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between the components of the Dual Task relative to the single tests’
correlation. In this situation it may be appropriate (o talk in terms of a
““compensation hypaothesis’™ as a parallel to “‘alternative mechanisms®’
hypothesis i.c. in the competitive situation of the Dual Task, subjects can
improve their relative standing on the task on which they typically perform
poorly,

If the four variables (two single tests and two components of the Dual
Task) have approximately the same communality and we know that there
is an overlap for the two Dual Tasks’ components, these components should
correlate higher than the single tests. High correlation, on the other hand,
does not imply an overlap. This is illustrated with an artificial example at
the bottom of Table 8. The example was constructed by assigning a
communality value of approximately .50 to four variables and then
distributing factor loadings in such a way as to obtain an idealized overlapping
factor matrix displayed at the bottom left-hand side. That factor-pattern
matrix generates the correlational matrix, R, on the right-hand side.

There are at least three possible models that can account for overlap
or “‘factorial complexity” of any variable?. Assuming that in fact two
“*alternative mechanisms’’ can be involved in the performance of a task and
that these two mechanisms correspond to two factors that are established,
through the use of other tasks that permit the use of only one mechanism,
the models are as follows:

Model I:  One (substantial} subset of the sample uses Mechanism A to do
the task, while the remainder uses Mechanism B, In factor analysis of
the data for the total (pooled) group, this could cause factorial
complexity, i.e., a loading of the test on Factor A and also a significant
loading on Factor B.

Model I1: Two alternative mechanisms are possible, and every subject uses
Mechanism A on some subset of the items, and Mechanism B on the
remainder. This also could result in factorial complexity for the total
score.

Model I1I:  The two *‘mechanisms’’ are not really “‘alternative’’; rather,
both mechanisms are involved (at least to some substantial extent) in
performance of the task. Thus, the factorial equation appropriate for
every subject has two significant weights (as opposed to the equations
for Model I, which would be different for different subjects, or the
equations for Model [ which might differ as a function of item).

Of course, the true situation might be a mixture of the above models
and, with the present data, it cannot be decided which model or combination

of models to choose. However, given accepted practice in test construction

7. This point was stressed by a reviewer of an earlier draft of this paper.
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(i.e., we typically aim to achieve unifactorial scales) Model II is implausijble
{but see Hunt, 1974). The real choice is between Models I and I11.

73_. preference is for Model I for reasons which, at present, can be backed
only by indirect evidence. When information processing psychologists choose
to talk about individual differences, they do so mostly in terms of Model
1. Evidence has accumulated (see, for example, Cooper, 1976; Macleod, Hunt
and Mathews, 1978) to show that in certain tasks one group of mcE.nnmm uses
one strategy and another group uses a different strategy. For example, a
mnﬁ.o:nm verification task in which one has to establish the truth or mmwwﬁ
Om. simple sentences like “The star is above plus’* is solved by some subjects
with a verbal strategy whereas others employ spatial algorithms (Macleod
et m_., 1978). Returning to factor analysis, it has the advantage of parsimony
to view .:a.oa.oﬁ of whatever stimulus dimension is introduced with the Dual
._,u.mw.lcn it complexity or difficulty—as dependent on already identified
abilities and brought about through a mechanism of compensation.

Compensation

Collapse

1

Low _ High
Tonal

Recrdering




Baddeley and Hitch’s (1974) paper (which prompted the construction
of the Dual Task) sheds further light on the findings through its analysis
of the performance ol individuals who are low on both test components,
On the basis of their results it would be predicted that subjects who have
both low Tonal Memory and low Temporal Tracking ability would fare still
worse in the Dual Task. They will have the greatest trouble in working through
this test, they may collapse, and therefore will contribute to a high correlation.
Figure 4 depicts the assumed processes which in this case lead to a higher
correlation between the components of the Dual Task.

Since the compensation hypothesis can be formulated in terms of
correlation scatterplots, evidence relevant for its predictions can be gained
through inspection of the movement of subjects from one quadrant of Figure
4 into the other. For this purpose, of course, one should first transform raw
scores into z-scores. When this is done for the data on Tonal Memory and
Tonal Reordering, it becomes obvious that they generally support the
compensation hypothesis. Of 98 subjects, 37 were performing above the mean
on one task and above the mean on the other task when these were given
as single tests. The movement of these subjects is directly relevant for checking
the predictions. Under the Dual Task presentation, 7 remained in the same
quadrant providing no test of the hypothesis and 18 improved their
performance on the task on which they were poor originally. The remaining
12 became worse on the task on which they did well before. It can be
concluded that there is some support for compensation hypothesis in the
present data®.

If we admit the compensation hypothesis and the poor performance-
collapse interpretation as explanations for the higher correlations among the
Dual Tasks’ components than among the single tests, it can be seen that these
processes could also be responsible for the presence of a positive manifold
and its consequence - the emergence of general or group factor(s). In this
context it is interesting that, for the present data, the correlation between

8. Although the compensation hypothesis has an intuitive appeal, one may face
considerable difficulties in trying to test it within the correlational framework.
Assuming the usual precautions in the selection of subjects and variables, problems
can be of three kinds: a. Statisricel. For example, even though single tasks may have
normal distribution, these same tasks are likely to produce skewed distributions under
Dual Task conditions. Considerable skill will be required during the item selection
stage in order to ensure that the easier iterns used with the Dual Task have satisfactory
distributional characteristics. b. Definitional. As it stands, the definition is too broad
and vague. Given that Model [ holds and that differences in strategies underlie overlap,
one is faced with a question about the nature of strategy choice. It could be that
some intrinsic characteristic of the stimulus makes it likely that the majority of subjects
will use a particular strategy even though it would be to a disadvantage to some of
them. For example, if one makes a Dual Task by administering dichotically a test
based on tones and another test based on letters, most people would find letters easier
to work with. c. Interpretational, One is always faced with a need to specify the cut-
off points. Using the mean for this purpose is arbitrary. What considerations should
be made in order to make it more rational? Is it the case, for example, that individuals’
standing with respect to population at large, not the sample to which (s)he belongs,
determines the use of compensatory strategies?
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.:5 Reordering component of the Dual Task and years of formal education
15 .16 (the single Tonal Reordering test had r = .00) and that the Tonal
_<_.n_:c_.< component of the Dual Task correlates .22 with the same variable
?E.m_a mgm:.o:w.m Tonal Memory test had r = .06). In both cases there is
an increase in correlation with formal education.

