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METHODOLOGY BASED ON FACET THEORY (MODIFIED SET THEORY)
WAS USED IN TEST CONSTRUCTION AND ANALYSIS TO PROVIDE AN
EFF{CIENT TOOL OF EVALUATION FOR VOCATIONAL GUIDANCE AND
VOCATIONAL SCHOOL USE. THE TYPE OF TEST DZVELOPMENT
UNDERTAKEN WAS LIMITED TO THE USE OF NONVERBAL PICTORIAL
ITEMS. ITEMS FOR TESTING ABILITY TO IDENTIFY ELEMENTS
BELONGING TO AN ORDERED SET (ANALOGY TESTING) WERE
CONSTRUCTED ON THE BASIS OF FACET PESIGN, AND THE ELEMENTS OF
THE SET WERE PRESENTED IN S'MPLE DIAGRAMMATIC DRAWINGS. THE
TWO TESTS DEVISED IN THIS PROJECT WERE AN. ANALYTICAL ABILITY
TEST AND A MECHANICAL COMPREHENSION TEST. THE ATTRIBUTES,
FUNCTIONS, AND ARRANGEMENTS EMPLOYED IN THE ANALYTICAL
ABILITY TEST WERE DESCRIBED. THE ITEMS EMPLOYED IN THE
ANALYTICAL ABILITY TEST WERE OF THREE CLASSES (1) CLASS A -
WHERE FIGURES VARIED IN SIZE, DIRECTION, OR PLACE, (2) CLASS
8 - WHERE SHAPE WAS AN ATTRIBUTE WHICH VARIED, AND (3) CLASS
C - WHERE FUNCTION WAS EXHIBITED BY DIFFERENT ATTRIBUTES OR
DIFFERENT SETS OF VALUES OF AN ATTRIBUTE. DESCRIPTIONS WERE
INCLUDED ©OF (1) DISTRACTORS OF THE ANALYTICAL ABILITY TEST,
(2) ANALYTICAL ABILITY TEST BOOKLETS, (3) ITEMS OF THE
MECHANICAL COMPREHENSION TEST, (4) MECHANICAL COMPREHENSION
TEST BOOKLETS, AND (5) SOME NEW METHODS OF ITEM ANALYSIS.
DATA COLLECTION INCLUDED THE ADMINISTRATION OF THE
CONSTRUCTED TESTS TO A SAMPLE OF 637 PUPILS IN GRADES 7, 8,
AND 9. CONCLUSIONS WERE (1) FACET DESIGN COULD BE EMPLOYED IN
ITEM CONSTRUCTION, (2) THE DEGREE OF SUCCESS (TEST
DEVELOPMENT) ACHIEVED WAS UNEVEN, DIFFERING WITH THE KIND OF
TEST AND THE NATURE OF ANALYSIS CONDUCTED, AND (3) VARIOUS
REGIONS OF CLASSES, ARRANGEMENTS, AND FUNCTIONS, AS WELL AS
THE SUBTESTS OF THE MECHANICAL TEST SHOULD PROVE IMPORTANT
FOR FREDICTIVE MEASUREMENT. (RS)
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1. OBJECTIVES AND RATIONALE OF THE S1LiUDY

1.1, General Objectives

The present project constitutes a first attempt at implementing

a new methodology of test construction and anslysis, which is based

on face theoryve This theory has been developed by the principal
investigator, who has also snown the fruitfulness of the facet approach
for the reinterpretation of previous research on intellectual abilities

(see r:_ erences L, 6, 8, 9, 11)s However, apart from a few minor

attempts (as yot unreporteq) this is the first time a methodology
based on facet theory is systematically used in test development.

Development of this methodology was stimulated in part by the
need for further progress in the field of mental testing, ILittle

improvement has boen made over the validity ceilings of sh‘mlard ]
tests attained by S’pearmn ‘md Binet or in the original Alphs tests

of the ‘American amy. In most casaa, the nlidity co:.lin;. ‘@0 not
‘ria “above o5 or .6. "It would seem that 1n order to arrj.u at

aubatinthlly higher validit:l,ca, a naw app:oach :l.n test conatmction =
muld mcuaary. “As w:m. e ‘shown, the &ppmch taken in thc S |
mnnt atudy, holds pron.tu of :wntunyﬁbrinsim' ibout npromut o

T L S BT R P ST A
Fom e e g R S CO R R A VN

ng to this project, was ...
purposcs of

ncit:l.onll gn:!.dcnee and school use. Althongh it uv be apsumed that




Section 1.1 (2)

both general intelligence and mechanical ability are needed for success
in vocational training, there is as yet insufficient information on the
relationship existing between the different kinds of abilities in this

aree.

Tests developed in this project diffeventiate more sharply
between gererel intelligence and mechanical aptitude, thar do previous
tests. Thus, dscisions as to whether a particular student is betier
qualified for academic or for vocational training can be made more
accurai-.o, as can differential placement within vocational areas. Analyses
of the interrelationships between different abilities that have been
carried out in the present study represent a first step towards attaining
this objective.

o

In view of the varied degrees of literacy in the populations in
which the tests might be used, we restricted ourselves to pictorial
‘tests. Two types of tests were developed in this project: (1) .Ana-
‘2yticalcability testsy:; these employed abstract figures and were com-
‘pletely nonverbal. (2) A'mschanical cemprehension test in:which-each
iten prueuted I nituatinn pictorially lbout which a quoation ms asked

mro aarr:l.ed out on the dati obtlinod with

,, wrbally.  " Varioua amlyé‘ 7

theao taaf.s. In aono ut’ thou, m mthods of analysia recont]; dovo].opad
\ prineipal :lnnatigltar mm enplmd. Aa w:u.:l bc accn in t.hc
mfclloﬁing, tho results sttest to tha potential fnﬁttulmss of the facet
wpmoh : prcdictinz beth +the: d. of»difﬁaulw and the ‘structure

of the intomht:l.omhip hewm var&oud t«ta and subteste.

i T e S T B B T s L S 6 A0 B 0 e o g S e L e e e G sy e s e e et L Rk i
e T T T T e e e e e e b e ST IR, SR ORR S B U T R e U R C U1 O R G R (RANIC B P L R D
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1.2, Rationale of Item Construction

The approach to mental ability tests which is taken in the present

project has been described previously by the principal investigator
(see references L, 6, 8, 9)« 1t was first developed during weekly
meetings held during the course of several years with members of the
Israel Army Psychotechnical unit, where a new type of definition of
intelligence, involving analytical ability, was arrived at. This new

definitional approach aimed, among other things, at ascertaining hat

coumon system underlies the testing 'programs conducted in England,

America and other countries over the past sixty years., A definitional
\aystem of what 211 tnese programs have in common was developed, Here

a "faceted definition" was employed {see reference 9).

Given any two sets of elemsnts A and B; which we call facets,
théir Cartesian space is the. set of all pairs cf elements _:_}3, whexo
ais an ‘elmnt.;;o_ti A and'd is-an element of B. A Cartesian space
may consist:  of any number of facets, or sets of elements; with n |
faets, any one point in the Gartesien space has » component elments.,

A set of abilities-of & given kind iat‘di:ﬂned simultaneously

by 3 “faceted’ doﬂnition" which-makes use: of two oy more faceis ’ in

such a way that any olment of tha a*tas:mn spaee deﬁ.nas one vari.aty
of the mm)‘f“ "

© e The 4.[;7 i tdon’ mneu was finally arvived ey 48 the ‘followlng::-
A -act: of L L mbgoct is: z:l.nt&lni rsnt to the (dmt) to
*ff?:s"-:;uhi#h 1418’ clansifisd by-a (tester)-as: (dﬂm'm*m)

a gorrect perception of an muhi‘bited ogical (aspect) . -,
s : .




Section 1.2 (2)

of a (relation) intended by the testez, on the
basis of another (exhibited) logical (aspect)
of that relation that is correstly perceived

by the subject.

Italics are used to indicate the constant features of the concept
of intelligence, while the parentheses indicate facets, which are sets

of ideas rather than constants,

Il T

=B s e

The substance of a question in an intelligence test can be

characterized as exhibiting a logical aspect of a relation., If the

subjectts response is correct, it will demonstrate a correct perception

of an unexhibited logical aspect of the same relation, Given this

focus on 1og:|.ca1 aapects of relations, items which test anal ytical

ability and items which test achievemunt can be distinguished, If

the name or the salec’o::.on rule of the relation is exhitited, the test

is of achioment. If the rula is to be inferred, the test is of
ana;[b‘ ical abilifg__ | ‘ ‘ 1

To illustrata th:l.s distinct:.on, cons:.der the following Wo :Ltems:

(1) Who was the first prasidont of Iarul?

(2) A dog :i.a to a puppy aa a cow :i.a tc s . ' RS

In the rirat quostion 'ohe selection rule of the rolat:l.on - ) -]

ﬁrat preaidonoy ot a country is exhib:l.tod. The Garbosian apac.

:t.a that of :11 ﬁrat preaid.nts againat a11 countma. - me oxhib:lted :

rsmion is that uch country\' is pairad only with its ovn i’iret pre-
ai&mt. ' One ulnnmrb“of "th:l.& r&htion, nama‘.l:.y Iarlcl, :I.s also oﬂlibitcd,

. _ . . ‘ | "ho.
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and another aspect of the relation is requirede It is assumed that

the subject kmows what a "president" means, what "country" means, and

what "Israel" means, Wha} is being tested is whether or not the sub-

Ject possesses the information, This is therefore a tast of achievement.
By contrast, the second item exhibits neither the name nor the culling

rule of a relation, Instead, it exhibits an ordered pair (dog=-puppy)

and the first element of a further ordered pair. Evidently, the intention
is to see if the subject can infer a two-faceted Cartesian space, within
which there is a binary relation, of which the two ordered pairs are

elements. This item is, therefors, one of analytical ability.

The way in which the relation is exhibited is an important facet
of the definition. Any of the senses could be used as a mode of Come
munication, and each mode may define a particular kind of intelligence,
as is evidenced by the intercorrelation matrix obtained in previcus re-
search (see references 8,9). Even within the visual mode, using paper
and pencil tests, there are different kinds of languagmest written speech,
formalized language such as arithmetic and algebra, and pictorial langusge.

i

" In focussing only on pictorial tests, we are essentially hols
a major Tacet constant, which may help clarify the relation of the em-
pirical results to the facets which are systematically wvaried in our. tests.

i .‘i 5\ "‘" -H

“ gy approach t.mrdu tost conatrnction outlincd abovc allcwa a
more systmti?‘%ﬁ‘; procuduro o.f: itm"‘éonstruction (soe section 1.3). ) Furbhar-
'\“"\‘«"- e \>

mora, the fncotod deﬁnition aceording to wh:i.ch :ltcma aro cnnstmcted,

g '1 ~‘f;:}':\v

:,,gf = y 4; el iy

> Tjy D o O
: A. ,Ly‘. ;i-“ R ,y . ;'\‘:’,f.‘,‘«‘;igfhg“r});,/;, (_u £ 1_. W ,-,‘,x.




