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Psychometrics, cognitive ability, and occupational performance

JOHN RAVEN

In two previous articles (Raven, 1989hb, 2000), 1 reviewed studies suggesting that, contrary to what Flynn
(1987) would have us believe, the Raven Progressive Matrices measures psychological abilities of fundamental
importance, and that the steadiness in the improvement in these abilities over time and the similarity in the norms
obtained in many - but not all - cultures at any point in time reinforce this conclusion.

In this article I will summarise remarkable new evidence that the Raven Progressive Matrices is measuring an
important aspect of cognitive functioning. Thereafter, I will return to the question of the extent to which it
measures “intelligence” (and competence more generally). This will lead to a re-examination of the test’s
construct validity. This discussion has important practical implications because it underlines the need to situate
eductive ability scores in the context of a yet-to-be-developed framework for thinking about the wider aspects of
intelligence and competence. At the same time, it raises serious questions about the way we think about the
procedures to he used to establish the validity of a test and the ethics of insufficiently comprehensive assessment -
however invalid some of the necessary assessments may be. The article concludes by outlining some of the
parameters which must be satisfied in seeking to develop a better framework for thinking about competence and

its assessment.

Raven (1989b) argued that the reproducibility of the
psychometric properties of the RPM across different
socio-economic and ethnic groups, the regularity in the in-
crease in scores over time, and the similarity in the norms
obtained in many different cultures at any point in time all
suggested that the RPM measures something of fundamen-
tal psychological importance. This theme was developed
further in Raven (2000) and Raven; Raven and Court
(1998, 2000), where the increases over time and the new
tests developed to restore the discriminative power of the
tests are discussed more fully. In this section, I will muster
evidence suggesting that the RPM directly taps one impor-
tant aspect of psychological functioning and that this is
what most psychologists refer to as “cognitive function-
ing”. Later I will argue that, although this is indeed the
case, this label misleads - for what is generally regarded as
“cognitive” functioning is primarily affective and conative,
It is therefore more appropriate to claim that the RPM
measures “eductive” ability - at least in relation to one po-
tentially valued set of activities.

That the RPM measures, and reveals something about,
basic cognitive functioning actually follows from the ap-
plication of Item Response Theory in its construction.

John Raven, 30 Great King St.,Edinburgh, EH3 60QH, Scotland (Cor-
respondence concerning this atticle should be sent to this address).

Item Response Theory (IRT) was developed in Britain
in the early 1930s, used in the development of the RPM,
translated into mathematical formulae by Rasch in the
early 1940s (in the course of which he specifically tested
his formulations by showing that they applied to the RPM
[Rasch, 19801), and popularised in the US and elsewhere
by Wright and others (e.g. Wright and Panchapakesan,
1969) in the 1960s. ’

To establish the internal consistency of the RPM,
graphs (Item Characteristic Curves, ICCs) were plotted
(Raven, J.C., 1939) to show the way in which the probabil-
ity of solving any one item related both to the probability of
solving every other item and total score. To the extent that
these graphs reveal that the probability of solving any one
item does indeed increase in step with the probability of
solving easier and more difficnlt items, it shows that, what-
ever the manifest content of the items, they are tapping
some common underlying continuum.

Given that the manifest content of the items changes
from simple perceptual (“Gestalt™) items, through easy
analogies, to complex analogies which seem to require
considerable “analysis” to discern and isolate the “rele-
vant” elements, this shows that “perception” and “reason-
ing” form part of the same psychological continuum. Put
the other way round, perception is not an immediate, vis-
ual, process but involves conceptual activity. Such activity
is required to discriminate figure from ground and relevant
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from irrelevant. It is therefore a mistake to regard the RPM
as a measure of “problem-solving ability” since, as Spear-
man (1927) was at pains to emphasise in his principles of
noegenesis*, the capacity to identify and handle problems
depends on simultaneously developing an understanding of
the whole in order to know what to look for in the parts (i.e.
in order to “analyse”) and knowing which parts to discrimi-
nate from background “noise” in order to “see” the whole.

