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Abstract of:
The Construction and Validation of a Spatial Test, using

Diagrammatic Material Based on Projections and Sections of

Solid Objects.

M;Ed.'Thesis submitted October 1960
| by J.S. Lawes

An important development in mental testing has been the
consffuction of tests for measuring the ability to obtain,
and utilise, visual spatial imagery. These spatial tests
have proved'valuable in predicting subsequent success in
such spheres as engineering apprenticeships, technical drawing
and woodwork. They have also been employed successfully in
‘selection for secondary schools.
| Although a limited number of such tests already existed,
it was felt that a new test based on three-dimensional
"material, andfparticularly projections and sections of this
méterial, could prove of value.

Two hupdred possible test items, of thirteen types, were
thérefofe prepared and "tried-out" on a representative sample
of school children., An item analysis of the resulting data
provided indices of Facility and Discrimination which were
used to select the one hundred most suitable ltems.

The selected items were then organised into a revised



draft which was inserted into the selection examination for
the entire ten-year-old population of a city. This large-
scale trial, as well as showing that the test and instructions
are suitable for the age group, provided information from
which tables for converting raw scores to standafdised scores
were constructed; enabled a second, confirmatory item
analysis to be made; showing a significant difference in
mean scores for boys and girls, a recognised property of
spatial tests; and provided the following figures:
Range: 1 - 99
Mean: | L2.1
Standard Deviation: 20,745
Reliability: 0.9642
. In an investigation with 85 boys the test cbrrelated more
highly with a recognised spatial test than with a verbal test,
and was a better predictor of success in metalwork than-was
the verbal test.
Extended validation, notably a four year follow-up of
the 85 boys, and a factor-analysis are required before it can
be certain that the test is truly "spatial" with the uses

associated with such tests.
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Mental testing originated in the latter half of the
nineteenth century, when S8ir Francis Galten deveted some
time to devising tests aimed at elassifying men eccerding
585 to developing méthods of

i A

to theilr natural gif
dealing with the pesults. Galten's® interests ranged

widely over many fields of psyeholegy, anthrepolegy;
soclolegy, eugenies and much else, so that although the
begimnings of mental méa_surement date frem him and frem
the contemperaneeus work of the American MeKeen Cattell;
it is the nsme of Binet which stands high in the histery
of testing, '

Binet, with Simen, devised a series of tests aimed
at measuring intelligence. These were first published;
in Paris, in 1905, revised in 1908 end 1911 snd subsequently
were adapted for use in a mumber of countriess This work
" atinulated the ecenstruetion of tests of many types by a
';whole geries of workers, The last half eentury has seen
the r<3.-eve:il-.capx!;taﬁfls -of mental testing inte one of the majer

i. See, for exsmple. Hereditary Genius, 1869,
Inquiries inte Human Faculty. 1883,
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branches of psycholegy. Tests have been developed for
individual testing and for the testing of groupej for
testing 1ntelligéne'e. 'aehievemant, Bp‘é*@ial abilities and
many Qﬂihe:{_ capacities end characteristicss

With such a wealth of tests came the need for better
metheds of dealing with the results, As the art snd
science of testing grew so did the statistical technigues,
In the later form of his tests Binet himpelf yeserted to
statistical methodsy recording performange in them in terms
of mental agés  He established "merms" fer his tests, 1.e.
the peint en the test seale which the average £hild ef any
given ehrenolegical age would be expected te reach.
. All reputa'gle tests are now provided with 1nf@mation
of thim sert, that is they are standardised,

Apart from -tg:é'i:mique’s. designed teo impreve the useful-
ness of any partieuslar teaty there haa been the develop-
field of mat.hematics to aid the ¢omparisen

ment of a whole
of measurements ebtained from a mumber of testss This
analysis of dats Was for its basie toel the eorrelatien
coefficient, a number expressing the degree of relatienship
between sets of seores.

~ If the ae@res obtained in one test are in the seme

relative positions ani of the same relative s.izes as the
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geores ebtained by the same individuals in a secend test
-$hen the correlation between these two sets of data is
perfect énd designated numerically %. ~'If the séteond re-
sults are exactly the reverse of the first set then the
correlation eeefficient (r) becomes <1, A eeorrelatien
which is neitheér perfect nor inversely perfect is repre-
gented by a decimal fraction between 1 and -1, A variety
of methods is availsblé for the caleulation of *r*,

‘G. . Es Spearman was one of the first to se¢ the value

of applying correlation metheds te mental test results and-

the development of sie teehniques owes much to himy
He devised many of the mathematieal metheds and himself |
used them in sttempis to explain the structure of the mind.
Using techniques suth as his "tetrad difference" methed

‘on eorpelation ¢oefficients, Spearman obtained results from

which he for
aceounted for by a poatulated gemeral facter of ability gy

ulated the theory that the correlations camn be

which eperates in ‘the ‘performence ‘of all the tests, and
specific facters which are brought inte use only in parti-
cular single teste: This Iwo-Faeter theery, first fermu-
loted by Spearmsn in 2904 and published im detail in 1987%,
was in eppesition te the theeries of Thepndike and other |

1, Spearman, C. (1927). - The Abilities of Man.
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Ameriesn psychelegists who, alse at the beginning ef the
eentury, adveeated not a common factor plus speeifies but
an unlimited sePies of specifie faetors. These twe snta-
gonistie views have in time beceme modified im the 1light
of farther works _ o,

" Gpe of the main lines of imvestigation in Britaim has
been in the éstablishment of further fa@’sors vhieh eperate
over a series ef tests but are not cemuon t6 all tests.
That is; for s mumber of varying tests, there is cerrelation
of all in as fap us they messure 'g', fop meme of them
there will be further everlap over and abeve that acceunpted
for in terms of 'g's While Spearmen preferred to asepibe
this to "specifie éfvgier'f-_l?'ap'_' and insisted thet its eceurgence
was rareg it is new usual 40 take suech ecoppplation as

evidenes of a "group factor,"

- In ene of the early a.malyses Burt (5@1’7)1 published’
evidence of verbal; mumerieal and practiesl greup factors
in sehool subjeets, in addition to a gengral faster. -Cox
T W.2 in 1928 shewed the presence of a faeter cemmon to ..
feal amnty testa, . Cox 1ahe11ea this fac'bpr

various mechs;

o .'___

4. Burt, G (1917)
; : Educati on

8. Cox, J.W. (1928). Hechanieal Aptitudes
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"m" states, "The cubstanding feature in which the, 'm'
tests differ frem the eu'stemary ¢ intelligence' ﬁests, soser
is the spac:.al (sic) eharaeter of the ma‘berzal loyeﬁ. "
The presence ef *u! was shown by slaearman ] 'te'erad dif—
fevence’ technique which was also used by Stephemen, (1951)1
in an investigeion of verbal and non-verbal tests which
showed fé:‘p- the verbal tests a faetor '%r'- in addisien teo 'g';
but f@z-' t.he n@n-verbal tests nethmg but 'gt, .

