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SUMMARY. In 1948 the Christian Medical College of Vellore (South Indiu), introduced new
and mmore acientific motliods for selection of studonts. ‘The new mothods hnve resulted in n anbstantial
reduction in the pumber of pupors fuiled por student und years ropeated. This paper describes tho

sclection prugrarome very briofly giving various types of evidence on the vilue of these seientific selection

methous and voncludes with u technicul note on the correction of validity coefficients for the differentind
uffects of restriction of range. Thin 13 n first report on full-seale validity studies which are in progress.

1. BRIEF DESCRIPTION

In 1946 & special testing progranune for the selection of medical students was
introduced in the Christian Medical College, Vellore. It was organized by Dr. Frank
Lake. on the basis of his expel'iel{cc in the oficer selection methods used in the Britixh
Army. The sclection methud used is a two-stage process. The first stage consists
of o series of objective (“new-type’) tests of knowledge and ability. The second
stage includes various types of tests which try to get at the student’s personality,
lovel of motivation and drive, interests, emotional stability, etc.

At the firsb stage, examinations are administered all over India, and even
in Pakistan, Burma, and Ceylon. Questions such as the following are used :

*The final form oY this ropors roprosents a colluboration holween members of the staff of tho
Chigtion Medicul Colluge, Vellore, and menthers of thie stufl of the Psycliometric Researeh and Svrvico
Unit of the Rescaroht minl Training School, Indinn Stotintive! Institute, Caleutta.  Jtg unteeedents should
be ueknowledged: The atudy wag originally bogur in 1051 by Mew, Carman (wha had heen
tion progromue (rom ity beginning in 1946) und Dr. Hurper (thonat Ewing Christinn Colloge, Allnhabad),
It wuy bused purtly vn previous work dono hy Dr. Frank Lake, Mrs. Carmun, und others. ‘The Brst full
report of Lhis work wus propared by Mrs. Carmuin in 1063, Yor privato ciroulation, but only & hrief non-

ve in the selec-

tochnicsl summury was published.  The current roport draws honvily on this origine] runuseript, whick

romuinod unpublished; but mush of the original matorinl has beon foft out, while new data hive been wldod
in cortain nreoy. A first draft was oyeloxtylod in Decombor 1953 fur private circulntion, but vontained
cortwin inudequuuics sud innccuracies. This ia the revised nnd corrected version, to which the major
vontributions woro uy follows:  Mrs., Carniun und Dr. Paul, nssisted by Shri P, 8. Sundor Rau gathored,

sorted, nud vrgnoized the dats, und advised on intorprotation. The anulysin nud yeporting were the

rospunsibility of Dr. Huarper, with hoth theorotival sinl somputatious| assistunce from Shei' B. Dus Gupta,
Mr. A. Kudo, Shri 8. I'. Sungal, and Shri Tapag Kumar: Son.  The opiniony vxpressud, howover, ary thoss
of the uuthors und do not necossarily rolloot the eiiciul palicy of the Collogo or of tho Lnstitute.
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Questions. During photosynthesis :
(1) Oxygen and simple sugar combine to form oarbon dioxide and water.
(2) Simple sugar oxidizes and releases cmergy.
(3) Water and carbon dioxide combine to form fats and proteins.
(4) Water and chlorophyl combine to form simple sugar.
(5) Water and carbon dioxide combine to form simple sugar and oxygen.

The studént is axkéd to seleot the one ocorvect armwer from the slternatives listed,
and to indicate hix selection on » speeial separate answer sheet.  About 260 questionx
on Physics, Chemistry, Biology, and General Knowledge aro answered in about three
hourx testing time.  There ix also & Clenernl Ability (“intelligence”) test, and tests of
English Comprehension and Composition. The entire series is completed in one day.*
There have been xome changes in the specific tests from year to year, but the areas
covored have remiined wsubstantially the same.

Out of the preliminary applicants who have taken the objective testa, a
smull group of the most promising are invited to Vellove, for the second stage of the
selection programme. The candidates are split up into groups of ten, and a member
of the medical collége staff is anaigned to each group as its “*Group Observer.” During
the next two days cach gioup is put through a series of tests designed to elicit a wide
sampling of actual behaviour, under various types of situations. Sometimes the group
is assigned a problem-task which can only be solved throngh active group cooperation.
In other tests the individual must perform alone. There are also interviews, physioal
examinations, and time out for recreation. At the ehd of this time, all those who have
observed candidates in one or more of the various tests, meet together to determine
a final over-all rating (“Final Board Grade”) for each candidate. Final selections,
hased on this over-all rating, are made by a Selection Committec. The Selection
Committee must, of course, also take into account such factors as all-Indin represen-
tation and the filling of reserved seats.

2. COMPARISON OF OLD AND NEW SELECTION METHODS

Thé duestion arises, ‘‘How good are the testa?” Studies have been made from
time to timé since the programme began, and are stil heing made 'on this question.
Here arc rome of the reaults.