2. Distraction and Interference Tasks,

%:z.wa of the seven competition tests consisted of tasks in which distortion
of the signal was used to produce interference. In general, interference
u:w.«.nEm optimal performance on a primary task, whether representative of
fluid or n..«&&:mam intelligence or of other broad cognitive factors. Work
on sharpening and levelling cognitive styles (Gardner, Holzman, Klein, Linton
and Spence, 1959) has suggested that the ability to deal with interference may
be m_ broad function cutting across different tests. This could be checked by
B.w:_m. the easy items from a variety of tests and superimpaosing interfering
stimuli on them. If these easy items have higher correlations among themselves
than they do with the more difficult items of the same task, there is evidence
.mon generality. If they correlate with the difficult items of the same task, the
inference is EE interference exaggerates individual differences in :En:. the
same way as item difficulty does. These outcomes have different implications
for the relationship between interference-type competition and intelligence,

One of the selected tasks, a White Noise Masking test, represents a
marker for the Speech Perception Under Distraction/ Distortion factor (see
m.ﬁm=_mo< m_..a Horn, 1980). For this test, when presented in a free-room
m_Em.:on.. It can be hypothesized that variation between subjects in the
localization of the distorting stimuli relative to the channel of input may
account for individual differences. When the effects due to the locus of signal
m.:a mask are partialled out, the residual scores (or fitted values) may show
different correlations with other variables than do the raw scores,

The second task, Memory Span Order Interference test, had not been
:.mnn previously so that it was not known what factor it would measure.
Since experimental manipulations with this test and the White Noise Masking
Hn.mp were similar, they are described together. The third task was the Dichotic
h_mnmism test that has been used extensively in studies dealing with cerebral
_Eﬂm:wmno:. Dichotic Listening differs from the other two interference tasks
in that interference does not derive from an extrinsic source. In our previous
work, this test defined a Memory Span factor.

2.1 The White Noise Masking Test (WNM)

.wa<nnm_ variables involving masking have been used in our previous
studies. In all of them subjects were asked to recognize a word or a sentence
spoken under some kind of masking background—another voice reading an
excerpt from a text, noise caused by cafeteria—type activity, traffic noise,
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white noise, etc, In this study control over several variables which have been
neglected in the past was provided for.

Test Materials. Items for the White Noise Zm.m_asm .Rmn oozm_m"om_ oﬂm
word that was masked and a list of four words including H.rn Umn,.:o._wm y
masked word itself. The other three words were mrozoﬁom:w m“.“,n_ mnm
commonly used words. The basic unit for the test consisted of ﬁ.mz di wMam-
lists of four words. These ten lists were used to form a uO-:_mB unma ﬁw.
choosing one word from among each group of four s..o_.n_m as the wor o
be masked on three separate occasions. For nxm:ﬁ_.n. if an :mn._ no?am.n
of the words “‘same, fame, shame, blame”’, irﬁ.ﬂ it appeared in the :mﬂ“
block of ten items, ““fame’” could be masked, when it appeared m: the mn.won
time ‘‘blame’’ could be masked and, in the last E.unw.. “‘same’’. A wO&MoB
test was repeated three times in order to form a 90-items _oz.m test. : ese
90 items were recorded with white noise superimposed. Masking was done

according to the following scheme: ) . )
¢ Ear which received white noise

Left Right Both
Left 1 2 w
Ear which received signal Right 4 5 :
Both 7 8

Every cell in the above diagram contained 10 items. Presentation of ~.E._M
signal-noise combinations was organized in a completely balanced randomize:
design.

Signal to noise ratio for satisfactory communication MHQEQ :o_...:m..:u.
be higher than + 6dB (i.e. signal should be more than ma.w higher than :o_.mmv
and OdB ratio produces 50% correct detection. In this task uﬂmnn”wwo:
the signal to noise ratio was set at + 3dB. Subjects recorded their answers
by writing down the ordinal number in the four-word group of the word
which was the same as the masked word.

Table 10

Arithmetic Means For The White Noise Masking Test

Locus of Mask

Left Right Both
Left 7.17 9.65 3,97 6.93
Locus of signal Right 9.65 4.24 8,50 7.47
Both 9.57 9.79 6.92 8.76

8.80 7.90 6.46
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Results. The arithmetic means for performance on the masking task
are presented in Table 10. All three sources of variation, i.e. the two main
effects (locus of presentation of signal and mask) and their interaction, were
significant (locus of signal : F(2,776) = 155.50; locus of mask : F(2,776)
= 244.76; interaction : F(4,776} = 429.6) at .O1 level. The ordering of main
effects’ means can be explained in terms of cerebral lateralization of speech
detection and by the fact that, possibly due to loudness summation, the both-
ears condition is superior in detecting the signal and produces the greatest
interference through masking. Cerebral lateralization would predict, in
agreement with the present findings, that right ear compared with left ear
presentation of the signal, produces superior performance. Also it predicts
that masking on the right ear leads to inferior performance relative to left-
ear masking. Much more pronounced than the main effects is interaction.
This is mainly due to a very strong effect of peripheral masking which is
indicated by the fact the diagonal cells (i.e. both signal and mask come
through the same channel(s)) show lower means overall. When the signal
comes from one side and the mask comes from the other, there is little
interference with the processing of a message (cells 2 and 4 show almost
perfect performance). When the signal comes through both ears but only
one channel is masked, performance is almost perfect as well (seecells 7 and
8). These data indicate that central, as opposed to peripheral, masking is
weak.

The finding that poor performance occurs when the signal is delivered
to the left ear and both ears are masked is surprising in view of the
phenomencn of ““masking level differences, MLD"’ (see Moore, 1977). It
has been found that when both signal and noise are delivered to the same
ear so that the signal cannot be recognized, if a masking stimulus is presented
to both ears, the signal itself suddenly becomes recognizable, This occurs
both with pure tones and words as signals, MLD would appear to imply that
when a signal goes to one ear and both ears are masked, performance should
be better than when both signal and mask go to the same ear. With the present
results, this holds for the right ear but it does not hold for the left ear;
performance on left ear is in fact worse when the mask g0¢€s 1o both ears,

The finding that the major portion of variance in the White Noise
Masking test can be attributed to interaction and peripheral masking indicates
that it taps broad perceptual processes of audition, Ga, and not the central
processing abilities. Correlational evidence to support this view will be
presented in a later section.

2.2 Memory Span Order Interference Test (MsOI)

Martin (1978) reported that individyal differences in MEMOry span are
due mostly to a memory for temporal occurrence of events and not to the
memory for the stored items themselves, In view of the fact that memory
span has been ascribed such an important role in several recent papers on
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intelligence (Bachelder and Denny, 1978 Horn, 1979; Hunt, 1978), it is
important to explore this suggestion.

