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'CHAPTER X
THE ESTIMATION OF TEST RELIABILITY
THE MEANING OF RELIABILITY

If a test is appl;ed-g second time under similar
conditions, and the ‘testees! scofes differ widely from those
previously obtained, the test is obviously a poor one;. It is
éa;d‘to be 'reliable’ only if the twe sets of scores correlate
highly with one another. §

The- term reliability was first introduced by Spearman.
He used it in his basiec papérs on test theory.

There is a distinction between reliability as defined
{1in theory and relisbility as estimated in test operations. There
are several meanings attached to reliability. Common synonyms
for reliability include: dependsbility, consistency, and
stability. Each signifies something different as applied to
measurements, Even'the‘same term has“slightli different

meanings as applied to different measurement operations.

The original approach to the problem of reliability

by Spearman was based on the correlation of parallel fests.

As reliability is a general term and refers to several

)

\iipes of evidence :egarding’the cqnsistency of measnrement,
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[ a1fterent types of rellability coefficients enswer different
questions and permit different inferences regarding the evidenqe.
Different types of reliability coefficlents should,therefore,be
found out to establish the réliability of any measuri#g tool.
Each‘kind of reliabiiity coefficient should be estimated from
empirical data. Before these different kinds of reliability
coefficlents and methods to measure them are discussedz the

different meanings given to test reliability should be studied
in details.

Dr.Micheels and Dr.Karnesl say,

A reliable test is a 'trustworthy'
test. It is accurate. It 1is consistent.
If the test measures in exactly the same
mamner each time it is administered, if
the factors that affect the test scores
affect them to the same extent every time’
the test 1s given, the test is said to be
high in reliability. .

Thus, according to them, a test which is trustworthy, accurate

and consistent, is a reliable one.

'Again as Ross _puts 1t,

By reliability 1s meant the degree to

which the test agrees with itself. To.
what extent can two or more forms of the
test be relied upon to give the same results,
or the same test to give the same results
when repeated? If the scores on the test
are stable under these conditions, the test
is said to be reliable., In a word,reliability
means consistency. »

1 Micheels, W.J. and Karnes, M.R., "Measnring Edueational
Achiigement“ MeGraw - Hill Book Company,Inc.,1950,
p. »

2 Rossy C. C., "Measurement in To-day's Schools", Prentice-Hal
\g_ Inc., New York, Third Editlon, 1955, p.121.
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objective.

objective.

N

is_a matter of degree and not an allgorunone matter.  Whenever
. We measure anything, whether 1# the physical, the biological,
or the social sciences, that measurement contalns a certain
amount of chance error. The amount of chence error may be
large or small, but it always is present to some extent. If
the chance errors are small in size; relative to the variation
frqm person to person, the reliability or consistency of the
measure is high. 1t thé‘chance errors become large in
proportion to the variation from person to person, the reliabi-

1ity_of the measure is low.'

should be the same or nearly the same on his taking the same teﬂr
for a second time but his scores should also tally much reason-
ably vwhen he is administered and scored the same reliable test
by different testers at different times. Tﬁis fact\suggests
thét the test's consistency is maintained only if 1t is
administered in qertain standardized ﬁrocedures, and that it
should be scored on a,defiﬂite pattern; meaning, it should be

reliable one, should be precilse, trustworthy, consistent and

IMPORTANCE OF RELIABILITY

~
Reliability or consistency in a measurement procedure

Not only that a testees! score.on a reliable test

Summerising, 1t can be said that. a test, for being a.

Shakespeare said: "consistency, thou art a Jewell,.
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f’;né he was right, But a person can beﬁconsisteﬂtly wrong and
a test alsc can measure consistently something which is wrong.
So it is not the greatest jewel. ngh reliability is no
guarantee for the goodness of a testj but t@e low reliability
is a definite proof of a pedr test. ' ,Whét a'test measures
conslistently, shoqld be the one which the ﬁssf‘isfmeant to
measure. . The ideal test tells the truth consistently.

Just as a person's.consistency in’ behaviour should
be ascertained before he_is'entrusted with any responsible work,
so a test user‘éouid naturally, like to know first how much ‘
@ependabls the test is before he'thinks of usiﬁg it for scmé‘
puipose.  Clearly, any degree Of uﬁréliabiiity in the score
resulting from the appllcation of a measuring device is distress
-ing to the educator, guldance worker, industrial personnel
officer, or other individual vho must use that score as a basis
for a practical decision. Unreliability introduces a question
ﬁark after the score, and means that any judémént based upon it
mast be tentative.  The use of an instrument with 1ow reliabi-
1ity will give an incorrect and deceiving estimate of a testee.
It is for this reason that the test-users attach mach more
importance to high reliability of a test and select for use only
the tests with high reliability. |