“Is the new method any better than the one it replaces?” A pilot study,
completed fn 1962, cnmpared two groups of approximately s hundred students each.
The firat three classen admitted hindei the new seleotion method totafled 98 students.
Thene were compared with the last groups of students admitted under the old mothods,

*Ohjocti¢d texn nre Known to be a1noro anourate and officicnt monna of teating knowledge, under-

atanding, thinking, ele, than the tmditional type of ination. A furlher advantnge is enve of weoring,
vvoen whan done by hand.  Fha tesin neo ntso adeptod Lo sooring by pamch-card machines, with ronuiderahle
it in apeed, y. nnd & For plo, rocontly 8,400 much tcats were marked in a hit

vvor n woek, ut a cost of loss Llian throo unnhe oach.
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four classes which totalled 101 students, (The “‘old methods™ were the usual vnes
of Intermediste marks, written recommendations, etc.). In order tv have as large
X's us possible to work with, the 1048 class was included, although it was still one year
short of graduation (1053).  For this reason the first comparison was based on only
the first four yewrs for «ff of the 109 cases in the pilot study. The dala are presented
in Table 1s

TABLE 1. STATUS OF STUDENTS AT THE END OF FOURTH YEAR

selection mothed : admiswion yenrs

old :1942-145  now: 10401048

total number ol enndidulen admiltod 101 ]
left for mncrisge, health, or tmnsfor Lo
nnothor institution 7 2

numnber for whom ndetpuate weademic rocond
in avnilablo 2} w
digcontinued fur fuilure 8 2

nwober availnblo for study in 10562, and on
whow tho folluwing figures uro Lused 84 94

duta un lost yeurs *

number vn schedule ul ond of fourth your +3 64
number ono-hall yeur late 22 20
number one or more yeurs lute 21 1
total nember of yonrs lost by fuilure 39.5 27.5
yoars logl. por sticlont .46 Lo
Lol number of pupers filed 130 73
papers fuiled per student 1.51 .78

*Time lost beenuse of illiwss wos nut counted in computing years lust,

As assessed at the end of the Fourth Year of medical college, the introduction
of the new selection methods had resnlted in a reduction of approximately 40 percent
in “lost years”, and 50 percent in the number of papers failed. per student. The
difference in the number “‘discontinued for failure’ reflects n change in Madras
University policy. All of the “old”* group, sud sone of the “new” had to undergo
a pre-regisiration course, and those who fuiled twice were not admitted to medical
studics. Thix course was discontinued after 1047. Apparently this six-month
pre-registration course was n very cfficient “‘selection test” and greatly cedueed
Intor failures, partioularly those in the Fifth Year. 1t is for this reason that the Fourth-
Year resuits, are presented, for comparison with the remaining Tables in this section
of the paper.

Tables 2, 3, 4, and 5 arc based on the full five year medical course, for which
the snalysis is presentod in more detail. Every studont included had cither completed
his or her medical course, or had been discontinued for failure, Ly the time this paper
was written,
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One of the basea for comparison of old and new seleotion methods was the
numbor of exira years (beyond the minimum possible of five years) that the students
took to complete their course. Table 2 presents these data.

TABLE 2. YEARS LOST BY ALL S8TUDENTS,
UNDER OLD (1042-1845) AND NEW
{1946-1948) SELECTION METHODS

oost to the Institution
mothod of number of total years years lost
seloction studenta lost per student
old 862 72 84
new 04 58 62

lOuL of 101 udmitted 7 loft for mnrrmgn. health, or transfor to another institution;
8 i | for failuro in p g courso, Time loat for illnews not. counted,

2Qut of 88 uwdmitted 2 dincontinued for failure (not in pre.rogistration, but much Iator
in the modion] sourss), and 2 left for murrioge or transfer. Yours lost for ilinces not counted.

The oriterion here is a very practical one. Extra years spent in the medical college
cost the student heavily in both time and money. They also cost the institution a
great deal. Table 2 shows that B4 students ohosen by the new methods lost (i.e.
had to repeat, because of failure) an average of .62 years apiece, while the previous
group lost an average of .84 years per student.

If we drop the decimal point in the last column of Table 2, (i.e. multiply *'per
student” rates by 100), we find that the net gain per hundred students is 22 years,
i.e., two years more than the time it takes to give a 5-year medical education
to each of four students. In other words, with a piven amount of facilsties
and finance, s little better than four more Mudmla per hundrad are being given a medical
education sinee thess modern selecti were ituted for the older ones.
(It should also be noted that this is probably an underestimate of the actual savinge,
ag the students “discontinued for failure’ bave not been included in Table 2. This
point is discussed in more detaf] later in this paper).

A gecond criterion’ for the suocess of a selestion programme is its reduotion
in the number of failures. Thers were various reasons why we did not take
examination marks as a criterion; one was that these nfarks often represent the
student’s second or third “try.” A better standard seemed to be the total number
of ‘failures per individual. A paper failed once was counted once, but a paper
failed repeatedly was counted ench time it was failed. Table 3 shows that the new
selection methods cut down failures by more thun one quarter.
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TABLE 8. NUMBER OF PAPERS FAILED BY
STUDENTS SELECTED UNDER OLD
AND NEW METHODS

number of total number fuilures per

mothod atwdents [niled ntudont
old s6* 229 2.06
now n4e 181 1.03

* Sco footnotes Lo Tablo 2.

It was necessary to exclude those ‘‘discontinued for failure™ from Tables 2
and 3. in order to compare the groups more accurately. This is beeause the eight
failures in the “‘old” group were all dropped for twice failing in the pre-registration
course, and so were given no opportunity to lose years or fail in papers. If they passed
pre-registration, however, they were allowed to continue almost indefinitely. In
the “new”” group. on the other hand, the barrier came much later, and also way more
lenient.  Only those who failed in the First M. B. examinations three times were
dropped.  Thus the difference in total number of years failed is partially & function

of changes in University and College policy. as well as of changes in selection
methods.