The Memory Span Order Interference test (MsQOI) was nmimm@ for the
purpose of checking memory for order. An :ma.:.. :amm test consists of a
spoken series of numbers which have to be recalled in their nxw.np order. .P.QQ,
presentation of the series (four, five, or six digits long), H.Eu.n is a break, just
long enough to serve as a marker and then the same voice nn_unﬂ.w ::.Ecnnm
from the previous series in a randomized set of 12 digits. The subject is .:._n:
required to write down the first series in their correct order. A sample item

from this test is as follows:
84362 - 348263843286 Answer : 84362.

As one of the aims of the present study was to explere ear- differences,
the above test was presented with a design similar to that of the White Noise
Masking test. If we consider the list of digits to be remembered as ‘‘signal”’
and the interfering numbers as “‘mask’’, there are nine possibilities for
combining them, (using both ears, left car, and right ear presentation). Every
cell of the design contained six items—two with four, two with five, and two
with six digits as “*signal’’. The score was the number of series reproduced
in their exact order. Unlike the White Noise Masking test, items were not
given in blocks. Instead, all 54 items were randomly assigned a position within
the test and all subjects received them in the same order.

The analogy with the White Noise Masking test is not ad hoc. It no_.._E
be argued that interfering numbers act in the same way as do the masking
stimuli. In fact, the effect of the so called backward masking (see Crowder,
1978) may be similar in nature to what might be assumed to happen in the
present version of the MsOI test. If this were the case, one would expect to
obtain similar results to those of the White Noise Masking test and, by
analogy, conclusions regarding the role of peripheral and central processes
in memory span may be possible to deduce.

Table 11

Arithmetic Means For The Memory Span

Order Interference Test

Locus of interference

Left Right Both
Left 4.29 4.33 4.96 4.52
Locus of signal Right 4.67 5.21 5.30 4.99
Both 4.11 4.28 4.84 4.41
4.29 4.61 5.03
38

Resulis.  Arithmetic means for all cells of the design are given in Table
11. Both main effects were significant (locus of signal : F(2,776) = 36.06,
p <.0l; locus of interference - F(2,776) = 53.45, p < .01). The interaction
effect, although significant (F(4,776) = 5.09, p < .01}, was relatively small.
It is apparent from the inspection of means, that subjects found this test,
overall, relatively easy; the maximum score for each cell was 6 and the overail
mean was 4.64. The worst performance occurred when the signal was given
to both ears and the left ear received the interfering stimuli, while the best
performance occurred when the signal was given to the right ear and both
ears received interference. In terms of main effects, the ordering on means
was B>R>L for locus of interference and R>L =B for locus of the signal
presentation.

This pattern of means differs from that for the White Noise Masking
test, indicating that the same processes do not underlie both test
performances. The conclusion is supported by the finding that the correlation
between the WNM total score and the MsOI total score is r = .12. Left vs
right ear comparison for the locus of signal main effect is in accordance with
the lateralization hypothesis. The overall pattern of means, however, suggests
additional influences which, at present, are not entirely clear,

A comparison of this test with the Number Span Forward test (variable
13 in Table 6) shows very similar ordering for the locus of signal means. It
will be argued that the two tests measure basically the same ability, namely
immediate memory span, Correlational evidence which supports this view
is presented in Section 2.4,

2.3 Relationship Between the WNM Test, Primary Factors and External
Variabies

So far, the White Noise Masking test and Memory Span Order
Interference test have been examined by the methods of experimental
psychology, and not of differential psychoiogy. The experimental findings
have implications for findings of individual differences in typical psychometric
tests of this nature. In a free-room situation with speakers somewhere at one
end of the room and subjects in rows asin a classroom, to some of the subjects
the sound will come predominantly to the left ear, 10 others it will come to
the right. Additionally, there wiil be acuity variation among the subjects and
uncontrolled head movements. Accordingly, when one controls for the effects
of the channel through which signal and mask are given and obtains
significant effects, a proportion of variation in scores is accounted for or
“‘explained””. The residual term, which in theory contains “error’’ and various
higher-order subjects by treatments interactions, is typically deemed in
experimental situations to be a less interesting, unavoidable nujsance and
relatively small in comparison to other effects.
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To make this argument more convinging, it should be shown thai residual
scores in comparison with the total or raw scores, change their common-
factor’s variance. Ideally, this could be checked by calculating the sum of
all residual scores for every subject, including this sum in the factor analysis,
and observing changes in factor loadings. Residual scores do not contain
variance due to main effects and their interactions, and it may be concluded
that the change should be attributed to experimental manipulations. There
are many fine points of a statistical nature that should be tackled and
understood before one can effectively employ the strategy suggested above.
What is reported below represents a very rough first approximation to what
is required9,

Table 12 shows the correlations among the nine cells of the White Noise
Masking test and the factor scores. The top section of Table 12 gives the
raw-score correlations, the middle row provides total-score correlations and
the bottom section contains residual score correlations. It is important to
note the following: a) total-score correlations are, on average, higher than
the raw-score correlations (this is because of the correlations among the cells
of the design) but they display the same trend; and b) residual-score
correlations are lower than raw-scores” correlations and generally closer to
zero. The first observation establishes the link between individual differences
under various signal/mask combinations and overall performance on the
White Noise Masking test. This latter test, as argued before, is measuring
the same trait as it did in previous studies, i.e. the Speech Perception Under
Distraction/Distortion factor. The second point emphasizes that, if main
effects and their interactions are partialled out, residual scores no longer
correlate with the external variables in the same fashion and to the same extent
as did the raw scores. The argument works in the opposite way as well, i.e.,
the presence of White Noise Distraction in an otherwise easy task leads to
an increase in the common factor variance. The change in correlations is due
to experimental manipulation. The situations which may arise when one
applies this procedure to observe changes in correlations are quite varied and
may be surprising in some cases. For example, it is possible to have significant
effects in the analysis of variance and simultaneously have only minute
changes in a measured trait’s variance.