Rellability becomes of critical 1mportance in

research studies at a number of peints. \Thorndikel S8yS,

------‘ﬁO-ﬂn-----ﬁ‘-‘9“-~--‘-‘--c-q~-a‘----n&--- ----- P L P

J

t“ Lindquist, Be Fo, OpoCitQ’ P 663.
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In any study of prediction and in

any study of improvement resulting from

training, some degree of reliability in

the measure of the criterion being

predicted or in the ability being trained

1s imperative if one is to achieve any :

prediction on the one hand or any evidence

of improvement on the other,

To conclude this discussion, it must be adcepted that
validity is the first quality that is sought in a test, and

granted that; reliability is a valuable auxiliary.
FACTORS INFLUENCING THE RELIABILITY OF A TEST

- As 1t 1s discussed above, rellability is considered
as the degree to which a true or perfect measurément of each )
testee is Sbtained when a measure is-applied. It is impossiblel
%o obtain such aiperfect measure. in any field of sciénce. The
measure is always contaminated by chance factors which affect the
accuracy of the measurement, Some possible sourceslof varia-
tion in psychological measurement are listed by ihorndikel under

the following headings:

(1) Lasting and general characteristies of the
individual.

(2) Lasting but specific characteristics of the
individual.

(3) Temporary but general qharacteristics of the
individual. :

Ll L L 2 2 2 P P 2 Y Yy Y 2 2 P L B L Tl F 2 8 2 X 2 2 T 2 T 33 L B R B 3 L 2 Yoy g

i Lindquist, E. Fl, Op.Ci‘b., P 568, .
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(4) Temporary and specific characteristics of the
individual.

(5) Systematic or chance factors affecting the
administration of the test or the appraisal of

test performance.
(6) Variance not otherwise accounted for . (chance).

A similar analysis, differing.in detall, has been

' formulated by Cranbach.t

The varlance in score on a test is caused by one or

more factors listed above. Thorndikezsays,

There will also be varlance which
is associated only with the one parti-
cular set of measurements, that is,
which will not be reproduced another .
. time. ' This may be designated "error®
variance. The existence of this
error varlance corresponds to the fact -
of unreliability, and its amount relative
to the total of all variance is a: measure
of the degree of unreliability.

Thg reliability goefficient is also affected by the
lerigth of the test. . The importance of lengthening tests is
that, with every item added, the saﬁple of pérformaﬁce becomes
more adequate. By lengthening the test, the reliability
coefficlent is inereaéed proportionally. Longer testsalso are
less influenced by guessing. A

-~--“--‘---“~---ﬁ---- -----------_----n--‘---—-‘n---‘-- ---------

1 Cronbach, L.J., "Essentials of Psychological Testing" ,Harper
and Brothers, Publishers, New York, 1949, p. 60.

\f Lindduist, E. Fey Op.Cit., p. 565.
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The reliability coefficlent, since it deals with the

variance of item performance as a rgtio to variance on total
test‘performaﬁce, is closely related to the spread or range of

scores in the group studied, |

i

And lastly, a test may give reliable measures at one

level of ability, and unreliable measures at another level.

DIFFERENT METHODS OF ESTIMATING TEST RELIABILITY

' The diécussion‘in the above paragraphs, concerning
the various sources of true and error varianee reveals that
there is a large mumber of determiners of reliability coeffiei—
ent, These sources sometimes increase the reliability
coefficient.and sometimes decrease it} Moreover, these
sources of variance ean be classifie@‘tn different typés. Each
type of sources of vériance,gives rise to geliabilityycoeffici-
enf. Three major types of reliability coeffi&ientsfané,

. generélly used in déscribing consistency of measurement for

psychological tests and technigues. These are:
(1) COeffiéien; of #n£erna1 consistency,
(11) Coeffiéient of equivalénce,
and (iii) Coeffiéient of stabiiity; |

The choice of which type of rellability estimate to
use can often be facilitated by deciding what sources we want

to go into error variance and what sources. into true variance.

)
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The interpretation‘of a eoefficient will also be more enlighten-
ed 1f we keep in mind all the’ things that might have contributed

to 1ts size. If the circumstances are fayourable to collect
oiffereni t&pes of data needed to~ce;culete different types of
reliebility'coefficients,'the present test.anthof feels it
necessary to calculate all types of reliabllity coefficients.

‘We shall first elaborate esach type of reliability

coefficient and then discuss methods used to calculate each type,

(1) Coefficient of internal consistency~ " This 1is
the estimate obtained from the single administration of a test
to a representative group of individuals. - It indicates how
consistently the test measures the individual's performance at a
particular moment. - The methods, generally, used to estimate
this coefficlent are: (1) split-half method, ) Knder-Richard
-son method, and (3) Cyril Hoyt's method - based on 'Analysis

of varlance technique.

(2) coefficient of‘equivalance: | It measures
fluctuations from day-to-day in the'individuai and fluctuations
in the sampling of content of the test. Or in other words, 1t
indicates both equivalence of content and stability of
performance. The preferred method of determining this coeffi- -

clent, is the alternate or parallel-forms method.

(3) Coefficient of stabllity~ This indicates the

degree to which the scores on a particular test are stable over

J

\iAgiven period‘of time. This coefficient tells us nothing
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concerning the internal consistency of a test.  In fact, the
parts or even the items of a test might inter-correlate zero and

yet the ccefficlent could be high. This coefficlent is
estimated by the tést-retest method.