It does not seem unreasonable to suppose that, had the eight “old method”
selectees not been eliminated by the pre-registration course barrier, their failures
by the end of the Fifth Year would have been much higher than the average of their
classmates, thus increasing the rates “'per student”. Thus a comparison of Tables 2
and 3 with Table 1 suggests that the latter are conservative “minimum estimates.”
The ‘carly elimination of students ‘“‘discontinued for failure” has probably reduced the
number of failures under ‘“‘old method” far more than under “new method.”
(It may also be that “left for marriage. health, or transfer” is an index of the efficiency
of selection—although. since this is difficult to prove, its effect has been discounted
in all of tho tables). Thus it seems safe to conclude that tho “true” figures lie some-
where between } and § reduction in the number of years lost per candidate; and
between 27 percent and 50 percont reduction in the number of papers failed.

There is one method by which we can by-pass this problem of the changes in
University policy, although the results will not be as directly interpretable in economic
terms as was in Table 2. Instead of attempting to add up the exact number of years
lost for failure, we can classify the students in several groups. The changes
in University policy discussed above do not affect those who complete their course
on time, or are delayed, say, half a year. They affect only those who are delayed at
least one year. A very strict policy drops students after one year lost in failure;
o very lenient. policy allows them to continue even as much as five years. So we can
reasonably classify the students dropped for failure with the group who completed the
coursge one or more years late, and thus be able to make use of the data which had
to bo discarded for Tables 2 and 3. Table 4 gives the results of such an analysis,

221



SANKHYA : THE INDIAN JOURNAL OF STATISTICS : Serres B

TABLE 4. EFFICIENCY OF SELECTION METHOD WHEN
RFFECT OF CHANGE OF UNTVERSITY POLICY
ON FAILUREN IS DISCOUNTED

mothed of  number conb jpor gont
aoloction of nishod less  finished ono or
atuilanta than § yoar  moro yanralato
Intn ordisoonti.

nund for failure

old o4 14 L3

new 80 70 30

In the group on tho right of Tablo 4 are those who contributed to ‘‘waate”* of
educationnl facilities. Those who eventually graduated. contribnted to ‘‘waste”
by using more than the mininium of five yoars to complete their medical course.  Thaso
who wore discontinued for failnro contributed to “‘waste™ in two waya: the number
of years that they spent in the college, and tho ompty seats that they left. If these
places remain untfilled (as they usually must) then they represent fucilities that could
have heen used for educating doctors, had tho right candidates been selected.
Table 4 shows that the percentage of stuclents belonging to this gronp who contribute
serionsly to *“‘waate” of facilities has been reduced by one-third, by the introduction
of the new selecti thods. The percontage of atudents in tho “snccessful” group,
who contributed little or nothing to “‘waate”, incrensed by about ene quarter.

Table 5 gives a more detailed breakdown of Table 4 and serves two functions.
Firstly, the question is frequently asked, ‘‘Conld the differences botween the
1042-1045 group and the 1146-1948 group be due to & change in the quality of the
candidates, from whom the selections were made?” There is no direct answer to
this. However, accepting Intermedinte Division as at least a rough indicator of
“quality”, and assuming that each selectod class represents the best of tho candidates,
we can give n fairly confident answer. From Table 5 we read that 36 First
Divisioners were, selected for the 1942-1045 olasses, and 39 for tho 1946-1948 classes.
The number of Second and Third Divisioners was 58 and 57 respeotivoly. (Many
of tho universities concerned do not award Third Divisions, 0 the number of Thirds
is too small to warrant separate consideration). Thus the difference botween the
two groups is due to qualities other than those measured by the I.So. examinations.

SWe ate indebtad ta Dr. E. Douglass Burdiok for the help in oltuifying this concept of “wasto™.
‘Wo haston to add that we recognize that this term csnnot b used in any abeolute or dogmatio fashion.
The pertial medical ad of a studont di inued for failure may not bo o totel loss to sooisty.
And coossionally & student who has ropoated ssveral yonrs may, by his later careor, juatify tho extra
exponse.
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TABLE 5. RELATIVE EFFICIENCY OF SELECTION METHODS
FOR OANDIDATES WITH DIFFERENT MARKS
IN 1.80. EXAMINATION

peroent finishing
division n::lﬁ:g, :f number on time m‘u ;‘:n-l or
1 old 36 43 36 21
new 30 49 a8 15
O& IO old &8 18 28 50
new 57 30 30 40

*Ths third column includes those who finished the course one or more
yoars lato, and also thoss who were disoontinued becouss of failure.