A wealth of other detailed information is contained in Table 12. For
example, analyses of the kind suggested by Fleishman (1975) regarding
changes in correlations or factor structure as a function of experimental levels

9. The procedure employed in the main body of this paper suggests that one should
use the sum of the residual scores which would be analogous to the total scores
employed in previous factor analyses. This is impossible to do, since with the
randomized block designs (or repeated measures designs) the sum of the residual scores
for every subject equals zera. The first step in the approximation requires a proof
that raw scores for every cell show the same partern of correlations as does the total
score, and then one can use residual scores’ correlations in order to discern the
relationship of interest,
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Table 12

Correlations Between Factor Scores
And White Noise Masking Test

(Raw scores, Total score, Residual scores)

White Noise Masking Primary Factors
Tm Tc MaJR Va-Ms

Raw scores
Mask Signal

1. Lleft Lefe 21 .10 .33 .05
2. Right Leftr .29 04 .23 .19
3. Both Left .20 .07 .35 .17
4. Left Right .30 .36 .30 .05
5. Right Right .32 .09 .22 .14
6. Both Right .36 .23 .30 .22
7. Lefr Both .37 .45 .35 .20
8. Right Both .25 42 .21 .07
9. Both Both .35 .26 .34 .24
Total score .49 .34 .50 .27

Residual scores

Mask Signal
1. Left Left -.03 -.08 .12 -.09
2. Right Lefr -.15 -.28 -.23 -.05
3. Both Left -.01 -.10 -.16 .07
4. Lefc Right ~.28 -.05 -.30 -.26
5. Right Right 04 -.12 -.08 -.01
6. Both Right .18 .10 .09 .13
7. Left Both .03 .29 -.01 .02
8. Right Both -.24 .12 -.30 ~.20
9. Both Both .16 .13 .15 .15

can easily be performed with the present data. This will not be done here
for lack of space.

2.4 Relationship Between MsO] Test, Primary Factors and External
Variables

The Memory Span Order Interference test was not originally factor-
w:m_ﬁaumomﬁrmw with the other auditory variables of our battery but is
included in the factor analysis reported in Tabie 9. Inspection of this Table
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Table 13
Correlations Between Factor Scores And
Memory Span Urder Interference Test

(Raw scores, Total score, Residual scores)

Primary Factors
Memory Span Order Interference Tm Te MaJR VaMs

Raw scores

Interference Signal

1. Left Lefc .25 .17 .33 .62
2, Right Right .14 .0l .26 .45
3. Both Left .04 -.02 .14 .49
4. Left Right .17 .09 .29 .48
5. Right Right .04 -.02 .23 46
6. Both Right .08 .13 .22 .49
7. Leftr Both .17 -.04 .34 .45
8. Right Both .19 -.07 .15 .48
9. Both Both .17 .13 .35 .43
Total score .19 .06 .34 .64

Residual scores

Interference Signal

1. Left Left 222 .22 .19 . 36
2. Right Left .00 -.05 .03 .00
3. Both Left -.17 -.11  ~-.19 -.01
4. Left Right .06 .08 .10 .06
5. Right Right ~.20 I [ 71 -.21
6. Both Right -.15 -.10 -.16 -.19
7. Left Both .02 -.12 =-.10 -.08
8. Right Both .09 -.15 -.12 .06
9. Both Both .02 .13 .11 -.13

shows that MsOl provides vet another measure of the Va(Ms?} factor, Among
the Va(Ms?) variables, it has its highest correlation with the Memory Span
Forward test {r = .61). Therefore, if Va(Ms?) were to be split into two factors,
these would undoubtedly be Va and Msa Va(Ms?) contains about equal
proportions of variance from Memory Span and Auditory <w_.,cw_
Comprehension. It will be referred to as the Va-Ms factor in the remaining
sections of this paper.
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Table 13 contains the same information for the MsOI test as was
provided for the White Noise Masking test in Table 12. As would be expected
from the results of the factor analysis, the total score correlates highly (r
= .64) with the Va-Ms factor and it has a noteworthy (r = .34) correlation
with the Maintaining and J udging Rhythm factor. The raw-scores’
correlations show the same relationship. Just as with the WNM , experimental
manipulation (presenting signal and interference to different ears) has reduced
the amount of common variance present in the residual scores. It should be
noted that underlying mechanisms in the MsIO are less clear than what was
the case with the WNM test. On the other hand, it can be observed that
although the F-tests were much smaller with the M5OI test than they were
with the WNM test, the reduction in the residual scores’ correlations is
approximately the same in both. This implies that the size of experimental
effects may have little to do with the pattern of individual differences in some
situations and suggests that the analyses described here may provide useful
information?®,

2.5 Dichotic Listening Test

The dichotic listening paradigm is accepted as a means of investigation
of hemispheric lateralization with the intact brain (Kimura, 1967). This study
used the dichotic listening test in its classical form which consists of the
simultanous presentation of three pairs of digits to each of the two ears. Thus,
the left ear may be presented with 7, 2, 5 and the right ear simuitaneously
with 1, 8, and 3, and so on. It has been reported that people usually have
better recall for digits presented to their right ear, as occurred in the present
study with 54% of our sample reporting more right-ear digits, 20% reporting
more left-ear digits and the remainder showing no ear superiority (11%}) or
ceiling effects (6%). Right ear superiority has been attributed to the left
hemisphere’s specialization for speech signals and the occlusion of ipsilateral
pathways by the contralateral ones.

Since all items of this test contain only six numbers to be reproduced,
without the element of dichoric presentation it would be simply a memory
Span measure and its variance would be considerably reduced. The
experimental manipulation would be expected to increase the common factor
variance of this task. In a previous study (Stankov, 1980) a dichotic listening
test correlated primarily with a Memory Span factor. The correlations among
all four primary factors and some of the Dichotic Listening scores in the
present study are displayed in Table 4. It can be seen that the highest
correlation is with the Temporal Tracking factor (r = .51) and that the

10. It should be mentioned that partialling out the ear differences (conditions of
presentation effect) for 13 variables which was reported in the first part of this paper
did not lead to a dramatic change in correlations. Raw scores and residual scores
had the same correlations with factor scores, This means that experimental
manipulation does not have to have the same effect as is reported here for the White
Noise Masking and Memory Span Order Interference tests.

43




correlation with the Va(Ms?) factor is the second highest (r = .36). It should
be remembered that the Va(Ms?) composite was formed by adding the
Synonyms Vocabulary, the Rapid Spelling, and the Memory Span Forward
scores. When the Memory Span Order [nterference test was added to the
composite (which factor loadings indicated was appropriate-see Table 9),
the correlation between the composite and the Dichotic Listening test
increased to r = .48. The high correlation which Temporal Tracking has
with Dichotic Listening is mainly due to Letter Reordering and RST tests
variance; both contain speech stimuli.

Table 4 also shows the correlations between the primary factors and
scores representing the number of items for which only digits presented to
right (and also left) ear were correctly recalled. These correlations indicate
that the person who is better at recalling right-¢ar numbers also has a better
Temporal Tracking score and that the person who is better at recalling the
left-ear numbers is also better on the Va-Ms factor. An interpretation
suggested by this result is that Dichotic Listening performance depends
differentially on Temporal Tracking and Va-Ms processes. This finding may
have implications for the calculation of laterality indices based on the dichotic
listening paradigm (see Repp, 1977, for review), for presentation to one ear
may implicate a different process from presentation of the same material
to the other ear.

