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Raven's Progressive Matrices (RPM:; Raven, 1938) has become a widely used test of general
mental ability. It has been used by Cattell (1971) as a2 measure of fluid intelligence and by Jensen
(1970) as an index of Level IT ability. It is also commenly used in education as a test of gensral intel-
ligence or nonverbal reasoning. Historically the test seems to have emerged as an attempt to assess
Spearman’s g, "the eduction of relations and correlates". - and while the concept of general intelligence
stlll has broad support (e,g. Cooley, 1976), there are increasing efforts to understand it in terms of
more discrete and more easily defineé cognitive nrocesses (e.g. Carroll, 1976; Das, ¥rby & Jarman, 1979;
Hunt, 1976). Recently, part of this effort has been specifically directed at deseribing the nrocesses

which underlie successful solution of R?M items (Hunt, 1975; Kirby & Das, 1978; Lunneboxg, 1977).

Bunt (1975) suggested that. for a large number of RPM items, there were two quite different solution
algorithms, One was described as the Cegtalt algorithm. in which one "deals with a prohlam hv usine the
operations of visual perception, such as the continuation of lines through blank areas and the superimpog.-

ition of visual images upon each other" {p.133}. The Apalvtic algorithm, on the other hand, "applies

logical operations to features contained within elements of the problem matrix" (p.133). Uhereas the
Gestalt algorithm relies upon the mental manipulation of sensorv images, the Analytic alporithm deals with

abstracted features of the displays, by means of operations such as constaney, supplement/delete,

expansion/contraction, addition/subtraction, movement, and composition/decomposition (Hunt, 1975,p.1l46-147).

While the Cestalt zlgorithm is seen as less developed than the Analytic one (the former being nerhans
characteristic of concrete operaticns, the latter Qf formal onerations)7 Hunt's analysis demonstrates that
use of the Cestalt algerithm alone in Set I oflthe Advanced Progressive Matrices would result in a score
"slightly below average performance in the normal adult population {p.141}, Similarly, inspection of the
Colered Progressive Matrices (suitable for elementary school children) suggests that the festalt algorithm
could solve almost all éf these items. In all cases, the Analytic algorithm is requirved for solution of
the most difficulr items.

If supported empirically, Hunt's analysis could have far-reaching implications. Once the possibility
of subjects using different strategies, or algorithms, to solve a particular set of test items ig accepted,
then interpregations of test performance must become move complex. The total score will not tell us much
about the way the individual solved the RPthest items. This leads, as Hunt suggests, to a consideration
of an individual's cognitive style in any interprétation of RPM test performance. More specifically it is
possible that children who score low ¢on RPM are not spontaneougly employing the ootimal (i.e. Analytical)

algorithm., If such were the case then any assessment of a child's general mental ability would need to
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cunsider whelher the failure to use the oprimal scrategy was due to an ioabiiiry to use it - a mediation
deficiency in Flavell's (1970) terms - or bersuse they were simply not awsre of the strategy bur used ir
effectively following instruction. The latter position represents a production deficiency as described

by Flavell (1970},

Whar evidence is available for Hunt's algor;thm approach? Livrrle direct evidence apart from Hunt's
original paper has emerged although there are several sources.waich provide indirect support. The first
of these is 2 series of item svalyses of RPM rests. <Corman and Budoff (1974a, 1974h) factor.analysed
responses on the Colored Progressive Marrices irvems for a variety of popularions. They found consistrent
support for the existence of four gubscales: Discrere Partern Complerion, Simple Continuous Patrern
Completion, Conrinuity and Reconsrruction of Simple and Complex Stroctures, and Reasonihg by Apalogy. The
first three of these would appear to invelve components of the Gestalr algorithm, while the last wounld
generally require the Analytic algorichm. However, Corman and Budaff's approach does not map directly
onto that of Hupr for he hgs argued that both the Gestaér and Analyric algorirhms could, theovetically,
be Qsed on man? of rhe Lrems io Cormsn and Budoff's firsg three subscales. For Huot, item type does not
rotal]y dlctate strategy use.