The table‘below summarises the above discussion.

TABLE NO. 46

SHOWING TYPES OF RELIABILITY COEFFICIENTS
AND METHODS TO ESTIMATE,THEM

-‘-“----~--‘---“““‘-“-.----‘----.--- ------------------------- -

Sr. Type of rellability Methods used to Method depending

No. coefficlent estimate it upon
1 Coefficient of (1) split-half (1) Correlation
internal - method , ‘
consistency .(2) K-R method (2) Item-analysis
, data
(3) Cyril Hoyt's (3) Item-analysis
method data
2 | Coefficient of Alternate or Correlation
equivalence parallel-forms
method
3 Coefficlent of ‘ Test-retest Correlation
stability method

A o 1 A Ao R D T S, oA Sl A U U S S D SN O WP SR OGRS QO SO Sl D WY S WD P S B . o ) . Sl I S D D VD D S50 e G D G S D S D S S D b VD P bl WO
oI T 4 S St o S SO SO o U R TR WS R O N Sl ST D B AR Mol A e VU Y R A A OO S s IR B . A o TR i P s AU S R A st SRS Oy W DY R SOAES T RO D . e O, . P A

Each method to estimate corresponding reliability

coefficient is, now, discussed in brief.

SPLIT-HALF METHOD

It is generally agreed that “split-half“ method of
establishing reliability should be applied to power tests only.

y
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Or, when only one form of a test is available, reliabllity is
determined by a "split-half" method. |

In the split-half method, the test is first divided
into two equivalent "halves" and the correlation found for thesel
half-tests. From the reliability of the half-test, the self
=correlation of the whole,test is then estimated by the Spearman

-Brown prophecy formula.

The majorlﬁroblem in:using'half-tests for the purﬁose
ofiestimating‘reliability,is dividing‘the‘original test into

two equivalent halves.‘

, Harold Gulliksenl suggests following methods to
’divide a test into two equivalent halves.

&D) Sﬂécessivé halves or thirds.
- (2) 0dd versus even items or every nth itens.
(3) Matched'random subéﬁests.'

The odds-evans split is the one most commonly used.
The main advantage in using this method is that all ‘the data for
computing reliability are obtained upon one occasion, thereby
‘eliminating the variations brought about by differences between
the two testing situations. - On ‘the other hand, a:mgrked
disédvantage is fhat chance errors may affect scores on the two

ﬂ---n--nmmw-ﬁ---—n-ca——-nnﬂ-mﬂ-ﬂuwonnnﬁ-- ————— - A S A LA L L

1 Gulliksen, Harold, "Theory of Mental Tests", John Wiley &
Sons, Inc ey New YOrk, 1950, pp. 201"'2100
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halves of the test in the same way, thus tending to make the

reliability coefficient too high.
TESieRETEST METHOD

. This is the simplest method of determining reliability
coefficient, | This\methoq involves repetition of the test. The
tesf is glven and repeated on the same'group after a due course
of time. The reliébility éoéfficient is found out by computing

correlation between the first and the second set of scores.

This method~should be used only when it 1s not
possible to use other methods. It has the only merit of
being slmple and easy to‘appiy, while there are a number of dis-
advantages. It 1s extremely difficult to control the |
conditions that influence scores on retest, and this makes its

use inadvisable. ) ,
ALTERNATE OR PARALEEL-FORMS'METEGD

The alternate-forms method bears resemblances to botﬁ '
the 1nternalgcon§istency apprpaph and the retest approach, The
alternate;%orms method is satisfactory wﬁen sufficient time has
intervened between the administration of the two forms to

weaken orﬂgliminate memory and practice effect.

In drawing up alternate test forms, care must be
exercised to match test materials for .content, difficulty and
form., The definition of the alternate-forms method has been

kf@arpened,soﬁéwhat in recent years. - J)
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Thorndikel speaks of equivalent forms by which he

means tests ﬁaving identical true variance and no overlap of

error varisnces. .

‘Gulliksenz ‘ speaks of parallel tests, which he
defines statistically. Parallel tests have equal means, equal
variances, and equal inter-correlations with one “vother. - For
the purpose of determining whether they are parallel in all
these respects, he recommends the construction of at least three
forms so that there can be tﬁree estimates of intér-correlation.
He presenté various statistical tests for detérmining whether
these properties of parallel tests have been satisfied.

THE METHOD OF "“RATIONAL EQUIVALENCE"
('K-R' - METHOD - FORMULA - 20)

Dissatisfied with the split-half method, Kuder and

Richardson developed new procedures based on item statisties.

They split a test into n parts of one item each.

This method stresses the inter-correlations of the
‘items in the test and 'the correlations of the items with the
test as a whole. = The formuiajknown as 'K-R' formula - 20,
is*thg basic cne used for computing reliability coefficlent by
this method.

Rational equivalence formula tends to under-estimate
somewhat the reliability coefficient as found by other methods.