A comment on the role of interference: This study has not provided a
detailed answer to the question of whether interference tasks produce a factor
which cuts across different primary tasks. However, the evidence from this
sample of three tests argues against such a possibility. All items used in the
tests of this section were easy in themselves. Interference increased individual
differences in performance in a way similar to increasing task difficulty. For
all three tests, introduction of interference made an easy task into a task with
a significant amount of shared systematic variance with other markers for
the corresponding primary factors.

3. Binaural Sensory Interaction Tasks and Measurements

We now consider yet another class of competition tasks. These involve
perceptual and sensorial processes peculiar to binaural hearing. In essence,
they involve measurement of differential sensitivity for the two ears.
Competition derives from the fact that different messages have to be
combined before being processed. In particular, we shall be concerned with
ear preferences, binaural diplacusis, and hearing acuity differences among
the ears.

3.1 Ear Preference for Tones

In a study by Efron, Bogen and Yund (1977) an ingenious method for
investigating ear preference or dominance for tones was employed with
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commisurotomized patients. The method itself, the Dichotic Chords test, is
described below. In normal subjects, ear dominance does not correlate either
with handedness or with ear advantage for dichotically presented speech
sounds. In fact, Efron et al. (1977) state that “‘car dominance for pitch
information contained in dichotic chords involves mechanisms quite distinct
from the one responsible for producing the small right or left ear advantage
when speech or musical stimuli are used’’. This calls for checking ear
dominance prior to any work on lateralization with auditory stimuli. Deutsch
(1975), for example, interprets similar results to those indicating ear
dominance, as providing evidence for cerebral lateralization.

The Dichotic Chords test consists of the foilowing type of presentation:
Left ear 1900Hz 1500Hz
Right ear 1500Hz 1900Hz
320msec. 600msec. 320msec.

In this example, the left ear is presented with a 1900 Hz tone and, shortly
afterwards, 1500 Hz tone. The right ear receives the same two tones in the
opposite order. Thus subjects receive two dichotic chords, one after the other.

According to Efron er al. (1977), with a small frequency difference
between the dichotic tones, subjects hear a single fused sound image. The
task is to state whether the first or the second successively presented pair
of stimuli was higher in pitch; this is a forced-choice task. Under these
conditions, approximaiely 1/3 of the subjects will report in the above situation
that they hear the low-pitched tone first and these people are labelled (in,
terms of the sequence given in the example) as right-ear dominant. Another
1/3 of the subjects will give the opposite reply, and the rest will show no
ear dominance.

The particular stimulus material used to test ear dominance was selected
in order to check two things. Firstly, we wished to replicate a finding of Efron
and Yund (1975) which indicates that frequency difference of up to 400
Hz produces the ear dominance effect and for this purpose we used two
intervals : 400 Hz and 200 Hz. Secondly, in most of their reported work,
Efron and Yund employ a relatively high set of frequencies (above 1,500
Hz). Deutsch (1975), however, used frequencies of 400 Hz and 800 Hz
and this may account for the conflict in interpretation. Items in the present
study covered a range of frequencies from 400 Hz to 4,000 Hz.

There were three blocks of items (Low-, Middle-, and High- frequency
blocks). Blacks of 24 items were constructed in the following way. For the
low-frequency blocks, 10 frequencies were used: 400, 500, 700, 800,
900, 1100, 1200, 1300, 1500 and 1600 Hz. The first two items were
made of 400-800 Hz and 500-700 Hz pairs. These were repeated once
on the same ears, and twice with the channels reversed. Another two items
were made of 800-1200 Hz and 900-1100 Hz tones. Again, they were
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Table 14

Arithmetic Means For The Ear Dominance Test

(Dichotic Chords test)

, A
Frequencies

Low Middle High

Frequency Differences 200Hz 6.40 6.17 5.86 6.14
4000z 6.41 6.76  6.60  6.59

6.40 B6.46 6.23 6.36

Low = 400 Hz to 1,600 Hz; Middle = 1,600 Hz to 2,800 Hz;
High = 2,800 Hz to 4,000 Hz.

presented four times. The final two items consisted of _NOO-_mOO Hz and
1300-1500 Hz tones. In this way we obtained 12 items with 200 Hz
difference and another 12 items with 400 Hz difference. Items were randomly
assigned to a position within a block. The ten ““middle” frequencies ranged
between 1600-2800 Hz and the “*high’’ block employed 2800-4000 Hz
with intervals of the same magnitude as those for the “low’’ block.

The test was scored by assigning *“1*’ to those items for sanw the subject
reported the left ear sequence and 'O’ to those for which the subject reported
the right ear sequence. The results were analyzed using the >ZO.<> procedure
for a 2 x 3 design with the main factors being frequency difference and
frequency level. The results are presented in Table 15.

1t is apparent that there are no differences in ear ﬁ.mc—:msm_..nn across the
range of frequencies (low-, middle-, and high-) investigated here Q.Am.pm&
= 1.00, p >.05) and therefore it is likely that the same processes are _=<07.6m
at both high and low frequencies; Deutsch and Efron and Yund were referring
to the same phenomena. On the other hand, the difference ﬂwgans the two
levels of frequency differences (200 Hz vs. 400 Hz} is significant (F(1 .»mﬂ
= 10.01, p > .05). This was not anticipated, but it can be understood in
terms of an increased differential threshold for high frequency tones. ‘._,._:m
would lead to a chance performance on the 200 Hz difference for high
frequencies, and the obtained cell mean of around 6.00 :.m.. 6.17 »;o_..:_m
“middle” block and 5.86 for the ““high’” block) implies such an interpretation.

The interaction term was not significant.

Correlations between the Dichotic Chords test and the primary factors
are given in Table 4. This task has virtually zero correlation with S.Hna of
the primary factors but its correlation with the Tonal Memory factor is .18,
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indicating that some, admittedly relatively small, part of Tonal Memory’s
variance is accounted for by ear dominance.

3.2 Binaural Diplacusis

Binaural diplacusis (see Ward, 1970) refers to a phenomenon in which
the same tone presented to two ears sound differently, or different tones sound
the same. In the past, this was viewed as pathological condition which occurs
rarely in a population. However, some of the more recent Dutch work on
residue pitch indicates that the presence of binaural diplacusis is a more
common phenomenon than was previously thought (see Van Den Brink, 1974;
Ward, 1970; Efron, 1979). The reasons for this phenomenon’s possible
importance here have been discussed in Chapter 1V,

In order to obtain diplacusis measurements, tones at ten different
frequencies were given to both ears four times generating 40 items. The
frequencies used were 2000, 2100, 2500, 2600, 3000, 3100, 3500,
3600, 4000, and 4100 Hz. Another 50 items were generated by presenting
tones separated by 100 Hgz, e.g. a 2000 Hz tone to the left ear and 2100
Hz tone to the right ear. This was done using every pair of adjacent
frequencies separated by 100 Hz intervals. All 90 jtems were randomly
assigned a position within the test, The task was simply to state whether the
tones presented to the two ears were the same or different.