The existeme of 'v' was corvoborated by Alexander
(;1.9:55)2 w:lth, in edditien, a greup facter present im per~
fomanee tests bub not in ver‘bal tests, This facteor was
called 'F’ and deseribed as a practieal facters A mtﬁer
graup fae#ﬁ@r 'X' ' mnning threu.gh measures of schosl gttaine
men‘& a&ﬁﬁ i@entftﬁed as "persistence or é:@%eminatien" is
also mthy of notes These factors were obtained by thg
use of a “mlt.;i.,ple factor" teehnique and eonfirmed by
"tetrad" amal =-.asivs.%__txms;sv (1985)% 1n worte published

1. Stephensang ﬁ. (1951). mizaa mfferenees for N@m—Vérbal
su'bateéwo o
Betved Differenees for Verbal

4rud Differemess for Verbal

_ Sub jests relative to Non-Verbal

Sub-testss J. of Edua. Peyehs

' MI&

2 Alexander, W.Ps (1935), Intelligenee, Cenmerete and Abs-

: tyacts Brits Js.0f Psych; Meénog,.

o . . Supp, XIX,

8, El Koussy, AsA.H,{1935): The Visual Perception of Spaee.
Brit, J . of Psych, Meneg, Sippe
XX
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during the same year desdribes a tetrad analysis of 28
téats- given to 162 beys betweeﬁ ﬁhe_ ages of 11 end 13,

' Of the 15 'spatiel’' tests ineluded 8 were shewn to have
El-@éﬁings on a factor over and sbeve their 'g' contents
This 'k' féeta&z" is explained by Koussy as "the ability to
obtain and the facility to utilise visual spatial imagery."
- ‘This brief smnmary serves te show how the Two-factor

. theery has come to be medified by the diseovery of group

1 himself in time came to reeogmise the

factors, Spearmar
usefulness of the group factor idea partieularly in se far
a8 1t eené-erns ty' and 'k' and particularly faveured the
'B:l-faetor exténsion @f the the@ry by H@lzinger and Swine-
ferd.

Me‘ahwhile f'&he‘r;e‘ had been parallel developments in
the Themdi]@e thg@riesg In 1928 &

America, affectim

. pattern of vqr’b;ai.@ mmber, spatial and speed facters, simi-
'lar to that of Burt, was esteblished by Ke:h-l:etyz for batter-

len ef tests whieh h.-? gave to three g;'émps of children of

' 'aifferent age levels, Since 1930 L, L. Thurstene has been

| | s:i.s. b@th in the develop-

4ean factor a

ment ef metheda and in the inteppretati@n @f r@sults.
1, Syearman, c.; & Wyan J‘enes. m. (195@) Buman Ab11ity.

2, Kzelley, T, L. (1928), Crossréads inthé Mind of Men.
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e
Using M-B'!’;Gént;’@iﬂ!' 'bechniq,ue he has carried out a long
" peries of. investigatiens and extraeted what are kmewn.as
'. Multiple Factors, far léss in mmber then the speeifie:
i‘aet@rs_ of Thorndike and of mere egual variance than the
~ general plus speeifie factors of Spearman,  They de not -
~ in Pact inelude a faetor genepal to &1l tesiss  Thurstone's
. £irst aceount in 19881 desoribes nine factors to which he

aettaches names; smong them being

8 « Visual or Spatial, P « Perceptuals
N - Numerieal, ' .~ ¥V« Verbal

émd M < Nemerys
Subsequenﬁ work has confirmed these.factors at difs ..
- £é1-*é_.nt age' levels anﬁ, particularly ameﬁg ¢hildren, the
.fae"t@ré ean be shown te be not entirely. independent but
to reveal what :Q_A‘hws'tzene hag éalled a -s‘eenri%@m&er general
factor, | ‘

We can thus sée that there: m been. some 'rapprochés -
ment' between the two @ppes:lng theeries. ' These theories
depend t6 a considersble extent ap the methods used to
obtain the facteors and the fact that differens. methods . shew
similaz-' factems. albeit under difrerent names ' as signifi-
cant. L It mafst-gzps .;Li.tt;l.e- whgtheg the amalyia be of Eroup

1,  Thurstene; L.L., (1938), Primary Mestal Abilities. °
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Factor or of Multiple Facter type if the same fzetors -
é‘ti’il émerges Particularly noticeable is that beth
Group Factor methods and Multiple Facter methols shew ‘the
existenee of verbal and spatial faetors in particelar types

of tests.

Attentior will new be turmed to the spatial facters
The relationship between it snd various practical faetors
will be examined and evidence concerning the appearance of
the apatial fée%@r--* and :-!.té practieal uses will be sunmiarised,

That El Keussy's 'k' end Thurstone's '8! ave very
pimilar, if no% identical s is generally peeodgniseds to
quete but 'ene. aubhority Vernon '(75&950)1 gtates "The-Thur-
SLOBEB +esees Gbbnimed a Faeter which they ¢sll S, obvieusly
the same as El Kwssv's 'x¥s" The evidence abeut the
relationship between i’ end the eariier 'M* and 'F' faetors
is net elear eut Buf the suggestlen of Slater (194@)3‘ ‘end
Kery (:-1942)5 is that Spatiel snd Wechamisal Tests measure
similer abilftissy vhile Prise (154 )4 snd Dempytier (1948)°

1. Vm'n@n,, P.E. (135@). The @&@uﬁtﬂe @f :-L m i Abilities.

2, Slater, P; _ (1940), Seme @gmp Tepts of Spatial a‘udg-
ment or Fractiesl Ability’.
Oceups Psyeh% X’I__V,

3, Kerr, G (1’94‘2). Aptitude Testing fep Seeendary
_— Courseés, Oetups Peych: XVI;

4, Price, E.J.J. (1940). The Nature of the Praetical Factor
(F) Brits Js of Psyeh. XXX,

. 5. Dempster, J.B.B.(1948).The Selecters Point of Views
) Brit, Js Ed. Peych. XVIII,




conclude thet gpatial snd performenece .teshs measure the

' same a-bili_tér;_ at least in some eases, . Vernen in his
'_hier*arehical theor'*yig in its simplest form; proposes a -
major group fae:tor kim eovering spatial, pérformance md ,
meehanical tests for mest practical purpeses. He suggests
that "F is identieal with the spatial faebor k!, and that
Cox's 'm' 1s largely eemposed of 'k also"s® Watts and
Slater (1950)5 suggest that there ie a range of 'men-verbal'
abilities frem those that are éxpressions of general mental
gbility, through preblems invelving spatial relatienships
ipulatien, up te those that require msni- |

pulation of e@m:@%@ materials,

There is ample evidence to confirm El Koussy's eon-
elusien that a gpatial factor eperates in eertain types of
test situstiemy Although Slater in 1841%, snd again with
1d find no evidénce of a spatial facter

Bennett in 19435, wou
when werkins wi&h e‘hildren agea fren 10 - 15; re-snalyses

1. Vernon P.Es and ?arr:v, JeBs -'_E.J.949). Persennel Seleetion
in the British Forces.

3. Vernon, PsEs '(z-.%@)i Op. eits

- W&'.b'i"s's, AsF; . and s&ater, P, £1950), The Allseation of
dmayy Sehoel Leavers te Coupses of
Sec@nﬂary Bausation, 18t I’nteri‘m
Rep@rt, NQPQEoR.