Section 1.2 (4)

and subtests. In general, the relationship between iltems within the
framework of facet desigm should be expected to have its counterpart
in the empirically obtained correlation matrix, where the size of the
correlation is related to similarity of facet profiles. These notions
will be further elucidated when the method of item construction amnd the

results of the analyses are describod (see especially sections 2,1 and

3¢1e3)e

1.3, Practical Advantages of the Approach Taken

Various practical advantages may be expected to accrue from the
facet theory approach which the present project has tried to implement,
These may be treated under thres headings:

(a) internally systematic construction of items and distractorsj

(b) enhsncement of the possibility of revealing lawful empirical relation-
ships among items and testsg “

(¢) using knowledge of the content and statistical structure for the

~ parsimonious utilization of the test in the prediction of external

Phe constrdction Of test items has typlcally been a more or less
intuitive vrocuss. The investigator usually includes in a first trial
those itews.he oan think of and which, on the face of 3t, semm b9 hin
0 belong o the uriverse of items he desires. T decieion as to
whether or not he has had the right huich in nade to depend,on sub-
seqaent ften analysts, By, such a trial-and-arror procedure, be is

finally left with a set of items which he includes in his tests, 6
1 Oe

i
“
LA
1
a
!

. R f,"-‘»h W v * *

R -,
b yd 34(*,{4% "t y«?&éé«"«n




Section 1.3 (2)

The fallacy of using such statistical techniques as a criterion
for conteat has been pointed out many years ago (see reference 2,
PP.161~185), By contrast, the facet approach gupplies the investigator
with a tool for constructing items systematically. Intuition still.
has a part to play, since there is nc way of formalizing all aspects
of the process of arriving at a faceted definition, - However, once
such & definitiun has been set up, the investigator is in possession
of the building-stones of the lteus he needs; the construction of items

becomes thus a much more simple and straightforward process. No

A i ~

fallacious use of statistics is involved.

Tho suitability of an item for a given test or subtest is

decided upon on & priori definitional grounds, instead of by sub-
sequent statistical item analysis, Analysis of correlations between
itens is employed only to test an empirical hypothesis on the relation

of -the observed statistical structure to the faceted definitional.

designs =

Not only the items themselves, but also:their ‘distractors can
be systematically:constructed on the basis of those facets which were

eploysd in: devising the:items,  'This is an important:step im foxw o

. R
malizing the processof items construotion,; becauss:distractors-are - -
éidnrlyfan iﬁtdmlpartwf the (fteme ! i LD oloow Lo el et Bl

Foeot olmerees of o gtons So padbaeted Uy tholy debodesgeaiational
An 111uatration of how d:l.stracton an constrnc’ud through

R o She ey Aond foon Rustioy suony RS WY GOEG0 €

facet }dna:lgn :I.a gim in thc pnaont study (secti.on 2.2), whoro it

O] S e S S TS ‘_»_u‘g;'_._m VT Y e S1e B0 R A B TR faims

:i.s alao ahmm that th:l.a method londa "11:3011' to tht ayatmltic eon=

w‘ b u‘f 5 I

atruction of distractors differing in degree of attraction, This
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makes it possible to assign meaningful differential scores to each item,

ingstead of merely scoring answers as bei..; either "right" or "“wrong" as

is. customarily done, By assigning such scores it may become feasible
to employ tests with a much smailer number of items, yet without loss of

discriminatory power.

The formalization of item construction is of special importance
whe:;'x parallel forms of a test have to be prepared. Unless a facet
defih:l.tion is employed, there is no way of hypothesizing beforehand
whether items included in the two forms may be of comparable difficulty,
or, more important, of justifying the assertion that they define the
same kind of ability. By constructing items as well as distractors

on the basis of a faceted definition, it becomes possible in principle

to devise truly parallel forms, both in the sense of content and of -
statistical structure. This objective will be attained to the extent
that the investigator has succeeded in including in his faceted definition
all the behaviorally relevant aspects of items (see also section 3.1e5)e

So far, the advantages of the approach taken for the construection
of items and distractors has been discussed, Once the initial fom of
the teat has been constructed in this manner, it may be expected that
the fa;.zot design will open up opportunities for further devolopuent. of
the test, Analysies of the test results will show to what extent the
facet structure of the items is reflected by their intercorrelational-
structure, Tbi& may lead to a further sharpening of the facet design
as well as to the conatructionv of additional typo:; of items with other
facet profiles. “
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3

The facet approach should ultimately lead to a statistical mapping
: of the atmctm of the abilities testsd, as well as to establishing

e s v g s i s

e their empirical relationship with various criteria. To the extent

) L
SR % !
i that the investigator succesds in this, it will become possible to I

; 1imit the number and ths length of tests employed fox purposes of i ol
prediction by using only those test-items which correlate wost strate- b

glcally with the oriterion variable, Furthermore, a successful facet

design should make it possible to devise shorter forms of a test withe
out thereby apprecisbly reducing its reliability.
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2, CONSTRUGTION OF TESTS AND FROCRDURES

1 ‘ '
; 2,1, Items of Analytical Ability Test

Certain decisions had to be made regarding the type of test b
- which would be constructed within the framework of the present project. =
One possibility would have been to devise tests encompassing a wide

range of abilities, Data on the relationships between different
abilities can be found in the literature, and reanalyses of such results
have been published by the principal irvestigator elsewhere (see refer-

ences 8, 9). These appear to show the fruitfulness of the facet .

< V approach. Althcugh further work with tests tapping a wide range of

abilities needs to be done, it appsared desirable in the present o

project to limit ourselves to the area of smalytical ability, using
non-verbal items, It was finally decided to construct itemes testing
the ability to identify.elements belonging to an ordered set (sc=_
called annlogy tests are an exsmple of this type), where the set

consists of simple geometric drawings,

Even within this limited area, an indefinitriy large number:
of items can be comtmctod -on the .basis of a facet design., - However,
should. the facet approach lead to the prediction of the: structure 0f
interrelationships between them, a relatively small sample otim
could-be ‘used to represent. the universe. "= If gich: structural information ‘;: i

- could result within.sich & navrow ares, this-would certainly justify

expacting: clear. structure among areas which ‘differ more grossly among

. , Loa N v . . X - 5 N
R R A [ SV e ok, o e Lo i i S, X D e g - T P PR
themselves, o i< nh Shd el Seieed o besins Gl Eele et L Dol RS 00




:
; e 1
1 T ~; ;
Section 2.1 (2) -
The definitional differences among the items of the narrow area
we have concentrated upon in this project, are small compared to the |
difforences in the design betwesn the tests analyzed previously, so that i
we have weaker expectations of finding a stable statistical structure
in the empirical data.
When the type of analytical ability selected for this project
was explorsd, it became apparent that it included a large number of
subtypes. - A general framework for this type of test was arrived at,
IR which permits the construction of a variety of tests. Hence, an
edditional decision had to be made, as to what kinds of items should
| “ be included within the present projecte In the following sections, the
tast items which were finally decided upon, will be described.
The test items were in some ways similar to existing analogy
3 tasts employing figures; a well-known example are Raven's Progressive
2 Matrioss, In the following, the final forms of the btest items, 9
; arrived at after an extensive pilot study, will be desoribed, Exmmples
i fx 3.3-:5 of the ftlt{}{tilclal ‘abi‘.‘:l:\.ty ‘test consists of a thres by k
thres mtrix or iquuno) *.n h.;h —*l'.dh; EMI aquarow (:l..e., ;;;“’

f L Uf»'v ‘v‘.(
. ¥

g e kg T3
PR e - Y R
5 . o Bl

colm m) 1: uins.ﬁ.“‘ Ench squnro conthm ah:!.‘:lgurc’ The task
‘the sy dwt is to nupply f.ha n:l.u:l.ng -qmn b: choooing one of the

g | alternative dnswers given, -~ In’ omr .ompmh this task the
- | nnbjcct nui prémﬁ“‘ ¥ 2ind ‘the rule of oom sivuction of the iteme V

This rulc 13 ‘ »ﬁ*“uﬂ.a,
Atoms = :t:n ﬂw rlgbt and: .ur.t Hand ‘columme ‘of the' matrix &

the' uqulras ai" tha utm; in simpley




Attribnhn

BT D SRR IRC T

o i e e St S AL A e e st e b AU

Section 2.1 (3)

the upper and lower row of the matrix, In more complex items, the rule
is exemplified in a different way, as will be explained below. In this
manner "“a logical aspect of a relation" is exhibited (see the definition
above, section 1.2). The subject shows his understanding of the ruls
by selecting the correct square from the given alternatives.

The vule of construction gives the arrangement of threa setis
of three figures in a thres by thres matrix, In nach set, the values
f the attributes of the three figures and the way in which these values

. are ordered within each set are cdescribed by functions.

Using exsmple 1 c¢f the qppend:l.x as an illustration, it can be
seen that place (within the small square) and size are viried. Size |
varies in the order:s small, large, medium; that is, by function b* |
(see below)., Flace varies in the orders upper left cormer, upper‘.
left center, upper left corner; this order is termed function %

(see below).

Tho ggont 1n mnplo 1 il by rows and col.unag that :I.a,
functd.on bl ordcrs -:l.u by colm and function a* orders place by ToWse

Ia the t.llnwm : *h- attxi bu.tes; "met_m_s and syrangements

exployed in the ana]yt:loal ability test are described,

)

P

There m t.tro typu of attributes:
To. Attributes whose valuss. can be ordered:on a:continuus. ...

;WIMK ay tiu, number, ste.
= Attribute: waich cannot be thus arranged, suck as shape.




Section 2,1 (k)
s Inspection of the examples in the appendix thows that figures

of an item in this final vercion of the test vary in two or more of the
P following attributes:
;" Type I: Size, direction, and place (within the small square).

