of difference among medical schools adequately
N : represenked the 17 variables studied. It also showed <
the joint distrjbution of schools on the two dimen-
sions. Subsequent regression analysis sérved to
identify the meanings of several directions in the ]
spatial model. It appears that there are fewer medical
schools with preference for research oriented students
and more schools giving preference to students with
goals to provide primary health care and to treat patients
in areas currently underserved. Most but not all of the )
. research schools have lower-than-average preferences )
O Y for students oriented toward primary care. . Other - - N
. ’schools, with a*more limited research orientation,

¢

'W‘I

appear to be distributeQ smoothly along a continuum of
. difference. in this gpreference for students with a ] .
' - pripqry care orie tion. ) .

Cluster analysis ident}fied four groups of schools . .
as characteristically different from one another. Sub-
sequent analysis of data for schools in each group, E
served to identify each groups' distinguishing attributes.
Research oriented schools appear to form a distinct
.class of institutfons. Other schoo form thrgg classes

according t6 the degree of their erence for students
‘. oriented toward primary care gservide. : )
‘ Asg taneous présentatig’ of ‘the' scaling and’
P "clustering podels provides the most complete picture of .

8 ' .. medical school similarities’ with respect to preferences
o ' for students who will provide medical services directly
- ’ through prinngghcare delivery or indirectly through ’ .
. . medical ‘resear®h. The cluster analysis served to ¢
identify natural groupings. of medical schools that on
- < the multidimensional map appeared to differ smoothly
- along a continuum. This facilitated identifying the
* different meanings of regions'if the spatial map. The

-

£4 ) , -




. interpretation of regions‘is more readily corprehensit.le
than' the interpretation of directior.zl vectors.

The ‘clear separability of schools'in .different’
clusters byitpe use of straight lines drawr/~n the
’ scaling map demonstrates the compatibility’ of the Tesults
of the two modeling methods. Natural cIWsters of schools:
., on the maf® are, not readily apparé&nt to the eye. Indeed,
the elongated thpes.of the’ second of four regions
- suggests that some distortiar was necessary to represent
17 dimensions of differencer in a two-dimensional sim-
plification.

‘ The éﬁrﬁosg and methods of this study are explor-
atory and the results must be treated accordingly. The
boundaries drawn between schools-are only suggestions of .

- poBsible distinctions that may be identified. Many
¢ schools certainly share the purposes of eductdting students

who will provide both types of health services. The dimer-

' sions along which schools have been observed to vary may

only exaggerate small, even trivial, differences.. This

is one pitfall of exploratory research. .

-

2 - . It appears from the joint presentation of the - /
. sgalin and clustering models, that the schools pro- - g
| viding “the most-even balance.of preference for stucents
’ with both orientations are Duke, the University of \
California at San Prancisco, and the University of
Washington at Seattle: These schools appeareéd in separate
r clusters but 'in’ the same general area of the map g
derived by scaling. Persoris famfliar with these (or
other) medical schools,. in ways not-measured-by the few
variables studied here, may better be able to elucidate
such findings. The results of exploratory analysjs
( ' provide an overview and a stimulus for further thgnght.

——,——'/ . . N *

I

f
|
lly
»
S

.

AN
L]
-~

-




BIBLIOGRAPHY

I4

C . . . i
; Forgy, E.W. “Cluster Analysis of Multivariate Data:
- Efficiency Versus Interpryetability of Classifica-
tions.” aper presented at the Biometric Society .
Meeting, Riverside, California, 1965.

) Kruskal, -J.B., Young, F.W., and Seery, J.B. How .to Use

. KYST-2, A Ve Flexible P r to Do Multidimen-
s sional ScaIIng and UnfoIﬁ?ng:{;Murray HII1, N.J.:
975g .

Be Telephone Laboratories,

McShane, M.G. bClassifiéQtion of U.S. Medical Schools:
A Replication. ﬁgshington, D.C.: ’ a.

McShane, H.G.; %g %EEirical Classification .0f~U.S.
. Medical Sc 8 utiona imensions.
Hyattsville, Maryiand: Bureau of Health Manpower,
~  DHEW Publication No. (§RA) 77-55, 1977b.-

I

. McShane, M.G. and Shetman, C.R. lorato Anal " of
. " . Medical School Char cteristics: Replic ons.
. _ Washington, D.C.:\iiiﬁ, 1577.

Nunn, R. and Lain, L.L. Classification of Medical Instj-
tutions. Washinpgton, D.C.: MC, 197s.

Nunnally, J.C. ,Psychometric Theory. New York: McGraw-

Eill, 1957?’R . .

Sherman, C.R; St of Medical Education: 1In rrelation-
, 8hips Between Component Var es. Be a,-Mary-

: JBureau of Health. er, DHEW: Publication
Ro. { ) 76~-98, 1976. -

# ’ : ‘ )
Sherman, C.R. loratory Analyses of the Relations of
Institutio ar eg: . P on.” Washing-

m' D.c.: v a.

-Sherman,, C.R. ' I%El;
es.

ar
Buréau of Health Manpower,
(HRA) 72-57, 1977b. ’

Shernaﬁ, C.R. A Third Explorato Analysis of the
.Relations Among Institutional va:iiBIes:‘ A Stud
of Institutional Preferences In Medical §cﬁoo§ ’

saiens. as gton, D.C.: ’ C.
v ' 4

9 39




B

Melical School

A Multidimensicnal Mcdel of
Bureau of

Sherman, C:R.

Similggities;T yattsville, Maryland:
..Heal Manpower, DBEW PubL;catlon No. (HPA) 77-58,

3;977d.

A

4

lication of d Multidimensional Model

jmilarities.

3
’

‘AAMC, e,

Sherman, C.R. ReE
of Medical Scl
M _‘I§7T: i .

Togerson, W.S.
Witey, 1958

Ward, J.H.

tive Punction."”

Associatiop,

58:2

i

'Bierarchical Grouping to Optimize an Obg
Journal of the American Statlgi

"Washington, D.C.:
k 2

Theory and Methods of Scallng . New York:

ec-
ical

’ .

s

o

.

IMn




2

APPENDIX A .
i . / ) ’
meviationa Used in Variable Labels -

.

Definition

-~ - E 3
ADMISSION
ALUMNI
AMERICAN MEDICAL ASSOCIATION
ELSEWHERE .
ESTIMATED
EXPENDITURES
PACULTY :
FACULTY ROSTER SYSTmmf
FULL-TIME"
GENERAL PRACTICE L
GRADUATES . *
INDICATING
LOCATION »
MATRICULANTS
"MEDICAL d
NATIONAL ‘INST S OF HEALTH
PRACTICE .
RATIO .
RESEARCH
SINGLE INVEST
SCHOOL
SCORE
SPONSORED
STANDARDIZED
STUDENTS .
TEACRING :
PERCENT
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. APPENDIX B,

~
Result of WMard Bierarchical Clustér Andlysis of 84 U.8. Medical' Schools .
on 17 Variables Measurifg Two Dimensions of Preference in Medical School Admissions
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