4. Slater, P, (1941), Tests fer Selecting Secendary
Techhical Seheolchildrens Qccup.Ps’yeh. XV,

5. Slater, P. end Bemnnett, E, (1943). The Development of .
) " Spatial Judgment and its Relatien to Sawe

E&ueational Problems, Ocewp, Piychs ' XVII,
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of the data by beth Adcock (1948)1 sna memett (1949)° aef

reveal a definite 'k' facter,  This.re-anslysis by Rmett

was part of a work in which he examined & nunber of pre~-

vlous investigatiomss .= As well as ghowing a 'k' faeter in

Slater's data he eemfirmed the results of Drew (1947)5 &nd

showed that they could be interpreted as revealing a k'

facter at 11. HEmett also reperts high 'k' leadings in

seventeen of El Koussy's tests as compared with eight in

fhe original werk. El Koussy himself in the report of a

" lecture to the XII th International Congress of Psychology

in 1048* states "Fhe existence of the kefactor from 12 up-

‘wards with certain paper-=and-pencil tests is repeatedly

corroberated," ' ‘
Mgefarlane Smith (1948)° in werk cavried out in 1954

with s_ete%ish pupils aged 1% to. 144 ebtained i'esult-s_ which ‘

confirm these of .El Koussy and provides the further informe-

tien tshat there is a signifiemt diffemenee between the

1. Adeeek, C.. (1948) A Resl _-_-;"'lyais of Slater's spa:bial
Judgnent Researehs Oceups Psychs XXIIs

2, Emett, WeG, (1949). Evidence of a Spage Factor at ii+
gnd Barlier.

Bs Drew, L.J. (1947). An Investigation imte the Megsure-
ment of Teehnieal Abilitys. ‘Qeeups Paych, XXI,

4, E1 Kous A.AH, (1948),. A Purthe nation of the
* ol A'*i'at: S0P )XII th, In‘t.em%a%i@nal Congress of

- Psyehologye

5, Smith, I. Meefarlene, (1948). Meagwring slaatial Ability
. in School Pupilsi Occups Psych. XXIXs
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meen seores obbtained by boys and girls, - This seg differ-
ence is eonfirmed by the same writer in 19‘543‘_ in ah:aée-@mt
of 'a Test ﬁhieh measures the' spatial fachor at age 11, and
algo by Bumett in the work cited sbeve. .4 signifiesat sex
difference is now taken to be an indication that a partieu-
lar test is measuring spatial ebility, ’
Evidence of the age at whieh spatisl ability can be
measug;ed :l.s eéqually sbundant. = El K@usssw"-'sg eriginsl 'ﬁeﬁ-
search was with beys aged 11 - 13, Maefarlane gmith's® with
pupils of 12} to 144, Adceck's® ressmalysis of Siases's data
fefers to an tge range of 11 - 18, Emets's (1949)° wepk
was specifieslly designed to shew a Space Paclter at 1is and
reverses Mills @m@ﬂ?)é eonclusion that Meray House Spaee
Test 1 fails te measure the spaee factor st 11+. ‘Dempater
(1948)" and Pesd_ (1929)® both state that if the sbility den

it

1, Smith T, ‘Megfariene, (:!!954), %he Develapment of a Spatial
Tests Durham Research Review S5

2. El Kousay, Ashsfls. (1955). . epe eits

3. Smith, I. Ma"_-';__;;"--_&me. (1948). opocibe
4s Adeock; C» (1948)s -op.eite

5. Bamett, W, G, (1949). ep.eits

6. Mills, L, F, (1947). An Imvestigation” imbe the Prepérties
o ' of.a.Space Tests: BiEd. Thewis. Edinburghe

7. Dempster, J» J. Be (1948). ©De Cite

8. Peel, B. A; (1949)., Evidenes of & Practiesl Faeter at
‘ the Age of Elevens Brit: J. BEd. Psychs XIX.
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be measured at 15 then it is equally evident at eleven

_ Watte and Slaber’ (1950)* state eautiously #hat there 1a

some hope that variations in P and’ k can be measured et 11
plus, Renshéw (1950)3 econcludes that his spa@e tests showed
clesr evidence of a Bpace factor ab 11 smid Maefarlene Smith
(1954)® has shown that his Spatial Test 1 definitely measupes
{the spatial factér in association with_ g at age ii.

It would 'Ehereﬁwe seem that in the age Pange fx'@m 13
to 14 years i% is pessible, usmg tppropriste testas and
meagures, to obbain some measure of the 'k* facter, This
is impertant as. one purpose behind the construction of a
spatial test is that -- i -should pirove of use in $he alldeation
of children to d‘iffiereﬁt‘ "broad types of education and im
‘addition, or alternatively, ensble some foreesit to be made
of a child's p@#éxiﬁiaiities in-a partmculw é\i?:’ieet or greup
of subjects. . | . . |
| Allocation to types of edugation hag at present ite
greatest meaning with regard to the transfer from primery
to secondary schools,  Figures. quoted by Yates and Pldgeon
(1957)4' show that the majority of Bducation Authoritles in

»

1, Watts, AP, and Slater, Ps (1@5@). @y.ci‘b.

2; Remshaw, T. (1950)., Factorial:Study ef Twe and Three
Dimenswnal Space Tests, Ph.B.Tlaemlsr.Edmmgh.

5, Smith, I, Heeferlane. (1954), opsedta, .