It follows from what has been said that the item analysis
- the set of Item Characteristic Curves - for the RPM dem-
onstrates (a) that something which might tentatively be
named “general conceptual ability” does “exist”, (b) that
the RPM in some sense measures-this ability, and (c) that
the qualitatively different items of which the test is com-
posed form part of a common continuum. These qualita-
tively different types of item are not measuring “different
things”. Just as the concept of “hardness” is not negated by
the fact that it is different substances which display differ-
ent degrees of the characteristic, so the fact that the items in
the RPM differ in their manifest content does not invalidate
the notion that their solution demands different levels of
“cognitive ability”. The ability to solve one type of item in-
creases incrementally and in step with the ability to solve
other types. There are no metamorphoses in thinking be-
tween the ability to solve one kind of item and the next (al-
though this does not imply that there are not spurts and pla-
teaux in individual development).

At this point it is necessary to counter the objection that
factor analysts have isolated separate factors made up of
these “perceptual”, “reasoning”, and “analytic” items. I
have shown elsewhere (Raven, Ritchie & Baxter, 1971)
that the correlation matrix obtained by intercorrelating the
items of a perfect Guttman or Rasch scale can be fitted by
neither a principal components analysis nor by any or-
thogonal or oblique rotation. The nature of the correlation
matrix is determined by the properties of such scales. A
knowledge of whether someone gets a very easy item right
does not enable one to predict whether they will get a diffi-
cult item right. The correlation between very easy and very
difficult items therefore tends to zero. On the other hand,
items of similar difficulty are highly correlated: A knowl-
edge of whether someone gets one item right or wrong is a
good predictor of whether he or she will get the next most
difficult one right or wrong. The correlation matrix ob-
tained by intercorrelating the items after they have been ar-
ranged in order of difficulty thus has correlations tending
toward unity around the diagonal and approaching zero in
the distal corners. This correlation matrix cannot be re-
created by multiplying and adding loadings on any set of
factors smaller in number than the original items. If one

* The word noegenesis derives from the Greek word noetic, and thus
means “mind creation™.
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forces data of this kind into a factor analysis one gets a se-
ries of “power” factors. These are made up of items of
“similar” difficulty because adjacent items intercorrelate
highly. (The average within-factor correlation is deter-
mined by the number of factors extracted.) But now comes

the misinterpretation. Items of similar difficulty consist -

predominantly, though not exclusively, of items of the
same manifest type. In fact, the factors contain some - in re-
ality easier - items from the qualitatively different type

which comes developmentally earlier, and some - in reality

more difficult - items from that which comes developmen-
tally later than the bulk of the items in the cluster. But these
“non-conforming” items can easily be overlooked when
naming the factor. Researchers have tended to name these
factors to reflect their dominant manifest content when
they are, in reality, power factors.

We can now return to our conclusion that the IRT-
based item analysis of the RPM really does show that there
is a continuum in “cognitive (actually ‘conceptual’) abil-
ity” and that this continuum can be assessed using a range
of items running from easy “perceptual” items to difficult
“analytic” ones. It involves the ability to discriminate fig-
ure from ground; the ability to discern order and meaning
in (or make meaning out of) confusion; the ability to form
high-level, usually non-verbal, concepts which enable one
to make sense of the environment. Spearman used the Latin
word educere - to draw out - to characterise and discuss this
component of General Intelligence - g - and contrasted it
with reproductive ability, the ability to reproduce already
verbalised knowledge.

The conclusion that something which might be termed
“general conceptual ability” - or “eductive” ability “exists”
- has been reinforced, and its generalisabilty underlined, in
a number of studies in which the RPM has been correlated
with other tests. : : :

' However, both its existence and generalisability have
been neatly confirmed in a study by Styles and Andrich
(1997, 1999). This study, like the scaling procedure used in
the development of the tests, was grounded in IRT.