The second function of Table 5 is to point out one of the reasons for the
sucoess of the new selection programme. The selection criterion which is probably
most widely used by professional oolleges, as well as various employers, is the
division secured in Intermediate Examinations. This ia & valuable criterion, as
can be seen by contrasting the two groups selected by the “old” method (i.e. with
heavy relisnce placed on the marks in I.Sc. Examination). For ple, only
about one-third as many Seconds as Firsts were able to complete their course in
the minimum five years (156% vs. 439%), and nearly three times as many
(59% vs. 21%) were seriously detained. (Although it is also notable that one-fifth
of the Firats (21%) did quite poorly, when selection was based mainly on that oriterion).
The new selection programme, in whioh Intermediate Division played & minor role,
selected salightly better First Divisioners than previously—although this difference
is not statistically significant, and so we cannot generalize from it. The main contri-
bution of the new selecti thods, h , i8 in the improvement in the quality
of Second and Third Divisioners admxmd. As many have suspected, the lack of a
Firat Division mark is not necessarily proof of a Iack of ability. Able students fre-
quently receive lower marks, due to the unreliability of traditional examinations,*
ill health, or other irrelevant reasona. The objeotive tests, with their higher reliability
and validity, help to select the more able of the Second and Third Divisioners. The
proportion of this group completing the course on time has been doubled (15%, to 30%,).
The proportion seriously detained has been reduced by nearly one-third (69%, to 40%).
When we consider the fact that the total testing time in both stages of the new selection
programme is lees than half the number of hours of examination on which the I.Se.
Division is based—and that this shorter testing time assesses not only knowledge
but intellig, speocial aptitudes, and various aspects of personality as well—the
contrast in efficiency is warth noting.

*See, ospocially, The Roport of the University ion Ce iarion, Doc. 1848-Aug. 1040, Vol. X,
Chapter X, pp. 328, 336.
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3. OVER-ALL VALIDITY OF THE TWO-STAGE SELECTION METHODS

In section | wo described the two-stage selootion process: (1) a preliminary
selection of a group of promising candidates is made on the basis of objectivo tests
administered to all qualified applicants and (2) this smaller “‘group of promising candi-
dates” is called to Vellore for intensive assessment, and final rating. It should bo
obvious that tho second stago is far more difficult to organize and administer, and far
moro expensive (in terms of requiring three full days of timo from top-level medical
staff) than the firat stage. Two questions arise : (1) “Is it worthwhile?” and (2) “Is
it necessary "

The answer to these questions should be based on empirical evidence; even
though many other factors must also be taken into account. But even in quantify-
ing cmpirieal evidence, difficult questions arise. Perhaps the hardest to solve is the
question, ““\What should be our criterion, against which we will judge the success of the
tests?"  Tdeally, we would like to find out whether our tests predict whother or not
a candidate will become a good doctor. This is not quite the same as predicting
whether or not he will do well in medical college. Experienco shows that there is by
no means a one to one relationship between medical college marks and how successful
a doctor the person becomes. But how can we find out how good a doctor the ex-
student has become? How shall we define “‘success’? How many years do we have
to wait to know whether he is “‘successful” or not? These problems seem almost
insurmountable. So we did the next best thing; we asked the teachers who knew
each candidate best to rale him on how good & potential doctor they thought he was.
(This rating was done in 1952, at the end of two to five years of the medical course
of each student). These ratings took into account ability and achievement, as well
as personality, motivation, and drive. Since each student was rated by several
doctors who knew him well, these ratings represent a comprehensive judgement on
each atudent. They are, at very least, an intoresting criterion against which to
test our tests.

Table 8 summarizes the results. Complete data were available on four dif-
ferent classes (1947-1050) who have finished (or should have finished) their medical
course. These have been analyzed separately for each year, and then combined.
(See Appondix A). The coefficients of correlation in Table 8 represent, thorefore, the
relationship bet lection methods and two different criteria for a total of 130
students. The two critoria used were (1) whether or not the student finished his
medical course within five years (““On Time”) and (2) his average rating as a “Poten-
tiel Doctor.”

There are two rather striking facts that emerge from Table 6. One is that the
methods used at both atages of selection prediot the candidatts’ rating (given two to
five years later) as a “potential doctor” better than they do his ability to complete
his medical education in five years (+.56 and .56 vs.+.48 and +.36). What does
this mean? The posaibility that the ratings were influenced by the original marks is
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The second striking thing in Table 6 is that the tests at tho Second Stage seem
to do & considerably poorer job of predicting academic achiovement (4-.36 vs. +.48),
thun do the First Stage tests, Both stages do about oqually well (4.56 vs. +-.55)
ut predicting “'potentiul doctor”. The second stage ix signilicantly better at predicting
“potentinl doetor” than it ix in predicting mere academic success.  These fucts seom
to lay emphusis on thy second interprotution montioned in the last paragraph (i.o.
that the tests mensuro something other than mere academic ability); though they
do not rule out the third interpretution (i.v. the rolative unroliability of university
exaninations) either.

An examination of the multiple correlution of First plus Second Stage, against
cuch of the criteria, is also revealing.* Ovdinarily in sdding up examination marks,
equal weight is given to each mark. The multiple correlation mothod gives us thoe
optimum weight for each part, to produce the largest possible correlation coefticient.
‘The multiple R for First Stage plus Second Stage, against tho criterion of finishing
on time’, is +.49; sinco the First Stage ulone precicts this criterion +.48, the Second
Stage does not seem to add anything to puroly adadomic prediction. Howover,
for the “potentin) doctor” criterion, the picture is somewhat different. Hero the
multiple R is +.03, as against +.55 for the First Stage alone. The Second Stage
seems to be making some contribution to maximum possible prediction. (Tho exact
nature, and extent of this contribution will be a subject for a later report).