4, Yates, A. and Pidgeenm, D. A. (1957). Admisswn to Grannnar
Schools} (WsF.E,R, Publication. Nos 10).
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England and Wales adm.rmster gelection tests fer this trans-
fer each year to those chlldren who will "have reached the
~age of eleven but not the age of twelve"™ at the end of
Auvgust or the beginning of September (actual dates renge
from 31st August to Ond September)s Sinece these tests, for
administrative and other reasons, are given to tke children
concerred in February or March, the age at which the test
will actually be taken varies fram appreximately 20% te i1i
years, with possibly = lower limit in these areas wheve =
'under-age' c¢andidates are permitted. In the in;festigatians.
reported by Yates and Pidgeon the sub;je_c“_ss ‘were within this
approximate range, being within the limits 10.7 %o 145 en
1st March, |

These investigations were planned o correlate WOEDEs
obtained by pupils in various tésts and batteries of teshs.
uséd in allocation to secondary schoels with their subse~. .
quent performenee in the tsecond and third years of the
gecondary sthoel eourses.. One cenclusion of this reséareh
was that a battery consisting of: Primary Heads Assessment
weighted 4, plus standerdised attaimment test in BEnglish
weighted 2, plus a Spatial Test, yielded a higher predie<
+ion then sny other besterys. The spatisl test included is
Spatial Test 1 of the National Foundation serles, designed
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by Ma¢farlene Smith and deseribed by him in the work
alpeady‘menttene¢,1 .

... . The comment of Yates and Pidgeon on the appearance of
8 spatial test in the battery is of particular note: "Such
tests are not usually considered as useful predictors of

- 'guccess in grammar scheels, . It is pessidle, however, that
the abilities that are measured by this kind of test are
éeiated to subsequent success in seme branches of mathema-
tics and solence. It would sesh desiveble for further re-
search to be andertakéﬁ'to investigate this peint,"

- The relation between various school subjects aﬁd
spatial tests has been-the subject of a number of investiga-
tions inecluding the follewing, referred to in erder of pub-
.lieatien. Alexander (1935)2 in his monograph coneludes
that for mechanical drawing the 'X' factor is mest impertant,
followed by 'g' end then 'P' and 'v' in about equal amounts,
but that for "shepwork" the erder of impertance of the
factors is 'X', 'P' end 'g'. Blackwell, A. M. (1940)° in
an investigation inte mathemstical ability obtained a faeter
'0' whieh was of mext greatest impertance after 'g'. This
is an "eperation in imagery factor, involving the manipula-

tion of spatial and verbal data,® This factor was found

1. Bmith. 4 Haefaplane. (195&). The neveiopmene of a
Spatial Test, Durham Research Review. 5.

26 Alexander’ W Po (1 935)0 Op. cit.

3. Blackwell, A. M. (1940). A Cemprehensive Investigatioen
into the Factors Involved in Mathematical Ability
of Boys and @irls, Brit. J. Ed, Paych. X,
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to play & velatively larger part in the mathematieal sbility
of beye than girls; & peinter that 'k may; ‘a?b least in
 part, be tavelved,

| @wrelaﬁ@m af Verbgl Intelligence sceres and scores
on a battery 0f Spatial snd Mechanical Mtﬁ ‘with Engineer-
ing Drawing and Bmgineering MetHenaties mavis ebtained by
bey spprentiess sipé reperted by Helliday, Fa (1840)%..

For Engineerilg Prawing the correlation with Spatial/Mecha-
nical tests is aimest ten times greater than the Verbal

Intelligence cexsrelatien; for mathematics the cerrelation
with the verbal test is about twiee that with the spatial/
mechanicsl testd, ' 'Extended "ﬁé«imWaa@" ziiniwmaigatiena By

the same wriﬁs 2

up to 2 years 7 menths after the ‘#¢8fe were administered.
. In en inquiry inte tests of technical sphitude, Shuttle-
'mrth (1942)4 fmmd_ that 'ahe tlubee t-ests whie‘h e:oz-related

1, Hollddey, By

%@ﬁﬁd Pﬂy‘"@h» XTIV

2, Hollidsys F. (1941), A Further B
delection of Apprentices fe
Industrys Oeccups Payehs XVs

vestigatien into the
4l Engineering

3.Helliday, F. (1945)0 The Relebien between Paychological
. Test Scores end Subgequent Peeficiency of
Apprentices in the Engineer‘i‘m Industry,
@ccup. Pgych. XVII,

4, uttlewerth, G, W (1942), Tests of Technical Aptitude.
. Ogeups Pasych. XVI,
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high _;' with performance ratings en the eemplete course .

of subjeets in a Junior 'ﬁ’e’ch;aieai Sehoeol were Space Percep-
tion, Designs (reproductien) Ferm Relations,
Holzinger and Swineford (1946)' cencluded that "eorre-

lations 4esses indieate that the gencral facter is a mueh
better predictep of geemetry than is the erthegenal space
factor, = For shop work and drawing, -the predietive value
er__,theée two facters appears to be reversed,” ©On the |
other hand beth Bapakat (1961)° and Wrigley (1958)%, tn

~ factorial studies of mathematieal abilities; provide evid-
ence of a definite connectien between geometry and the
spatial factor, . ‘

Finally three mvestigau@ns of Macfarlane Smith will
be queted,  In -:__1.9484 he reports significant correlations
between spatial scores the Art, Fractieal Geemetry,
Engineering Drawing and a Drawing Testj correlations with
Handwoerk and Algebra were noh sigiﬁcant. The 19545 ‘repory
1, Holzfnger, K, J, and Swinefariy P,

" of Twe Biwfac B . In Geanetry
and Ofher Subjectss . Psychs XXXVEL.

2. Berakat, M. K. : '5@1). A Faeterial Study of Mathematieal
- i Bx!:!.t,. Js of Ps-yeh@ StateSect., IV.

3. Wrigley, Je (1 58)s The Faet@rﬁ.al Neture of Ability im
nt ary Mathematies.. Brit. J: Eds Psyehs

134@;;- The Relation

4. Smith,, I. Maefa:e*lane. ( 1948) e;a‘a-feifb@-
6. Smith, I. Macfarlanpe, _.(1_954), " Gpscit,
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shows that for mest technical subjects Spatial Test 1
(N.F-.E.R.) 1s a more valid measure of ability tham is the
Kent Seni@r In‘ﬁellzgence Test; while in 1959:L marks
obtained :ln schoel e---f-= s 't:wms in Engineering Brawins,
metalwork a.nd woodwork are stateﬂ to correlate highly with

Spat:lal Test 1 with en interval of ’ohree years between test
and exbminations, o

" Such is the ba’e-kg‘rbund' to the present work which is a
répez“b on the ¢onstruction of a Eﬁati’a'i test suitable fer
pupils in the age renge 10} to 11§ years, the standardise<
tion of the tesf on an appropriate populatieon and the corre-
Jation ef this test with marks in eertain school subjeets.