1 Lindquist, E. F., Op.Cit., p. 575.
\f» Gulliksen, Harold, Op.Cit., pp. 174-180. _)

D W S W SN W TS D G U B A A N TN W D W S G I B P G BN G WO BRSO OO S G S B R T T O e T e W AR W S W e S R GO S R p
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This formula provides an estimate of the internal

consistency of the test and thus of the dependability of test

scores.
HOYT'S 'ANALYSIS OF VARIANCE' TECHNIQUE

The problem of estimating test reliabllity from
consistency of individual performance upon the items of a test
has been attacked directly by analysis of variance techniques by

C?rilxﬁoyt.l“ ‘He assumes that the score of an individual on a
test may be divided into four independent components, as follows:

(1) A component common to all.individuals and to all

items.
(11) A component associated with the item.
(;11)'A component associated with the individual.

(iv) An error component that is 1ndependentfof 1),
(11) end (111). | |

It'is assuﬁed fufther that the error component of
each itemlié normally distributed, that the variance of the
lerror component is théysame'for each 'item, and that the error
coﬁbonents for ény two distinct itemé:aie ﬁncorrelatea. When

these conditions are fulfilled, it is possible to analyse the

1 Hoyt Cyril, "Test Reliability obtained by Analysis of
Variance" ' Psychometrica, 6, (1941), PPe. 153-160.




3035

~

variance in test scores into the varisnce contributed by each of

‘- .

the last three”componenfs.‘ Reliability is, then, estimated
from the‘rolloping expression.: - :

Relisbility = 1 - _ Error variance
o o Variance among individuals

METHODS USED TO ESTIMATE RELIABILITY
OF THE PRESENT TEST -

The reliabllity of the present test is estimated by
the following three methods.% ’

(1) Split-half method,

(2) Hoy;‘s,!ena;ysis - of - varisnce' technique,
~ and - (3) K«R method - formula 20.

The ’test-retest‘ method is not applied, as it is not
advisable to repeat the test itself.,

The ‘parallel-forms( method elsd‘is not' applied here

{as it 1is not feasible to construct parallel forms of the test.

We shall now proceed to the- discussion of calculatlon
: details 1nvolved in the application of each: method to estimate
reliability of the present test.

APPLICATION OF 'SPLIT-HALF' METHOD
('"WHOLE-TEST' - 'TOTAL SAMPLE' )

The test was divided 1nto two equivalent halves.,

For dividing the test’ into two parts, the odd - even method was

I

J
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followed. The scores. on the two halves of the test were

correlated and the prbduct—momant coefficient of correlation
was found out. . This gave the half-test reliability. The
selfecorrelation of the whole test was, then, calculated by

applying the Spearman-quwn prOphecy:formula.

| savp1E

"A small sample of 200 testees out of the total

| sample of 530 testees was’ selected fcr the purpose of applylng
’split-half' method to estimate ‘reliabllity of the whole test.
The testees selected for the freliability sample"were in order
of 1, 44 7y 10y 13 veveses..etec. The sample should be the
similar one to the parent-sample. The mean, medisn and
standard deviation of the new distribution were calculated.

The results are shown in the following table.
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TABIE NO. 47 - |

DATA GROUPED FOR THE CALCULATION OF
MEAN, MEDIAN AND STANDARD DEVIATION .

OF THE DISTRIBUTION OF THE 'RELIABILITY
| SAMPLE ' | :

Scores  Mid.pts. £ cum.f.  x'  f£x'  fx'2 |
100-104  102.0 . 5 200 +4 20 80

95- 99 97.0 14 195 - +3 . 42 126

90- 94 92.0 21 181  +2- 84

85- 89 87.0 ‘4 1600 +1 . 41 41

| ; T 4145 |

80-'84 = 82.0 47 119 o o 0

75~ 79 77.0 34 72 -1 -3 34

70- 74 72.0 20 38 -2 -40 80

65- 69 67.0 10 18 -3 =30 90

60- 64 62.0 7 8 -4 -28 112

55- . 59 57.0 0 1 -5 0 0

50~ 54 52.0 1 1 -6 _-86 36

i
N = 200 SEx' = +7 l,ifxé:;
B e S i
Mean = 82,175
Man, = 82.480

.
o
u

9.250
The: mean score -and standard deviafian<of this 'new’

sample are, thns, 82,175 énq_9.25 respectively. These measures
ver& fairly tally with the corresponding heasures obtained from

, \fée’parént sample., Thesé‘are 79.09 and 9.27 reSpectigely. ‘}
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The 'reliability sample' can, therefore, be said to be most

satisfactorily representative of the total sample.

CALCULATION OF RELIABILITY COEFFICIENT

‘ The total scores of all the 200 testees on both the
'halves' were found out and then Pearson's product-moment co-
efficient of correlation between them was computed. The
scattergram of Bcores on both halves 1s shown in the following
table. " ‘ ‘

TABIE NO, ‘H/

SHOWING THE SCATTERGRAM OF SCORES USED ’
IN 'SPLIT-HALF' METHOD - -

---‘----------~’-~----------"-----------‘-"---ﬂ----‘--------ﬂ-.