K1rhy and Das (1978) pursued the reiar1cnsh1p berween strategy and irem type, attempting ro deman-
strate that those who guvvessfully complered the Reasoning hy Avalogy items were also more abie in rthe
area of analyti;al (reasooing) abilivy. Ghverse]y,‘thoﬁp who were more successful oo the Conripuity and
Reconstruction of Simple and Complex Structures iFems were hypothesized to do better on measures of
spatial ability. Kirby and Das argued that analyrical reasoning ability required similar tule-based
Andlyrlcal algorlthms to the Reasonxng by Anaicgy 1rems, and that spatial ab111ry and the Conrinuity and
Reconstruction of Slmple and Complex Structures requlred Slmliar Gestalric algorxthms If these hythheses
had been correct, Kirby and Das would have found that thezr measures of spatial ab1lity wnuld have correl«
ated mere highly wxrh rhe Conrlnulry and Reconstruction subsca%e than with the Reasnnlng by Analogy sub-
scale. Slmziarly. analyrlcal reasonzng abillty would have been correlated more highly with rhe Reasonlng
by Analogy ‘subscale than with rhe ather. In a sample of nine vear old children, thesg hyporheses were not
found to be tenable. Qﬁiéé this result does ndr dispfove Hunt's position, it does not offerlic'the éup—
port it migh#lhaﬁe. l - . . ’

Lawson and'Kirby {1978) examinedAfhe role af early items in fhe deveiopmenr of the rw& éolution
strafegies. In the condifions'of interest ﬁere. rhéir subjectgl(grade 4, A and 8 children} were divided
inte two groups. Both groups recelvpd the srandard RPM 1nstructlons, foliowed by six easy items. .hpn
one group (B) did six irems which srressed a Yaoad flgure result (slmllar Lo Hunr ] Gesralr algorlthm)
while rhe other (8) did six items that fequﬁred aor at lesst encouraged analoglcal reasonlng (Analyrlcal'
algofithm). No special insfructioﬁ% were gi?eh aﬁd éil éuﬂjects thén proceedeaito compiete sets C, é and
E of the Standavd RPM. Though ne explicir traianlog was given, this procedure could be reférred to aé
“weak rrainilag”, iﬁéc%ar as complerion of cﬁhsecutive'iremé of a'similaf.ffpe encouragea éuﬁieErs fo
develop a strafegy. The Ewe grcups of grade 4 sub]ects. as well as rhe two groups of grade 6 sub]erts,
did not differ 51gn1f1cant1y on the Srandard RPM posttest, hawever, grade 8 studenté w%c gad experlenced
the weak Analytxcal tralnlng (group £} did 81gn1f1cantiy cut—perfsrm the B group. These results suggest
that the grade 8 students had a production def1c1ency and benefltred from even the sllght extra experaeace
of six analytlcal items. Low numbers of sub]ects in the grade & sample, and the camplex nature of sats

C, D and E (it not belng clear wh:ch algorlthms were requzred), leave this study Open to other
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interpretations. ~

The studies described above were not designed to esrablish Hunr's alternative solution alporithms, and
can only be interpreted as weak support, or nonsupport, for them. Clearly what is needed is a study des-
igned specifically to isolate these two algorithms or strategies.

Identification of strategy use is a major problem. Kirby and Das (1978} used one approach by examin-
ing the correlates of performance on RPM preblems, arguing rhat other messures were cleater indicators of
the strategies in question. 1f these strategies are differentially involved, then performance on these
taslks should be differentially correlated with perfermance on the "marker" measures.

A most tempting alternative approach to the isolation of strategies, and a most obvious one, is to
question subjects abeout their reasons for each response and to build-up a classification of strategies
from these reasons. While possessing all the difficulties of introspection such a technique is not com-
pletely without value. It has been applied recently in investigations of metacognition (see Lawson, in
press, for a review) and over many years in Plagetian research with children. The usefulness of the
technigue clearly depends on the ability of the individual to censtruct an accurate representation of his
cognitive decision-making process. For this reason it geems that the verbal response technique must be
used in conjunction with other indices of strategy use.