Using a mathematical formulation of IRT, Styles and
Andrich mapped the levels of thought revealed by three Pi-
agetian tasks - the Balance, Chemical Combinations, and
Correlational tasks - onto the set of RPM ICCs.

What emerged was that the (Piagetian) level of answers
given to these problems increases gradually and incremen-
tally in step with the ability to solve RPM problems of
similar difficulty. It is again clear, therefore, that the ability
to solve qualitatively different types of problem develops
progressively and does not emerge from the kind of meta-
morphosis which has sometimes been said to lie behind de-
velopment of the ability to solve the more complex Pi-
agetian problems. '
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Styles and Andrich’s study not only provides a further
demonstration that the RPM is tapping a continuum of fun-
damental psychological importance, it also indicates that
whatever is being measured cannot be dismissed as an abil-
ity of mere academic interest. It follows from their work
that RPM scores reflect the ability to solve complex, “real-
life”, problems of an apparently very different character.

A quite different line of work showing that the RPM
taps basic psychological abilities comes from researchers
working with Reaction-time and Inspection-time (Jensen,
Larson & Paul, 1988; Vernon, 1989, 1991, 1993; Deary,
1993, 1995).

Vernon and Deary independently concluded from their
reviews of the work of a number of researchers that the
RPM has significant, but not strong, correlations with:

* Low cerebral glucose metabolic rate. That is;
those who get high scores on the RPM appear
to-work more efficiently.

* Some - but far from all - measures of
“reaction-time”. (Many measures of
“reaction-time” do not correlate with the RPM,
and the studies which have reported the highest
correlations have included speed of response to
difficult “IQ-type” questions among the
measures composited. No general statement to
the effect that the RPM and “reaction-time”
measure the “same thing” is, therefore,
Jjustified.)

* High cortical response (averaged evoked
potential) as measured by EEG, to _
unanticipated visual stimuli - but low cortical
response to self-administered stimuli;

* Blood calcium level, which is ifself associated
with neural conductivity. ' '

Most impressive, however, is Deary’s demonstration
that the RPM - and eductive ability more generally - is
more highly correlated - at the level of about .6 - with the
amount of time people require to be 85% accurate in per-
ceiving which of two lines of very different length is the
longer, i.e. “Inspection-time”. (Deary makes a point of em-
phasising that the measurement of Inspection-time does
NOT require the person being assessed to work at speed.
Inspection-time is measured by varying the amount of time
the lines are exposed and finding the point at which respon-
dents are unable to discriminate accurately between them.)

Inspection-time, like eductive ability, and unlike repro-
ductive ability, “declines” with age ... i.e. has gone up with
date of birth. ' _

There is one other recent study which deserves to be
singled out for mention here. Carpenter, Just, and Shell
(1990) reported that 95% of a sub-set of verbally encoded
Advanced Progressive Matrices items could be solved by a

computer programme which was required to check for the
presence or absence of only five rules which might govern
the orderliness of the matrix and which, if present, collec-
tively determine the characteristics of the element required
to complete the pattern. : :

Progressive Matrices items were not constructed with a
view to analysing the “problem-solving” strategies em-
ployed by respondents. As a result, the items of the classi-
cal series often have features which make it difficult to
identify the operation of the rules Carpenter et al. sought to

- study. Likewise, the set of options from among which the

correct answer has to be selected were not constructed in
such a way as to make it possible to test hypotheses deriv-
able from their theory about how the kinds of error which
are made should relate to total score (although Raven did in
fact find that type of error was directly related to total
score). '

Vodegel-Matzen (1994a&b) constructed a set of items
which (a) contained no features extraneous to Carpenter
and Just’s framework that might influence their-difficulty,
(b) had theoretical difficulty levels which could be calca-
lated from that theory, and (c) had distracters which dif-
fered systematically from the correct answer only in terms
of the number and kind of rules omitted (and the probabil-
ity of selection of each of which could therefore be ex-
pected, on theoretical grounds, to vary systematically with
total score). ' :