'Even-items’ scores (X-variable) -

LA LA L P P2 L2 R A L L L L A R B L L 2 F 2 L 0 L R L DX L T2 L R 2 L L X A 2 .2 B L &

- 20-24 25-20 30-34 ' 35-39 1 40-44 45-49 fy

L e L L 2 L L T K 3 ] -na--nu-n---—-‘ ----- L X L 2 3 X P ¥ L L 2 L 2 X 2 J - -]

’ 50"54 -~ VA - . - ’ 2 . - - 2
wd  45-49 - - - 4 9 2 15
a'e S ; ’ '
o7 40-a4 - - - 15 . 28 9 - 52
m B . . . - 3
-5 85-3 - 13 48 24 - - 85
a2 | : ‘

e  30-3 6. 13- 12 | - - - 31
& . 25-20 4 9 - - - - -. 13
S sona 1 - - - - 2.

fx 11 3 75 - 58 18 2 200

The product-moment eoéfficient of “correlation ﬁas,

then, calculated from the above table in the usual procedure.’

&fﬁ was found to be equal to 0.782. . This coefficient of

Y,
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ecorrelation gives the reliability of a test of half the original
test-length. It 1s necessary to find out. the self-correlation

of the whole test.  The reliability of the whole test was
computed by applying the Spearman-Brown prOphecy formula. The

fcrmulal used, is given below.:’
- 2r + 1/11
ry. = £ 1/
l+1r ¥ 1/11
Where ry; ‘= reliability coefficient of the whole

test,
‘and Tg1/11 = peliability coefficient of the half-

test.

Substituting the value of each, in the above formula,

we get,

2 x 0,782
I+0.782

1.782

0.878

T3

i

Thus, the reliability—coefflcient of the present
aptltude-test, as calculated by the ‘split-half' method 1is
0.878.

The P.E. of the 'r! (0.878) was found as under: -

e d A B g E A D B R a2 B 2 B 2 B 2 L T N A F L B X 2 F R R R g N L L

/

1 ‘Garrett, 'Ho E.y Op.Cit., P, 339, .




PEorpr = 0.6745 x _1- 12

1 0.6745 x _1 - (0.878)2

-

.0.6745 x 0.229

= 0,0100
= 0.0

APPLICATION -OF HOYT'S METHOD
("WHOILE-TEST' = 'TOTAL-SAMPLE').

The procedurel was carried out in'the following way:.|

(1) The total sample of 530 testees was used for this
purpose. All the test-scripts were arranged

according to their rank order.
(2) The 'Student-ltem' chart was constructed.

A spécimen of the_same_is given on fhe next page.

-n-’p-—-n-n--------.’a‘----------u.----._"-----m—mﬁon—---enn---m‘ ------

J

L1 Micheels, W. J. and Karnes, M.R:, Op.Cit.,pp. 472-476.
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In the table No. J;gr on page No._J3// .,

= number of items,
= number of individuals,

= number of correct responses on each item,

o ™ KB

= each testee's total score,
sp = sum of all 120 p's, |
¢t = sum of all 530 t's,

2p2 = sun. of all p2's,

£2

2t° = sum of all t2's,

' (8) Then the'analysis of variance' table was construct
-ed and necessary calculations‘we:eimade to fill
" in the blanks in the table. . The table, with
" ‘:S];anks duly completed, 1is sho‘wn' on the next page.
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DETAILS OF ABOVE CALCULATIONS

Total‘degrees of freedbm\

i

Sum of squares between
‘ individuals

s

- Sum of squares bétween
~ itens

Degrees of freedom between,indiviéuals

Degrees of freedom between items

Rqsidual

i

-

-

-
- -

.o

M ]

1 " t "

1

k-1
530 - 1
529

n=-1
"129 -1
119
“(n-1) (k-1)
(120-1)

(530-1)

= (119) (529)

= 62951
nk - 1.
(530 x 120) - 1

63599

Lo o _(50)°
nic

19870 - 19340

% 11696132 -
556 .
22080 - 19340
2740

1 x 2384070 - 19340
180 Rt

2
(35059)

530 x 12

Y,

"
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' ‘Total sum of squares .= _(Zt) (nk - 2:t)

nk

o " = _(35059) (63600 - 35059)
| | » 53600

i

L

+ 15730

Résidual sum of

squares . total - (between items +

B between individualsy
15730 - (530 + 2740)
15730 - 32870

= 12460
Meaniggisqugres for , —
viduals = _5830 . .

Mean of squares for ‘

itens .= 2740 = 23.08
' . 119 “
. Mean of squares for : o

residual - . = 12460 = 0,198

762951

The reliablility coefficient of theiaptitude fest was

obtained by the following formalal:- o N
T = a=-c¢

tt 2=-c

1.002 - 0.198
1.002

" "The reliability cdefiicient obtained by this method
is; then, 0.802, which is a. little less thén;ﬁhat obtained by

\fhe"split-half' method.

