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ABSTRACT

This paper reports how the valid Statistical analysis of the data on visual perception can be
made with advantage by the methods of probit analysis. .

INTRODUCTION

In THIS paper we have discussed how the method of probits could be used in the statis-
tical analysis of data obtained from an experiment on visual perception. The scope of the
method is not limited to the type of experiment discussed in this paper. Its application
extends to a class of visual experiments where repeated presentations of a few stimulus
magnitudes are made to an observer who indicates discrimination by correctly identifying a
variable attribute of stimulus, say its spatial location or its time of occurrence. By stimulus
magnitude we mean some measure of the signal presented to the observer which may be a
physical variable such as the time of occurrence, the linear or angular size of the object,
the magnitude of the contrast between. the object and the background etc. The percentage
of ‘correct detections of a signal by the observer is generally a function of the magnitude
of the signal, known as a psychophysical function and for a number of visual experiments
the cumulative normal curve approximately represents this function. The estimation of
the parametres of such a curve is best made by the methods of probit analysis. The percent-
age of correct detections for varying magnitudes of -the signal provides us the necessary
data to estimate the threshold values of the signal for visual perception. Recently Bhatia -
and Verghese! of the Physiology Division carried out an experiment for estimating and
comparing the fifty percent threshold linear (angular) size of a moving object for visual
~ detection keeping linear (angular) speed. of the object and the linear (angular) size of the
slit constant. The data obtained by them have been used in this paper to illustrate the
method. It may also be mentioned that the method discussed here is equally applicable
in psychoacoustic data where we are concerned with the detectability of auditory stimuli.

"EXPERIMENTAL DATA

In this section we shall give a brief outline of the experiment and the data used in the
analysis. . : '

On a drum with a white background and capable of rotating at different speeds there
were four spaces some of which were left blank and each of the rest contained an object
of given size. Since the identical objects were placed in one two or three of the spaces the
total number of possible combinations was 14 (= 4C, + 4,C, + 4C;). The experiment was
conducted on two subjects. The fourteen arrangements were presented at random to
each. of the subjects to view through a slit in front of the drum. The subjects were asked to
identify the objects as distinguished from the background by a suitably chosen contrast,
rotating the drum at different speeds. Such trials were conducted for six sizes and different
speeds of the object, and different distances between the observer and the object. The data
are given below. " 7 L ' " o
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Experiment 1
Linear velocity of the ob]ect = 130 cms/sec. kept consta.nt throuﬂhout the experiment.
it longth = B o8- 515 137 4 i
Sub]ect A———Dmta,nce between the observer and object =2 me’éres

Smeofob;ectmmm .. o 12 SR 10 9 S "

No. of correct. answers: out of 14 COTemrnie ws ' ‘
presentations : .. e e 4+ 12 11 - - 9 o ISR T

Distance between the observer -and objeict = 4 metres S

Size of object in mm. RS TN § S, 1 9 8 7
No.. of correct ans. out oi N : - < T L e
presentations vi . . 13 12 12 7 T B

‘Suﬁbject B—Distance between the. observer and object = 2 me_fres

v

Size of object in mm. AR ;.4'= L Pl Beedor i T ) 6 L B

Np.ofchrrecrtgzdrlrs.,ouﬁ of 14 .. " v l.’ 10 R 9 6 e g

'; /v])istance‘bétween the observer and object = 4 metres

Size of object in mm .. .. 1w 9 8 7 6

[

No. of correct ans. out of 14 e .. 11 8 8 8

Lmea.r velocity of hhe ob]ect E ¢
‘ o Sht length =12 5 cms

Sub]ect A—Distance between the observer and object = 1 metre

Size ofob]ectmmm e I i 16 15

No.ofcorrectans.‘outofM SEEUURE S S 12 : 9 9 '8 5

Distance between ‘the observer and ob]ect = 5 metres

Sizeofobjectmmm. .. O Bt % 15 14 13

No. of correct ans..out of 14 .. e e 12 8 -8 8 5

Subject B—Distance between the observer and‘objé‘(it ‘= 1 metre

Size of object in mm. . 15 S 14 13 12 11 10
No. of correct «ns. out of 14 .. L 12" 12 500 5 TR | 7 2