1. Smithg I, Maefarlang, (1959). Selection for Technieal
EducationsJournal of the Institute of Educa-
tion of Durham University. - Vol., 1€, No. 651, .
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.In'th,e constructien of a test of this nature eertain
principles of test construction should be ebaerve&. Thege
pi*inéiples aﬁe désigned to improve the test in three impoer-
tant attr:lbutes. lb;leetivity, Rellebility and Valtdity.
Obiee '-:;_;v'_t? e A test 1s eb;lective (a) if the items are set

Bo that each pers@n a%wering a particular item is faced
w:lth the same sitnatien ami understands what is expected
of him;_ (b) if the pess-ible answers eré.so designed that'
there is only one correet answer; and (c) if the checking
and scoring of the answers is definite and rigid so that
each and every marker will give the same scere; the persenal,
aupjeet-.ive ocpinion of the marker having no influence,

' 1ity is the degree of aceuracy with whieh a test

.meiasﬁres_-, A test has high reliahility if @ re~test a
group ef gu’bjecta obtains pr-aetical]y the same scores a8
zln the eriginal testing,

_V_ 11dity, 1 test is valid only in eo far as it measures

that which, 11: purports to measure,

- These three charaéterist:lcs of any test or examination
are nof.- separate, independent entities; reliability is |
greatly influenced by objectivity validity is limited
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by reliabilitys All three are greatly impreved by careful
planning, careful dgsign of 1tems, the try out of these
items on a populetion representative of that for which the
test is in-"e'eﬁded,r and statistical analysis of the items to
seleet those most sui'bable fer the final f@m of the test,

~ In the prel lming planning the purpese ef ‘bhe test
and the nature of the material sh@uld be @az-‘efully delimited.
In the present werk ‘the purp@se is :unpliem in the t:ltle
worﬂsf "and Validati@n of a Spat:lal Test"‘ that is the test

is to be spatial, aﬁ instmment f@r measu;zimg the "R -faetor ’

.ami is to ‘ne valid f@r the purpese pr@“p@ssd in Ghapter I,

the alleeat:len of pupﬂ.ls to 8@1’1@@1 ceu:.-ses. This means

that threugheu‘ls the ﬁes:ign @f test i‘bmns there is pmaent

the iéea that these items must have the seemingly tmfe“ld
purpese of testing “’the sbility to obtain and utiil.lse visual
repryt and alse be of predietive value tewazads ‘

spatial jma,
,eertain school subsj‘sets, in partiecular mathematieal. sciem-
'tifﬂ.e teehnieal subjeets.

. As fer the natt-me of the material this 1s stated in
defim.te terms as "ﬂiagramnatie material based on pre;)ee'b:lom.
and sections of aelid abjeets. "  Three dimensional material
:hae 'been chesen fer the test sinee Emne‘b'b’n' (1949) has shown
that higher k-loadings are ebtained m :usms with three-_

1. Ehmett, w. c. (1949). Op.cit.
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dimensiensl ebjeets $han with two dimensiomal objects; -
although tlie mére rPeeeént work of Yates and P_ﬂfgéﬁiﬂ' shews
that a Spatial Test based mailnly on two-dimensienal ‘material
correlated more highly with their eriteria of suceess than
did a Spatial Test bised on three dimensional materials . .
The work ef Remham @195@)2 algo showed that the space.
faetor is invelved in be‘bh two- and thigesdimensional tests,‘
with e slight imdiestion that it is the two-dimensiensl

tegts which are mede c¢losely linked wi!ﬁl?i,,the facter,

In the@ry the num’ber' of items prepared gheuld 'bé at
least twice the nwﬂaex* which will be included in the final
form of the test end these items should be. varied in t.ype,,_.
cover a range of difficuliy, and have simple sydtems of -
response and of mswiting. A tobtel of 200 items were in -
fuet prepared with these points in mind and are deseribed -
meré fully in Chapter I11,

.' Far more items ave.pirepared than will ultimstely be \
Ii?i'equire:d 80 thet a statistical snalysis may be earried out
to e:eiée% items which are of eoptimum value fer the imtended
purpese of the tests This ahalysis, which greatly impreves
both Reliebility emd Velidity, is ea!-'as-'--ieé.' sal on the results

'-c»)'bta'ined f:sem L3 _.!;;eut of the test en & :“"';;‘iia_"jbion gimiler
1. Yatea, A. and Pi@ge@n, By A (1957) weit. o

8, Renshaw, ¥, {1950): - .;.ei‘b-_.
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to that for which the test is designed., This smmple
Ehould nuiber between 100 and 200 and be fully represcfta-
tives - The sample chosen in this instsnee was frem Grammdr
and Seeondary modern pupils in their first year at those
sehools and eonbtaimed both boys and girle, Details of
the try-out are found in Chapter IV, '

Téem Mimdyuis is the proeg¢dure by which those items
are melected which eéentribute with greatest efficiemey to
the sueeess of the test us a wholes Items which ave
answered eorresily by all eandidates or these mnswered
correclly by no eandidate ‘eontribute mothing to the preaié-.-
_ tive value of a tests Therefore for all items a Faeility
;Eiaﬁ.ex,—,— that 18 the percentage of sandidates anawering the
item eerrectly, is ealeulated amd those with very high or
very low facility are rejected.

o It is not enough that items should be within a given
range of Facility, 1t is also necessary that each item
chosen should be capeble of diseriminating between these
wh_e possess the measured ability to a high degree and these
who possess it o a lower level., Faeility and diserimina-
tion are diffeérent comcepts; the fact that 56% of testees
answer an itew eerreetly does net neeessarily meen that they
- a1l possess- the ability to be measured te the ssme degree,

sting power of an-item can be defined es the degree
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to whieh success or failwse in that item by itself indieates
- sueeess or failure in the test as a wholes Defined in this
way. the Discrimination Index of am item egn be caleulated .
by using total score in the test as the eriterien, This
is the method whieh has’ besn used on the items deseribed,
details of the énalysfi:s; beéing. We-aém%ea in Chapter V,

The items selevted in this way form the revised draft
of the test for sismderdisation emd validation, - This
revised dpaft is discussed in Chapter W&; while the standar-
di.sa;’aicm on a complete year gveup of pupils 1n a city, is
deseribed 4in Chapter VII togethep with = second item
anglysis and the ealeulation of reliability coefficiemts

Validation, within the terms diseussed at the beginning
of the chapter, imvelves showing that the test (a) meesures
spatial ability (b) has predictive value, These two
eriteria of validity are not of neecessity separate, Earlier
the phase "seemingly twofold purpese" has been used aboub
the test because while it is pessible that suecess in the
test eould correlate highly with marks in sechoeol subjeets
for the sole reasen that some test items were designed with
the purpese in mind, it seems mest likely from previous
reseapches® that suseess in these subjeets does in feet
depend, at ie.ast in part, on s:x}at.ial gkilitys The criterias
eould be therefore, not entirely separate but overlap te
| some extent, 3
1. 'Séé Ghépfér I .Se'éti-oh on "Practical Applications,"