Type II: Shape (0.ge example 2 in the appendix)

Functions
In items where the figures varied in attributes of type I, the

order of the values of this attribute are given by the functione
Inspection of example 1 shows that in the top and bottom rows figures
are arranged by size in the following order from left to rights small,

large, mediam, The subject is made to understand by means of the
instructions that the middle row should exhibiti the same characteristics
as the top and bottom rows, and that the middle figure should be largest

in size.

Within each item an attribute nay have either two or thres values.
The hvo-nlun 'umtions are either a or sk, and the thru-nluc functions -
b.or bk, . These are defined as follmz

end b res-
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Section 2,1 (5) 1

Examples of these functiors are: *
a = See example 3 in the appendix. The two different values n i ‘
Ll

for direction are arranged in the columns in the order o

1

£, £, g, as given by function a. (‘ } }

= See example 1, There are two different values for the It

1%

attribute tplace! - upper left corner and left conter «

arranged in the rows in the order f, g, f, as given by

function a.

- See example lj, Three different values for direction

tor

(north, northeast, east) are arranged from left to right I ri

in the order f, g, h, as given by function b.

- See example L, There are three different values of size,

I%

arranged in the columns in the order: small, large, medium,

or £, hy g, as given by function b%.

The above applies only to type I attributes, Type iI atiributes,
such ‘as shape, cannot be said to vary by functions, since they cammot

beordereds

In thm rcsoarch lud:l.ng to tho eonstructmn of t.heso tests

functior.s were also uperimentad wi‘l‘.h. ‘ It appearnd, homwr,

that 11-,*",&3‘ i.mpraetical to amploy theu in a throc by thrae matrix, sl

s Iu m url:l.or vars:i.on of the test, an additionll function was

employnd: t, g, ‘h(2,g) = 1.6., the third nlnc, h, was a cmbd.mt:l.an
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of £ and go This involved drawing a compound figure; for instance,

if £ and g are a small and a large triangle respectively, h might be a
small triangle enclosed within or alongside a large triangle., However,

when working with such items, it was found that the subject did not pay

T TR T LealEE. LT e e «

_ attention to the relatiocuship defined by the function, but rather to ;
L L

e el . .
» S SR B A
VAN i AR S TSl Bt AN SN,

the number of figures,or élse, he saw in the compound figure a new and

different shape, The use of this function was henceforward dispensed

withe This experience serves tc elucidate an important point regarding %
the cocnstruction of items, namely, that aspects of an item attended to ﬁ

by the subject may not be those defined by the facet design as intended
by the researcher. Only careful pretesting or an analysis of the data
can show whether this is the case, This point will be taken up again

in the discussion of the results below (section 3.1.6).

Arrnngcnontu
Each function orders the values of a set of three figurea. There

are thrac auch acta in a threo by three matrixg and there are diffbrent

%ﬁ uuya 1n'ahich thcso sots ¢an be arr:ngad in the matrmx by ruua, by
L] »;aolulna and diagonaruy: '» o S |

N

\_Rawu (HD: Awranginuntﬂhy ruws is shown hy ex:mpla h; for 1natance, ih

;ﬂhlah .ich raw hau a ditterant valuo of place (uithin the smail sqnarn).

1‘51 \Mcoln-nly(c)t An 111natrution efharranggnnnt‘gy colnmns are dars¢tion and
- size 1n ex:mplc h. |
»% The arrangpncnt in examplu k 1:, thererore, GGR (diracttan, size,
ﬁ.; and placa)o ) | ¢ S
' TA pd
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Section 2,1 (7)

Diagonals (D or D'): Let x, y and z be vd ues of the attwibute, These

can be arranged diagonally in either one of the following ways:

Ds X y =z Dte X y =
zZ x Yy Yy 2z x
Yy % x 2 X Yy

The arrangement here is similar to that of a "latin squars" and
the diagonal may run from the upper left hand corner to the lower right
hand corner (D) or else from the upper right hand to the lower left hand
eorner (I*). Any one of the values f, g, and h may be assigned to the

positions in the above diagram that are indicated by x, y, and z.

The following arrangements of D show how the i;our functions
defined previousiy were arbitrarily arraﬂged diagonally. (Note thath
tha permutations a - a% and b = b% have been defined for the case
where the values are arranged either in rows or in columnns). For
the "latin square" arrangement these have bsen arbitrarily redefined
so as to specify which value occupies the main diagonals for a, this
is the value occurring twice within the row or column (g); for a%, the
velue occurring once (f); for b, it is 611_0 of the extreme values (f or h)g
and for }_:_l-_,vthov middlevalno (g)e | Fbr‘b", a sﬁniiar-arrangament of

functions was used (with diagonals uvarnd).

Function a - Function ax -Funotion ® - Function b
g ¢ I . f g &g f g h g h £
f g g€ g f g h £ g f g h
€ £ & & e f gh £ b fg

16,




Section 2,1 (8)

Test Items

Items emplbyed in the tests are of three classes:

Ciass As Class A includes items in which the figures vary only in
one or more of the three attfibutess size, direction, or pluce., An
item of this class can be defined by specifying the function and
arrangement of each attribute varied, For instance, exanple 5 is
defineable as¢

places b D
D

directions

R

I I%

sizes
That is, place varies diagonally according to function b, direction
by the other diagonal according to function a#, and size by rows

.according to function b,

[

Itoms in which aither two or thrca attributes“ vary were also

AP

b 4~ g

el PR

included :i.n the tcats. ‘.l'he combinat:i.ons of arrangmants cmployed

undarod tho aubtesta deacribud in '.l'able 2-1.
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Section 2,1 (9)

Thus,y in the RC subtest there are two attributes, and the figures
are arranged by rows and columns only (see example 1), and in the D!'DR
svbtest there are three attributes, and the figures are arranged by each

of the two diagonals as well as by rows (see example 5),

The universe of items defined by the above specifications was

sampled and 48 test items were constructed.

In addition to the specifications catlined above, it was nacessary
to make certain arbitrary decisions, e.ge., as to which sizes, directions
and places to employ, whether £, g, g in items of function a should be
arranged from top to bottom (right to left) or vice versa, and so on,

Class B: This class includes items where shape is an attribute which

is varieds For instance, in example 2 three different shapes are arranged
by coluwmns, Iiems of this class may vary also in other attributes accord-
~ing to one of the fanctions and arrangements described abm: .oy OXIMDLE 2,
in addition to having shape as one of the attritutes varied, hu fTigures
nrying in plaw b R; and :!.n sises b R,

Ouu C: Solution of 1tm of thiu class pranmbly roqu:l.m a greater
dagru of abstractiou. Thn uin r«tura of these im is that the
tumt:lon :1: oxhibitod tithor by uoann of diffurcnt attribuus or 'by means
or (Lt‘tcwnt ut.a of nluu ot an attributc 4in tho r.lght and lett hmd

colmm, and tho anbj.ct :ls oxpl..citlar :imtnictcd to tﬂ.u:ngard amngcnent
b:r rowa. In emph 6 for inatan«, '.l.n the Jn!.‘b hand colum, tho :hmcLon

b 1- oxh..,b:ltcd by uans of the attr:l.buti placo; in the right ht.nd eolunn

18,




0
]
%l
(
{
‘b
.
{
3
}
4
i
1
|
i
:
{
g
L
i
| .
4
]
o
T
g f
t
ey
A2}
&
.
3

Section 2,1 (310)

the function is also b, and is exhibited by direction. From these two
columns the subject must find the rule, i.e., that function b must be
employed on any attribute, The figures in the middle colwsn vary
neither by place nor direction but by size., Huploying function b, the

subject will understand that the correct answer is distractor Noe.8e

Each column may exemplify wmore than one function as is the case
in example 7. . In the left hand column the figures vary by size
(function b*), by place (function b), and by direction (function b).
In order to arrive at the correct choice in the middle column, the same
functions must be employed, though not necessarily for the same atirie-
butess It can be shown that No,1l is the only appropriate answer

amongst the alternatives presented.

2.2, Distractora of the Anslytical Ability Test

The uaual nathod of cuﬁatructing distractora calla for tho

crution of such a temativea as tho aubject is likely to chooao;

thia is dataminad sither b,y the intuition of the test constrnctor

or, omp:l.rically, by first presenting the taat items to a group of
subjects in an open-ended formm., By contrast, the method employed

in the present study relies on the facet design used:in item con-
struction, which allows. for the systematic construction of distractors.
Sinoe the choice of distractors must' be. assumed to detexmine to a

large extent iten- difficulty as well as-the relationships of the items.
to one ancther, the construction of truly parsllal forms of the test




Section 2,2 (2)

ie not possible without employing this approach, which is based on
facet design (see section 1.3). _ B

Another objective was that of obtaining die‘stractors whose
order of difficulty is predictable a priori, (to be verified, of
course, by the test results)., This was achieved by manipulating sys.
tematically the d'agx;ea o} similarity between a given distractor and

e o e g e e

the correct answer.

Take, for example, an item in which three attributes are

R e b et i S
et S TIE

varieds The correct answer presents, by definition, the correct
value on all three attributes, The distractors most similar to
this answer have the correct value oi two of the three attributes
and sn incorrect value on the third attribute, A less similar
distractor has a correct value on only one attribute. Finally,

b the distractor least similar to the correct answer has incorrect

i values on allthree attributes., Example L of the appendix, whioh
is a Class A itexw, shows that there are eight distractors (including
the correct answer) differing in respect to the sttributes which

have the correct valus, as shown in Table 2«2,

For tho incomct valuc of the attribute a -raluo was ehoaon
uh:l.ch: (a) appurod in one of tho 8 aquarea of the test 1t¢m, and
(b) was closest to the correct value (ecge, in example ) where the -
(13 correct smuswer is.a figure which is large in size; the distractors. -

which have incorrect values for this dimension are nediuwm, not wuall in

| 3 | sise.).
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as "tidy" ss the one wied for the thres-attribute items, but as far as

Seation 2,2 (3)

Table 22
_of Distractors in ThreemAtiribute Items = |

Distractor
Size Direction Place , Noe

Correct answer + EX *

1 attribute wrong * + -

1 attribute wrong o+ - +
1 attribute wrong - + +
2 attrimﬂoa wrong - + -
2 attributes wrong - o +
2 attributes wrong + - -

w i 060 O F H v~

All attributes wrong

+ The distractor ia correct on this attribute *
« The distractor is wrong orn this attributs

A dismetor conat.ructcd by tho abovo ru]ns could be identical ‘ |
with one of.' tho 8 squqru o.f. a tut :l.’un, mg. diatractor Noe.2 3a examplels J
which is identical with the middle asqusre in the top row. Tihis night ]
estios the ub3ect o cloose"sush & dsiragior, ey fox this reasens

asmber of distractors identical with one of the: squares.

