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Stankov's work on attention and intelligence suggests

that the dual task paradigm, requiring the division of

attention, is a better measure of general intellectual ability

than the single task paradigm which does not make this demand.

Sixty right handed undergraduates remembered digit and

visual-spatial sequences alone and in two dual task conditions

involving lateralized key tapping as the primary task.

R gher intercorrelations were found under dual task conditions

in which the tasks competed for the same hemisphere's

resources. Better memory performance resulted when both tasks

were lateralized to the same hemisphere. Hierarchical models

combining general attention resources with ,lateralized

hemispheric resources best account for these resutsi
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THE EFFECTS OF LATERALIZATION OF TASKS

ON THE USE OF THE DUAL TASK PARADIGM

AS A MEASURE OF GENERAL INTELLIGENCE

Positive correlations among most cognitive ability

tasks serve as evidence in support of the existence of a

general intelligence factor, "g" (Spearman, 1904).

Hierarchical theories of intelligence view "g" as the core

of intelligence because it is defined by intercorrelations

among more elementary cognitive processes known as primary

factors (Thurstone, 1938). Spearman (1927) speculated that

"g" might be identifiable with attentional capacity.

Stankov (1983) recently reviewed the evidence that empiri-

cally links attentional capacity and intelligence. Stankov

adopted Spearman's view that attentional capacity and "g"

are in fact the same capacity.

To measure attentional capacity, Stankov made use of

the dual-task paradigm, a specific experimental competition

procedure which requires subjects to divide their attention

between two concurrently performed tasks. The two tasks are

assigned primary and secondary status in the dual-task

condition by instructions. Both primary and secondary tasks

are also performed in a single task condition, that is,

alone with no concurrent task.

1
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Inferences about attentional processing abilities are

drawn by comparing performance under the single and dual

conditions. Performance decrements provide information

about the interrelationships of the component tasks. Typi-

cally, the greater the demands of the primary task, the

greater the decrements noted in secondary task performance.

The dual task paradigm also permits inferences about

processing requirements beyond those likely when either is

examined in isolation. Fogarty and Stankov (1982) present

evidence indicating that in addition to single task processes,

the dual task involves processes of a general factor, identi-

fied under conditions of divided attention. Generally, in

the single presentation, the primary and secondary tasks

define lower order factors in the intelligence hierarchy and

show relatively low intercorrelations. Stankov found a

substantial increase in these inter-task correlations when

the tasks were performed under dual task conditions rather

than single task conditions, particularly when the tasks

had secondary task status. Furthermore, each component task

loaded on two factors, one defined by itself in single

presentation and the other by the task it was presented with

in the competing task condition.

Fogarty and Stankov (1982) replicated this phenomenon

with six different dual task pairs. The increase in the

shared variance found was thought to be the result of a

splitting of attentional capacity ("g"). Stankov suggests
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that the dual task method then, may represent a more direct

route to the measurement of "g" than single task methods.

Attentional resource theories have been used to account

for the results of divided attention tasks. Hunt (1980)

noted that several of these theories also offer support for

the concept of "g". Schneider and Shiffrin (1977) offer

such an information processing theory. They hypothesize

that a central psychological resource controls the flow of

information into and out of short-term memory (STM). This

central processor allocates attentional resources to

selected processing mechanisms as required by task demand.

The resources it deploys are conceptualized as residing in

a single, limited capacity reservoir of attentional power.

Two types of cognitive processing occur within this

system, controlled and automatic. Controlled or "effortful"

processing (Hasher & Zacks, 1979) drains the available

attentional capacity to a greater degree than automatic

processing which requires only minimal resources.

Dual tasks are especially well-suited for demonstrating

the limitations of attentional processing capacity insofar

as the two tasks produce excessive demands on a limited

resource (Duncan, 1979). A single capacity model of

information processing, proposing a unitary attentional

resource, or "g," would predict that in the dual task

situation the two tasks draw on the same central resource.

When one task takes up increasingly more of the central
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attentional capacity, performance on the other declines.

The two sets of single task processes are thought to compete

for common resources. According to Stankov, this increased

role of attentional resources or "g" is the crucial aspect

in the dual task. Stankov also notes the parallel func-

tioning of working memory (Baddeley, 1981).

Noting that not all tasks interfere with each other,

Navon and Gopher (1979) have suggested there might be

multiple resources rather than a single resource processing

capacity. Perhaps the simplest elaboration of such a view-

point is that of Friedman and Poison (1981). They proposed

the existence of two semi-autonomous, limited resource,

attentional pools represented by the two cerebral hemispheres.