4



To obtain a measure of the extent to which the test
does in fact measure spatial ability a factorial analysis
of the test to provide K-loadings of the various sub-tests
would be required, This is a time—cénsuming preceess and
is not included in the present work, but in Chapter VIII
correlations between thq test and recognised Spatial and
Verbal tests are reported together with correlations with

the second ceriterion, success in school subjects.
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 Por the fivst draft of the test two hundveds items
; -wérte deviseds  These items are @f thir%eén "ts‘ypés*, all of
t eriginal d-eaigm‘a altheugh, as w:i.ll be shewn later,
BCme Were inspi?ed Yy items in previeusly puhlished tests,
'but with considerable m@difieatisn te thn(ae-dﬂnems:l@nal

‘ _:'materiala In all items an attempt has been made to present
. | a preblem in three dimensions; in the majerity t_his is

| achieved b_y using oblique views of solid blecks, In some
(b=tegts these bleeks have been shaded to give fhe impres-

~ sien of selidi%‘y; in eothers simple line érﬁwings are used,
there 'beiu no evidence available as to whiech type of dia-
. | :gram aehieves the best results,
| If the pessessien of the k-factor indicates "ability
to ebtain and faeility to utilise visual spatial imagery",
then test items should require for their solutien beth the
"abil#.ty“ and the "facility to utlilise"—. The spatial
image to be ebtained in ‘the items deseribed here, is that
of the aelid object and the utilisation or manipulation of
thi.s image is included in the solving of the problem.

In many easé_s the types ef problem posed deal with
p?saeetions and sections of'the ée:l.ids.-;, and means heve had

to be devised for presenting such problems without introdu-

1



eing terms such as "projection","section" and "prefile"

'which would plaee e premium on the testee"s wieue'.

sheuld be | erstandable by all, that the weakest pupﬂ

" sheuld understand what he is expeeted to do even if he has

h.et the 8bility to make the correet response; Ten of the

thirteen sub~tgsts in the first draft are preceded by

detailed instructions and trisl items o ensure fuller

understaniing, These instructions were based on informal

. '_tr':lais with ehildren of the apprepriate age range.

The sub-tests were designed in a number of forms

1nclué.ing M‘ultiple @ozee, Matching, Equati@ns and True/

False, with a variety alse of methods of response, In
all metheds of reemnée the oeverriding consideration hrag

been that of simplieity, in Multiple Choiece the plaeing ef
' a cross (X) on the chosen answer, in Matching the writing

of the appropriate letter under a diagram, for example,
In two sub-tests, F and M, the response is of a mere cem-

plicated nature; e-@nsist.ing s in the: fexﬁzer,- of putting

circles round X's in a pattern; snd in the latter of drawing

lines on a given ghapes
| In all items, execept those of- the last sub-test M,
the marking is entirely objective, there being but one

correct answer, all. others being wrong, In sub~test M
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this is not e and during the marking of it a 1ist has been
| compesed of edmissible responses, - -

o Seme thought was givéen to the mechanieel aspect eof
marking, At first it was intended that all answers should
appear at the right hand edge of a page to faeilitate the:
use of a marking ;;ist.,_, “but on seeond thoughts this was
sbandened in favour of having the respense placed direetly
~ en; or under, the appr'opr;ia‘lae'z diagresms, - This was dere in
~ the interests of the testees sinee it simplified the instrue-

tﬂ:@ns and also ¢liminated any error which might eecur in
transferring mentally the response decided en from its
position in the preblem to the end of the iine,

The 200 items 6f the first draft were divided into

 two tests of 100 items each fer the Pirst Prysout,

sented in duplieateéd forms The composifiie:
tests was as feollowsi-

, I consisting of 6 sub-~testas

As; Counting Faees, 20 itembs
B, Plen Viéws, 20 itemsy
Co Prefiles, : | 80 ibems,
D. Blesk Building. 10 items,
| Es %énwmg Patterns, 20 items,
Fe 3«D Netwerké. : 20 items,

L]

Total . 100 ftems.
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Each of the subs%esﬁ*s ﬁ.s deggpibed and dﬂ@gmmﬂ: in the

b —E[__ cenaiafmiag @t v s;ub-tests; -, | .
| Fxsont and Side ElAeVatiena..
Fem Boardss =
~ Three Seetion& : .

Nails in Blocksy
Corner Recognitiens

Paper Foldings )

Tetal

.
?

g B '_;__.:“‘Eﬁ.g@ 3y

ieatdu hem many. times that piarticulap taee auppexrs en .
the solid; net ferge‘b{%mg thé base th@@a fas@:a whieh

are not seeh,s

eaeh faee ebrpeetgly min‘bereﬂ.

Ee

w:lth 20 faces r'eter:@ed te th‘an%

2@ i‘te‘m‘s.
‘1@ Mems.
| _ ae: 1tems.i

"a@ :ltems.:

wﬂ)'

i

,._-":ng is str&ﬂ,ghtfemwd@ ene p@é.nt for
In ali,, ﬁh&ye ave 8 selids

In thil tea’b an 6"b11que v‘a.ew ef a 80____'_"..""‘;. is shewn to- |
' gether with plan ‘viens of each type of fﬁ@;e f‘eumﬂ en the’

selid. © The pu;_-::li :ls zre'g_uired to mark on «eaeh plan a mmber
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Each question shows a solid model formed by placing
various shaped blocks together. A cross (X) has to be
placed on the one of four disgrams which shows the View
1001:11:3 down on the model, There are tén 1¢ems in all,

-

. BEORARORY Plge O . )

The iteéms in this subetest refer to four plocks A, B,
0 and D shown at the top of the pages The blocks are A
a oubs, B a flat square egual to half the cube, € a double
cube and D & double flat squere. Each question ehows the
front elevation of two or more of these blocks placed to-




x'

!