PN TN e !‘
SR

Tht mbor of distuctom for m-lttr:l.but- 1m waa alsc lmapt

at ouht, no an not to :I.ntmduoe an t\dditional ddteminmt of a:u f:l.culty.
—Mn did not mko it possible to have a cdesign of :ﬂ.straetora whick was : -




Saction 2.2 (4)
possible the same principles were observed, The design of these items
is 1llustrated in Table 2-3 (by example 1 of the appendix),

Table 2=3
of Distractors in Two-Attribute Items - Example 1

Distractor
Noe

" Correct answer , 3
1 attribute wrong
1 attribute wrong

1 attribute wrong
1 attribute wrong

2 sttiibutes wrong
2 attributes wrong

2 attributes wrong

+ The distractor is correct on this attribute
- The districtbr is wrong on this attribute

.. ke to distractors of items belonging to Classes B and G, the
‘Teader can satisfy himself by inspection that they have been constructed

4n a similar systematic way, bub space does not allow us to go inte
dotails. .
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Anclytical-Ability Test Booklets

In the pilot study, after all items were drawn by our draftaman,
it soon became, clear that the degree of precision required for the

drawings for this kind of test is very great. This tended to make the

drawing of items very expensive; therefore a different procedure was
adopted for the next version of the experimental test, Instead of
drawing each individual item, standard figures were designed by our
draftsman. There were six different figures, and each of these was
drawn in four sizes, four directions, and four places. The resulting
38); combinations were photographed and printed. Thus we had at our
disposal 38l different kinds of labels, bound ja small booklets. Mors-

over, sheets were prepared on which the empity frame of an iter. appeared.

Such materials may serve for the constructisn of an unlimited
ﬁ\mberg of items; alllthat remains to be done is to paste the appropriate
labels 1n the correct squares, and then mimeograph the sheet, The work
of the draftsman can thus be dispensed with and, though it involves an
iritially larger expense, our procedure is actually more econemical in
the long run, _Noreover, the use of these standand figures permits a
far greater degres of precision than is usually attained otherwise,
Another advantage of the procedures is that the differences betwesn any
given attritute ¥wmain constant between items. This eliminates the
possibility of the draftsmm inadvertently determining the degres of

dleficulty of an item by istreducing different degrees of similarity

WA e T .

betwsen vslues.
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Section 2.3 (2)

For the first phase of the study, four alturnative forms of vhé i
test were prepared. Each form cm‘ltainod thirty-two items and four i
practice items, The items were allocated to the diffsrent foms so that »
each posegible combin.ation of two items of Class A would appear in at least S
one of the forms. (Practical considerations did not permit implementing |
such an allocation for items of Classes B and C.) This allowed us sub- s l.
sequently to compute correlations betwaen any two items.

The four forms were designed to contain the following subtests;
each subtest consisted of eight items. e

Form 1: DR, D'D, CCR, CRD of Class A. '

Form 2¢ RC, 3D, CRD, D'DR of Class A. t |

rm 38 RC, DR, CGR, D'DR of Class A. i

g

orm it RC, DR of Class A3 Class B; Class C.

=

In Class A, for the two-attribute subtests, eight combinations
of attributes and their functions were chosen, and these remzined the
3ame ina:l.‘l. tbru.; groups. - Thus, an item having tho, following atiributes
and tunctiom: sizes a¥; place: b, appeared in subtests RC, DR, and D'D.
Similarly, items foxr the three-atiribute subitasts were squal in the attri-

: fors

butes and their functions,

S 4

. .. For the second phase of the study, another form, Form 5, was-con-

structed, the items for whioh were chogen on-the basis of experience gained

in the first phase, = Specifically, it was deemed advisable to imclude
dtems of esch.one of the above groups. Further, sdditional items of . ;
Class C and Clasa. B were construcieds .- Fom 5,.then, included three items

each of RG, DR, D'D, CCR, CRD, and D'DR, six items of Class B and nine

items of Class C (and three practice items), o
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In Fomm 5, as :n the previous forms, the two-attribute items

within Class A hed parallel items., The same was true of the three=

attribute items in Class A,

2.4he Items of Mechanical Comprehension Test

One of the major distinctions we have attempted to make is
between "knowledge of physics® and "mechanical comprehension®. For
success in a vocation involving handling tools and the like, knowledge
of physiéz is certainly helpful, But practical know-how with instruments
is more immediately relevant, and such know=how may exist "viscerally"
without sxplicit technical grasp of any physical laws that may be involved,
One may be able to drive a nail well with a hammer without being able to

state correctly any lews avout force, acceleration, and the like,

Existing tests were examined from this point of view, and appear

to donta_in & mixture of items, Some are on pure physics; others are

on how to operate something mechanical = which could be answered correctly
without any clear understanding of the physics invelved.

The more purely "mechanical comprehension" items were culled by
‘the rule that they should deal with some real-life process like moving
something, lifting, trevolving,«-roiliing, dropping, breakirg, ete,, in which

real«life instruments are involved and which are of common occurrence.

This requirement ultimately defined one facet (Facet F, below) for item

constructions This requirement is also practical for 8th-graders, for .whom

25.




Section 2.l (2)

1% would not be very appropriate to test "knowledge of physics"(even if

this were relevant for vocational guldance.)

Existing items fulfilling the "mechanical comprehension" requirement
were looked at closely to see what further facets seemed implieit ir them.
An earlier version of the faceted definition for this test was quoted in
the research proposal. In the course of our wofk this definition was
extended and sharpened so that it can now define any item ¢f such a test

and also he used to generate\additional items,

The revised definition runs as follows:
A

(1. absolute)

Which of two or more (

states of (element B, )
(2, relative)

—_— _D
(1. lead to ) , (1. absolute)
will ( ) a relatively appropriate specified ( )

(2, result from) (2, relative)

E

- (1. absoluts)
state of (element B,) in a situation involving ( ... ) (mechanical
3 (2. relative)

Lo

—;-G_-

activicy of type. Ei) uhera there i

)
.) .an intermediate consideration.e .
(is not)

S Y S T B ERI S ST 2
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Section 2.4 (3)

List of elements in facets B and ¥

2
1

(attributes of motion)

length of path

shape of path

direction
velocity
acceleration

duration

2

L.
Se

6.

By

{geometric attributes 2 ,

1. place

shape
volume

circumference

length, height(where
volume is not relevant)

angle

(type of activity)

1.
2e
3.
L.
Se

1.

B e 3

F

moving

lifting/lowering

revolving

keeping in position

roliing
dropping
breaking

7. amount of force

7. relative position
8, distribution of 8. arresting movement

force (torque), 8. area
9, starting movement

10, keeping path

The definition can best be illustrated by examples taken from the

teste For instance, let us contrast the definition of a question asking

which arm of a rotating sprmkler mu be the first to arrive at a given
poi.nt (aee the exampla givan in the appendix) , with that of -a question

| aald.ng whether a round 0 many-si.ded ob;)eet ﬂ:lll ‘travel farther with the

L"accilerat:wn gained in travarsing an inclinad plano. " The ‘first question

“asks which posit!.dii m.llresnlt from a specified shape (Bys 2,73 Tt 23 Byt 2.2},
while the second reguires. the shape which leads to a specified lengih of
poth: (Bys. 262, Oy Byt 1uB)s., Now, in the second question, two different

‘ shapes are given and,also a relatively greater length of path is asked

aboube ‘Iherefom,{srhothfaeets A‘ndlp’t!h‘“cond ’l‘m’nt ("rela't.;tn“)

S e S e o N - o o
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Section 2,4 () i I
- 18 given and therefore "absolute" in facets A and D is the appropriate
descriptions The sprinkler question involves the mechanical activity
of revolving (F;) while the balls question deals with rolling (Fg)e In 4
the sprinkler question, in order to determine how the shape of the ‘ |
sprinkler leads to the specified position, the subject has to consider ' 1
! in which direction thg sprinkler will move, There is therefore one ; 1
, intermediate consideration, that of direction. In the other question, ’
} the solution can be arrived at directly without any intermediate considerge 3 |
tions. (Both questions deal in situations involving absolute mechanical ? ii:
activity (Ey); there are no questions involving relative mechanical s
activity in our test.) ‘
x The fruitfulness of the definition is attested to by the fact ‘
1 that it has resulted in the construction of items not previously included f
in mechanical comprehension tests, Examples are questions about the ii f
possible influence of a curved accelerating path on the motion of an
object after it leav“;a the path, about the relatn.va otfici.cney ot hmrl ;i
‘ ;‘ ~ with handles of different lengths (sae append:l.x), and about, the influence \Lw |
‘ of the screw threads cn the direction the screw must be turned and the "l ]
3 depth’ to which 1t can penetrato. | |
It becm «clear to us, howsver, that it would be impossible to t
1; construct 1m£ora}1 structuples (coub:!.na@;o:ag of elements from all \"‘;’t 1
‘ , facets) of the above definition because some of them did not seem to |
‘} correspond to -&ny empirical reslity. We therefors proceeded to construct
' items of as many structuples as was feasible and ssmpled from these 81 4 j
ltems for the test, \
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As shown in the examples given in the appendix, each item consists

of a drawing, a question, and three alternative answers. The answer "same", "no

differdnce', and 'the like, is the correct answer for very few items included

in the test, as well as for one of the examples given at the beginning of

the test,

2,5 Mechaanical=Comprehension Test Booklets

Jtems to be included in the test were divided into three groups

of 27 each,

Three alivernative forms of the test were constructed,

each of which included two of the three groupses Each form thus included

Sl items, This made it pessible subsequently to compute correlation

coefficients for any two of the 81 items,

2.,6. Collection of Data

The three fomis f the mechanical comprehension test and ¥orms 1 - L
of the anelytical ebility Lest were administered to a semple of 537 pupils
which ww ‘constituted as followss R
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) ndtono "‘raht:l.‘t\:'n to th:s de.ginalwg gl given diptaiices between varisbles

gv(;;‘b "r;r«‘unou‘ 10, g 11, lh, 15). ‘L‘ho y(ofdor u!‘ thcu- di.utlma, “but not i
the.tr ;i»-blugtl a uf is :ﬁréumd, :nd tbt progru derives tha snaliest
gpc;bmi.bil.o Eucﬁdun le‘ae:us ror thoaa items, ;