Integral to this theory is the concept of functional brain

asymmetry. According to lateralization research, the left

hemisphere exercises control over verbal-auditory processing

and right body movements. The right hemisphere controls

visual-spatial processing and left body movements.

With regard to the dual-task then, two distinct,

lateralized tasks can be performed simultaneously without

mutual interference insofar as they do not require resources

of the same hemisphere. Hence these tasks can be thought of

as "compatible." Tasks demanding common resources however,

would create a situation of competition for the same

attentional resources. In this latter case, interference

within a hemisphere would result if the total capacity of
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that single hemispheric resource was exceeded. Thus, these

tasks can be thought of as "interfering."

Another possible attentional framework can be concep-

tualized as a hierarchical combination of single and multiple

resource theories. Here a single "g" type, unitary resource

presides over multiple subpools. Interference between

hemispheres might then result when the simultaneous processing

of two particular tasks goes beyond the capacity limitations

of both subpools. This would necessitate the intervention

of the higher order "g" resource. In other words, such

interference would result to the extent that the hemispheres

are not independent resources, but rather exist as, or make

use of a single, common, non-lateralized resource. Competi-

tion for this unifying attentional pool would result.

A single resource model as adopted by Stankov, would

predict an increase in correlations between competing tasks

over single tasks when any two demanding tasks are paired.

A multiple resource model, however, would predict an increase

in the correlations between tasks are porcessed by the same

hemisphere. According to a combination model, when more

specific sub-resources are tapped by task demands, the

increase in correlation would be greatest within hemispheres,

but would also be present between hemispheres.

Stankov did not address the possible relevance of

multiple resources or combination (single/multiple) resource

_ ._ : , .
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models in his identification of "g" as an attentional

resource. One possible limitation of his finding of an

increase in the inter-task correlations in the dual task

condition relative to the single task condition might be

manifested with strongly lateralized tasks.

Using hemispherically lateralized tasks in a dual-task

paradigm will provide evidence in support of one or the

other of these views. Hence, the present study proposes to

compare the correlations between tasks performed concurrently,

as in the dual task, with correlations between these same

tasks performed as single tasks. In particular, the degree

to which hemispheric specialization enters into obtaining

data consistent with Stankov's hypothesis will be examined.

It is believed that Stankov's finding of an increase in the

common variance between secondary status tasks in divided

attention tasks compared to the correlations between the

same tasks presented in the single task format will in fact

generalize to conditions of competition between hemispheres.

It is predicted that the processing of a strongly lateralized

task will require higher order non-lateralized resources

when performed concurrently with a primary task demanding

resources lateralized to the same hemisphere, in other words,

a task requiring the processing resources of the same

hemisphere (an interfering task).

To change the nature of the tasks performed with respect

to lateralization while holding their complexity relatively
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constant, four lateralized STM tasks were given secondary

task status in the dual task paradigm in the present

experiment. These were paired with a unimanual key tapping

primary task which is also lateralized. A verbal-auditory

digit span task and right hand key tapping were expected to

make demands primarily upon left hemisphere resources

(DeRenzi & Nichelli, 1975). A visual-spatial memory span

task and left hand key tapping were expected to make demands

primarily upon right hemisphere resources (DeRenzi, Faglioni

& Previdi, 1977).

Hypotheses. Significantly different correlations

between performances on the four STM tasks assuming secondary

status in the dual task and performances on these same tasks

in the single task condition were expected. More specifically,

it was expected that the highest correlations among perform-

ances on the STM tasks would be found in the interfering

dual task condition.

Significant mean differences were expected between

performances in the single versus dual task conditions,

particularly in the interfering dual task condition. Mean

performance differences between the two dual task subgroups,

compatible versus interfering, were also expected. The mean

performances on the STM tasks were expected to be greatest

in the single task condition, next best in the compatible

dual task condition and poorest in the interfering dual task

condition.
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Method

Subjects and Design

Sixty right handed college students (30 males, 30

females) in undergraduate courses voluntarily served as

subjects in exchange for extra course credit. A 2 X 3

factorial analysis of variance design was utilized. Sex

of subject was the between groups factor. Task condition

was the within group repeated measures factor with three

levels, single task, dual compatible tasks, and dual inter-

fering tasks. Information was collected on two potential

covariates, self-monitoring and degree of right handedness

because self-monitoring has been related to performance

on STM measures (Kennelly, Hayslip, & Penk, 1982) and

handedness has been related to dual task performance with

finger tapping (Hicks, Provenzano & Rybstein, 1975; Hellige

& Longstreth, 1981).