Scoring was in terms of number correct and the correlations with the
psychometric factors are presented in Table 4. Although the Tonal Memory
factor scores have the highest correlation with binaural diplacusus (r = .26),
Tc and MalR correlate with it comparably (r = .20 and .21, respectively).
These correlations may follow from the fact that all these primaries represent
a measure of Ga. Since the magnitudes of these correlation coefficients were
not particularly high, the items of the test were divided into two groups:
“lower” frequencies included items involving 2000 to 3000 Hz tones, and
“higher” frequencies involved 3100 to 4100 Hz tones. It was reasoned that
diplacusus for the higher frequencies would affect mainly higher-order
harmonics and that lower-order harmonics and actual tones themselves would
be more affected by diplacusis at lower frequencies. This proved to be the
case: diplacusis for lower frequencies has a higher correlation with Tonal
Memory (r = .33), than does the diplacusis for higher frequencies (r = .05).
Correlation of binaural diplacusis and the Maintaining and Judging Rhythm
factor (r = 2l and r = .29) can perhaps be understood through its link
with the broad auditory factor, Ga.

There are three possible explanations for the finding that the role of
binaural diplacusis in Tonal Memory is relatively smaller than expected.
Firstly, an insufficiently sensitive measure of diplacusis may have been used.
In some studies, a method of adjustment has been employed. In this method
one has to adjust a continuous tone coming to one ear to sound the same
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as a tone presented to the other car. Secondly, it is possible that if the range
of frequencies below 2000 Hz were employed, higher correlations would
be obtained. Thirdly, Total Memory involves processes that are too complex
to be strongly related to the essentially sensorial measures of binaural
diplacusis. This last hypothesis is supported by a finding that _m:m Tonal
Memory factor correlates with both general and musical education.

3.3 Hearing Acuity Correlations

Another class of sensorial tasks used in this study are the audiometric
measures of absolute thresholds for different frequencies. If the ears display
different sensitivity to the same frequency, the combination of the two signals
coming from them would represent an example of competition in the sense
discussed here. In practice, however, it is hard to assess the resulting Un_..nnE
received by the central nervous system. For this reason we have not obtained
a separate ‘‘competition” scores for acuity. Instead, we have chosen to study
the relationship between the individual measurements and other variables
of the battery.

Correlations between the audiometric measures {variables 8 to 17) and
factor scores are given in Table 4. These correlations are lower with the
Va(Ms?) factor than they are with the other three factors (Tm, Tc, MalR)
of the battery. This supports the view that the latter factors represent markers
for the Ga. These correlations are also somewhat higher than Binaural
Diplacusis (variables 19 to 21) and Ear Dominance (variable 22) have with
the psychometric factors. This suggests that competition due to acuity
differences between the ears may have a greater generality than Ear
Dominance and Binaural Diplacusis.

The factor matrix presented in Table 9 contains a factor with (reflected)
loadings from four hearing acuity measurements. These were the threshold
values for the extreme frequencies employed in this study (500 Hz and
4,000 Hz) for left and right ears. The hearing acuity factor (Ac) was related
to Ga in a study by Horn and Stankov (1982). The result of factor analysis
is in agreement with the primary factors/external variables correlations
presented in Table 4. It is apparent that correlations among the acuity
measures are high enough to form another factor and this new factor
correlates higher with the Ga markers than it does with Va(Ms?).
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CHAPTER VI

BEYOND COMPETITION

This study was designed in order to explore the relationship between
psychometrically defined abilities and experimental tasks characterized by
the presence of some kind of competition. Figure 5 organizes the major
findings of the study. The second bottom row of the hierarchy summarizes
the outcomes of factor analysis as presented in Tables 3 and 9.

Second -
Order
Factors

Primary
Factors

DuUAL Compelition
BD D TASK Tesks

Figure 5, Summary of the main findings of this study. The solid lines indicate obtained results
and dashed lines represent assumed or obtained weak relationships. All lines including arrows
indicate correfations. The shapes of the boxes for competition tasks (diamond, square, triangle}
indicate that they are conceptually different as described in the text. G = the highest-order factor,
Gf = fluid intelligence, Ge = crystallized intelligence, Ga = broad auditory function,
Ac = acuity factor, SPUD = speech  perception under distraction/distortion,
MaJR = maintaining and judging rhythm, Tm = (onal memory, Tc = temporal tracking,
WNM = white noise masking, ED = ear dominance measured by the dichotic chords test,
BD = binaural diplacusis, DT = dua] task, DL = dichotic listening, MsOl = memary spar
order intereference test.

Evidence was found for Tonal Memory (Tm), Temporal Tracking (Tc),
Maintaining and Judging Rhythm (MaJR) and Auditory Verbal
Comprehension—Memory Span (Va-Ms) factors. Two slight modifications
are introduced in the Figure. First, although Va-Ms was treated as a single
factor throughout the study, it is represented as two separate primary
factors—Auditory Verbal Comprehension (Va) and Memory Span (Ms)—in
the diagram. There is no doubt that if there were more markers for Va and
Ms in our test battery, they wouid stand apart, and it is important to
distinguish them because they are markers for crystallized and fluid
intelligence respectively. The second maodification is the inclusion of a separate
Speech Perception Under Distraction/ Distortion factor. This factor did not
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appear in the analyses because there was only one marker for it—the White
Noise Masking test. Correlations of this test with other variables were in
accordance with previous results, justifying the use of this test as a marker
for SPUD primary.

The second top row of the hierarchy represents the obtained broad
auditory function (Ga) and the assumed fluid and crystallized intelligence
{Gf and Gc) second-order factors, and at the top is a general factor (G). Ga
was supported by an adequate number of markers whereas Gf and Gc were
under-determined in the present study.

In the bottom row of Figure 5 are the presumed competition tests
{psychometric tests represented in Figure 1 are not presented in Figure 5).
The arrows linking them to the hierarchy indicate correlations, not established
causal relationships. The variations in the strengths of relationships are not
depicted in the diagram.

The concept of competition has hitherto been used mainly in a descriptive
sense. Basically, it has been descriptive for certain elements common to several
factors of the broad auditory function (Ga) and to the experimental variables
selected for this study. This is unsatisfactory in the long-term because
description is only the first step towards understanding. We have gone beyond
description with the intreduction of the idea of compensation as a means
for explaining overlap among the factors of Table 9. This explanation of
individual differences in terms of the adoption of variable solution strategies
may transfer to some competition tasks (i.e., the Dual Task).