The vocational high school classes contained only boys; all

other classes were mixed. A total of 417 boys and 220 girls were tested. |

The mechanical and analytlcal abili%y tests were both given on the

same day. | Each test required 1/2 - 3/L of an hour, The alternative
forms of each test were distributed amongst the students according to

the order of seating, students sitting next to each other always getting

two different foms,

Form 5 of the analytical ability test was given at a later date
to a sample of 511 adults of both sexes,

The subjects wrote their answers on answer sheets. The answors - }

were subsequenily transferred to punch cards, o

2¢7¢ Some New Methods of Analysis

In ordor to ana:lyu the structnre of intomlationahipa between
:I.m and bctwon groupa of :!.tm in both tho analytioal ability and the

maohan:lcal comprahmion toat, ‘a nw mthod of mult:lnmt- ana .x;ys:lu was

)‘ ﬂ

mplo:rod. A progm of Smllout Spaco Anulyvu haa 'b«n nmﬂv dnwlopod

'by Gntmn and I.ingou (tho G-L Sul)r-I). '.l.‘hiu :l.a caatnt:l.lllw l motn‘.s

innlys:l.l nculting 1n a paro.g oniou Eucl:tdun puuntat:lon uhioh has

, 4
e e A e
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Section 2.7 (2)

For the purpose of our test, tﬁe distance function Dij used
(where i and j are any two items), was defined as rolloews:

Let e,; = (1, if subject s answers item i correctly
(0,, otherwise

Then Dyg= I-(epy o 9,4)°
where E denotes the expected value over the indicated subscripte Expanding
the right member we obtain

Dyj =By + By - 2y
where P; = the proportion of subjects who answered item i correctly

Pij ™ the proportion of subjects who answered both item i and

item j correctly.

Djj varies between O and 1, The coefficient of similarity between

two ltems may be defined ass

This coefficient alsc varies between 0 (perfsct dissimilarity)
and L (perfect similarity). It has properties making it especially suitable
for the analysis of test items, If D34 18 used directly as a distance
function, a group of items which forms a porfect scals will fall on a
straight line, If the items of the test can be described adequately by
a thﬁg-giumioml space, then our coefficient of similarity tends to
make the first principal axis of *he space present essentially the
order of difficulty (py) of the items, Hence, the relationship between
content of items (the description of which is usually attempted by cow
efficients such as Pearsosd r) is being desoribed by the - fwowdizensional
space. of the remaining two axes. -
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Section 2.7 (3) ]t

: “

' 3 In addition to printing out the coordinates on each of the

principal axes for each item, the SSA-I program &iso prints out the

: corresponding Shepard dlagram and coefficient of alienatione The

| 1 Shepard diagram is essentially a scattergram where each point represents it

the distance between two items; one axis represents the original coe .
efficient of similarity or distances (as defined by the above coefficient -

Cy3) and the other axis presents the distance in the n- dimensional |

| space oelculated by the program, The coefficient of alienation

y | refers to this relationship between distances and varies between |

0 and 1.

|

=




FINDINGS

3o

3.le Analytical Ability Test

3elel. Relative Difficulty of Subtests

It was found that the facet structure of the items could predict

; the comparative difficulty of subtests, as measured by the mean number

of items (0 to 8) answered éomctly.

Class At 1In constructing the items it was assumed that items varying

x in two attributes would be more difficult than those varying in three,

In addition, arrangements by diagonal were expected to create more

difficulty than arrangements in either horizontal or vertical direction,

i These ywo predictions give rise to an hypothesis of partial order of

difficulty, which is illustrated in Figure 3=-1, where suhtests are

arranged from top to bottom in increasing order of difficulty.

l RC
cg( e
: DIIR
! Figure 3-1. Hypothesised Ralative Difficulty of Class A Items

i -

- Inspection of Figure 3-2 shows that the prediction is fully borne out.,
~ The bar-disgrams give the dlstribution of correct answers in the average

33.
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Section 3.1.1 (2)

number of items answered correctly for different Class A subtests,
Data for two alternative forms for each group of iteme in this Class
are inciuded, making it evident that the findings were replicated

and can be regarded as reliable,

As stated, only a partial order could be hypothesized. Thus,
no predictions were made about the difficulty of CCR as compared to DR
or that of CRD as compared to D'D, The relative difficulty of the
. members of these pairs of groups can be determined empirically, In
our case, however, the differences were very small aad incunsistent
in direction. This suggests that COR is roughly equal in difficulty
to DR, and CRD to D'D,

The order of difficulty shown in Figure 3«2 was replicated in
Form 5 where all six subtesis of Class A ware included (with three
items in each subtest),.

Class B: Items in Class B in which shape was varied, were on the whole
easier than Class A items, Th:l.su was to be expected, since the shapse
of the figure ls intuitively more salient than such atiributes ss its
alze or direction, and figures differing in shaps sppear nore different

from each other than figures differing, “o.g., only in uize,

In Form li, the average number of items anmm{comctly in
Class B (Le3 1tens) vas betweon that for group BG (4e9) and DR (3.9)s
Within Glass B, items of varylng degrees of difficuity are %o be found.
These itoni vayy il so :ln ‘qthe'r attzihﬁt« :i.n add:ﬁtion to shape (see
section 2,1). o |
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Section 3.1.1 (3)

In Form 5, same of the Class B items have arrangements by rows

"and col.uns only, a® is the case with Class B items in Form L. These

were again ntermediate in difficulty between subtests RC and DR of

Class A, Howsver, another kind of Class B items included in Form 5, in

whiéh two attrilutes were diagonally arranged, was much more difficult
than these subtests; the number of subjects which solved these items
correctly Wa; not much higher than that which solved correctly the
nost difficult items of Class A, D'DR, which also had two attributes

dlagonally arranged,

Class Cs In Form L, Cless C items were the most difficult; the
average number of items answered correctly was 3.2, as compared to
be9, Le3 and 3,9 for the other groups in this form (swe above).

Since the means tended to remain fairly constant between the different
tost forms, it can be said that Class C items with & mean of 3.2, are
wore difficult than group CCR and DR and less difficult than CRD and
D!D (see Figure 3-2),

In Form ‘5 a new kind of Class C item was introduced. In these,

tw ar thru letrlbutaa wora variod‘ - each column, These new items

tumd out to 'bc vary difﬁ.cult, nore 80 thun Ohu B or the groups in:

’%}1’0?-“,'« ‘? <¢n1:9' one or ﬂwn .ﬂmu s mvnrad cnrractlv by over 20%




3ele2s CScalability of Subtests

An interesting feature of the relationship between subtests
becomes apparent by inspection of their Joint distribution matrices.
These show that for sdame subtests it is not only the case that subtest
x 1s more difficult than subtest y, but also that the correct solution
of all or most items of subtest x, is a necessary condition for solving
items of subtest y (with few axceptions), Table 3-1 shows an example
(subtests CRD and DR in Form 1),

Joint Frequency Distribution for Numbers of

Correct Responses (DR and CRD)

cm): ~ | 0=1 2=3 =5 6-8 I Total

-1 | 19 25 6 1 | =&

23 7 17 28 13 | s
|

15 - L 12 19 35

6B [ - - k 12 | 16
_ — ; ]

Total | 26 16 50 ks | 167
| A 1

As shown in the above table, there are only four cases (1.0.‘ loss
thln 2.h% of the tota].) who failed to solve four or more guestions of

aubtut DR and who mwrthelaaa aolud four or more questions of subtest

~ Gl?.ﬁ, Wa can say that DR and CRD foru a kind of primitive scale. The




Section 3.1.2 (2)
ability to understand items of DR is therefore in a certain sense a
"orerequisite" for an understanding of items of CRD. It should be
noted that although this result is a plausible one, it is by no means
| obvious, Compare, for instance, the joint distribution of answers for
; ~ Classes B and C (in Form 4). Here it will be seen that although Class C
k f iswmore\difficult\than‘CIass‘B, these subtests do not form the kind of

scale that was obtained for DR and CRD (see Table 3-2),

Table 3=2

Joint Frequency Distribution of Number of

Correct Responses for Classes B and C

. ’ Class 0] ' -
(. Classx JR)-]. 223 b5  6eB _Total
- 0-1 13 3 2 3 19
2-3 10 11 3 35
* | lie5 8 15 12 6
‘J 6-8 2 20 17 12 51
Total | 3k ] b2 22 ] 6
R
Table 3-3 gives the joint frequency distribution of all pairs of
subtests in 'Fbrms 1=l Since scme of the subtests appeared in more than
one form, overlapping prevented us from including them in Table 3-3.
These three subtests are presented in ‘Tables 3-3(a) given in the appendix.
Eﬁ.plana‘tion is still lacking as to what factors relate tc the difference
‘ : in scalability. At any ,i'ate, the notion of subtests forming scrles seems
38,
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Section 3,142 (3)
to be worthy of further investigation and is currently being applied in
.
another study which deals with achievement tests. Achievement mgay
progress by more sharply defined scales than analytical ability.
4
3e1e3. Interrelations of Items
The coetficient of similarity dJdescribed above (secgion 2e7)» |
was employed in the firat analysis of the analytical ability test to
represent the relaticnships betwesn individval items, & thresw
dimensional configuration with a rather goed fit was obtained by the
SOA=I program. The following coefficicomts of alienation were found
for the different formss Form 13 ,1h5, Form 2: 116, Form 3: ,107,
| Form h: ,162, Fomm 5¢ ,075.
“1 Using the coefficient of gimilarity, the first axis of the space
essentlally reprusents the degree of difficulty (see section 2,7)e The
genond and third exes were zitudled in order to find out how the facet
; structure of items reiates to their configuration, apart from difficulty,.
Specifically, thers are two kinds of relationshipa which could be expected:
(1) Items which are similar to each other in r facets may be
{1 axpected to be closer to each other in the two-dimensional space than

items siwilar only in a proper subset of these facets. This ies an
application of whai has been oalled the principle of contiguity (see

references li, 11) and leads to the prediction of structures such as the

simplex and the sircumplex (see references l, 6). .

o

40e




Section 3.1e3 (2)

(2) The two~dimensional space can be partitioned into contiguous

reglons each of which contains (with few exceptions) those and only

f vhose items which are similar in one or more facets, Roughly speaking
this may be interpreted as showing that items of one region are on the
whole closer to each other than to those of another region, though
this does not rule out the pogaibility that some items belonging to

one region are closer to those of another region than to the remaining

items of their own region.

