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Tnstiture for Soctal Researeh, and University af Oile, Norway

Samstunn, ], The concept of correlation in adults. Seand. F. Peychol., 1063, 4,
the concept of correlation in

165-173.—In the first of two experiments on

atlult subjects, the subjects” frequency estimates and inferences of relationship
woere studied relative to five different 2 > 2 distributions, ench presented in a
fixed sequence. In experiment 11, the subjects” spontancous stpategics in
anhdividing and analyzing one 2 = distribution were studied in & free

wituntion. It iz eoncluded that adult subjects with no statistical training

apparently have no pdequate eoncept of correlation {hased an the mtio of
the two paies of dingonal frequencies), and that, in so far as they renson
atatistically at all, they tend to depend exclusively on the frequeney of - +
eanes in judping relationship, The need for studies involving ordinal scale
and fully quantified varistes is stressed,

determining whether normal adults, with no

Tan experiments will be reported, aimed at
The concept of correlation in its element-

seaining in statistics, have a concept af correlation,
iry Ingical form is the ratio of the sum of two diagonal cell frequencies in a fourfold table,
iad the sum of the other two diagonal cell frequencies, or the total sum. It invelves the
atepnrization of events as conforming or not eonforming to an hypothesis of equivalence,
V<7 ie A and B are cither both present or both absent. In order to combine the two
disgonal frequencies f{A - B) and f{ - A+ —B), the subject must realize that they both support
opposite ways (reciprocals). Likewise, the other two
disgnnal frequencies f{ — A+ B) and f(A -+ —B) are reciprocals, and support the hypothesis
\wll (exclusive disjunction), which is the negation of A=B, AwB asserts that either A is
or A is absent and B is prescnt, In the case of negative correlations
T is higher than the frequency of events supparting

the hypothesis A=B, although in

preeent and B is absent,
the frequency of events supporting Aw

A=D.
I the subject, explicitly or implicitly, reasons according to the above mentioned logical

wructure, and if his concept of frequency entails a ratio seale, he will be said to have an
tlementary concept of correlation.

The prescnce va. ahsence of a concept of correlation is refiected in the subject’s strategies
of data pathering, and in his inferences from the data. There are at least three main symptoms
of the presence of a concept of corrclation:

. In situations requiring a sclective strategy, the subject with a concept of correlation
will order the data in four categories, and count or estimate the frequency in cach,

2. Tn situations requiring a receptive strategy, the subject with a concept of correlation
pt to distribute his attention equally over the four categories in order to estimate

frequencies. Two important indices of distribution of attention are time
rent event frequencies. The

will attem
their respective
spent abserving each event, and accuracy in judging the diffe
latter measure is employed in this study.

3. The subject with a concept of correlation will base his estimates on the ratio of the
cum of two diagonal cell frequencies and the sum of the two other diagonal cell frequencies.
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166 JAN SMEDSLUND

This will be reflected in accurate judgments of presence vs, absence of correlation, in securte |
orderings of several materials according to degree of correlation, and, most importantly, is |
the subject's own explanations of his judgments. Symptom 3 is necessary and sufficient for
inferring the presence of a concept of correlation, whereas the two first symptoms ;1n:|,
necessary, to the extent that they can be reliably observed, but not sufficient.

EXPERIMENT 1

In this experiment the receptive strategies of adult subjects were studied, as well us their
inferences of degree of relationship. Tt was assumed that equal distribution of attention over

the four event categories would result in approximately equal accuracy in judging the |
respective frequencies. Conversely, focusing on one category or ignorance of one category
should result, respectively, in increased and decreased accuracy in judging the corresponding |
frequencies, The receptive strategy of 2 subject may alse be reflected in his explanations and |
comments, Finally, the possibility of various systematic distortions in the frequency estimats
was considered,

Materials

Five packs of one hundred cards each were used, the cards messuring 37 in. # 2] in.
On top of each card was typed 'Patient No." (from 1 to 100), and the cards were ordered ac-
cording to these numbers. The upper part of each cord contained the word *Symptoms’ and
beneath it four different capital letters, taken from the group A, B, C, D, and E {(on each card
one of these letters was absent). The four letters B, C, D, and E were nssigned randomly w
the four positions. On the cards where A was present, the one of the other four letters tha
should have taken its pluce wis suppressed. In all five packs A was present an 5o cards,

The lower part of each card contained the word 'Disgnosis’ and beneath it four different
capital letters, taken from the group F, G, H, I, and ] (on each card one of these letters wa
absent), The four letters G, H, I, and ] were assigned to the four positions in a randomized
manner. On the cards where T was present, the one of the other four letters thar should have
taken its pluce was suppressed. The frequency distributions in the five packs are shown o
Table 1.

