MATCHING THEORY IN PSYCHOLOGICAL TEST
By P. V. Krishna Iyer and M. N. Bhattacharyya.

introdlicfion" | o » ‘ k

. Simple matehing is said to occur when elements of the same kind occurin
the same order in two sets, each of n elements of k types, arranged at ;andom,
with fixed or varying probabilities. When two sets of n cards containing 2y,
Ny M Mags Mgty Migaevovvevnoseseses n, M, cards of black, white, red ete.
colours are @rranged at random in two rows and if we compare the cards of the
two rows in order, we may find a number of instances where cards of the same
kind occur together in the same order in both the rows. -Such ocourrences are
usually termed ‘matchings’. '

Iyer in a re ent paper considered the probability distribution of (z) the
namber of matched pairs of a given colour and (¢7) the total number of matched
pairs for all kinds of colours, when two sets of cards, D, and D,, each consisting
of m cards of k colours, are arranged at random in a sequence. He considered
these distributions both for the infinite and finite sampling. In infinite sampling
the probabilities for black, white, red-ete. cards in the two sets, namely, py;,
Pagy Papenvevvvennes o Ty 80d Dyg, Doy Pagye v oo v v e P, remain thesame for
all draws whereas for finite sampling these probabilities vary from draw tc
draw. - In this case we are concerned with the distributions arising from #;;,
My Mggesvens nk, and Ny, Nag, Mggee. ... ng, cards. ‘

Matchings may be considered both in the qualitative and _ quantitative ~
‘sense. In the quantitative sense the cards of the two sets may be assigned the

8cores Oy, O O3 v :vvvvnn- L ..0x for_ the different colours. Then the
‘probabilities for 03, 0. ... .o oo 9y for the two sets are Py, Py, Pays- - - - Py 0d
Pias Pags Pagovvver Pro respéctive}y in the case of infinite sampling, - We

~ean consider the distribution of Z(xi—y, ), Z|lz—yr| and X (z —y, ),
‘where @, and y are the scores of the rth cards in the two sets. The first two
‘moments of the above statistics in three different cases, namely, when both
sets refer to infinite sampling, first set finite and the second et infinite, and
. both sets finite sampling, are given below. .

Sta.tistic;Z \r—yr)

: & . .
1st set infinite } p.'l==n2 |8— OslDry Psz- - ceevee e .(1-1)

r,g=1

5 | _
nd set f u2=pl_z'(0,—-0,, Y2pr, s, ——{ Z10,— 04 |pra e, }2]
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Istsetfinite | WymZl —Be M, By v eeeieenrinerereennn. ens (2-1)
9nd set infinite p2= [Z(6r -—0, P, . "’/(1—‘%’) ’ SO
J "'2210r —b, | 10 —0 I”r, Pae Pt,] crebeaiane (2-2)
1st set finite 1 S ‘ R
.. . ,U«’l—‘:—'ﬁ' [2 IOT _— ee Inrlnsa ] -aoooo.ooo..-ooo(?"])
iy o nrl ng; [ (Mry; —1)(1s, —1) Top Mg,
’ Zéd set finite Jl == o ‘rn Y
' - (Br —-9es )*
Ny, n.,,n, Ny, —1 Ny, -
+22 . : [ n—T1 - T ] |er ._‘es | Ier —Ot l
B nﬁ_ %tl n’&g na’ ’_‘1 | ’n',gs ’ Lo
+22 — =1 T a - ,[6?. —0s [ |6 ."‘9,8 [
Ty, Mg, T, Mo, 1. .
faz e —— n —-es | L \
" (32

- For (e, —y ),
m' =01 in all cases.

y2-(1 9) or (2 2) or (3-2) with the moduli replaced by the a.lgebra;c
values.

: For’the'distribution of 2z, —Yr )% py and p, are given by the same expres-
" sions ‘as for Zley —y, | with the change ‘that |, —6, | and (6 —8s )2 &re

repla.ced by (6 —0, )* and (6, —0, )* respectlvely

,

It has been shown that the distributions of Z(x, —y )y Zlwy — g, | and
Z(zy —yr )* tend to the normal form fo: moderately large values of n. Thére-
fore any of these statistics can be used as a test of deviation from ran-

- domness between two sequences. However, Z(z, —y» ) is not so powerful as -

- Zloy —yr | or Z(x, —y, )? (videreference quoted). It may be further seen from

. Table I that the expected values and variances for different situations for cards

‘of 4, 5.and 6 sets are the same or practically the same and hence tests of ran-
domness between two sequences can be done by taking any of the three situa-
tions mentmned above,. -
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TABLE.T -