~ Smith and the 3

onel materjal, the items of tms anbateet,

pmﬁwmamﬁ&cm meeoﬂathesemaﬁm
pYaced: together form the large blocky A crosg {X) s
placed on the ome amall block not requiredy

)
gethery MXW&Db@giaeedanthewrnm one of three
ua@mmmmmmemmenﬁmmm. In
all there aie 50 itend, the £irst ten showing the blocks in
the same positions as Ridustrdted ab the start of the test,
tmmmtmwmmwmblmmdmﬂanﬁ | |

-the third ten with some of the blocksused more than omegs
2 4 :

2 2 {

A B c D

¥

-

I

mmamwwmmmwmm

arg’ Qumpletion of Watts, both of which






82¢

the probiem deacmﬂiéﬂ zln By abovey with a’bseeta Yeing
matchoft with sets af tn:eée ae&tw

The émpmé gwaa %eiw ?( ‘é’}i‘-&a move or less 861f
sspianntory ﬂ'ﬁﬁ‘ﬁﬁi&tﬁm include the: Moma%m *&hat
&aﬁa % 18 vértiesi sﬁ&‘zéa o2t s tobe

7 Does nail A—A pass across hole XP? YES NO
' 8 Does nail B—B pass across hole X " YES NO

tett mavt&a;a pece] amwﬁnga ot? cerners: copi:ed from
vlocks $ilustrated: at’ tme hea& of 'bhe pages  The letter of
m W&m b&%kﬁﬁa 'bo‘ba piammmeacnan@m




| This is an attempt at posing straightforward problems
involving seutidneg-‘ . The position of a vertical section
is indiceted oh a block and there ie a choice of three
(m latey items, four) alternatives, on one of which a
cross 48 to be placeds

(&

 Plgure 9.
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A8 stated in én earnev chapter e prelimipsry try-ois
of the test items on a sample ﬁ_@pulatien provides the

figures frem which indices of diffie,ulty and of diserimina-
tion can be ealeulateds, Other advantages -alge acerue freém

ii80 of the instrue-

such & try-out; the clarity or ether

tions becomes apparent, some indieation of the time required

to answer the items is @’btain_e‘d and any diffievities arising
in the marking eystem cen be ehecked,
The try-out of the first draft was earried eut, in

nlation

July 1958; on a semplé drewn frem the sehool pe
in the County Berecugh of Gatesheads; In this area selectien

af 11+ results in -ﬁiweatie"n of the pupiis ¢ither to one of
the seleéctive sch@els, e@mprising two Grammar Sehe@ls s Boys

and Girls, a m:l.xed See@ndary !l'eehnieal seh@el, er to
s@h@@ﬂ.s‘. The

ene of & number ef n@n—seleetive seeo_'
try-eut aample c@nsisted @f a repreaentative gmup of
thase in their first .vear at these varieus s‘eheels, that
15 te aay it vas & sample of pupils whe had pat an 11+ selee=
tien emam:lnatien duping the previous years

The test was administered to a total of 109 pup:!.ls in
four different schewls N Boys' Grammar, Girls' Grammar, Low

Fell M:lxed Senior and Shipecoete Senier- Be.vs, The actusl
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Pi_je'a’éfl;lz"é was expressed at doing tests raﬁherthan lesgens
and reéquests for moere -‘i‘aests weére eem _

The ~'1;w?e tésté of 100 1t=.-ems eaéh:wérﬁe admihiﬁ&tereé.
5eparately, if pessi‘b;le oR. e@nseeutive days; and -always
with Tes’b i (auba-tests A~ F) first, The teaeher in charge,
fellwing exactly the px-éeedure in the instmetien ssript.
instructed the pupj.im when to +drn over‘, when te fell«er zm
their own beoklets the instruetiens fer the pzeaetiee test
and when to start eaeh subr-testg He a:l.se read out the
answers to the praetice '&est and answered questiens rele~
' & -the w@n—k_ of eaeh |
s i!e;d to the

vent %o the practiee teats.  Puprin

&

sub-test no queltiens were alloweds The .
; meluaea the ms‘('rmmtioﬁ that they

Pupila. at the beginni
shoula @mslt any :ltem 'Ehey wez'e unable t@ anew’er and ge
atraight on te the nexe and that they sheuld lay dm 'ehe‘ir

way the invigilamp waa a‘ble te gee whem a:Ll pup-iibs had -
ulap mbatesta ' -

eemple‘bed amf pan'aa:
The quest:l@n of tshe time ta be allewe'd forp é'ach lub-

‘taest was eens:.@.er*edver-‘y earemlly% in 8 tés‘h of ﬁhis type,
ﬁméh is eszs'-:en_tiaiﬁij ene of Power rathep t-ham ef mgd.; M
1& uaually sfbateﬂ that ample time sl-mula b@ ailewedo "’.-l‘@' ,

erniike® (3949) "the test sheuld ¥ :  given ws.th qwite

' :11. Thernﬁike', R. L. (1949)4» Peraennel Sele 11@1&.'
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smple time limits, so thet most individuals will have &
chance to try all itemg,"

In theory all pupils should have time to cemplete all
1tems, but. the situstion oceurs. mhe;x'e. all except ome, or
pa'ssi’biy twé, pupile have . fiﬁiéhed the gub-test and the-se
ene op’ two are unlikely teo reaeh the ena within ressonsbile
time; op die to inability w:l.ll 'eemple'&e;l.y faﬂ. %6 ﬁnish
the tests @bvieusﬂuy Bere 1imit mist 'be aet :t_;@ @m@e w:lth
this situation if only frem the p@iﬂé& Qf < T
other children will 'bggin to 1@se interest fg.'

ﬁmlwng\ea

wai*bimga But there i& = nmoere important remsens To mea-

sure gpatial ability, items are degigned whi@h depend on
dmagery for. their ‘solubions ﬂ!h@s@ em@,@g@d with

| the ability erve able $o provide the answeﬁs wﬂrﬁh itttle

diffisuity or hesitubion, Given very gedevous Biwe limits
it is pessible that 4hese not se endeowed will be%@bjle to

arrive at the cerreet selutien by seme other mesny smeh as
cmmting sides or cermers. -In such a case the test ceases

to be an seeurate insfrument for the messurement of et

Por these reasons the supervisor of esch group Was .

-..aslee,d' teo stop pupils working when 758 had cempleted the .
sub-test, A form was provided on which the fime of éem-
meneement and the time of st@pping of eaeh subwﬂhest Was

.....

noted, - It was fonna in practice tha"ls on th@'se tests whieh
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zould be completed wupidly all pupiis had finished befere
a count of pupilse 1ay‘mg dewn their pencils could be made,
. Eles of this were sub-tests K and Hy | '

and ' eheeked by the anﬁh@r and his wifes %em;. being ene

| answer, end one only, “$0 ese¢h {tem, each eé:!r‘-e@t. Pesponse
counts one mark giving a maxinui p@ssible %ﬁal of 200 on
iho ihirteen sub-fests; During the marking ngte was made
of the selutiens whieh wére o be atwepbed and thege Whieh
were to be vejected in Test M, --t_he-" enly sub-febs which i
not entirely objee#ive; Marking slse gave isfermatien as
to ‘the swibability of the instructions printed inm the test.
In ohe er two caa"es '?é‘é‘j-‘ﬁgmes vere made in ‘Whieh; while the
intention of the pupil was clear and’ the;ﬁefor‘e the paper
_was valid, the Ratuve uf- the respouse was het that Pequired.
for example, the placing of a tick by a diagrem imstead of