FProcedure !
Sixty-seven student nurses at the University of Colorado Medical Center in Denver, and
1g student nurses from Ulleval Hospital, Oslo, served as subjects. They were seen individually
in one 15-minute session. They were assigned to one of five groups differing in the pack
of cards presented. Group [ was given pack [, group II pack II, and so on. The Norwegian
student nurses formed group V. Each subject was asked to read the following instructions:

“We are interested in learning how well beginner students of nursing are able to form an
opinion about the practical usefulness of o symptom in diagnosis.

“The pack of cards represents excerpts from the files of 100 patients. The patients are
numbered from 1 to 100 in the order in which they were admitted to the hospital,

“The upper part of the cards contains four letters, representing different specific symptoms
of the patient. The lower part of the cards contains four letters representing specific disgnoses
muade by the hospital,

"You are to concentrate entirely on symptom A and disgnosis F, Your tsk is to look through
the pack of cards once, and form an impression of the extent to which A is & useful symptom in
the disgnosis of F, In other words, do you think A is a symptom one should pay attention tain
trying to determine whether or not the patient is likely to be diagnosed us Ff

Scand. J. Prychol., Vol. 4, 1963
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THE CONCEPT OF CORRELATION IN ADULTS I{I?

Tusir 1, The frequency distributions for the combinations of presence/absence of A and F,

Packs
I 11 111 w V
—— — e, ——, —_———— —_
-A A - A A - A A - A A - A A
F i 15 15 1§ 15 35 33 15 as 25
F 15 15 15 15 as 15 15 35 23 5

“Take the cards in your left hand, look at them one at a time and place them face down on
the table. You are not allowed to go back to cards you have already seen.

‘Read through this onee more, and ask questions if anything is unclear.’

After the subject had looked through the pack of cards, the following questions were asked
e the answers recorded,

1. Do you think there is & connection or relationship between symptom A and diagnosis F?
Tell me about it! (In group V the subjects were, in addition, asked to indicate the strength of
the relationship on a seven-point scale from ‘perfect’ to "zern’.)

1. How many carda do you think there are with both A and F?

3. How many cards do you think there are without A but with Fi

¢. How many cards do you think there are with A but without I'f

5. How many cards do you think there are without A and without F?

6. Consider yourself an experienced nurse, having reviewed these hundred cases. What
would vou tell another nurse, with no experienice in this area, about the usefulness of symptom
A in relation to the diagnosia F? (This question was omitted in group V.)

The following additional task was presented to the subjects in groups 111 and IV:

Pelow are shown the number of the various combinations of presence and absence of
A and F in eight other packs of cards.

Your task is to look at the mumbers for each pack and decide whether A and F ore related
feorrelated) in this pack. A relationship may exist, although it may not be perfectly relinble.

"The first row shows the number of cards with the various combinations in Pack I. First,
the number of cards with Both A and F, then the number with A but not F, then the number
with F but not A, and fnally the number of cards with neither A nor F.

Both Aand F Cinly A Only F Neither of them
Pack 1 50 o ] 50 1
Pack 2 15 15 s 15 A
Pack 3 o 50 50 o |
Pack 4 35 25 ag as
Pack 5 L 35 as 15
Pack 6 15 35 15 a5
Prck 5 5o o 50 o
Pack B 35 15 15 35

Finally, the subjects in group V were given the following written instructions:

‘s to ¢ below show the number of eards with the different combinations of presence and
pheence of A and F in seven other packs. Rank the seven materials according to the degree
of relationship between A and F, Write the letter for the material with the strongest relationship
first, then the letter for the material with the second strongest relationship, and so on. If you
think two relationships have the same strength, then write them side by side.'