MATC‘HINGYTEEOR’E‘I&M GHOLOGICAL TEST

Mean and variance for finite and infinite sampling

"Type of sampl'ng No. [No: (2 3 o : 3 _
: . |No. | 3 — YD, — " &, — Yo
o [or | £ ¥ Bl y'"f{‘?COef. of ;2 R
- |gre~ |car- T vari%: T of vari.
. ups | ds ’ o
‘g‘;:_ w | ors B | e Iy s :
up
B‘oti!;e sets infi- 4| 4 0| 40 20| 15 19-37| 40| 132 28.72
5| 5 0| 100.[' 4¢| 36| "15.00 100]| - 540 [23-24
6 6 0| 210| 70| 738 | 12028 | 210 | 1,673 [19-48
.
' 1st set finite al 4| ol 20| 2| 14]| 187 | 40| 116 |26:93 -
2nd setrinfinite |- 5| 5| o] 50| 40[332| 1441 100| 470 [21-68
g .2
61 6 0| 106| 70| 67— 11-75| 210 | 1,449 [18-13
: 3
] -
‘ 13 ‘ 2.
1st set finite 4] 4 0 0] 20| 13—| 18-62| 40/ 106 —[25-82
15 3 .
2| . 2
2nd set finite 5| b5 0 0 40 | 81— 14-07 100 | 416— (20-41
: 3 ' 3
] 6{ 6| ol o] 70|e6s2| 11-36| 210 1,260'{16-90
Applications .

Tt can be suggested that the above distributions may be useful in psy-

chological test fortesting the extra sensory power; if any, of a.subject for making
correct prediction. For this purpose a set of twenty five cards of size 31" x2}"
was made. One side of the cards was completely dark coloured without any
decoration so as to avoid any psychological disturbance in the Subject, while
" the other side was white centaining one, two, three, four blaek dots. or. blank

a7 sliown below.
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There were five blank cards, five with:one,:five with two, five /with three and
five with four black dots. Thus for the pl;esenx set of ca.rds We 560 that

0,=0, 0,=1,0,=2,0,==3 95~4aAidnﬂ:nA——n&_nu_n&_& '

A subject was tested by two methods. In method 4 he was'told about the
* content of the pack of cards and was asked o guess the number of.dots one. by
one for a thoroughly shuffled pack of cards. The actual and the predicted num-
ber of dots for each card were recorded. In method B each card, after predic-
tion, was shown tothe subject and he was.asked ‘to make.the next prediction.
The actual and predicted mumber of dots for each card we-e recorded as in
method 4. Data were collected for eleven scientific workers of the’ laboratory,
the age of the subjects varying between 22 and 30 years, repeating the experi-
ment thrice Tor each subject on different days A typlcal set of data is shown
below. iy

Method A ' Mothod B

Actual Prodicted |  Actual Predicted

ROOLERORONROOO N WWO DO s
00 0OCO G0 O GO GO Hh 00 U0 DO 09 02 hO WD I O 08 0O I 0 L0 O 1D &0
BRWRWON IO OO WA NN B GO O it

T O e DD GO R D i DD DD O i GO RO e O DO S O b 0 4 O e OO

The hypothesis behind the best is that if the subject is devoid of any extra sén-

sory powers he will be predicting at random and hence his scores in both the - “

methods are expected to be the same. In the light of this hypothesm the collect-
ed data have been analysed and the analyses of variance are glven in the follow-
ing-tables, :

]



MATOHTNG THEORY. T PEYONO

‘ Ambyszsqf variance based on-Z( T — gyr)

- Variation due to D.F. |Sum of squares| Mean Sum F—Test
R o ) of squares’ | :
Subjects | - .. OO P (Y i v 2-56%:
Methpds A& B .. . ool o 1e-64 ke
Interaction Subjects X methods b 10 637-36 1-61
Emor .. . .. .| . 44l L3934
" Total W oes | Tsmoerl e L :
- -
TABLE III
Analysis of variance based on Zlrr — yr | pl s
... -Variation dﬁe to . 1. D.F. Sum of Mean sum F—test
squares of squares
Subjects . .. .. o 1| o 208-36{ 2054 | L
Methods A & B . . 1] 19:63 | 19-63 | L Not_ signifis
s . . cant.
Interaction Subject X methods .. 10 28937 28-94 J
Error .. . .. 44| 1,382-00 31-41°
Total | e 1,896-36 |
TABLE IV
Analysis of variance based on Z(wr —yr )?
Variationdueto . | D.F. ~Sum ¢of Moan sum - F—test
squares of sqaures )
Subjects .. . .. 10| 3,58 358:60 |
. .
Methods A & B . 1 382 | 332-00 | $Not signifi- -
p : - . D ) . 1t cant..
Intpraction Subject X methods .. | - 10 . 4,543 T 454+30- ).
Erior . o sl 1008 43359
Total .| 65| o ozmew| .| .
» ;
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The above analyses of variance tables reveal no significant difference either
between the subjects or between the two methods A & B of testing.