Wo sturted this section with two questions. The answers to these two (ues-
tions seem to ho thus: (1) “Is the Second Stage selection process worthwhilo?” 1f
you consider the rating by medical staff, after two to five years of contact with the
student, of how good n doctor they think he will be—if you consider this an imporlant
criterion, then the Second Stago is probably worthwhile. (2) *Is the Second Stage in the
selection process absolutely necessary?”’  Tho answor seems to bo definitely “No™.
‘The First Stage alone can carry the burden of seloction, oven if the Second is dropped.
This is even moro true if you ider academic aohi t (and the fi ial and
other implications of *“‘finishing on time”) to be thu most important criterion. The
preliminary battery of objective tests of knowledge, undorstanding, and ability scem
to give a protty goud prediction of ucadomic suceess. (In relativn to studies of this
kind done in the U.S.A., -} .48 is a roasvonably good figure). A multiple corrolation
weighting onch of the tosts optimnlly (instead of just adding and averaging, us is now
dono) should raise thoir predictive officienoy evon higher.

It must not Le forgotten, huwover, that wo have studiod only two vut of the
largo number of pussible criteria. Thers is not much reason to beliove that other types
of purely academic oriteria would give radically different results. However, if we
selected such criteria as ‘‘absence of discipline prubloms,” *leadership,” “ability to
cooperate with uthers,” or even “beside manner”, the Socond Stago might prove s
much better prediotor thun the First.

% Soo footnote to Table 6.
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4. Wuice TESTS ARE BEST 1

This question will be most adequately answered by the full correlational study
which is in progress. A rough indication of the power of some of the tests, however,
has been given in Tables 7-18. For this unalyuis, dats were gathered for three
contrasting groupe: (1) 80 students who finished in five years, (2) 50 students who
were deluyed half a year: (3) 60 students who were delayed one or more years (some of
whom had not yet tinished). Esoh of the following tablex shows the relationship
between marks on a particulsr test, or group of tests, and the time taken to finish
the medical college course. (For simplicity, we have nut reported the full range
of admisaion test scovres, but rather divided the oandidates into only three
grades:  High, Moderate, and Low on each admission teet).

One thing which should be kept in mind in evaluating these tables is that
they are neceesarily based on students actually admitted to the medical college, not
on all who took the tests. No correction for this restriction of range has been applied
in making the tables. Furthermore, since some tests are restricted more than others,
the more valid measures may end up with apparently lower validities than some of
the measures whioh actually disoriminate less. An example will make one of the
reasons for this clear. Candidates are given grades ranging from 1 (for the highest)
to 9 (for the lowest) on each test, and in the Final Board Rating. When the Selection
Committee sity, they select candidates primarily on the basis of the Final Board Rating.
Thus no candidate with a Final Buard grade lower thun 6 is likely to be sdmitted.
Candidates with Final Buard grades of 7, 8, or 9 are automatically excluded from the
clasa. However. several candidates with marks as low as 8 or 9 on the (reneral Ability
test may be admitted, because they did well onvugh vn other tests to be graded 5 or 6
by the Final Buard. Thus it is obvious that, other things being equal, the differenco
in later achievement betweén students rated highest and lowest on (ieneral Ability
(range 1 to 9) is bound to be greater than the difference between students rated highest
and lowest (range 1 to 8) on Final Board Grade. (The actual xituation i3, of cvurse,
usually more complex than this. A more technical disoussion of this problem, and
its solution, are given in the Appendix to this paper).

Table 7 shows the relationship between the objeotive (new type) pre-medical
testy, (Physics and Chemistry, with Biology added last year) and performance in
medical college. Of the 46 students rated High on the pre-medical tests, 24 (40%)
finished the five-year course on time, 17 (35%) finished half a year late, and the remain-
ing 8 (18%,) finished or will finish one or more years late. The group of students who
rated Moderate In the pre-medical battery seemed to contain nbout equal numbers of
good, medium and poor stud But of the 52 students who rated Low, only 21
percent finishad on time,,while 50 percent fell one or more years behind.

The relationship between test and performance is even more marked for English
comprehension (Table 8). Of the 58 students who rated High in their comprohension
of written and spoken scientific English, 47 percent did well und 21 percent finished
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TABLE 7. RELATIONSHIP BETWEEN OBJECTIVE PRE-MEDICAL
TESTS AND PERFORMANCE LN MEDICAL COLLEGE

mting in groupol porcont Muiting i ouch
pro-muedieal N dfiy grou)s
high 4 on timo 4
{ yeur uto 35
1 vy moru yoars Intu 16
wodoris 1 on time 4
} your luto 37
t or 1wry yours lute 33
low 52 on timu 21
 yeur Inte 29
[ or moro yewrs luto 30

(or will finish) late. But of thoso rated Low in English comprehension, only five per-
cont woro ablo to keep up to schedule—and » phenomenal 63 percent (15 out of 22)
fell Ladly behind.