This new test had both excellent internal psychometric

_properties and a very high correlation with the RPM. -

The results of the error analysis were as predicted. The
most able of those who were unable to solve a given item
selected answers which failed to take account of a single -
the most difficult - rule governing the orderliness of the
matrix. Less able respondents overlooked more rules. Thus
the type of error made varied with total score in the way
predicted by the theory. The finding thus gives us new in-
sights into the causes of deficiencies in cognitive function-
ing. ‘

Another factor determining item difficulty is the ease
with which it is possible to identify the elements to which
attention needs to.be paid when trying to identify system-
atic variation between the cells of the matrix.

By making the elements of which the matrices were
composed more “life-like” - i.e. using such things as hats,
bananas, and faces instead of squares and triangles - while
requiring respondents to apply the same rules in order to
solve the problems, Vodegel-Maizen demonstrated just
how important this factor really is. But what was most in-

teresting was that the change to more life-like components

made the items easier for everyone - not Just for lower-
scoring respondents. The rank-order of items and respon-
dents remained virtually unchanged.
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“Use of pictorial elements may, however, result in cul-
tural differences which are not found on the original test.

Going the other way - “hiding” the features that it is im-
portant to attend to - making “correspondence-finding”
more difficult - makes the items harder for everyone. But it
makes little difference to the order of difficulty of the items
or the rank-order of respondents.

Moving away from specific studies to programmes of
research, remarkable confirmation of the appropriateness
of the eductive-reproductive framework for thinking about
these abilities has come from an entirely unexpected quar-
ter. Cattell (1963) and Horn and Cattell (1966) initiated a
stream of research in the area by proposing that the basic
distinction was between “fluid” and “crystallized” intelli-
gence and further suggesting that the latter “differentiated
out of” the former. Whereas Spearman argued that the na-
tures of the two abilities were “trenchantly contrasting”,
Cattell and Horn viewed them as closely related and ex-
pected to find that they had a common neurological sub-
strate which, they hoped, would be illuminated by research
using “more fundamental” psychophysical and psycho-
physiological measures.

On reviewing the available material for Sternberg’s
(1993) encyclopaedia, however, Horn came to a series of
conclusions which support Spearman’s standpoint in virtu-
ally every detail: (1) the thousands of “more fundamental”
measures which have been developed do not cluster into
the eductive vs reproductive domains but generate some

eight additional factors or components of “intelligence™; -

(2) none of these additional factors has anything like the
explanatory power of eductive and reproductive ability; (3)
“crystallized” intelligence does not “differentiate out” of
“fluid” intelligence; the two are distinct from the begin-
ning; (4) the two abilities have different genetic origins; (5)
the two are affected by different aspects of the environ-
ment; (6) the two follow different developmental trajecto-
ries over the life cycle; and (7) the two predict very differ-
ent types of performance.

Given this remarkable convergence between what were
very different positions, it remains only to ask which termi-
nology seems most appropriate and to suggest that the
eductive-reproductive formulation seems less likely to
mislead.

CONSTRUCT VALIDITY:
A MEASURE OF PROBLEM-SOLVING ABILITY
OR A MEASURE OF INTELLIGENCE?

The RPM was constructed neither as a measure of
“problem solving ability” nor as a measure of “intelli-
gence". Nevertheless, many researchers have treated it as if

54

it were a measure of one or the other. In the next few para-
graphs the conceptual difficulties: involved in doing this
will be discussed.

Problem-solving is a difficult and demanding activity.
It requires people to be sensitive to fleeting feelings on the
fringe of consciousness which indicate that something
could be done better or merits exploration. It involves initi-
ating, usually on the basis of “hunches” or feelings, “ex-
perimental interactions with the environment” to clarify
the nature of a problem and potential solutions. Having
used their feelings to initiate activity, people need to moni-
tor the effectiveness of their actions in order find out what

1is'working and what is not, and why. In this way they can

learn more (not necessarily consciously) about the nature
of the problem and the effectiveness of their strategies.
They can then modify their behaviour and launch a further
round ‘of “experimental interactions with the environ-
ment”.