While the correlation coefficient pertains to individual varizbles
or items, the concept of contiguous regions pertains to sets of variables
or items, and, being based on the correlation concept, is a concept of a
higher order. The empirical use of the concept of contiguous regions
has been facilitated recently through the availability of new methodg

of computer analysis such as those described in section 2¢70

Investigation 61‘ the two=space showed that our toqt results did
not conform to the expected relétionship stated first. P\zrthemoro,

parts of the configuration of these sets were not stable from form to

form (i.e., ltems relatively close to each other in the two-dimensional
space in one of the forms might be relatively far apart in the other,

and vice versa,)

What is tho explanation of th:l.a finding? The rathar 1arge
number oi’ sub;]e@ts f;!.lling in aach fom (1h5 or more for each one of
the roma 1-ah lnd 511 for Fom 5) argues against tha possib:u.ity of

the dj.ffemnuaﬂ be:lng causud by sampling error alona. ) The retea"b
reliabili*y of.' each fom ind_ndually is alao ev:i.d-nced by the ract that

A Y T TR )
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Sectior 3.1e3 (3)

1ts many items can be rvepresented in a three-dimensional space; there
18 a definite structure to each form separately, and structure provides
a lower bound to retest raliaﬁility (aea,mferencep 1, 3, 5)e Further
evidence in this directicn comes from indications of external validity.
As reported in section 3.2.li, cnrrelations of subtuﬁ of the analytical
test with scores on the mechanical comprehension test ranged from o33 to
58 (with one half of the computed correlations coefficients being .50

or more).

There remains, then, the explanation that the different configura=

tions in elternative forms are due to the differences in the sequence of

items appearing therein,

In spite of areas of instability, contiguous regions could be
found = replicated over forms = which contained items having some facet

elements in common,

!

;
Wijf.hin Class A, arrangements of items tended to result in groups

/ ,
of items / forming a region, but in most cases such regions were partly
overlap#ing rather than contiguous,

!

{
/Furthermove, the function emnloyed in the construction of the items

had-an effect on their configuration, A region containing items in which

function a or a% predominated and another region containing those in which

functions b or b% predominated could be discernmed in all alternative forms.
The difference between g and ak and that between b and b¥ (i.e., the
different permutation of values) did not seem to affect the correlational

gtructure. To describe this iinding more precisely let us introduce the

torns a.items and bwitims which are defined as foliows: An a-item is

L2,
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Section 3ele3 (L)

one in which either all attributes or two out of three attributes
vary according to function & or ak. A beitem is defined, mutatis
mutandis, in the same mammer. Now it can be stated that in all
forms there were two contiguous regions one of which contained all

a=items and one of which contained all beitems (with very few exceptions).

It will be noted vhat every item varying in three atiributes
can be classified as being either an a=item or a b-item. So can
two-attribute items in which both functions are either “a-functions"
(containing only a or a%) or "befunctions"®, Not so those two-attribute
items which contain one "a-function" and one "t-function'"; here
neither a nor b predominates, It was found, however, that in the
DR subtest the reglion into which the litem fell depandod largely on
whether the attribute arranged diagonally varied according to an

"a~-function" or a "o~function®.

In order to find out how twowsttribute items of the RC sube |
test fittadl to the overall confliguration, one of the investigators
indepmdéntly Judged which of the atiributes of these itens (size, |
direction or ‘p:lace) ﬁaa aaliant. It was argued tﬁat, @.Zey When the
direction of the i‘Lgura appaared intu:l.tival,v to be the most aalient
wwattributa, 'bhe subject would, on first look:ing at the itm, pay

attention to diract.:.on and try to aolve this item accordingly by
chooa:l.ng a8 distractor which would exhibit the value of direction
seemingly most appmpriate to him, It was then found that those
items of RC :l.n wh.:.ch the salient attribute varied by function a or g¥
fell’ allma:;_ invariably within the region of a-items whereas thoae in

which the salient attribute. varied by function b or bk Lfeli within the

L3,




Section 3.1.3 (5)

region of beitems. This pattern was not found for DD items,

In conclusion, it can be stated that the function facet‘exprta'

an influence on the structura of intercorrelations, As the foregoing
will liave made clear, however, only certain aspects of this structure
can so far be explained by the facet design: the final etructure of
the correlation matrix stilleludes our analysis. Appavently the
difficulty of 1tamsvp1ays a very large role in this structurs. In
the present test, where items formed a rather homogeneous set, the
second and third dimensions which represent the simllarity between
then when difficulties are held constant (see section 2,7), account
for only a minor part of the variance, It Seems, then, that similarity
between items is so great that those differences between them which are
defined by the facet structure will‘hava‘a‘amalm.impact‘comparad‘to
that of other factors. In other words, tapping a wide variety of
abilities should be expected to yiold.a‘morovstablc structure than the
morehoﬁogeneoua group which conatitutes the present test, ‘T@eustruc-
ture of the latter may be susceptible to subtle influences not picked
up by cur facet definition, While it is in the nature of the case
thd% these influsnces cannot be ldentified with certainty, there
appeared tc be indlcations of perceptual factors playing a rolo. This
notion will be discussed in saction 3.1.6.

316k Interrelations of Subtests

- Analysis of the intercorrelatione between individual items has
shown that the resulting structure can be interpreted to a certain




Section 3.1.h4 (2)

oxtent in terms of the functions specified by the facet design, whereas
other facets did not seem to be represented in the structure (section
3.1.3)s An additional analysis was carried out to determine whether
correlations between total scores obtained on various subtests are
such as to render a»strugiure which is interpreﬁable in terms of the

facets which serve to define these subtests, namely, arrangement of

values and class of item (see section 2,1). Data obtainsd for Form 5
were used in this analysis, because this form contained the greatest

variety of subtests: there were 12 subtests of two or three items each,

Product-moment correlations were computed for all pairs of tot&l
scores of these 12 subtests. There were three subtests containing
Class C items which diifered in the number of attributes varied in each
coluun (see section 2,1), It was found that these had almost invariably
close~to-zere correlations with all other subtests. The thres Class C
subtests were not évan‘otrongly related to each other, thu ecrrelation

coefficients beinz .20, 08, and ,03.

The intercorrclation matrmx for Class A and Class B subtests was.
submitted to SSA-I, The raaulting two=dimengional space had a good £it
(cderficient of alienation »106) and is easily intenpretablo. ~ As shown
in Figuro 3=3, the two-space can be partitioned in two directions. The
bounda:y of one partition runs more or less horizontally'aeross the figure,
dividing the throc Clasa B sdbtasts (1eeey subtests in which shapa is an
attributo varied) from Class A subtests. The other (close to vartical)
partitioa, datermines the number qf diagonal arrangements occurring 1n

tha items of the subtests, The regian to the left of the figure includes
" + ‘J. A‘
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Section 3.1.l (3)

subtests 1 and 2 of Class B and two Class A subtests that have no
diagonal arrangementy the middle rag:i.oxi includes two Class A subtests
with one diagonal arrangement; and the region to the right includes one

Class B subtests and two Class A subtests with two diagonal arrangements.

Thise aimp]‘.icial atr"ucture of diagonai arrangements was replicated
in an analysis of the Class A subtests in Forms 1l-3, Each of these
forms included four of these subtests (with 8 items in each subtest).
It was found that ™no=-diagonal" subtests correlated more with “one-diagonal®
subtests than with "twoediagonal" subtests, and that, in fact,there was
little overlap between these groups of correlation coefficicnise These

results are shown in Table 3=lie

Table 3

Correlation Coefficients between Subtests of Forms 1.3

_having Two, One, or No Diagonally Arranged Variables#

One diagonal I Jwo ‘diaganail‘.s
bk CRD | D' D'DR

i . No dlagonal
I —

No diagonal | | |
1 I 1
RC - 79 | L 69 | W6,
GCR f o719 (=] <68, 75 .66 o57 .52

One fdiason‘al‘ l | | | ;‘ - o
DR a8, a5 - a0 | e .60
) ] e 6 | w0 - |62, b0 W57

Two diagonals. . } A
DD 466 57

DYDR oh99 059 ~‘52‘
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It may be concluded that both arrangement of items and their class
affect the structure of interrelationships. It is noteworthy, though,
that the structurs is affected only by diagonal arrangements, whereas the
difference between arrangement by rows and arrangement by columns does not
seem to play any part. Again, this was replicated in the analysis of-
Forms lelje Furthermore, neither in Form 5 nor in Forms l-li was there

any indication;of an effect of the number of attributes varied on the

correlational structure.

3ele5s Relative Attraction of Distractors

Distract&ra for the analytical ability test were designed in a
systematié hanner as has been described above (section 2.2). This
design.made it possible to predict their differential attractions,

In partlcular, dlstractors dlffbrlng from the correct answer in one
attrlbute ware chosen nore often than distractors dmffer:ng in two
attributoa, and the latter type of distractors would be preferred over
those dirfermng from the correct answer in three attrmbutes.‘ In Table 3=5,
the average nuﬁ&erﬁof subjects who chose distracters which were incorract
in cne, two or three attrmbutea is given. The avarage wae computed by
‘dividing the total number @f timas a par%icular type of error'was made
(i.e., errora in ona, two or thrae attributea) by the tetal number of

tnmea a distractor with one, two or three attributes inoorract appeared

in the subtest. Tha data wara averaged separatala'fbr the diffarent

subteats of Glass A - GR, DR, etc, = and were drawn from Foms 1, 2, 3,

and h.
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Table 3=5

- Number of Subjects Choosing a Distracto_r Incorrect
in One, Two, or Three Attributes, in the Different Subtests

Number of - Subtest - 7
attributes | RC DR DD [ CCR CRD DDR

incorrect

|

o ‘
b6 5.2 9.2 l 57 12,0 7.7

(not applicable) | 1.8 33 6.3

The systematically manipulated similarity between the distractor
and the correct answer is, them, a very powerful factor of its attraction.
There were notable exceptions to this general 'rule s however, For some
items the wrong answers would tend to involve choice of a distractor
differing in two attributes from the correct answer, §nd these were
preferred‘ to distractors more similar to it (i.e., differing from the
correct answer in one attribute only). Examination of these items
suggests a reason for this, In several cases in which distractors
with two incorrect attributes were preferred, these distractors were
aimilar in all respects to the two figuraa of ths mat"':.x adjoining it in
either horinontll b&' wrtical diraction. . Apparantly, thoso respondenta
who ¢ ga ‘

similar ta the Tow and the colum of 'l;h«b mctrlx. '.‘l‘hey made what will

be tﬁmd ; Al




Saction 3.1.5 (3)

An adjacency-error refers to cases in which one of the distractors

was exactly alike, or wvery similar to‘,l the other foxrms in either the middle

row or the middle colummn, or both, if the two pairs in the horizontal and
vertical are both alike (e.g., distractor No.,6 in example 3 of the appendix
and distractor Noes6 in example 5).