The data have been further analysed:following an entirely different proce-
dure, with a view to coming to a sound conclusion. We assume that the subject
has no extra sensory powers, So in both the cases i.e., when the preceding card
is shown to him or not the subject will be predicting at random. The random-
ness of the two sequences can be tested either considering both of them' refer-
ring to infinite-infinite or finite-infinite; or finite-finite. Because. of theequality .
of means and variances the test is the same in three situations. . '
... On the assumption of randomness o

-~ . . . 2 N
[{Z(wr oy ) — EZ(@r —yr )} ] B

o[ Z(@r — yr )]

follows x2 with 1 d.f. This is true for two other statistics, namely, |z, ‘—yr i
ad Iy R |
" The value of 2 has been calculated for each score of the subjects and for all
the three statistics both for methods A & B by treating the sequences as finite-
infinite. : .

, TABLE IV
e R - - xE—tests
. . ,,g‘
The calculated value of - X -
_ Bub-_{occasions;’ : :
Joct | ' ,
@ —y,) ' Z‘lxr -y | 2w, —y, )
N A .| B | A 1B
1 ® | za 08 | 27 | o -05 -03
(Im) -8 0o, 21| 48] AT | 144
(I -08 0-2 - .03 03] .05 61
2@ 98 Tas| 148 03 L83 elT
£
i (1) 3-38 0 .27 -12 -26 .21
- am | 18 L2 .27 48 1-33 54
3] M 5-12% of 108 SUHRENEES S J 1
(Im 7- 224 50| 2T 5 | -61 10’
| @ .08 agl o a2 oo o 03
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: mtiE TV-——-contd . wod
X® —tests—contd.

‘ , Sl - ~ The caleulated value of X3
-Sub- “locoasions —
Joot | 2@, —y,) 2|y ~ 4 1 S, —y, )
A 5 |. & | B8 | & | B
R 08 | o2 | 7| zaa|  6eov | 183
an | a2 .08 1-93 1-93 1-67 .99
@ | -02 -72 03 o -0 .01
<5 ' (I 08 | 0o | 301 '_'f’*:-'4~34* " 3-97? T 301
B TR (Y SRR N . 6 722 48 | s | 1m
(1) 2.88 0 0 12 .69 e
6 @ | -98 . +08 .21 SUEN -36 ) |
aw .32 a2 | 1-08 48 .99 18
, (1II) 128 | o 1) B RS D R, RT T3
71 @ 32 -08 0 1-08 .31 . .31
(ID) 08 | 4-50% 1-93 .27 -99 17
(1) 128 | 0 48 of sem|. .03
8| (@ 1-28 .02 12 1-48 60 | 26l
(I 5-78* 0 .75 .12 48 | . .08
" I 32 | . .0 | 12 48| 31 .21
9| @ 32 [ -08 193 | 0 1-67 -03
an -98 32 | 75 0 1413 | 0
(IED) 02 02 244 21| 179 05
T @ 02 | o 3-64 1-08 200 | 1
an -32 .18 a8 | 03 6 | -2
(II) <08 -18 48 .27 C .13 .17
n| @ 98 |  -08 244 12 2-4 <03
(1) 10-58** | .02 3-64 -27 3-93% 1-33
(1) 2-88 0 ‘12 1-93 -03 144
Total | 51-82 16+54 40-90( , 19-71 | 42-94 18-82

The values of y2 do not on the whole show auy significant depatture from
randomness. Thus .our experiment shows that the subjects have not shown any
extra sensory powers in guessmg the cards. They were predlctmg the cards at
Tendom,
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~ These distributions can obviously be used for testing the extra ‘sensory
powers of an individual. The use of modified form of these distributions for
testing the memory power of an individual is under investigation and it has been
found that a fairly satisfactory test bringing the principle of matching can be
evolved. This will be dealt with in another paper to be published shortly.

Summary

Matching theory was utilised for testing the extra sensory powers of -
subjects. The subjects were asked to guess one by one a pack of twenty five
cards, consisting of five blank cards, five with one, five with two, five with three
and. five with four black dots. Two methods of testing, A & B were followed.
In method B the preceding card was shown to the subject before making the
* next prediction while in method A no such help was given. -Thetwo sequences,
. namely, the actual and predicted number of dots were compared for random-
ness with the help of the statistics 2 (z—v.), Zlz,—y,| and Z(x—up)?,
where 2, and y. represent the rth score of the actual and predicted sequences .

- respectively. The tests revealed that the subjects, for which the data were
collected, have no extra sensory powers. They were guessing at random both.in °
method A & B.

Our thanks are due to Dr. Kothari, Scientific Adviser to the Ministry of
Defence, for suggesting to take up the investigation and Dr. Sohan Lal for his
valuable advice regarding the procedure for this investigation.
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