- @ 'eross on it, oF erossing out the weeng alteraative instead

of underlining the correet one, - Sueh éhses resulted in

more emphatie '_inst'.if:-
draft,' '
| Teleing the pupils® ‘in the twe grammuar schoels ss being

ctions being imeluded im the revised

représentative of the tetal populatien in"the first forms
of the selective schools and the pupils from the ether
gchools as being the unseleeted portien, the figures in |






to thoae existing m%he true pomwbion as shm in

Table IIX - |
| '- Wmn _ SAMPIE.
| sezective Senools | em.ee% | 28.5%
Nom-Selective Schoods | ¥6dSH |  76y7H |

memsazmzmmhmmmgm@m@
mwwwmmtmmmmmmmam
in years and eompletéﬁ mmthso Thepe asea Wﬁd fran
um&ommtcmem@mmmwﬁhmavawge
efmyearaémonthga
Mrawacemebwneawmmmmvmﬂm
39 to 197, the possibie total 'beﬁ.ng 29@; Thepe scores
were distributed sbout o Mesn of 183:17, wamhagsanm& |
Deviation of 30,625 The distribution of the scores
withintherangeieehomanmuwanaawmm ‘
gon appeurs mm@n‘em aueﬁhwmzmww
taonunagataveivewedo

| BREQUENCY o | | E ! a0 (8 : !

|2 |e




This skewness of the curve can be explainedy in part
at least, by two charaetéristiea of the cample, Firsty
the sample is rather overbalanced in favour of boya, second&
the average age of the sample 45 same 15 » 16 mdnt.hé highe
than the age of thosé for whom the test ic fntended, A8

will be seen later, allcwance is made gor this a’ge differencs

in the selection of items for the final’ d!‘&ﬁg

The basis for the selecticn of the "items is f.he émnys;s "

of the data obtained from the try-ou’b_deswi‘béd gboves The
lengthy procedure of {tem analysis dems has & chapter to
itself; this chapter follews. |
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Upper Third then that item was discpiminating nore mueecso-
fully than this tyme of index showed, and that vhet vas
reqguired was an indox which depended upon the percentage
of succecs in the resncetive thirds rather then unon the
totals succeeding.
Diserimination by Flenauvan's Product-Moment lethod.

Such an infex isc that outlined by Flenagen (1959)1.
This index io obtoined from a chart vthich is based on 2
£indings of Kelley (1939)2 that upper ond lowcr ~roups
containing twenty-scven per cent of the cosss cre optimmm
for certain related estimetions. From the chert can be
found values of the product-moment coefficient of cerrela-
tion corresponding to given prororitions of siccees in the
upper and lover twenty-seven per cent of the criterion
groups

Thorndike (1949)5 describes this as "the most satis-
factory item validity index based on the ugper snd lover

twenty-seven per cent', and prints as an appendix to his

1, Flanagen, J. C. {1939). Genercl Considorationz in the
Selection of Test Itcme and a Short
lethod of Estimating the Product-llanent
Coefficient from Data at the Tails of
the Distribution.

Jdes 0f Educ. Psych. Vol. 0K,

2. Kelley, T. L. (1939), The Selection of Upper and Lower
Croups for the Validation of Test Itens,
Je 0L Eduec. Psych. Vole i,

3. Thorndike, R. L. (1949) Op.cite
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book ‘tebles based on Flansgan's chart. All that is neces~
safy is to convert scores in the groups to pcrceantages and
fhexi read off the correlation values by entering rows and
columns eb the eppropriate points.

The score sheets used for the Upper and Lower Thirds
method were utilised for oﬁtaining the requisitc percentages,
On these sheets the names and scores of those 5 and ¢ pupils,
of the upper and lower thirds respectively, who did not
cc;me' within the 27 per cent were "blacked out". Thic left
98 names and scores on each sheet; 27% of 103 being 27.81,
The procedure which then followed was both simple and
economical in time, For each item the number giving the
right response in the upper third was counted end converted
to a percentage by slide rule, this vwas then repcated for
the lower third and then the product-moment correlation
read off from the teble. The results of the analysis were
highly satisfying, there being 189 items which had coeffici-
.ents greater than 0.45, and of these coefficients 102 were
greater than 0.5. The distribution of these coefficlents
within the sub-tests is shown in TABLE VII and Figuxfe 14,
the complete list is glven in TABLE VIIL. Examination of
these figures confirms the conclusion of the earlier analy-
gis that sub-tests By B, F, L and M are most superior in
discriminating power and also add sub-tests A and I to the

list.
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we get

Critical Ratio = 3,274,
which once again more than adequately fulfills the demands
of a 1% level of confidence,

On ali this evidence it can be concluded that with
the two types of Discrimination Indices here employed a
criterion level of 0.45 can safely be used for selecting
suitable items,

t t for Revised Draft,

In a test of the type describved in this thesis, where
the items are grouped into sub-tests and where the sub-
tests are preceded by practice tests, it is not practical
to select items solely on their showing in the lists of
FPacility and Discrimination Indices. The selection must
be on the basis of statistics plus practicel considerations.
It would, for instunce, be highly impracticable to inelude
the one item from Sub-test D which satisfies the mmepriéal
requirements for this would entaill the printing of practice
test and instructions for one solitary item, What has to
be looked for are sub-itests which as a whole satisfy the
requirements or fraom which sufficient items can be extracted
to form a sub-test of suitable length,

Apart from the consideration of minimum size for any

given sub-test there is also & practical limit to the number
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of sub=-tests, A disproportionately large mmber of sub-
tests will increase the time required for the test with
consequent danger of loss of attention and interest,
Printing costs also have to he considered, a six sub-test
booklet requires 24 pages, which nust be viewed as the upper
1limit,.

With these points in mind, and setting datistical
requirements of {a) Discrimination Indices to be equal or
greater than 0,45 and (b) Pacility Indices to be between
35% and 95%, the data set out in Table VIII was examined,

The limits to the Pacility Indices were sct at 36% and
95% to allow for the fact that the age range of the sample
population was fourteen months higher than that of the
population for which the test 1s ultimately intended.

From the data of Tables VI, VII and VIII and Figure 14,
it was concluded that the following sub-tests were most
suitable for inclusion in the revised draft, with the pro-
viso that those items which falled to reach the required
statistical levels should be elther completely replaced or
revised to bring their Pacility Indices within the required
range.

Sub-test A, Counting Feces,
B, Plan Views.
B, Overlyling Patterns,




































































































































































































































































