1. Competition, Attention and Working Memory

Another possible explanation of individual differences compatible with
the results presented here, is provided by a model which proposes that three
basic “'compartments’’—sensory analysis, working memory, and archive—are
concerned in the processing of information. The third of these
“‘compartments’’, the archive, which contains information received in the
past, was not investigated extensively in the present series of studies and we
shall not elaborate on its role any further.

The most important for the present study is the working memory
“‘compartment’’. Earlier in this paper the concept of working memory was
introduced in relation to the work of Baddeley and Hitch (1974), in order
to account for individual differences in the Temporal Tracking tasks and
the possibility of collapse in the concurrent load tasks. For ocur present
purposes, it can be best understood as the joint operation of two functions—a
passive part which holds information immediately needed for task execution,
and an active part which performs operations upon the stored information.
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Two essential assumptions underly this conceptualization. First, the
system has a limited processing capacity and second, there is a dynamic
relationship between active and passive parts such that the more capacity
is used for storing information in the passive part, the less capacity is left
free for active operations.

Those familiar with the recent literature on attention will recognize the
above model as a version of Norman and Bobrow’s (1975) *‘Limited
Resources’” model. Hunt (1978; 1980) elaborated on a similar set of ideas.
As we shall see, this model is already in need of modification. First, we shall
consider briefly some data which were collected subsequent to the work
reported here.

2. Working Memory and Intelligence

A study by Crawford and Stankov (1983) was designed in order to
correlate measures of the active and passive aspects of working memory with
the primary factors which represent the accepted markers for fluid and
crystallized intelligence. It was found that fluid intelligence has higher
correlations with the active part of working memory than it does with its
passive aspects. In other words, operations performed on information in
working memory are more indicative of fluid intelligence than is the ability
to hold this information in working memory.

The second study (Fogarty and Stankov, 1982) was designed to check
some of the findings presented in this monograph. In particular, six dual
tasks were constructed with the expectation that both the increased correlation
between the components and factorial overlap would replicate. Increased
correlation was indeed observed in four tasks which were scored in a manner
comparable to that employed here. Evidence for overlap was, however,
absent.

A particular aim of the study was to discover whether any lawful features
of factorial structure could be attributed to the presence of competition. It
was found that components of the competing dual tasks have somewhat
higher loadings on the general factor. This is depicted in Figure 5 by an arrow
linking the Dual Task to ““G™". In dual tasks, both passive and active parts
of working memory are taxed because of the need to keep in mind twice as
many items of information and simultaneously perform two different sets
of operations upon them. This in turn suggests that individual variations in
processing capacity may be a contributing factor to general intelligence,

3. Sensory Competition

The sensory ‘‘compartment’” of the model, has a relatively small role
in inteflective performance. This is apparent from the fact that, in this study,
sensory competition tasks had noteworthy (although low) correlations only
with the primaries of the broad perceptual auditory factor, Ga. The findings
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do, however, justify the hypothesis that a special kind of competition
involving the mechanisms of masking, inhibition or interference underlie the
perceptual factors. Similar ideas were put forward by Witkin and his co-
workers (see Witkin, Dyk, Faterson, Goodenough, and karp, 1962) in order
to account for the concept of field dependence and field independence.

4. Competition and Attention

Although it is probably true that the attention tasks, particularly those
that are close to our Dual Task (i.e. divided attention tasks), exhibit the
phenomenon of, and can be treated as, competition tasks, it is not so certain
that the processes investigated in studies of mental concentration, search,
and vigilance bear close relation to these phenomena. These tasks, one
suspects, would not load on the same factor and some of them (e.g. vigilance)
wotuld have low correlation with intelligence. The same holds, as we have
seen, for the variety of competition tasks chosen for this study. It is sensible
to ask, therefore, whether competition and attention refer to the same thing.
With the present definition of words, the answer is obviously “no’’. There
are competition tasks (notably sensory interaction and interference) which
would not be called attentional by most people and attentional tasks (e.g.
vigilance) which do not implicitly involve competition. Nevertheless, the
overlap between the two definitions is founded in reality, and suggests the
need for a process of ‘‘precipitating out’ whereby the tasks from both areas
which invoive competition at the level of central processing be abstracted
and grouped together to form a new category of tasks - which is the central
concern of this paper and the one which, it is hypothesized, is most likely
to be closely related to general intelligence.

Quite apart from this ambitious possibility, however, the link between
attention and competition means that a large literature on attention can be
brought to bear upon our understanding of individual differences in
intelligence. Further work on the Dual Task should be of both intensive
(varying difficulty levels of the components} and extensive (using a variety
of compenents in Dual Task combinations).

5. Some Qualifying Remarks Regarding the Role of Competition

A question which must at some time be asked is whether some kind of
competition plays a role in every factor depicted in Figures | and 5. The
chances are that there are abilities in which individual differences do not come
about through the presence of competition (or limitations on capacity). On
the other hand, it is likely that there are abilities which exist because of a
specific yet undefined form of competition. Visual abilities are the candidates
for further research into the role of competition.

Finally, it is important to note that the existence of a single pool of
attentional resources has been questioned recently on theoretical grounds
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(Allport, 1980) and on the basis of empirical findings (Hunt, 1980). Both
these authors suggest that it is more reasonable to assume that there are several
pools of resources rather than a single one. This suggestion is particularly
well supported by the existence of a variety of psychometric factors, The
view espoused in this article is that there is a general pool and some smaller
pools of resources.
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CHAPTER VII

SUMMARY AND DISCUSSION

The study reported here provides information at several different but
interrelated levels. It is, at the same time, an essay in replicating previous
findings and an attempt to extend our knowledge about cognitive functioning.
At another level, it demonstrates the application of some new methods of
data collection and analysis to the above issues. All these aspects have
implications for our understanding of the structure and dynamics of cognitive
abilities.

The design of this study was guided, in part, by the structural theory
of fluid and crystallized intelligence (Gf/Gc) which acknowledges the existence
of several broad functions among cognitive test performances. A particular
emphasts in this study is given to primary abilities that define a broad auditory
function, Ga. These include Tonal Memory (Tm), Maintaining and Judging
Rhythm (MalR) and, in this case somewhat less well defined, Speech
Perception Under Distraction/Distortion (SPUD). Since separate factors of
Temporal Tracking (Tc) and Auditory Verbal Comprehension- Memory Span
(Va-Ms) also appeared, it became possible to draw inferences about fluid
and crystallized intelligence as well.