TABLE 8. RELATIONSHIP BETWEEN TEST AND PERFORMANCE
(ENGLISH COMPREHENSION)

N group of poreent falling in
comprahonsing iy ench group
ligh 58 On timo 47
4 your Into 33
1 or moru yuues Inte B4
muiderale Y o timu b1
§ your Iuto 30
1 or moro yvary luto 33
low 22 on time 5
} yonr ito 27
L or moro yours Intlo (]
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Another test which diseriminates very well is the General Ability test (Table 9).
This is & measuro of various typos of montal ability required for educational success,
in general. Tho table shows that only nine percent of thoso rated High in General
Ability foll more than one-half yenr hohind. But. of those who scored Low in General
Ability, 65 percent taok one or more years to finish their medicol education, This
rolationship has been supported by sovoral other analyses that we have done. In one
earlier study (of 124 studonts), the 26 who scored Low in General Ability lost more
than threo times as many years per student as did the 40 who were High on this test
(1.23 vs. .38 years lost per student),

TABLE 0. GENERAL ABILITY TEST

ratingin group ol porvent fallingin
goneral abilicy N Rfty onch group
high 44 on time 48
§ year lnto 43
1 or more years luto 1
modomte 72 on time 33
4 yoar late 33
1 or more yoars lato a3
low 4 on Limo 15
§ year lato 20
1 or moro yeara lata 065

The Pre-Medical Tests (Physics, Chemistry, Biology), moat of the English
Comprehension test, and the General Ability test are all group tests. They are
dministered to large ber of candidates, in many different centres all over the
country. The First Stage sclection is based on an average of those tests, along with
ope or two others. Table 10 shows that the composite score on the tests men-
tioned above is a useful predictor of success in this medical college.

TABLE 10. COMPOSITE SCORE ON THE TESTS
(Tablos 7—N0)

rating on

composito seore N group of peroany falling in
of PMT+EC+0A lifty oach group
high 45 on timo 40

§ yenr lato 40

1 or more years lato 11
moderate 70 on time 34

§ year late 32

1 or more yoara Into 4
low 35 on timo 11

§ yoar late 20

1 or more yeara late 60
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Table 11 gives tho actuzl number of stwilents (rathor than porcentages) in
ench group. on which ‘Table 10 is based. Tt is intercsting to note that if tho college had
rofused admission to all of tho candidates who scored “Low”, they would have lost
only 4 really good students but would have kept ont more than 40 percent of the 50
slowest ones.

TARBLE tl. ACTUAL NUMBER OF 8TUDENTS

numbor finishing medical rollage

ruting on sompo- -
wite acore of PMT ontime  § yenr 1 or more Iotn}
!

EC»CA ato years lato
high 22 18 5 45
modernte 24 22 24 70
low i 10 a1 an
total i) 60 il 150

The small group who are cslled to Vellore, on the basis of the First Stage results,
are examined far more intonsively and intimately. Many of these Second Stage
seloction devices are primarily for the asscssment of non-cognitive factors—intereats,
personality, character, leadership qualities, motivation and drive, ete. The validities
of the various Second Stage items aro not reported here; we will present only the Final
Board Rating. In making ita final rating, the Board has before it all available infor-
mation about the candidate—his scores in the objective Firat Stage tests, ns well as
ratings, descriptions, and comments given by Group Observer, Test Observer. psycho-
logist or paychiatrist, etc. All of these enter into the Board's final judgement as to
the fitness of the candidate. The validity of this final judgement is quite evident
from Table 12. Tt is not a perfect predictor of “‘ability to finish college in five
yoars”—but this is at least partly due to the fact that this is not the only thing
the Board is trying to predict. (The relationship is also misleadingly lowered b
of the *‘restriction of range” effect discussed above and in the Appendix). But even
30, of the candidates rated High, the number who fall one or more years behind is less
than half of the number who keep up to schedule. But among those fow who were
ndmitted in spite of being rated Low by the Final Board, the ‘'one or more years

behind” group is larger than both the ““on time” and “half year late” groups put
together.

6. CowncLusION

The Vellore Christian Medical College selection programme has proved
itse}f & useful method for selecting students. Its validity is higher than that of the
more traditional seleotion methods, which were in use before 1846. Not only the two
composite scores, but also the individual teste show an ability to prediot academic
success in medical education. In addition to what has beeri presented here, all of the
unpublished data—some of it covering several more years, and, therefore, larger
numibers of studenta then thie report—point to the same conclusion.
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TABLE 12
final group of percont falling in

hoard rating N Aty eaoh group
high 70 on time I

§ yoar Into K1

1 or moro years lato 22
modorate o7 on time 22

§ year lato 36

1 or moro years lato 42
low* ] on time 22

§ year late 22

1 or more years late 568

*We cannot, of oourse, placa much reliance in porcentages caloulated for the “Low" group, becouse
the number of *‘Low"" did. dmitted is ily emall. However, presumably thoso admitted
are umong tho bettar of the *Low"" candidates; and, in the contexi of tho tablo, it seema unlikely that
the proportion failing would have been any leaa ifu larger numbor of “Low" candidates had been rdmitted.
¢f. also disoussion of “restriction of range " effect.

Since these results are in line with those of similar studies done in the U.8.A.
and elsewhere, there seems to be no reason why the methods should not be equally
applicable to any other medioal college in India. This is true even if the Second Stage
(personality assessment, individual interview, etc.) is dropped from the programme.
Although the Second Stage adds to the value of the selection programme, it is not an
absolute necessity. The objective group tests of pre-medical training, general ability,

and comprehension are in th lves & valid battery. They can be applied simply
and economically to large groups of candidates. Where personality and oharaoter
are not to be taken into t in selecting students, the objective group tests form

an adequate basis for selecti
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Appendix A
TRE RESTRICTION OF RANGE PRORLEM*

The above presentation haa tried to avoid the technicalities of statistical
analysis, in favour of a more dircctly meaningful interpretation. But, for those who
aro aware of some of tho knotty problems involved— and also for those who may
wish to compare this with othor such studios—a brief description is given here. It
shonld be noted that—Ilargely due to complex thooretical problems—the statistical
annlysis is not yet completo on the detailed tosts. When this is finished, a full report
will be published.