Apparatus

A Halstead-Reitan finger tapping counter was used for

the key tapping task. A stop watch was used to time tapping

intervals. A 35 X 50 cm. (14" X 20") wooden board, with

nine 3.81 cm. (1.5") wooden blocks fixed to it in an

irregular pattern was used for the visual-spatial tasks.

Instruments

The Edinburgh Handedness Inventory (Oldfield, 1971)

was used to ascertain subjects' preferred hand. This paper

and pencil inventory consists of 12 items on which subjects

indicate their habitual preference for the use of right or
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left hand, foot or eye when performing a number of different

tasks. A laterality quotient indicative of degree of right

handedness is obtained and provides a rough measure of

hemispheric lateralization. Handedness was used as a

potential covariate control.

The Self Monitoring Scale (Snyder, 1974) was used to

ascertain subjects' degree of self observation and control

of expressive behavior. Self-monitoring has been found to

be related to STM performance, specifically in visual-

spatial tasks (Kennelly et al., 1982). Hence this 25 item

self-report measure provided information that might be used

as a potential covariate control.

A key tapping task served as the primary task in the

dual-task condition. Here the subject was required to

repetitively tap an electronic key mounted on a wooden board

with his or her index finger. Tapping was maintained at a

fast pace for 20 seconds. Number of taps per 20 second

interval was recorded. The task was performed an equal

number of times with the left and right hands. Hence it

allows for the direct measurement of the effects of later-

ality of the primary workload on secondary task performance.

Repetitive single key tapping was selected because it

is simple, requires no visual spatial guidance and because

its rate has been shown to be sensitive to the effects of

concurrent verbal and visual-spatial activity (McFarland &

Ashton, 1978). In addition, finger tapping has been used
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frequently in both the assessment of contralateral hemis-

pheric functioning (Reitan, 1970) and in various dual task

experiments (Bowers, Henman, Satz & Altman, 1978; Dalby,

1980; Hicks et al., 1975; McFarland & Ashton, 1975).

Digit and spatial memory spans served both as single

tasks and as secondary tasks in the dual task condition.

These STM tasks were performed in both forward and backward

directions. The digit task makes left hemisphere resource

demands because of its verbal-auditory nature. A digit

string was presented to the subject orally, one digit per

second. For the forward digit task (FD) the subject was

required to repeat an eight digit string back as heard,

while for the backward digit task (BD) repetition of a

seven digit string in reverse order was required.

The visual-spatial spans measured right hemisphere

functioning. These tasks are adapted from Corsi (as

described in Milner, 1971). Here, nine 3.81 cm. (1. 5")

square blocks, spread out on an unmarked board in an

irregular pattern were presented to the subject. A string

of blocks was signified in a sequential manner by the

experimenter who pointed to the appropriate blocks, one

block per second. For the forward spatial task (FV) the

subject repeated back the sequence by pointing to the seven

blocks in the same sequence as the experimenter. For the

backward spatial task (BV) repetition of six blocks in the

reverse sequence in which they were pointed to by the

experimenter was required.
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An interval scale scoring system designed by Paulman

and Kennelly (1984) was used for scoring the subjects'

performance on the span measures. Based on the number of

digits or blocks in correct position, a partial or full

credit score was assigned for each digit or block trial (see

Appendix A).

Procedure

There were three different task conditions, single

task, compatible dual task, and interfering dual task. A

dual task trial consisted of the following sequence of

events: (a) presentation of instructions regarding the

hand to be used for tapping and the direction in which the

memory span was to be reported (forward/backward), (b)

presentation of the digit or block string, (c) a 20 second

interval during which time subjects tapped a single key as

fast as possible (d) a prompt to repeat back the required

sequence, and (e) subjects' recall of the memory span.

Compatible and interfering task conditions were not

distinguished for the subject, but were determined by the

pairing of the particular STM task with the particular hand

involved in tapping. Table 1 presents the task and hand

combinations comprising each of the dual task conditions.

The single task condition omitted the 20 second tapping

interval of event (c) above and substituted 20 seconds of

"empty" time during which no demand other than span reten-

tion was required.
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Table 1

Conversion of Left and Right Hand Tapping to
Compatible and Interfering Task Conditions

Condition
Task Compatible Interfering

Forward Digits (FD) left right

Backward Digits (BD) left right

Forward Visual-
Spatial (FV) right left

Backward Visual-
Spatial (BV) right left

Two minutes of practice on the tapping task was required

with the subject alternating hands every 20 seconds. The

tapping trials for the experimental conditions came to an

end after 20 seconds also.