Table 3=6 shows that there was a tendency on the part .\‘oi‘ the
subjects to make adjacencye-errors; the average number of students who
chose the adjacency-error is compared with the average number choosing
othe;r distractors. (Thus, if there was only one adjacency=error in a
particular subtest, the number given is the absolute number of subjects
choosing the adjscency-error distractors). The comparison is made for
the subtestn of Class A within Forms 1 and 3, All adjacency-errors in
one subtest of eight items were considered ac a whole. The average
was computed by dividing the total number of times an adjacency~error

was chosen, over the nwaner of possible adjacency-érror distractors.

1o A distractor is: 'similar! when the two squares .in either. the:
middle row or the middle column, though having the same values
o for: size and. direction, have slightly different values for the
attribute place, though neither of these values can bs axbrema
s {le@eg-not in:one: ofi the corners of the small square). -
additios for a distractor to be tsimilar', there must be only
- one:distractor which is:exactly like one: ot the. two squares
in the middle row or column, and no distractor similar to the
other square,

O T T IR T I TR
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Section 30105 (h)

Table 3=6

; Comparison between Average N bar;of Students Choosin
<Errors and Average Nusber Choosing Other Distractors
? Subtest in Subtest in  Average Choosing Average Choosing
i Form 1 Form 3 Adjacency=Error  Other Distractors
RC k5.0 8.0
R 180 949
DR 87.0 10,3
DID 13,0 13.3
 cer 2.8 6.3

= CCR 6845 | 548

CRD | 13,0 T

T D'DR 35.0 13.9

i . . ‘

To show how the aveilability of adjacency-errors intergc@a‘uith
similarity in inflhsnc;ng the svbject's choice, a further breakdown of

answers was madn iﬂ Thble 3-7 which comparea tha avurage nunber of

subjecta chooaang a diatructor incorroot in one, two or thrao attri-

butes chen. (a) there is no available adjacenqy-arrorw (b) thc

addaconcyhcrror 1~&ds to choimo of a alstractor ;ncorroct 1n ane
attributo; (e} the addaconqy—orror leads to choice of a distractor
incorrect 1n‘ iWo attributeu. (I+ aowhappenod that thera Was no

~adjacency=error possivle in a distractor with three atiributes ine

correct.) The averages were camputed‘aa in Table 3«6.
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Section 3ele5 i5)

Table 37

Average Number of Subjects Choosing Incorrect

Dmtractor, according to Poss:lble gl;[gcongz-Error

I Available Adjacency\-q;

in in‘l 3 3 1 23‘1

RC Ml700l 3,3 " %10.2 ‘6‘7 - L - -
: ‘ 23.8 3‘7 - f ‘w.z 6.3 - ‘ i - -

| 1
%8 37 - w2 pa - | . .
| leiO‘ 7.8 - | lhb3‘ 17.0
| |
! \20‘,4 2.3 1.0 H 13.9 h03 2.0 l - 7.0 1363

28.3 3.3 1.3 !

DR

DR
D'D

F e . e, -

GCR

CCR H 99 o9 N

8.0 24,0
= == 1228 10,0 3.7( 240  17.3
ji « - - 2206 Te9 ‘662{j 2342 14e0

CRD

No Available ‘  Available Ad;)acency-
| Error Incorrect in | Adjacency-Error | Error Incorract in
11 Attribute ] i 2 Attributes

| st actor actuslly | Distracics actually | Distractor actually

Subtest Subtest choa«m incorrect :!.nz‘ chosen incorrect in: | chosen incorrect in:

3

Form Yorm 1  Fom m 3 } attr. atirs. attrc. 7 attr. attrs, attrs.w attr, attrs, attrs,

3.0
1.0
10
3e3

=

attraction of a diatraotox’ has important practical ixﬁpueatims, since it
now sesms feasible to assign d;l.'farential scores for each itm by taking

into aecount the type of distractor chosen., It appears, however, that

possible adjacency-srrurs have to be taken into account as well. v

The finding that its similarity to the correct answer affects the
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Jele6bs Perseptusl vs, Logical Erocesses ’

Items of our test were built according to a rule of construction

the discovery of which was one of the tasks assigned to the subject
(section 2,1). The question may be raised as to whether the subjecc
actually tried to elicit the rule underlying the item, or whether he
attempted to find the solution by means of a different process.

The effact of the facet design of items on the correlation
gtructure should bs expescted to be maximal when subjects actually
think in terms of these facets, i.e., when they solve items by way of
the consfmction rulos Such 8 process of solving items will be termed
togical process. Iuspection of Raven's Progressive Matrices - which

“gerved as a starting point for work on our pictorial analytical ability
test - suggests that other processes may be at work in this test. Some
of Raven's distractors seem to be quite unlikely a choice because they
contained figurﬂ elements not included in, or very dissimilar to, thosp
in the matrix, Converasly, odo or two distractors of an item may
immediutely suggest themsclvag as possible correch.solutions because

of their similarity to the figures in the matrix, When the subject is
influenced by considerations such as these in the solution of items,

7w shall say that perceptual processes are at work, While it seems
reasonable to assume that such processes are operative in 'tha solution

of Raven's matrices, there is no formal evidence to this effect. At any

rate, in constructing our test, it seeomed desirable to reduce the opei'at:l.on

of perceptual processes to a minimum so as to maximise the effectiveness

of the facet struoture,

tiae
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It soon became apparent that by constrﬁeting the distractors of [

B R e s
oS- .1 S 2 S WY SR/ .
v

our test in a systematic fashion (sse section 2,2) there were fower

e e

possibilities for pwrceptual processes to take place, Thus, intuitively, | 1

none of our distractors appear to be as unlikely a choice as some of Raven's

distractors.

However, the systematic comstruction of distractors by no means
ensures that perceptual processes are ruled out completely. In the
first experimental version which was employeu in ouwr pilot study, the
number of figures ao‘rvéd as-an attribute and this apparently favored
the operation of perceptual pruvcesses (see discussion in section 2,1).
This impmasion was reinforced by a :amﬁll informal experiment, which |
indicated that in this version, judged similarity of the correct answer
to the figures adjacent to the missing figum was negautiwly velated to | *
the degree of difficulty of the item, In this version, the missing
figure was in the third row third column, | leess in the lower right hand
corner, In order to reduce this sffect in the revised version, it
was thought advisable to- omit ihatead the figure of row 2 column 2, i.e.

~ the middle figura, Purther, the revised version did not cmploy number

as an attribute, nor was the funetdon £,85h(£,g) included (see section 2,1),
It mmaincd to be sten .haa successful these atnpi wexre in. reducing the
operation of pqréap’c‘\ial factors, "

The. f.{rdﬂ; mmm;oh of the opni'ation of perceptual factors in

the revised nrb:l.o:; (which i’ the ‘one on which all the analyses reported

in the p:?uv:lbﬁa . stdtiéﬁ fi@r'e__“ro carried ouﬁ) comes from one of the findings

She




Section 3.106 ( 3)

- pertaining to subjects! preferences among the different distractors
- of an item. As stated (section 3.105), when the distractor which was

most similar to the correct answer was less preferred, the more preferred

distractor frequantly was similar to the figures adjacent to the missing

square. Wherever this occurs, it seems that the subject did not attempt
2 logical analysis of the test item, but rather.used perceptual processes
instead.

Further analysis of subjects! errors substantiates this claim,

It was attempted to find out whether making an adjacencguerror was g

- "trait" of a certain sample of subjects; i.e., whether the subject

whose answer to one item is determined oy ddjacency willtend -to make the
same type of error in other items as well. It was found that this was
indeed the case. Four of the forms wers examined with regard to the
tendsncy to make an adjacency-error, Within each fom, all Class A
items in which such an error was possible were compared, In Form 1,
there were 7 such items; :m Form 3, 9 items; in Form i, % items, and
in Form 5, 9 items, giv:l.ng a total of 98 comparisons, In every single

_case the tondenoy to make an ad.jacnnoy—orror on one question in the
V_}plir comlatad with the tendency to make a similar error on tho other
‘quntian. ‘I‘hc fnct that th- eorrelation was always roplieated is

ovidonoo for ﬁhc :uliability of the :I!':Lndh:g , Thm reaul:b- are shom
m fl'ab‘io 3-8(:-4\

h a mrthor tut ot the ebporation of perceptnul procosua,

the oonf:lgurlt:l.on or 1t.ens was emmimd, f.o determina ﬂhlthar thaac
1+.m in uhich tm sm attribut- ;w aalient wonld md to falz ﬁithin
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Section 3.166 (h)

\a' contiguous regidn. It was félt that analysis of subjects?! incorrect
answers would discloss which attribute of the test figures, in each
instance, was the most salient, If the distractor chosen by the subject
was identical to the correct response in one attribute, :.t could maaonably
be hypothesized that the subject was attentive to, and hased his choice

of response upon, this attribute alone, The use of one attribute and

disregard of the others was taken o indicate the saliency of the particular

attribute in the specific item,

This test was applied to all incorrsct responses to each Class A
item in Forms 1, 2, 3 and 5, It was found, through inspecti,on of the two-
space, that itamgr uith direction as their salient attribute‘ indeed tended
to fall into one region, but there were not encugh data, nor were the data

sufficiently consistent, to pemmit any coﬁc]‘.usions on this matter,

. It may be concluded, thersfore, that percapi‘.ual processes are

often resorted tv by subjects taking the teat; this is evidenced by the

. correlationsl :struetura“ as well as by the subjects! preference for the

specific distzaotors. To the extent that such pamept-ual processes are
not taken into account in the facet design, they might be expected %o
interfere with the predicted correlaticnal structure (see section 30le3)e

3 Heno.‘o, t‘ha io‘pera'o‘ion of sueli”factors should be taken into consideration
‘when conatructing the test. This applies. largely to tests employing
'tignrea m teat materul. In ver'bal tests, percepimal processes cbvioualy‘

ahwld nat be expectad f.o op@rata ’ but :l.t still remains to be seen whather
thcaa tasts are aubjact to a difforent kizid of interfering i‘actora.