J
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APPLICATION OF THE KUDER-RICHARDSON . “

METHOD (FORMUIA - 20)
('"WHOLE TEST' -'TOTAL SAMPIE')

The K - R formula - 20, used here, is given below.t -

. ~ ) .
Ty = n X Og - 2PY

n-1 ,
: 6p 2 -

reliability coefficignt of the
whole test, A
number of items in the test,

" Where

H
- e
H
i

the SD of the test scores,

~a

A °

fhg propbrﬁion-of the group

. -]
L]

o énéwering d'tgst item correctly,
g = (1-q) = the prdportion'of the
' :groﬁp answering a test item incorrect-
1y, '

To apply this method also, the original sample of 530
testees was used. In the above formula n is, therefore,‘equalr
to 630 and O 1is eqﬁal‘to 9.27.  The érépprtian of the group
anéweriﬁg a test item céireéfly; b,vwas found‘oui for each of |
the 120 test-items. From these values o:l'p’,~thef€élues of
corresponding Q 's were also found out. In the following -
té@;e, the value ofﬁ’pq ' for each item is given. The sum
'of‘all pq - values ié equal to 17.5305. -

e A S D B S W D R TP W D U S W S e o O S U D T TS W A G B O W S W B W AR A R T S S e A D W e WS A W

1 .Garrett, H. E., Op.Cit., p. 34l. = - .
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TABLE NO, 5/
SHOWING 'pq ' VALUES OF 120 TEST-ITEMS
“Item No.  'pg ' TTtem No.  'pa '
1 0.1785 23 ~ 0.1240
2 . 0.1707" 24 | 0.1783
3 © 0.1314 25 0.0539
4 0.1853 26 0.1400
5 9.1216 27 0.2072
6 - 0.1623 28 0.1706
7 | 0.1302 " 29 0.1008
8 0.1412 - 30 | 0.1179
) 0.22101 - 31 0.1347
10 0.1602 32 0.0412
11 0.1700 33 ' 0.1287
12 © 0.1882 34 0.0928
13 0.1703 35 ' 0.0473
14 0.2001 36 ' 0.0432
15 - 90,1307 - 37 0.0666
16 0.1618 38 © 0.0808
17 0.0581 39 0.1130
18 10,2101 - 40 0.1252
19 0.1391 41 0.1371
20 0.1603 42 0.2000
21 0.1218 43 ' 0.1743
22 0.1421 * 10,2257
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“Ttem No. . . 'pq ' “Ttam No:  'pq ' |
45 0.0820 69 0.1170
46 0.0963 70.. 0.1003
a7 0.0027 71 0.1072
48 0.1732 72 0.1275
a9 0.1029 | 73 0.0898
50 .. 0.1369 74 0.1337
51 0.1124 ?75. 0.1305
- 52 0.1040 76 "9,1721
53 0.1314 7 01782
. 54 0.1406 ' 78 0.1957
55 0.0514 79 0.1543
56 0.1615 80 0.2176
57 0.1042 8L 0.2074
58 0.0027 82 0.2109
- 0.0900 83 0.2065
60" 0.0817 - 84 - 0.1759
61 0.0569 85’ 0.1887
62 . 0.1110° 86 0.1150
63 0.1432 87 0.1071
64 10,1389 88 0.0899
65 0.1473 89" 0.0667
66 o.as7e 90 - 0.0144
- 67 0.2187 91 . 0.1380 - -
68 © 0.1313 ' ' 6.1477
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e T . | A

“Ttem No.  'sa ' . TtemNo. . 'pa' |

TThmTTmTTT T TerTTTTTTTECTE O T |
93 - 0.1414 T 107 0.1794
‘94 . 0.1568 - 108 0.1935
95 o.1507 . 109 0.2039
96 o.sss © . 110 0.2089
97. - 0.2085 - m 0.2144
98 o218 . . 12 0.1910
%  0.2038 . | 113 0.1683
100 o187 . 114 0.1773
101 10.2231 L 115 0.1512
102 0.2279 . 1ue e.1727
103 oO.232¢ 117 . 0.1163
104 . 0.2432. . . . 18 ' 0.1084
105 0.2419 i ‘119 0.0761
106 £ 0.2460 . 120 o0.0415

7

spq = 17,5305
'The reliability coefficient. was, then, calculated as

shqmi below::.

ryy = X 61';‘2 - $pq.
0-52
2 -
= 120 x _(9.27)° - 17.53
119 ' (9.27)2
= 120 yx 85,94 - 17.53" "

85.94

—
-
©

—
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= 120 x 68.41
119 x 85.94
= 0.803
The reliability coefficient of the present aptitude

test as measured by KpR method 15, thérefbre, 0.803.,

The results obtained by the use of different methods

are summarised in the following table.