In using the RPM the researcher is able to examine the pattern of subjects' responses in twe differ-
ent ways, and can relate these to verbal justifications. If items can be identified that clearly require
one strategy and not the other, then success on that item can be taken to indicate that the strategy was
used, In addition, if pa¥ticular answer options within an item can be argued to be more Analvytic than
Gestaltic, then choice of item option can serve as an index of strategy use.

With regard to the RPM, this technique could pick out use of the Analytic algorithm, but not the
Gestaltic, as all items soluble by the Gestaltic algorithm are also soluble by the Analytic. As item
difficulty is also greater in the problems presumed to require the Analytic algorithm, this implies that
higher total score is related to use of Analytic strategy.

The final technique to be discussed employes strategy training. If the different algerithms exist

as different stratepies, instruction in use of a particular one could increase use of that algorithm.

This inecreased use of a particular algorithm could be detecﬁed by analysis of both justifications and
response patterns. Because the algorithms seem to be related to ability, and even to developmental level,
it is by no means certain that subjects can be taught fo use particularly the Analytic algorithm more
effectively.

The purpose of this study is to attempt to identify Hunt's two processing algorithms as solution
strategies Iin RPM items, by means of the techniques described above. More specifically our aims are fo
{1} see whether two distinct strategies can be isolated using both verbal justifications and response
patterns as indicated, (2) see whether these strategles can be trained, (3) investigate how strategy
use is related to performance beth overall and on specific items, and (4) to relate these reéults to
Hunt's analysis. Because the algorithms may be related to developmental stages, subjects of an age at
the beginning of formal cperations were most appropriate for the study.

Method
Subjects
The subjects were 30 grade 6 boys attending 2 metropolitan primary scheol in Adelaide. The boys

came from each of the school's grade 6 classes which are not streamed on any systematic basis. The mean
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age of rhe boys was 125 months with a standard deviation of 5.8 months. Subjects were randomly assigned
to either of the two traloniog groups.
Training. One set of instructions (the G imstructions) was designed to trgin the use of the Gestalt
alpgorithm, while the other (A) instructions were designed to train use of the Amalytic algorithm.. In
the G instructions subjects were told: "Je ave poing,te do problems in which you have to work out what
is missing from a picture. Bach problem is pasically a pattern with a piece missing. You have to pick
out a piece to put in that space so rhat the picture or the pattern is finished. Look at each of thg
pictures and try to pick.out the missing pieces. You have to pick the piece that qompletes the picture -
that makes it look like a good pattern.n following this general introduction subjects were talken through
items Al, Ab7, A7, and Abl2 from the Colcred Progressive Matrices. On gach of these items the above
training was emphasized and subjects were given feedback after each item to ensure that they had used
the appropriate strategy. Subjects were then given twoe speclally ccnstrpcted ambiguous items (see
Figure 1 for an example). Agaln use of the G strategy was §tressgd and choice of the G options emphas-
ized (option 3 in Figure 1 compleres the patrern, balances the picture}.

The same format was used for rthe A training with appropriate modifications. The general instruct-
ions to subjects indicated that: 'We are going to do problems in which you have to work cut what is
missing from a pieture. Fov each problem there is a rule which tells you what should be in the empty
space. What you have to do is work out the rule and then work out what the missing pilece is. Tirst
try te work out the rule aud it will help you work outf what the missing plece ig.” For the A group the

practice items used were Al, B3, B9, and Abl2 from the Colored Progressive Matrices.

Figure 1. First ambiguous training item
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For the two amhiguous items {the same items used with the G group) chodce of the apalytic options (e.g. 1
or 4 in Figure 1} and of the analytic strategy werg stressed. Both forms of training lasted approximately

10 minutes.
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Posttest measures. Following the completion of the training session subjects were given the posttest

items. These sets of items were the same for both groups. TFirst were four more ambiguous items which
were designed to provide a check on strategy use following training. Then came items 1 - 10 from Set 1
of the Advanced Programme Matrices. These items had been analysed by Hunt (1974, Table 6.1) who suggested
that while items 1 ~ & could be scolved by use of either algorithm, items 7 - lG.required use of the Anal-
ytic algorithm for solution.