Scand. | Psychol., Vol. 4, 1063
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168 JAN SMEDSLUND 0363
Tanie 2. Real values (R), significance of tendency (T) to overestimate (+ ) or underestimate
(=), and accuracy (o° of real minus estimated values), for the cell frequencies in the five proups,

Significance of over- and underestimations computed by means of the sign test. * and ** indicate §
significince at the o.o05 und o.or levels, respectively.

Giroups
1 I1 111 v v
- - E - — . -
R T at R T 2 R P ad R T a? R T &
i
AF 33 v+ 2ifg 15 & 1154 35 =% 2300 15 — Isdz oz b angd
A-F 15 +%* il 35 — 2143 t5 +%¥ 2323 35 — 1030 25 — 3543
AF 35 =% 32846 15 <+ 1039 15 +* 4780 35 =" 1go. =5, + Jiis
—A—=F 15 = 100.0 35 = 303.1 35 = 2761 15 4+ %% 3451 25 — bbb
Example of a ranking {with other letters);
j. {strongest)
m.  (equally strong)
1.
haoo  (equally strong)
P- (weakest)
Mumber of cards with:
A but F but Meither
Aand F not F not A Anor F
HE ‘40 4 16 40
b 45 5 35 i3
c. 7o 10 o
d 1o 2 13 15
[ 55 15 3o o
f. 50 1o o 40
g to 20 5 15

At the end of the session the subjects in group V were also asked abour their background
with respect to the concept of correlation, and were asked to describe it in terms of one of
the following slternatives. (1) Coursels) in statistics, where the concept of correlation was
treated, (2) Head boolds) in statistics, where the concept of correlation was treated, (3) Head
chapters or passages in other books, where the coneepr of correlution was reated, (4) Have
encountered the concept, but have never seen it defined. {5) Have never heard the word
correlation before,

Hesults

The data on tendencies to over- and underestimate cell frequencies and on the accuracy
of estimates in the five proups are presented in Table 2, The accuracy scores show no
unambipuous relationship with type of event category. There are several statistically
significant tendencies to over- or underestimate frequencies, but they are not clearly linked
with type of event catepory.

The judgments and explanations of the subjects may be roughly clussified into the following
citegories:

Secand. I. Prychol, Vel 4, 1063
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THE CONCEPT OF CORRELATION IN ADULTS Iﬁq

Tane 3. Number of subjects in groups T and IV who thought a relationship wwas present for
each of efpht numerically presented distributions (N = 35).

Diatributions

AF A-TF - AF -A=F mumber of !1II?j::ﬂ!.
50 o a 50 4 7
a5 5 a5 15 =8
o 50 50 -] &
25 25 25 25 21
15 15 as 15 1fi
15 15 15 35 14
50 o 50 o n x
35 15 15 35 34
L

Four or five of the subjects gave formulations which rather clearly expressed a particularistic
concept of relationship, and several others probably also had this type of concept. Examples:
‘In most cases there was no connection'; "When neither symptom nor diagnosis was present,
no relationship’; *No relation in most of the cases,” These subjects appeared to think that a
reiationship was present in the AF cases, and absent in the others,

Closely related to the ],'l:!rli:.':l|:tr1'slir: concept, but more statistical, 18 the notion that the
strength of the relationship depends simply on f{AF). More than half of the subjects gave
formulations clearly expressing this point of view. Examples: 'Counted after eard 27 and
found about 11 with both A and F. Think it is a fairly strong relation’; "To a slight extent;
I counted 14 out of 100 (AF's)"; “There seems to be about § with A and F'; ‘No, not too |
‘many AF's. Another concept, frequently hard to distinguish from the preceding, is that .';
amount of relationship is the percentage or proportion of times F appears with A, or A with F.'
Examples: 'F has turned up about 24 percent of the time (A was given)’; ‘A accompanies F
2 third of the time, the rest of the time it isn't there': 'A lot of times A iz there but F isn't.’
This category did not aceur very frequently,

In addition to these categories of reasoning, there were indications of certain intellectual
difficultics in coping with the task. Sometimes the subjects referred to the relationship as
acausal one. ‘I don't think there could be a causal relationship; there might be some other
letter that with A could cause F, but not a direct relationship.” There were complaints about
the task, like ‘It's kind of abstract’, and attempts to make it more conerete: 'I'll say symptom
Atz something that ocoyrs in many illnesses, such as headache, Since it did occur sometimes,
I think it’s an important factor for disgnosis.’