The key tapping was performed concurrently with one of

four secondary tasks, FD, BD, FV, BV, during each dual task

trial. Each task was performed four times under each of the

three conditions, single, compatible, and interfering, for a

total of 48 trials. The trials were ordered randomly with

the following restrictions: one trial under each condition

was required before any condition was repeated; a STM task

in each direction (forward/backward) was run before either

direction was repeated and a dual trial with each hand

(left/right) tapping was required before tapping with either

hand was repeated. The order of presentation was the same

.
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for each subject and is presented in Appendix B. Completion

of the 48 experimental trials took approximately 40 minutes.

Subjects then completed the Self Monitoring Scale and

Edinburgh Handedness Inventory which took about 15 minutes.

They were given a short explanation of the study's goals,

issued their extra credit points and dismissed (see Appendix

C for instructions).

Results

A split-halves reliability estimate was calculated for

each of the STM tasks under each condition (trials 1 + 2

versus 3 + 4). The resultant estimates of reliability were

then corrected for length yielding the estimates for

coefficient alpha. These are presented in Table 2.

Table 2

Estimates of Coefficient Alpha
(Trials 1 + 2 versus 3 + 4)

Condition
Tasks Single Compatible Interfering

rc rc rc

Forward Digits (FD) .600 .487 .481

Backward Digits (BD) .702 .707 .710

Forward Visual (FV) .685 .745 .482

Backward Visual (BV) .739 .755 .664

Note. rc = corrected reliability estimates.

a
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Pearson Product Moment correlations were calculated for

all possible task pairs under each of the three conditions:

single task, compatible dual task, and interfering dual task.

These Pearson Product Moment correlations were corrected for

attenuation due to unreliability. The uncorrected and

corrected coefficients are presented in Table 3.

Table 3

Correlations Between STM Tasks Presented
Under Single and Dual Conditions

Dual
Task Pairs Single Compatible Interfering

r r cr r r r
Sc c

FD - BD .425 .655 .504 .859 .533 .913

FD - FV .164 .257 .193 .319 .399 .829

FD - BV .309 .465 .244 .402 .345 .611

BD - FV .401 .579 .506 .697 .341 .583

BD - BV .264 .367 .496 .679 .525 .765

FV - BV .653 .918 .646 .861 .673 1.00

Note. r = uncorrected correlation coefficients

rc =corrected correlation ;coefficients

FD = forward digit span

BD;= backward digit span

FV forward visual-spatial span

BV = backward visual-spatial span
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The major finding we expected to obtain was one of

higher correlations in thedual task conditions compared

with correlations in the single task condition as noted by

Fogarty and Stankov (1982). Inspection of the corrected

correlation coefficients reveals that, for four of the six

task pairs the correlations were higher in the compatible

condition than in the single condition. This situation was

reversed for the remaining two pairs (FD-BV, FV-BV). Com-

parison of the single and interfering task conditions shows

that all six of the task pairs show the expected higher

correlations in the interfering dual task condition. Further,

five of the six task pairs increased from the compatible to

the interfering condition.

A principal components factor analysis was done on the

corrected correlations for each of the three conditions.

One factor was extracted in each condition. The percentage

of variance accounted for was 83.8 for the interfering task

condition, 73.1 for the compatible task condition and 65.9

for the single task condition. The factor loadings are

presented in Table 4.

Mean comparisons were done for all four STM measures.

The significance level for all of these analyses was the .05

level. Self monitoring and degrees of right handedness

served as potential covariates. Significant relationships

between these measures and the STM tasks were found in only

two cases, FV for self monitoring and BD for degree of right

handedness. Therefore, two 2 X 3 (sex of subject X task
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Table 4

Principal Components Factor Analyses
of Corrected Correlations

Condition
Task Single Compatible Interfering

Forward Digits (FD) .701 .745 .914

Backward Digits (BD) .787 .945 .887

Forward Visual (FV) .877 .850 .935

Backward Visual (BV) .869 .868 .924

Note. Single Task Condition Eigenvalue = 2.63, accounted

for 65.9% of the common variance.

Compatible Task Condition Eigenvalue = 2.92, accounted for

73.1% of the common variance.