In any testing programme, we want to measure many attributes of the
individual. Tho tosts are our measuring inatruments, and tho score is the numerical
evaluation of the ability or attribute. But before this numerical evaluation can be
accopted as a valuable or meaningful e, it b y to answer two
questions:

(1) Is the measuring instrument reliable?

(2) To what extont is the measuring instrumont measuring what it is

supposed to measure, i.e. how valid is it?

It is the second question that was faced in this study, and some of its
complications will be dealt with in this Appendix.

For denling with tho mathematical part, the tests will bo denoted by X and
the criterion by Y.

The answer to the second question, “How valid is the test?” is givon by the
coefficiont of correlation between X and Y, which in known as the validity coefficiont.

Table A.1 gives the validity coefficients for each Stage of selection agrinst each
critorion, separntely for each year. Threo correlations are reported for the “on time”
criterion. The biserial r scemed especially relovant for this criterion; variation is
allowed on one side of the curve (1 year late, 1 year late, 1} years late, otc.) but not
on the other (no student can get a score betler than “‘on time”). The biserial r corrects
for this by ‘‘normalizing” the curve—i.e. by telling us what the product-moment r
would be if the total group were normally distributed. (The biserial r was not relevant
in this way to the ‘‘potential doctor” criterion, so was not caloulated there).

Unfortunately, we cannot apply the correction for “restriction of range” (see
below) to a biserial ». The agsumptions underlying the biserial {a normal distribution)
and the correction (a truncated distribution) are mutually contradictory. Therefore,
we also caleulated the product-moment r in cach case. It was this product-moment
r which was “corrected for restriction of range.” The r’s,were then added, using
Fisher's z-transformation, and the mean r caloulated. It is this mean » whioh was
reported in Table 6.

* Thia noto waa propared mainly by 8. P, 8angal. alter conmiltation with R. @, Laha and A. Kudo—
tho Intter ing most of the f
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TABLE A.l
yuar
147 1u48 1949 1950 mean
number ol casos 43 EX] 30 34 130
eriterion : on time or behind schedule
firat stago of soloction
Tyix +.304 4.7y 4488 287
uncorrected 7 +.278 +.620 4404 +.1H
correclod 7 +.342 +.741 +.606 +.213 + .48
socond stuge of selestion
iy +.330 402 +.527
uneorreotedd r +.3u6 +.334 473
corrected r +.470 +.524 +.481 +.36
criterion : ruting us u potentiul doclor
tirst stugo ol soleotion
uneorrected r +.5628 +.431 +.621 +.904
corrected » -+ .480 +.621 +.836 + 444 + .55
sovond stagoe of seloction
uncorrected r +.501 +.488 +.510 +.380
corrected r +.u28 +.638 +.387 +.557 +.60

Note: Corrolations replaced by **%¢® waro nol aignificuntly different from zero. While thesy
wure tuken into account in calculnting mean r, the vulues ure not reported tv nvoid possible misinlerpre:
tation.

It is well known that when the range of one or both variables in a correlation
problem is restricted, the coefficient of correlation will be reduced. This effect is
always present to some degreo when we validate tests by correlating thom with a
criterion in a selected group. Where a large proportion of candidates are selected,
the effect is slight; but when we have, as in the Vellore study, selection ratios as stiff
as one in ten, the effect may be quite marked. If the lowering of the validity coeffi-
cients were equal for all tests, this probably would not matter. What makes the
problem really serious is the fact that the lowering of the validity coefficient of a
test is proportional lo the extent lo which that test has been used us a basis for selection.
Thus, unless a correction is applied, a valid test which was weighted heavily in the
selection battery may end up with a coefficient which is lower than that of an actually
less valid tost which was not given much weight in the composite score.

Formulae are available for various simple cases of restriction. (See R. L.
Thorndike, Personnel Selection : Tesls and Measurement Techniyues or H. Gulliksen,
Theory of Menial Tests). These formulae are not, however, directly applicable to our
more complex case of two-stage selection, The Psychometric Research and Service
Unit of the Indian Stetistical Institute has been doing some original theovetical work
on this problem. Fuller reports, with proofs of formulae, etc., are to bo published
later. Briefly, tho method developed (and applied for making the corrections in Table
A.l) is as follows:
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Problem. Supposo we huve K tests and L oriteria. The selection is on the
basis uf K tests. On the tirst test ull those whoso scoro is > X, aro scleoted. Those
selected students ure given tho second tost and all those whose scure is > X, nre
solectedl, and so on till all A tests have been used.

Lot the population variance covariance matrix be X. ‘The problom is to
estimato Y from the known values of the variances and covarinnees for tho solocted

groups.

S will bo used to denote tho population values at any stago, and 8 the varianco-
covarinnce matrix of the uncorrocted values at any stage.
Aasumptions.