Following completion of each of these items subjects were asked to say why they had chosen a partic-
ular option.
Procedure |

All training and testing was carried cut individually by one experimenter. Subjects indicated their
choice of options on an answer sheet and their verbal justifications were taperecorded during performance
of the Set 1 items. The complete training and testing session lasted approximately 40 mins for each
subject.

Coding of Justification Responses

Following the compietion of data gathering the subjects justification responses were transcribed for
analysis. Each response was then classified using a three part coding system. Justifications were class-
ified as G if subjects stressed any of the following factors: the spatial nature of the array; the
continuation of elements of the afray; "eoloring-in' of parts; or the visual appearance of the chosen
option (e.g. the balance or symmetry or "It's getting bigger as it goes across", "It poes skiuny then a
bit wider”). Justifications which stressed rules, such as: a counting rule ("this one has 3, this one
2. so this must have 1"); a position rule (Ytop lefr, too riéht, bottom left, so it must be bottom
right"); or a subtraction rule, were classified as A,

All justification responses were classified by two raters, neither of whom knew the subjects' train-—
ing group membership. After discussion of sample responses both raters agreed on virtually all responses.
If no agreement could be reached about a response, or the respoase w;s tautelogical or irrelevant
{"Because its gov all lirtle squares in it énd there's no other like it"), ir was placed in the Unclass-
ifiable (U} categery.

Results
© Ambiguous items. Frequencies of A or G responses for the four ambiguous items are shown fin Table 1. It
can be seen that those undergeivg G traioing responded almost exclusively in a ¢ fashion, i.e. they
chese options which completed or balanced the pattern in rthe problem marrix.

TABLE 1: Frequency of CGestalric or Analytic responses in four ambiguous irems

Trem
T T
1 2 : 3 4 ! overall
i
Training Group [ -1 G A G A G A ; G ; A
, f .
{ 7
Cestalt 15 fo 15 (o [15 fo |11 ;3! 36 ! 3
-
i ’ ;
Analytic o |15 14 (11 5 9 ; 13 ;1 22 jze
- J

* ¢ indicates number of cheolces of Gestalt opticns, A indicates number of Analytic options. N = 15 in
each training group. Some options were appropriate to neither algorithms; thus all cells do not add

to 15,
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The patvern of responses io rhe A traioing group is less straighrforward. Overall there is srill a tea—
dency tor predominantly & responding io the A group, certrainly much more so than in the ¢ group. The
difference berween training groups io the overall patterns of response. is significenr. (x2=A0.2.p4,901}.

However; choice of A options in the A group weakens in the second and third items,.aed almost disap-
pears in the fourth item. It would appear that while both forms of training have effecrively esrablished
different strategies, the A strategy is quite fragile, disappearing when difficulr problems are

encountered. Item 4, for which G responding was dowminant in beth groups is shown in Figure 2.

Figure 2. PFourth ambiguous test item
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For 10 year old childreu this is cleariy a very dif%icvlt problem to process apalytically, for rhe very
powérful diagonal of black figures must be igoored, In this item optiocn 2 is thé‘énalytic respanse
(having four points), and either 2 or 3 can be regardéd as Gestaltic (bging colored in). Given the dif-
ficulty of the analytic rule it is ﬁerhaps notrsurpriéiné fhar the A érnup subﬁects "regreas” to'é
responding for this time. ) | |

Set 1 items. Table ? contains the frequencies of correct and incerrect responses for each iftem forx

the twoe rraining groups. Each justification response is claésified according to the c?ding systen

described previcusly.

There are very few differences in the number of corrvect responses between the groups. Only on
item 10 is there any méjor disparitj in the level éf pééformaﬂéé. FérAthe firét ni&e Set 1 items as
a whole neither type ofAtraining appeérs to offer subjécts an advantage. In part rﬁis would be
expected -from Hunt's (1975) analysis, for he argues that the first six of these items can. be solved

using eilther algorithm.
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Table 2 : Frequency of correct and incorrect responses on Set 1 items,
classified by types of justification and training grcup.