Not a single subject gave any indication of having understood that the degree of relation-
ship is determined by the ratio of the sum of the AF's and — A — F's and the sum of the

—AF's and the A = F's.

Groups 11T and I'V were asked to judge whether or not there was a relationship between
A and F in eight numerically presented distributions. The results are given in Table 3.

The numbers in Table 3 have a certain ambiguity, since the individual subjects apparently
set different limits to when a relationship was present. Some subjects apparently thought

Seand. J. Prychol,, Vol. 4, 1063
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TasLe 4. The distribution of estimates of strength of relationship in deck V' (N =1g),

Perfect o Weak

Very strong o Very weak Z
Strong 3 Zero 1
Medium 1o

there was a relationship when f{AF) = o, others when f{AF) was =o.25, and suill others when
f{AF) was =a.so. Finally, a few subjects scemed to think there was a relationship
when f{AF)>f(A—F). In spite of this ambiguity there is & very high correlation in T'able 3
between f{AF) and the number of subjects who think there is a relationship.

The subjects in group V judged the strength of the relationship between A and ¥ in the
given pack of cards, The results are presented in Table 4, indicating that the subjects gener-
ally had no understunding of the complete lack of relationship between A and F in pack s,
The single subject who thought there was no relationship, based this judgment on an
estimated distribution of 5o AF, 20 A—F, 25— AF, and 5—A—F, but gave no intelligihle
explanation.

Finally, the subjects in group V were asked to rank-order seven numerical distributions,
constructed in such a way that the rank orders corresponding to a genuine correlation
concept, a concept based on £(AF), and a concept based on p(FjA) would be maximally
different. The results turned out quite negative. The 19 subjects ranked the distributions
in 19 different ways with no apparent clustering around common types. Only one subject
hiad a rank order corresponding to a concept of relationship based on [{AF), and no subject
had a rank order corresponding to a genuine correlation concept or to a concept based on
p(F/A). Judging from the subjects’ general behavior and comments, it appeared that the
ranking procedure, in spite of repeated explanations and simplifications, exceeded their
intellectual capacity. As to their previous knowledge of the concept of correlation, the resulls
showed that ten subjects had never heard of the concept, six of them had encountered the
word, but never had it explained, and only three had read chapters or passages in books
containing a treatment of the concept, However, these three subjects did not perform better

than the others,

EXPERIMENT II

In experiment I the subjects were given the essentially passive role of observing the cands
once in a fixed order, and the arrangement of letters on the cards made it fairly exacting
ta register the presence and absence of A and F. These conditions put & heavy strain on the
information processing and information storing capacity of the subjects, and may have
prevented a maximal unfolding of their actual reasoning power.

Experiment 11 was intended to create optimal conditions for the occurrence of an under-
standing of the concept of correlation, The subjects were left free to arrange and sort the
cards in any way they wanted to, they were allowed to look at them an unlimited number
of times, and they were given pencil and paper to make notes. Also, the cards were simplifid
to contain only +Aor —Aand +Feor =T,

Scand. J. Psyehol, Val. 4, 1563
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Procedure

k of one hundred eards was used. On the upper part of each card was written in black

A pac
A+ F.

ink either +A or — A, on the lower part either +F or —F, There were 37 cards with
13 with = A +F, 17 with +A- F, and 13 with - A -F.

Twenty-cight nurses at Lllleval Hospital, Oslo, participated in one ro-minute session each.
The following written instructions were presented:

"We are interested in learning how well students of nursing are ahle to form an opinion
about the practical usefulness of a symptom in diagnosis.