(1) Ty Z3f = 8} S7
(2) Zp—T'pp S3{Epe = 85— 8')s 87185

Whero at the n-th stage of solection wo have the following notation :

(ST
oy =

gy = ((0,a))

-

Tin

On

In=

Tt J
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By Brge + e v ks 81y
B Bgge v v v e 8,y
Sy=| .o cioiiiana .
Sapt Sn-rze - e Suyne1
Se = ((8na))
$1n
Stn
S =
81
.. -~

Procedure. %), and all 8's are known quantities.
From assumption (1) we have

I, =8, Si' %y, o (D)
From assumption (2) we have
Ly = Sn—S'l,S,‘“Su-i-):'mE{l‘Elz e (2)

Substituting the value of £}, from (1) in (2) we get the value of E,. Proceeding
this way at each stage we can estimate the population matrix X.
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Appendix B
S1GNIFICANCE TESTS

"The tables in this paper illusirate some of the outstanding features of tho
data available. They do not, of course, prove asnything—thoy merely holp the non-
statistician to understand the “‘menning” of what the statistician finds. The data in
them has been summarized and organizéd priniatily for this purpose,

Significance tests havo, however, besn calculated on the raw data of the
first tive tables, combined in various ways. The probloms involved in combining the
raw data—and the reasons why they miuat bo combined—have been disoussed earlier
in this paper. For example, if we take the full frequency distributions on which
Table 4 is based, we tind the “numbor of years late’ stretching from 0 to 5. But
the oxtreme right of these distributions is affected by a chango in University policy
about failures, which took place during the years covered by the New Selection Method
groups. Thus wo must combino the data of thoso detained one or more years to cancel
out the effect of this change in Univoersity policy. At the other.cxtromo, it is genorally
felt that a candidate may fall half year bohind ‘just by chanee’. Sometimes o now
student docsn’t know what he is up against until his [irst examination, and it takes a
failure to got him down to work. Sometimes special factors—a temporary illness, a
serious emotional upset—may occur just at examination time. And the less-than-
perfect reliability of the examinations themselves allow for a certain number of
‘chance’ failures. Thus, it seems best to combine those who are half year late with
those who arc on time, in making our statistical analysis. Analyses have, of course,
beon done with and without this combination—but it is not surprising that tho
uncombined data sometimes do not show significance.

A more serious problem is faced in the skewness of the distributions. Each
of our measures of ability—years detained and papers failed—has a definite limit,
better than which no candidate can possibly scoro. 'Thus we have n serious skewing,
a piling up of ‘highest’ scores, which is purely an artifact of the measuring (i.e. nobody
is allowed to finish in less than five years). It is as though we had a thermometor
which could register only up to 100°F, so that- all hotter deys—whether 101° or 118°—
would be recorded as exactly equal in temperature, i.e. just 100°. It would not bo
possible to calculate, accurately, either tho mean or the standard deviation of tho
temporature. Similarly, we cannot use the usual powerful tests for the significance
of the differonce botween means and distributions, but must use tests which do not
reyuire those statistics.

One such test is the p-test for the difference between proportions. This is
frequently given in the form:

1= D
D,

op,= A/I;\‘,ql—l 4 Pule

Ny
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where D = tho difference betwoen tho proportions
p, = tho proportion of the firat group
possessing the characteristic
n=1-p
N, = the numbor of cagos in the first group
and ps, 75 and N, refer to the same characteristics of the socond group.
A more precise form of the standard orror the differenco hetween two propor-
tions is the following:
_ [ra »q
D =Ny Ty,

whero p = the proportion of the combined groups possessing the characteristic

g=1-p

and the remaining symbols have tho same meaning as above. This formuia is
preferable when .V is small, or the p : ¢ split far from the .median. Tt is this latter
formula which we have used.

The significance tests for the various tables are summarized in Table B.1.

TABLE B.l. SUMMARY OF TESTS OF SIGNIFICANCE
ON DIFFERENCE BETWEEN OLD AND NEW
SELECTION METHODS

Lable part Dylopy probability
1 2.87 .01
4 214 .0
5 divisgion T .08 .48
5 divigions JT and IT1 1.06 .06

Note: All datn dichotomized by combining “On Time" with “One-half Yonr Late™, and “Fnilures”
with “'Ono or Moro Years Lato,”

Table 1. Data were dichotomized by combining the “'On Time” and *‘One-
half Year Late” groups and combining the “Failures” with the “One or More Years
Late” group. The difference in proportions was significant at the 1 percent lovel,
(This was also true when “failures” were dropped out, and only those who completed
the course compared with each other).

Tables 2 and 3. As explained above, the artificial skewing of the data prevents
the caloulation of the ““true” means and variance, and therefore of significance tests
for these tables. It is true that means have beon caloulated for Table 2, and that a
heavy burden of interpretation has been placed on them. This seems justified in
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the light of the significance of Table 4. Note, however, that tho purposes of Tablea
2 and 4 differ. In Table 4 we are using the “‘dotention rato’ ar a monsure of tho aup-
posed ability of tho atudonta to pursue medical studies. Wo cannot calculato mean
number of years roquired to completo the conrse as o measure of ability, as no atudent
is permitted to finish in less than five years. In Tablo 2, however, our primary intereat
in in the oconomic cost of extra years spent in tho institution. Thorofore. it is appro-
printe in this context to caleulato means,

Table 4. Data wore dichotomizod as has been explained. The differonco
between the proportions who furnished ‘‘half a year or less late™ who were solected
under the Old and the New methods is significant at the 3 percent lovel.

Table 5. When the proportion of Firat Divisioners who finish their medical
course within half a year of the prescribed time is examined, tho difference in this
proportion between Old and New selection methods is negligible. For Second and
Third Divisioners, however, the differenca is significant at the 5 percent level of
significance.

Paper received : March, 1939.
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