GROUP
Gestalt Training Analytic Training
Set 1 Justification* Correct Incorrect Justification I Corract Incorrect
Item v ! i I A TS B
L
1 ¢ oo s 1 G 12
A i 1 _L a 3
3 R I |
fel ; & : 1 . a )
2 A ; 8 A 13
: :
G 12 “ G 12 1
3 A A 1
U 1 2 U 1
i -
G . V'Y g 15
4 A ; ’ A
U L i
e 6 1 ! G 8 1
5 A 1 ! A 1
U 5 1 ? u 2 3
G . i G 2
6 A 10 3 A 3
U L o] 1
o f T L
. | . 1 G 1
A 10 2 A
U k) 1 U
e T o 4
. o 4 o I
A 1 A 5 i 2
u 5 i ; 4
c ] 2 G | 2
9 A 3 9 A 4 i 8
U v [ 1
il - - ¥ p—— - E,. - . _‘ EETT R ——
G 12 1 G 3 ] 2
a A 5
o : : ]
y 2 u f 2 i

*G indicates a response classified as Gestaltic, A as analytic, and U as unclassifiable.

However, in these résults the degree of success in solving items 7, 8, and 9 is much the same for both
groups, and this 1s not what would be expected on the basis of Hunt's analysié. If in fact these three
items do require the use of the analytic algorithms then many of the subjects in the G group do seem
able to switch teo that algorithm despite § training. - The justification data seems to reinforce the
this interpretation for from Table 2 it is clear that the frequency of A justificatiens given by the

G group does increase markedly on items & -~ 9.

Item 10 produced 2 most interesting set of responses. In spite of Hent's classification of the
item as Analytic, it can be seen that the Cestaltw~trained group was the meore successful; More can be
learned when subjects justifications of their choices on this item are examined. In the G group the
justifications are almost exclusively Gestaltic; in the A group they are more mixed, thoughrA reasons
predeminate. However, for the A group a greater degree of success attended ¢ justifications (3/5) than
did A justification (3/8), Inspection of item 10 (see Figure 3} and of the typical G justification
reveals why this item is apptoached in this manner. Subjects who were correct apparently ignored most of
the display and concentrated their attention upon the last row or. column {e.g. "As it goes down it
graduaily fills up until 1t pradually fills vight up”). Other G justificatiocns indicated a type of

superimposition operation: "Put the first and second ones together you get a half ,.. so when you put the
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two halves together you get a whole". Thus, contrary to Hunt's view, it seems that item 10 is soluble

using the Gestalt algerithm, specificélly by a variation of the superimposition operation.

Figure 3. Ttem 10 of Set 1.
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4 final point of interest in Table 2 concerns the relationship between training group membership and

justification tyme. Training group membership does not always accurately oredict the type of justification
offered bv subjects. This is anparent in the case of ltem 2 for the € group and items 1, 4 and 3 for the
A groun. In these ¢ases the nature of the item seems to be a more poteant factor than trainiag.. .

" Niscussion and Conclusion

This study was designed to address four issues: (1) can two distinct strategies be ddentified?
(2} can the strategies be trained? (3) is strategy use related th performance? and (4) can these results
be related to Hunt's- anavlsis? We will discuss each of these issues in turn.

Can two strategies be identified? It would appear that the answer to this question is Yes, It was

not difficult to follow Bunt's analvsis and devise twe brief traiuning sessions. Simiiarly it was not
difficult to unambiguously assign subjects’ responses te categories. Subjects’ choiced 1n three of the
four ambiguous items and in item 10 of Set 1 were different according to group membership, The pattexns :
of response on these items are especially significant for they show that strategy is not wholly dictated
hy item tvepe., Subjects given different sets of training instructions do resnond in identifiably different
ways.

The validite of our arguments for strategy identification demend of course upon the criteria we have
used. The results here would give reasonable support to the usefulness of using two main indices in
identifving a strategy. The first, the ambiguous items, did preovide a way of checking on- the influencs

of training instructions and atv least. for the first 3 of these. items .training- group i§ a good predidtor”