|
:1
|
1




3.2, Mechanical Comprehension Test

34241 Relative Difficulty of Items

The first analysie of our results was intended to determine to
what extent the facet structure of items can predict their degree of
‘diﬁfiaﬁlty. Five elenents from two of the facets appear to be related
to degree of difficulty: Fs 3, Br L1, B: L2, Bt L7, B 2.6,

They are respectively: mechanical activity of revolving (difticult),
length of path (moderately difficult), shape of path (easy), aacunt
of force (difficult), and angle (easy). But the strongest relatione
ship sesns to exist between jfacet\ G and degree of difficulty. The
median pércentage of subjects who answered correctly items which ‘tzah
be sclved without an "intermediate consideration® was 693 whereas the
medianprbpoftionof those items requiring "immediate consideration"

wags ll.3%0

‘The relationship between facet structure and difficulty
indicates that our facets defined psychologically relevant aspects

of the items. | | "'

m.‘lyaie by the G-L SSA=I program resulted in a threo«éimensional

‘ apa« with s rcaaombly gond £it (cmffiaimta of alienati@n 0.1h57,

s s 152h :tor Fom :u, 2 and 3 uapectmly) . Ae stated above
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Section 3,2,2 (2)

studied, the resultant configuration was not found to be interpretable
in accordance with our facet design., Further, as was the case with
the analytical ebility test, the configuration was unstable in part,
since A:I‘.t differed m;ng the alternative formz of the test. This may
possibly be explained as the result of the different sequences of
items employed in the different forms,

Lven when this factor was taken into account, however, and
only those subgroups of items which showed a shable pattern from one
form to another were examined, the item configuration of the two=
space still could not be attributed to the facet profiles, It must
thereforre:"ba concluded that various facets of tha test «= if at all
behaviorzlly relevant - interact in a complex fashiocn, and that this
does not permit prediction of correlation etructure, at least until
very extensive further investigations are carried out with a great
number of items employing our facet design,

342,3. Subtests

While it is not yet possible to predict relationchips between
mechanical oemprehension items on the basis of our facet design, a more
modeat analysis of the configuration yielded by the SSA-I progran

- sesms to give good results, Certain subgroups of items were found,

each of which satisfied the following conditions:
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Seciion 34203 (2)

(a) Te group of items pertained to a certain sub-area of mechanical.
comprehensiong (there ugfa questions involving free movements the
rosuth of movement on 1‘-.he‘ bedy being mowed; the influence of
dength of radius on the resultant movement); snd ~

(b) the group formed a quasi-scale;

(c) which was stable over alternativs forms,

Table 3-9 lists these groupse The numbers in each group are
the item: numbers in the form of the test for which the coefficient of
veproducibility was computed. The order of items in this table is
from the most difficult to the easiest.. Coefficients of reproducibility

are given for each group.

Iabie 39

Subtests of Mechanical Comprshension end

their Gosfficients of Reproducibility

. _Codfficient
of Repro=

Content Form Items No. ducibility
¥ree movement 1 23, 27, Lk, 18 oL
lo, 19, 17 88
23, Sk, L8, 19 o9l
38, 34, 39 9l
26, 17, 2l 89
L2, 38, 15 g0
21, 29, 52 o
10, 56, 11, 1 +89
51, ka2, 27 91

Free movement

Free movement

Free movenent

Free movement

Movement and its effecte
Movement and its effects
Length of radius

Length of radius

NN OO N




e e oo B [

Saction 3423 (3)

The immediate practical advantuge of this grouping lies in that
a new version of the test (which yields several sub-scores), can now
be constructeds These sub-scores are meaningful in that score profiles
can be reconstructed from.them. Further investigation with the sub-scores
can be expected to reveal more important theoretical relationships with
outside variables than do total scores on mechanical comprehension tests.
In fact, such a revised version of our mechanical comprehension test is
now being prepared and will shortly be in use at vocstional guidance |

centers throughoat the country.

302‘0’40

Correlations were computed betwsen the total score of the mechanical

comprehension test and subtests of the analytical test, for Forms 1, 2 and
3 of the latter. (Subjeots taking thess forms took Forms 1, 2 and 3 respec~
tively of the mechanical test., The subjects taking Form L of the analytical
test were equally divided between Forms 1 and 3 of the mechanical tesp -
see section 2,6 ~ and therefore, the samples were too small for the come
putation of reliable corroiition coefficients). Table 3-10 shows these
correlations,

Tbblg 3-10
Product-ubmént_Corralations_betyaanTotal Scores of the
Machanical Cogpréhension Test and Subtests of Analytical

” Ability Class A Items) |
e g swiags
- o386 | 933 - -h;?ﬂ 33 -
BB - .50 - S5 6
e B - s -

T T T T 2 e e e s e e oL .
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Section 3.2.4 (2)

It will be seen from the table that the highest correlations were
those between mechanical comprehension and (with one exception in Form 1)
subtests RC and DR, (i.e.,the easy subtests, which include twoeattribute
items with at most one diagonally arranged function) while the lowest
correlations were those with subtest DIDR (1.04s the most difficult sube
test; see section 3.1.1).

It should be pointed out that the size of these correlation
coefficients bear evidence to ‘he external validity of both tests con-
cerned, and therefore also to their reliability.

More detailed analyses of the relationship between mechanical
conprehension and analytical ability are now being carriedﬂqut on the

basis of subtests of the mechanical comprehension test.

To obtain additional infommation on the relationship between
mechanical comprehension and different kinds of analytical ability, a
reanalysis was undertaken of the results of a study by Kraak (see
reference 13). Kraak published the correlation matrix for ten sub-
tests of mechanical comprehension, a verbal analogy test and a test of

numerical progressions.

4n 55A-I space shows that the mechanical tests closest to the
verbal analysis test, are two subtests which show diagrams or pictures
of machines and in which the subject is called upon to oxplain their

cperations However, another subtest showing such a diégram, is far removed

 from thavarbal<analegy test, ‘(This subtest showsathree-armed T-formed

iavary two arms of which are held by sprihga, and the subject is asked how

65..
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Sextion 3.2.4 (3) |

a waight on one of the arms would, influance the lever.) Four tests

of upatial perception form contiguous regiomsof the twowdimensional

space resulting from the SSA-I. These are closest to the numerical

progression test, '




lio CONCLUSIONS

In the present study a first attempt has been made to implement
the facet theoxry approach in test construction and data analysis.
The experience gained here makes it possible to evaluate the fruitfule
ness of this approach, and the promise held out by it for further

progress in mental testing,

The first point to be made here is in regard to the possibilities
of systematic item construction through facet design. Two kinds of
tests were devised in this study: an analytical ability test azd a
mechanical comprehension test: While each employed a facet definiticn,
it appeared that the two differed in the extent to which use could Le
made of their respective definitions. In the analytical test, the
facot design could be used to specify the items down to every detail,
This was not so in tl@'e mechanical comprehension test, where the designs
could be used enly to determine the kind of relationships betwesn
attributes (such as force, speed, and volume) which the items pertained
tos It was not possiblo to build iteis for each one of the profiles

‘whtch eould be gemrutod rm the J’acot definition of tha mq!miul
T -v’i‘taat, wherm no uuch 1:I.n1tntwt vas' found in regard to the malytﬂ.cal
.j’“*h."~;teata' which called for the mndinc ot mlog:lea and up:tona arbitrarﬂy
| ;y;;choun« goadctriu ngmn o

; I

s M fi:;im,!!g_j‘l! d’-'?!ﬂs!‘_‘!@ °f ﬂ" m & icll t«-m 1covld ‘m m

i tioally designed by means pfi‘ £ [egu “{ asotion 2.2). hulya:la o th-
o ,"“‘*1*'” shmd lthat ve were 'mmaful m comtmcti.ng distractors hioh




Section U (&)

for incressing the discriminatory power even of short tasts (section 3.1.5).
This advantage was not shared by the mechanical test, where it proved

difficult to design distractors by facets,

Considering the nature of the tests concerned, all this is just
what one would expect., It only goes to show that tests may differ uideJ_.y
in the ¢as® with which facet design may be applicable to their construction,
On the other hard, it sesms safe to say that whatever the nature of the
test, facet design can be smployed in item construction at least to some
axtenty the experience witia the particularly unwieldly mechanical ability

questions seems to be evidence for this,

That the facets employec in the consiruction of the present test
were psychologically relevant is ahown, first of all, by the fact that
they could predict the reletcive Gegres of diffisulty of test iteme., This
is true for the analytical ability test end, to a certain extent, for the

machanical comprehension test,

Another question - whick also concerns ‘the psychological relsvance
of our ;l‘abqta = is that of the cbtained relationship between the facet |
atmctm of the toat and the mtistzl.cal atmcturb of its. usu:lta. Here

______ kindc of hqts. For |
dm rm‘ the ru_aohan:lm test d1d
B wa :nmpuumn tom o
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Section 4 (3)

analysis \‘(sactionu 3.1.3, 3.lh)e Even here though, the success achieved
was only partial, and many details of the statistical structure did not
prove amenable to explanation through the facet profiles of the items,.

In consiciering possibla reasons for this, a factor which acted
as "noise" was hypothesized: the operation of what has been temmed
perceptusl processes" (saction 3ele6). Supplementary snalysis of the
data lent support to this explanation. This result night prove to be
important for future work on the construotion of analytical ability
test of the kind developed in this project, where, it is suggested, this
factor should be taken into account,

In susming up the lessons of this project, we might say that this
first wttempt of carrying out all steps of test davelopment systematically
by means of facet design seems to show the fruitfulness of thLe s&pproach
taken, The degree of success achicve: was uneven, differing with the
kind of test and the mature of analysis conducted. At times it was
possible to reveal the reasons for the difficulties encountered, and
thus valusble experience has been gained for future work on test develop
ment m-d on Zacet thaory.

m. m:d;tng- iﬁ‘i‘itiz'“ﬁ io ':"";’mnn mpr«mtmg claaan, trrtngaents
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From which outlet will the water veach the tree first,

1. From outlet A (N
2. From outlet B (1
3, It cunnct be established

With which hammer will it be easior to pull out the nail?

1. With hammer A(XN
2, With hammer B(2)
3. It makes no difference

Which ball will roll in an arc?
1. Ball A(R)

2. Ball B(a
3. Neither of them

Example of Mechanical Scaprehiension Test Itém
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(Subtests which were not included in Tabls 3=3)

Table g-}fa}

Distribution of Nmnber of Correct Responses

Form 1
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