"The pack of cards represents excerpts from the files of 100 paticnts. The upper part of the
cards contains eithera +A ora —A. +A means that the patient had symptom A, and - A
d not have symptom A. The lower part of the cards contains cither a

means that the patient di
the illness F was found, and - F means that the illness F was

tFora -F. +F means that

not found.
Your task is to ind out whether there is a relationship (connection) between the symptom A

and the illness F. You may study and order the material in any way vou wish, and you may
mike notes. Try to work as fast as possible. Read the instructions once more, and ask questions
if anythingr is not clear.”

The experimenter recorded the subject's spontaneous
subject did not spontaneously explain his conclusions,
the type ‘How do you know that?, ‘How did you arrive at that?’

hehavior and his conclusions, 1F the
the experimenter asked guestions of

Results

The data may be divided into spontanecus procedure, conclusion, and justification.
Despite repetitions, attempts at clarification, and conerete exemplification, the subjects
generally found it hard to understand the task, and more than one third of them complained
that they did not understand. Seventeen of the 28 subjects went through the material
placing the cards together in one pile. Some of them asked whether one was supposed to
<ort the cards, but being told they were free to do anything they wished, they nevertheless
placed the cards in one pil
and one subject sorted the + A+ s in one pile, and the rest in another. Five subjects sorted
the cards in four categories, one subject sorted them in five (two piles of —A—F"s), and
one sorted thern in seven apparently unsystematic piles. No subject used the paper and pencil
nffered.

Twenty-four subjects thought there was a relationship between A and F, two subjects
thought there was no relationship (correct), and two subjects gave up and did not answer this
guestion,

The explanations may be roughly categorized according to whether they referred to
frequencies or not. In the former group (18 subjects) fourteen said that there was a relation-
ship because the number of + A+TF's was the larpest or was large. One subject said there
was a relationship because there were more +F's than — A's, and another subject said there
wis no relationship hecause the —A+F's were the most frequent cards. Two subjects
referred both_to the +A+TF and the —A—TF categories. This may indicate a dawning
understanding of correlation, but not very developed, since these two subjects sorted in
respectively one and seven piles, and both were confident that there was a substantial

relationship hetween A and F.
The ten subjects who did not refer to frequencies, either gave up without answering
(three), said they felt it ‘intuitively’ (two), or gave vague explanations like ‘LEvery symptom

Seand. I Prychal, Vol 4, rofi3
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must indicate an illness"; ‘If the symptom is present, the illness will come'; “If the illnes
was found, there had to be symptoms present,” There were also a few particularistic state-
ments like “There is no relationship, because when one finds " +" on one and """ on the
other, there ¢an be no relationship.'

DISCUSSION

The data on the subjects’ inferences, and on their selective strategies, all point ta an
absence of correlational reasoning. The complex data on frequency estimates offer no clear
evidence concerning the subjects’ receptive strategies. The lack of a clear relationship
between the accuracy of frequency estimates and event category cither means that accuracy
is not, in this context, a good measure of attention distribution, or that no simple theory
of attention distribution is adequate. However, the existence of pronounced variations in
accuracy and in tendency to over- or underestimate means that there muy exist important
regularities to be discovered by more extensive and refined experimentation.

The apparent main finding of these experiments, then, is that normal adults with no
training in statistics do not have a cognitive structure isomorphic with the concept of
correlation. Their strategies and inferences typically reveal a particularistic, non-statistical
approach, or an exclusive dependence on the frequency of + 4 instances,

“This conclusion is supported by Wason's (1960) finding that very few psychology under-
graduates spontaneously searched for negative evidence in a simple conceprual task. If an
hypothesis repeatedly gave positive results, they tended to accept it without Investigating
whether alternative hypotheses would lead ta negative results, This corresponds directly 1o
the lack of understanding of the relevance of the — A — F cases in the present experiments.
However, it should be noted that the absence of adequate reasoning may occur primarily
when the situation is fairly complex. By drastically lowering the frequencies involved, by
making the cases directly and simultancously observable, and by selecting one's subjects
with respect to training and intellectual eapacity, it may be possible to elicit somewhat more
frequent symptoms of an understanding of correlation. This is exemplified by a study of
Inhelder & Piaget (1958). They report fairly frequent occurrences of the correlation coneept
in 14- to 15-year-old subjects, in very simple situations with small numbers of simultaneously
visible faces with brown vs. fair hair, and brown vs. blue eyes.