TABLE NO. 54 - -

SHOWING THE RELIABILITY COEFFICIENT OF
THE. PRESENT TEST AS OBTAINED BY DIFFERENT

. METHODS
se.. T “Relispility |
~ No. The'method used coefficient P.E.pr
obtained |
1 »'Spllt-half' method 0.378 3‘0.011
2 Hoyt's method 0.802 | - =
3  Kuder-Richardson | o
: ' method - 0.803 . 0~

e . A WS e o e S e Y S A A S 20T O o <O SO S I S et W AP B W S

It can be seen that the results obtained from K-R
,‘zﬁorgula-zo and Hoyt's method, are 1dent1cal. In fact, as
| shown. in various text Books,‘théy should be so. The split-half]
method gives a 11ttle‘higher'9é1ne Sf reliability‘coefficient, |
This discrepancy might be attriﬁated to overestimation of |
reliability coefficient‘by the split-half method or to under-
estimation by the use of kbR_formula-zo or Hoyt's method.




e

This may mean that two good methodsconfirm each other
and that the best estimate that can be obtained of reliability
for this test is about '0.80 or 1t may me&an that the Hoyt's
‘method, like the K«R method, gives biased results. At any
rate, it is safe to say that- the reliability of -this test is
probably not lower than 0~80.

-COMPARISON' OF;METHODS

‘ The factors, which influence the reliability of a test,
are discussed in details, in the earlier pages of this chapter.
Each method, applied to estimate’ thg reliability, is ‘assoclated
with some soﬁrééé_offvariatibn(thaticause errors ip ﬁeasqrement.
A table 1s given below, to enab;e a summary comparison of the
different sources of variéxion represgnfed in three different
procedures applied for estimating,reliébility of the present '
test.. | o o
TABIE NO. 5' 3

SOURCES OF VARIATION REPBESENTED IN DIFFERENT
PROGEDURES FOR ESTIMATING BELIABILITY

Sr. Sources of Experimental procedure for estimating]
No. variation : reliability.
' 'Split—half' 'K-R' = Hoyt's
o - method method method
1. Variations arising within v ‘ S w
- the measurement. procedure .
itself.
2 Changes in the individual ‘ . S ~
from day to day . - S - . -
3 Changes in the specifiec o e —
.. sample of tasks . ' . <
_ 4 Changes in the individual's = - - -
~ speed of work. . . : o 4)
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RELIABILITY IN TERMS OF TRUE SCORES

AND MEASUREMENT ERBORS ‘

For the purpose of‘inperpfetétiun and other uses, the
reiiability as obtained by K%ﬁiﬁethod or Hoyt's method, naﬁély,
0.80, will be considered as tﬁe reliability of the present test.

A score on a mental test may be thought of as en index
of the testee'’s “true ability" plus errors of measurement.
(A) THE RﬁLIABILITY COEFFICIENT AS A
MEASUBE OF TRUE VARIAHCE ) .
The variance of the obtained scores can be divided intq
two parts: the ‘variance of ‘the true seores and the variance of

chance errors. This 1s e;pressedvmathematically as unders:

' -2 -2
l1 = G;O T4 0—-
e e
T2 oy 2
Where 0;02 ' o ' |
g true score variance
G

{1

2 ‘
e . vart
Ox

9

and _

Under certain reasanhble'asSumﬁtiéns, reliability co-

efficient becomes a measure of true score variance i.e.

and the above equation becomes:

) b— Garrett, HG E', Op.Cit., pp. 345.346. ‘r : s J

o=
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1= o+ GF
oy 2 :
or r11=1-.9;‘2
o

This shows that if error variance is low the reliabi-
1ity coefficient is high and vice-versa. | This formula also
reveals the reliability coefficient to be an index of the

precision of measurement.

The reliability of the present test is 0.80. There-
fore, 80 per cent of the variance of test-scores is ﬁrue-scoré

veriance and only 20 per cent error'variancé.

(B) ESTIMATING TRUE SCORES BY WAY OF THE - -
. REGRESSION EQUATION .AND THE RELIABILITY
COEFFICIENT '

) 'The regréssionvequatioul which estimates true score

is given beldw::
X oo =",rnx + (1..1-11) M

estimated true score on the test,

Where Xoo =
X = .obtained score on the test,
 mean of test distribution (79.09),

=
L

riy3y = reliability coefficient of the test
’ (0.80).

| A OSSO R S OB P P D G BB G0 ED e G G5 D SN A A S A N R D S D R G S S G SR GF AR SR SR D &D ab & an &S e o

J

t Garrett,Ho E-o, bp.(:‘;it., pp' 347"348-
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. The regression equation for estimating true score on

the present test is worked out as under?:

0.8 X + (1-0.80) x 79.09

Xoo =
= 0.8X + 0.2 x 79.09
oo =

0.8 X + 15.82

The standard error of an estimated true score‘is given

by the following formula.1

9.27

SE oo ""_': O’! ! 11 - r 11 “Where 0.

'fhe'SE¢g,, of the true score on the present test is

caiculated below: :

i

BB oo = 9.27 xz 0.8 - (0.8)2

i

9.27 xQo.ﬁs - 0.64-

9.27 x1|0.16
; = 9.27 x 0.4
3.71.