One of the concerns of this article was to provide a replication of previous
findings of ear and hemispheric differences in test performance. The results
indicate that although a similar factor structure obtains under monaural and
binaural stimulus presentation, it cannot be claimed that all verbal tasks are
better performed by the left hemisphere and that all tonal tasks are better
performed by the right hemisphere. Lateralization of functions has led to
a large number of empirical studies and speculative statements by both
biologists and psychologists. The reason for excitement, although never
explicitly stated, derives from the possibility that this may call for a re-
examination of the “doctrine of human faculties’’. Factors have often in
the past been likened to *‘bumps in the head’’ and the work on lateralization
of this large group of scientists, together with the writings of Bock (1973},
opens the prospect of returning factors to their old status. Stankov (1980)
reported a direct relationship of factors and ear differences data and it
appeared that some aspects of the old doctrine could stand if viewed in the
light of new findings. Only partial success in replicating the original results
here suggests that further hypothesizing in this direction should be postponed,

The major concern of this paper was to investigate the relationship
between psychometric factors and experimental competition tasks. These
latter tasks have been conveniently divided into three groups—the Dual Task,
the distraction and interference tasks, and the sensory interaction tasks.
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The most interesting is the Dual Task in which iwo markers for primary
abilities are given simultaneously to two ears. The present study provides
evidence that components of the Dual Task have higher correlations among
Enq:mn?mm than when they are given separately. These components also have
higher correlations with measures of academic achievement than their single
counterparts. Another study (Fogarty and Stankov, 1982), shows that six
Dual Tasks have higher loadings on the general factor of their battery than
do the corresponding single tests. Overall, this evidence suggests that the Dual
Task represents a good measure of intelligence.

_.ﬁ is important to note that the competition tasks that have the greatest
contribution to G (i.e. the Dual Tasks) are also those which are most similar
to a particular type of attention task which involves competition of inputs
and s.\Enr has been understood in terms of a limited central processing
capacity. Central processing capacity in turn, has been related to intelligence
by attention theorists (see Hunt, 1980) and the high contribution of these
Smwm. to G supports this view. At the same time, this relationship provides
us with an insight into what a large component of the essence of intelligence
may be—i.e. large central capacity or, as most of these tasks involve multiple
mnoonmmmsm. ability to process more than one input at once. These are obviously
interrelated and at present it is not clear which has dominance.

The present study, and indeed the research on individual differences in
general also suggests that the idea of a single central capacity processor is
not a completely comprehensive conceptualization. In particular, the existence
of different ability factors indicates that, in addition to a general pool of
resources, it is meaningful to consider also the existence of some smaller and
more specialized pools of resources.

. These concepts can contribute to an explanation of individual differences
in Dual Task performance. A suggestion, based on the findings of this paper
is that a particular kind of compensatory mechanism might be onnwmae.n”
If a person has a high ability on one component of the Dual Task, he/she
can solve that component efficiently, leaving extra capacity free for working
on the other component.

.Hs this paper, the concept of the limited capacity central processor is
explicitly linked to the concept of working memory which, in turn, is
:.:a..w_.mﬁoom to consist of two parts - a passive part and an active part. The
findings of Crawford and Stankov (1983) indicate that the active part {(which
operates upon stored information) is implicated in intelligence.

In a rival analysis, the Dual Task represents merely an increase in
ncan_m.x_mﬁ two tasks must be more complex than either one alone. This
Snc.éo_:ﬁ can be traced back to at least Spearman’s and Binet’s work at the
beginning of this century. The evidence provided in support of this view was
not entirely satisfactory however, because increase in complexity was
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subjectively defined on the basis of a psycholagical analysis of item conlent,
and in most cases the tasks were completely different. With our Dual Task,
the same variables are used, and the possibility that it may be measuring
different traits is greatly reduced.

On the practical side, dual competing task can provide a new way to
test intelligence particularly in samples of higher ability. Such a test would
need less time to administer and it could lead to the development of new
indices for expressing an individual’s standing with respect to the population.
1t can utilize, for example, information about a person’s movement within
the scatterplot depicting single and dual presentation (see Figure 4).

In the competing tasks which do not relate highly to the general factor,
G, competition occurs peripherally. This is best illustrated by the sensory
interaction tasks—Binaural Diplacusis, Dichotic Chords Test, and hearing
acuity measurements. It is also apparent in two of the distraction and
interference tasks—the White Noise Masking test and the Memory Span Order
Interference test. In both these tests, the peripheral quality of the competition
is indicated by the fact that localization of signal and mask (although acting
differently in the two tests) provide a significant contribution to the total
variance. It has been argued at least once (see Horn, 1981) that the third
interaction and interference task—the Dichotic Listening test—also involves
peripheral processes. The problem with this interpretation derives from the
fact that in experimental studies the Dichotic Listening test is treated as a
measure of central processing capacity, not of peripheral processes. It is
possible that in this study (and maybe in Horn's work as well) the test of
Dichotic Listening employed was too easy and central processing capacity
was nol taxed sufficiently in order to show the involvement of the general
factor. Processing of only six items of information was involved, and this
is within the range of normal memory span.

In the distraction and interference tasks, the presence of distracting or
competing input is an essential component because without it the task would
be too easy and the variance of the tasks would disappear or would be greatly
reduced. The introduction of competing stimuli also increases the common
group variance of the test.

Weak relationships were found between the primary factors (mainly
Tonal Memory) and sensory competition tasks like the Dichotic Chords test
and Binaural Diplacusis. These two variables, as measured here, contribute
relatively little to individual differences in higher mental processes. On the
other hand, hearing acuity, assessed through the use of audiometric
procedures, is related to several aspects of the broad auditory function, Ga.

Certain sections of this study were methodologically determined by the
wish to replicate Stankov’s (1980) findings on ear differences. Hierarchical
factoring was applied to a correlational matrix consisting of the same set
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of variables given under three conditions of presentation (left, right, and both
ears). Although interpretation of the first order solution would have been
difficult, the second and third order factors were very clearly defined. This
illustrates the usefulness of hierarchical solutions and recommends it as a
method for comparing factorial structure when the same test bartery is given
repeatedly to the same group of people.

An additional methodological issue raised in this paper concerns the
question of how to bridge the gap between the “experimental’” and
“correlational”’ disciplines in psychology. The present approach was to start
with menta) abilities as they have been established through the correlational
approach, and to relate experimental variables to them by factorial
techniques, The established mental abilities can then be understood in greater
depth via the theories relating to the same experimental variables. A promising
beginning to taking this process further appears to be to proceed by
constructing tasks to measure proper mental abilities and allowing sufficient
variation within the tasks in order to be able to examine the role of various
within-task components.
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