The findings may be interpreted relative to Piaget & Inhelder's (1g51) theory of the
development of the concepts of chance and probability in children. According to these
authors, children before 7-8 years have no concepts of chance and probability, since they
have not yet differentiated the ideas of necessity and possibility. In the absence of logical
structure, there are no compelling deductions of what has to be or cannot be the case, and
consequently no discovery of the non-necessary, L.e. merely possible. In the widest connotation
of the word chance, it is the realm of things whose occurrence is neither implied by, nor
excluded by one's assumptions. From around 7-8 years the development of concrete
reasoning introduces necessity, and thereby the complementary notions of possibility and
chance. However, reasoning concerning the latter requires the manipulation of possibilities
in a combinatorial system (formal reasoning), and only develops after 11-12 years. Probability
estimates presuppose an ability to determine the structure of possibilities entailed by the
given situation, and this lies outside the scope of concrete reasoning, which functions only
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THE CONCEPT OF CORRELATION IN ADULTS 173

on the busis of actually observed events, For example, eight-year-old children may correctly
atimate that # frequency of 3 out of 4 entails a higher probability than 2 out of 4, but may
then proceed to argue that 3 out of 6 is more probable than 2 out of 3, thus revealing that
\heir estimates are based on absolute rather than relative frequencies, The concept of
eoerelation represents a rather late and complex development of formal reasoning.

The present data lead to the following interpretation of the Piapet-Inhelder theory:
The analyses in this theory are seen as referring to the eptimal performance at each develop-
mental stage, Thus, a child capable of concrete reasoning in some situations may be
functioning at a prelogical level in others, but will never reason at a formal level. An adult
wha is able to apply correlational reasoning in a highly simplified situation may regress to
s particularistic or to an absolute frequency approach in many everyday life situations,
Priefly, it is assumed that the developmental stages are descriptive of different levels of
meritive Functioning, and that adults may, at various times, function at any of these levels,
slthough under optimal conditions they are capable of formal, hypothetico-deductive
reasoning. The empirical problem in each case is to determine under what range of conditions
s given person will function at a given level. The present data support the hypothesis that this
range is very restricted, or even non-existent, in most adults as far as the concept of correla-
tion is concerned,

There are two important ohjections to this conclusion. One of them concerns the fact
that nurses are thoroughly trained to adopt a strictly deterministic approach to symptoms
snd illnesses. Their comments frequently appear to reflect a reluctance to regard chance
s an element in this connection. Some of them explicitly argue that one A — F and/or one
- AF is enbugh to digprove the hypothesis of a one-to-one causal connection, and one
o two even speculate about possible multiple causes. It is theoretically possible that this
refusal to reason statistically reflects a preference rather than an incapacity. However, this
srpument is weakened by the fact that none of those who did accept a statistical approach
seemed to have a concept of correlation.

Annther objection to the conclusion that most adults completely lack a concept of correla-
tion, stems from the restriction of the reported experiments to dichotomous variates,
Although dichotomous presence/absence variation is elementary from a logical point of
view, it may not be so psychologically. Indeed, the history of correlational analysis, as well
s the customary textbook introductions of correlation by means of a scattergram, suggest
that ordinal scale or fully quantified variates may yield the easiest access to an understanding
of the concept. No data are available to settle this important question.

The first part of this study (experiment [, groups I-1V) was canducted during the author's
stay a3 n Hesearch Associate at the Behavior Research Laboratory, University of Colorado.
It was supparted by a grant from The National Institute of Mental Health (Project Code
Number GN-goz8 Clinical Inference and Cognitive Processes) and from the Council on
Research and Creative Activity of the University of Colorndo. The second part of the study was
supported by the Norwegian Research Council for Scicnce nnd the Humanitics.

The author is indebted to Robert F. Schneider, Carolyn J. Hursch, M. John Castellan, Jr.,
snd Hans Christian Hasmussen, for their assistance; and to Gudrun Eckblad for valuable
comments,
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