The 0.95 confidence level is X.oo * 1.96 X 3.71,
1090 iwi GO ' ‘ ' 4

(C) THE INDEX OF RELIABILITY
' The correlstion between a set of obtained scores and

z .
- . D S G U W D W S S R e G A S0 G W W G A D G e A e S A - e nd

t Garrett, H, E., Op.Cit., pp. 347-348. J
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their cor:ésponding true connte;parts is given by the fc\rxmlla.:l,~~

Tiso = \|T11

Where T ., = the correlation between obtained and
true scbres,
r11 ‘= the reliability coefficient of the
 test. |

The coefficient rjco 1is called the index of reliabi-
1ity. o

The index of relisbility for the present test is:
|  0.894
Joo Py, = 0 0.894

]

Thus, 0.894 is the maximum correlation which the test
is capable of yielding in its present form. -

ESTIMATION OF THE RELIABILITY OF EACH SUB-TEST

The reliability coefficient of- each sub-uest 1ncluded “
1n the present aptltude-uest ‘battery was also found out by
: applying split-half method. Test data obtained from the
'reliability sample’, which was selected for applying the split-
half methad to estimate the reliability of the whole test) were

‘used in all the five sub-tests here. The reliability coeffiei;
en

\&~ Garrett He Bey Op.Cit., p. 349. ‘ o A)
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obtained for each sub-test is shown in the table below:

'PABLE NO. 54
. SHOWING THE-RELIABILITY COEFFICIENT OF EACH

SUB-TEST ALONG WITH ITS PROBABLE ERROR AND
THE INDEX‘OF RELIABILITY

Sub-'l‘est Rellability | BPEup . Proo
coefficient ' :

I 0.588 + 0.031 0.767
II 0.752 + 0,021 0.867
III 0.467 + 0.037 0.683
Iv 0.325 + 0,043 0.570
v 0.432 + 0,039 0.657

S S S A O ol I 0 D A WA W ) A A A S T D NG A st 5l VA bl SOD AP E AB ISP D D Sl . M SR N G D A P S S D G
" A O A o YT ) s WA ol N S WA S Sl B VI e A AR el R IR 0 o A 4l P . A S W sl i S T Al S D Wl R DS Tl St Ll St s

| Thg reliability coefficient as estimated from each
unit sample,daté for the wholéytestVScores 15 shown in the
following table. The sp11t~ha1f method was applied to estimate]
reliability coeffiﬁient for each unit. -
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TABLE No0.5S5

. SHOWING ry, ALONG WITH ITS P.E.r AND rloo
FOR THE WHOLE TEST WITH RESPECT TO EACH

UNIT SAMPLE

e s 0 00 20 20 0 0 S O O - oo L DL LT PO
Unit " Rellability

sample N coefficlent P.E.r L g )

Unit & 100 0.673° %+ 0,037 0.820

Unit B -~ 74 0,673 + 0.043 0.820

Unit C 6 . 0.706 - xo0.0e2 0.840

Unit D 94 0.720 £ 0.05‘3‘ © 0.848

Unit E 78 0.73%‘ + 0,035 10,858

Unit F’ 118 0,795, + 0,023 0.892

D SR ot i o 4 P A SIS et S e o TV S R ) PO YU O AR A S D Y U D S 4 A et N WO AR WO VORIV U BUID s < T il + A A WO S YA TR S S (SR P e SO D i S O S GO St Y el

. i s Lt St S O O D Y U sl . o il Sl S U S YOO S UG St s Sl A S St Rl G005 P ST WO N Y SO it . . e Sl St b P D e A il S AR St . s B il s W sl ol i ot Wl

IS THE RELIABILITY COEFFICIENT SATISFACTORY

There is no set formula to test the significance of
the pbtainéd reliabllity coefficient so.that one can say
immediatelf ‘that it is satisfactory. But 6ne‘can éatisfy
one's self by comparing the reliability of the present test with

that of some other tests known to measure aptitude for teaching.

There are a number of tesis measu,r:ﬁng specific apti-
tﬁdes. A detailed information of each test is also availabie.
But there are ' very few tests which measure aptitudes for
tea\.c'hing. The investigator ‘could not get detalled information
even f‘(‘)r these few tests. It is not possible, therei‘ore, to

compare the reliability of this test with that of any other test

.)
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measuring aptitude for teaching.

' ‘ 1 .
But Froehlich and Hoyt  suggest,

As an arbitrary guide, the guidance
worker should buy a test only if its
reliability coefficlent is 0.80 or higher.
He can readily do this because most of .
the standardised tests on the market have
coefficients which are. 1n this range.

'If one is té aceept this suggestion, one can say that. the °

reliability coefficient of the present test is satisfactory.

.---_-----"-“.-Q‘--“"'-‘-b--‘-ﬂ-Q-”Q----‘-------“---C-—-‘--‘-

“ 1 Froehlich, C. P. and Hoyt, K. B., "Guidance Testing",

Sciggce Research Associates, Inc.y Chicago, 1959,
p. 83.