Distance between the observer and object =5 metres

Size of object inmm. -~ . o B 14 13 12 11

=~ No. of correct ans. out of 14 .. T . 11 1 0 8 ]
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Experiment 3

- Yor the distance of 1 meter between the observer and the object, the slit length was
' 9.5 cms. and the linear speed of the object was 70 cms/sec., and for the 5 meter distance, slit
length was 12+5 cms. and the linear speed of the object was 360 cm/sec., 80 that the angular
speed of the object remained. constant throughout- the experiment. »

Sﬁbject A—Distance between the observer and object =1 mette

Size of object in mm. .. . .. 12 n . N 9 8

No. of correct ans. out of 14 .. . . 12 11 9 7 . 5

Distance between the observer and object = 5 metres

Size of ubject in mm. i .. o 17 18 13 14 13

No. of correct ans. out.of 14 .. .. .. 12 8 8 8

1

w

Subject B—Distance between the observer and object = 1 metre

Size of object in mm. .. .. .. 10 - 9 $ 7 6

“No. of correct ans, out of 14 .. . .. .. 10 11 9 8 3

" Distance between the dbserver and object =5 metres

Size of object in mm. L Ve .. 15 14 13- 12 11

. No. of correct answers out of 14 .. .. 11 11 10 8 "5

. . ®
THE STATISTICAL ANALYSIS
Fxamining the tables above it will be noted that the information available from the
~ experiment is essentially the percentage of correct answers given by a subject for varying -
-gizes of the object. Denoting by @ the size of the object and assuminig the proportion P of
correct answers is given by the cumulative distribution of a normal curve, we have for an
object of size a, LT

P = ff (x)dx, where

~ We are now interested in estimating the mean of this normal distribution which
evidently gives the fifty percent threshold size of the object, that is, the size
corresponding to which fifty percent of the answers is expected to be correct.

This estimation ean obviously be done by using the technique of ‘Probit Analysis’. The
details of the calculation, for experiment III on subject A with one metre as the distance
between the observer and the object are discussed below. o
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' The percentages of correct answers: were eonvegted into probits and were plotted as
ordinates with object-sizes as abscissae and. & straight line passing through the various
points as closely as'possible was drawn in Fig. 1. The good lincar fit-observed 'in Fig. 1
shows that the assumption of normal distribution is justified. The first ‘estimates of m and -
were obtained from the intercept and the slope of the line, the values being m = 9 and
b (= %—): -38 roughly. - These provisional estimates were then improved by iterative

golutions of the maximum: likelihood equaﬁbns as éxpla.iﬁ_ed by Finney?.

}
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The expected probits ¥ = 5 + _z_—%{n; are based on the provisional  estimates. The
. ‘ - 1 — T —
expected proportio.n P; = —\7—_—"— e dt and the ordinate z = €
e . .
were noted from the normal tables of areas and er&mates The details of the ca.lculatlons
are given in Table I (a.ppended) :

o Tasel .
SHOWING THE CALCULATION oF 509, THRESHOLD S'IZE or OBJECTS

Linear| Total | Num- | Propor-| Empiri- | Expect- |. expec- Wérk-

size |no.of| ber of| tion of | cal ed ted ing -\ oy, =
of the | pre- [correct| correet| probits | probits propo-| probits ¢
object | senta- | ans- | answers rtion | y. =¥, + .
inmm.| tion | wers| P; Y; |z P, p Z ‘ W, X \W. Y,

L T s o P N R Rt Pi1-P.)

T — i
7
(IR ] B @ ® ® 1@ | ©® 9 (19) | (n (12)

-8 Bt 5 357 | 4-634 4:62 1 371 | -352 4-6336 0-604 | 4-832 | 2.799
9 4 -7} 500 ] 5000 | 500 -'399 -500 - 5:000,| ' 0-637 | 5-733 | 3-185
10 14 9 <643 5-367 5-38 | +371 | 648 5:3665. 0-604 | 6-040 | 3-241
11| 1 786 | 5:793 | 5;76 +299.| - 776 5-7934 0-515 5'665 2-984
12 14 12 +857.| 6-067 6-14 | -208 | -873. 6-0631 0-391 | 4-692 | 2-371

| Total 2751 | 26-962 | 14-580

Also ZW; 2 * 269.272, ;W,- ab,-f yi = 144.736, ZW; y¥% = 77,946,
S =ZW, (@i — w)2 5,023, s,,y = ZW; (@i — D) — ) = 1.841,