Beyond what may be regarded as process components
of problem-solving lie a set of social and personal beliefs -
beliefs about society, how it works, and one’s own place in
it. These include the belief that one has a right to ask ques-
tions and to do such things as try to influence the way soci-
ety works.

And, in addition to these internal components, effective
problem-solving often also involves persuading other peo-
ple to help, prising information out of other people’s heads,
and learning how to do things by imitating others.

It is important to note that all this implies that what is
often thought of as “cognitive activity” is primarily affec-
tive, conative, and interpersonal. Without the use of feel-
ings there would be no insights; without persistence {cona-
tion) there would be no testing of those insights; and with-
out actual behaviour (experimental interactions with the
environment or “conversations with the problem™) fol-
lowed by feeling-based monitoring of the effects of that ac-
tion, there would be a major failure in observation, “think-
ing”, and learning.

* It follows that it is not legitimate, except for purely con-
ceptual purposes, to try to separate the cognitive elements
of eductive activity from its other components. The process
which is commonly described as “cognitive” is necessarily
primarily dependent on affective, conative, and social pro-
cesses. The attempt to develop “pure” measures of cogni-
tion is doomed to fail because the very basis of the attempt
seeks to eliminate the processes on which effective cogni-
tion is most dependent. We will come back to the question
of how effectively the RPM copes with these problems
when we have completed our theoretical discussion.

No one is going to undertake any of the activities dis-
cussed in the last paragraph unless they, in some sense,
care about the activity. It is difficult to formulate this state-
ment more precisely because the kinds of things people are
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strongly motivated to do often seem to have much in com-
mon with compulsions. -People do the things they are
strongly motivated to do persistently and repeatedly de-
spite punishment, despite their better judgement, indeed,
“despite themselves”. Of course, that is a circular state-
ment.

The goals or contexts in relation to which people will
undertake difficult and demanding activities like
“problem-solving” vary enormously. One person will, for
example, engage in them mainly while trying to advance
scientific understanding. Another while trying to put others
at ease. Another in the course of trying to advance him or
herselfin a career. And yet another while seeking to control
others. -

An important implication of this observation is that
people will only develop important components of cogni-
tive competence while they are working at tasks they are
intrinsically strongly motivated to undertake. This point
will not be developed here. A discussion will be found in
Raven (1987).

The implication for assessment is that people’s ability
to carry out the kinds of activity that are needed to identify
and solve problems is only likely to reveal itself when they
are undertaking activities that are important to them.

This conchision resonates with the views of “situated
cognitionists™ like Greeno (1989) and Brown, Collins and
~ Dugoid (1989). However, our conclusion differs from
theirs in that we are arguing that the same psvcholosical

but “While undertaking which kinds of activity does this
person display his or her intelligence?” Only after that can
one meaningfully ask: “Which of the competencies re-
quired for intelligent behaviour does he or she display in
the course of these activities?”

This psychometric oversight has not only led to injuri-
ous and misleading assessments of individuals, it has also
resulted in unjustifiable conclusions being drawn from re-
search. These research conclusions have then often con-
tributed to the introduction or perpetuation of damaging
educational, occupational, and social practices. Insuffi-
ciently comprehensive assessments must be regarded as
unethical: They have detrimental consequences for the in-
dividuals assessed and for others who would have bene-
fited from the educational and other programmes which
have been condemned. These detrimental consequences
cumulate for- society: Individuals who have been mis-
assessed are often deprived of opportunities to contribute
as they might to society and the cancellation of educational
and social programmes which, in reality, have genuinely
beneficial effects can have serious social consequences.

A series of seriously misleading “findings” arising
from failure to employ appropriate measurement practices
will be found in Raven (1991). One of direct relevance to
the deployment of the RPM is that cognitive development
“plateaus” in adolescence. This conclusion stems from not
having measured “intelligence” while those concerned





























