S,,y_.zw,( ~--y)2=o 681,

ZWim | ZW; y;

Sey e
b= = =0.3671, o= 2.7196.

b2
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Thus an estimate- of Qhe. ﬁfty percent thireshold size of thgegbjgcﬁ 18 giggl} by ;

o m;ib—y + @ = 8- 996-mim.
To test the goodness of fit of thie pryobitlrégres'sion;'liné,;we caloulate.
X =14 {Syy - By - -1( =0-031, which ~gives no

evidence of he‘uerogeneity of departure from the fitted prdbit liné . Hence we calculate the
variances of the estimates as : ,

V) = 1_4%; =0-01442, and
. A
A T 1 (m — z)?
V(m) = @ 1 Z—,—‘“WT "_—'sz }

T== 0-_2602, S0 that the. standard érr(:)rv of the éstimate of the
fifty percent threshold size is _ A . o ,
- s.e. (m) = 0-510L.

 Similar calculations were. performed. for -other experiments-as-well, and in-no dé,;e’
x?—test gave evidence of heterogeneity of departure from the fitted probit line. The
final results have been tabulated below.

TABLE IL

SHOWING THE 59% THRESHOLD LINEAR SIZES AND THEIR. STANDARD. ERRORS, -
Expt. | Subject Linear | " Distance o ‘ 50 9/ thres. A
No. . i speed of between b V(b) = | hold size of | . s.e.(m)
’ . the obj. the obser- | o “I'"  the obj. |~ in mm.
in cms/sec. verand | . in mm. :
Cotheokj o L o
M@ @ | @ (5) (6) @ | ®
1 A 130 |  2metres| 03677 |  0-0139 "7.986 |  0-5108
1 A 130 4, 0-3301 0-0090 8346 1 0-5123
1 B .. 130 |~ 2 |0 0:37227 ° 0:0086 7.206 - - 0-4051
1 B 130 4 0-2245 0-0127 | 7156 | 07945
2 AL T30 |1, | 02048 | - 0-0187 | 13:9864  0-647L "
2 A 350 5 . | 02100 0-0147 13-965 0-8101
2 B 350 |71 ;| 03932 | 0-0118 11-673 0-4335
2 B 350 5 0-2806 | 0-0148 11-641. 0-5654
3 A 0 |1, 03677 | | 0-0142 8-996 0°5101
3 A R - 0-2698 | ¢ 0-0130 | 14143 0-6608
3 B 70 1, 0-2885 | 0-0160 7-324 | 0-€077
3 B 350 | 5 . 0-3086 | -+ 0-0150 | - 11-822 0-6441
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CONCLUSIONS

Comparing the fifty per cent threshold values with the standard errors (Column 7 &
8 of Table II), it is apparent from the results of experiments 1 and 2, that, for a given
linear speed of a moving object, the fifty per cent threshold linear size for visual deteo-
tion does not vary with the changes in distance between the observer and the object over
arange of 1 to b metres, that is, there is a trend towards the constancy of threshold size.

For experiment 3, we have to convert the linear-values of .fifty percent threshold
sizes and the standard errors into angular values, before we can draw our conclusions. This
conversion into angular sizes (in degrees) is doné for the distances of 1 and 5 metres with
the help of the multipliers -0573* and -01146* respectively. The results obtained are
shown in Table III. , . -

TABLE 111.

SHOWING THE ANGULAR VALUES OF 509, THRESHOLD SIZES AND THE STANDARD Errogs
FOR EXPERIMENT 3 -

Distance between ' 509, threshold Standard error
Subject the observer & " size of the of the estimate
object in metres object in in degrees
- degrees. .
ey o (2) ' B ©)
A 1 0-5155 0-0292
A 5 o161 0-0076
B 1 . 0-4196 0-0348
B 5 0-1355 0-0074

Thus, for a given angular speed of the moving object, we see that the angular values

for the fifty percent threshold sizes are markedly different for the distances of 1 and 5
metres, : ‘
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