Interfering Task Condition Eigenvalue = 3. 35, accounted for

83.8% of the common variance.

condition) ANCOVAs with repeated measures on task condition

were calculated on these tasks. Since the potential

covariates were not significantly related to the FD and BV

tasks, two 2 X 3 (sex of subject X task condition) ANOVAs

with repeated measures on task condition were run on these

dependent measures. The means and standard deviations on

the STM measures are presented in Table 5.

For the FD tasks, a significant difference was found

among the three conditions, F(2, 116) = 6.41, p = .002.
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Table 5

Means and Standard Deviations on the STM
Measures (by sex across four trials)

Condition
Single Compatible Interfering

Task Female Male Female Male Female Male

Forward M 23.67 25.43 22.17 23.40 33.20 24.13
Digits (FD) SD 4.39 4.07 3.93 4.45 4.09 4.45

Backward M 19.81 21.71 17.71 20.78 19.78 20.41
Digits (BD)* SD 4.74 4.06 5.25 4.33 4.94 5.11

Forward
Visual- M 22.52 22.42 16.25 17.92 17.32 20.02
Spatial SD 3.71 3.49 5.62 5.64 4.19 4.09
(FV) *

Backward
Visual- M 18.00 20.10 14.60 16.23 16.77 16.43
Spatial SD 3.91 2.92 4.41 5.39 4.52 3.73
(BV)

Note. n = 60

Maximum scores: FD = 32, BD = 28, FV = 28, BV = 24

Minimum scores: all tasks = 0

*BD and FV = adjusted means

Newman-Keuls analyses indicated that the single task condition

yielded significantly higher mean scores than both of the

dual task conditions (overall means: single = 24.55,

compatible = 22.78, interfering = 23.22, p < .05). Newman-

Keuls tests showed no significant difference between the

compatible and interfering dual task conditions. The main

effect of sex approached significance, F(1, 58) = 3.08,

. = .08, in favor of the males. No significant interaction
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was found between the condition and sex of subject factors,

F(2, 116) = .02, p = .82. These results are shown in Table

6 (Appendix D).

The ANCOVA on the BD revealed a significant difference

among the three conditions, F(2, 116) = 4.17, E = .02.

Performance in the single task condition was significantly

better than performance in the compatible task condition

according to Newman-Keuls tests (overall means: single =

20.76, compatible = 19.25, interfering = 20.10, p < .05).

Further, no significant differences were found between the

single and interfering task conditions nor between the two

dual task conditions. Both. sex of subject as a main effect

and the condition by sex interaction approached significance,

F(l, 57) = 3.08, p = .08 and F(2, 116) = 2.67, p = .08,

respectively. These results are shown in Table 7 (Appendix

D).

For the FV tasks, a significant main effect of task

condition was found, F(2, 116) = 58.08, p= .0001. The sex

of subject main effect was not significant, F(1, 57) = 2.02,

2 = .16. The condition by sex interaction was significant

though, F(2, 116) = 3.80, p = .03. Simple effect analyses

indicated that there were no significant differences between

males and females in either the single or compatible task

conditions, Fc., 58) < 1.0, p > .05 and F (l, 58) = 1.48, =

.23, respectively. However, a significant F was found in

the interfering task condition, F(l, 58) = 6.58, p = .01,

indicating that in this condition males significantly

.r..l,.
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outperformed females. Analysis of the simple effect of

condition for each sex showed significant differences for

both groups, F(2, 57) = 42.73, p = .001 for females and

F(2, 57) = 16.64, p = .001 for males. Within the female group,

a significant difference was found between the single task

condition and both of the dual conditions by Newman-Keuls

tests with the single task condition showing superior

performance compared to the dual task conditions. No

significant differences were found between the compatible

and interfering task conditions however. Newman-Keuls tests

on the male group indicated significant differences among

all the conditions as follows: single task performance was

superior to interfering task performance which., in turn, was

superior to compatible task performance. These results are

shown in Table 8 (Appendix D).

Analysis of the BV tasks revealed a highly significant

main effect of task condition, F(2, 116) = 26.52, p = .001.

There was no significant sex difference, F(l, 58) = 1.53,

p = .22. A significant condition by sex interaction was

found, F(2, 116) = 3.22, p '= .04. Simple effect analyses of

sex at each condition showed that males obtained significantly

higher mean scores in the single task condition than the

females, F(l, 58) = 5.55, p = .02. No significant sex

differences were found in the compatible task condition,

F(1, 58) = 1.65, p = .20, or the interfering task condition,

F(1, 58) = .10, p = .76. The simple effect of condition for

each of the sexes was significant, F(2, 57) = 9.65, p = .0002
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for females and F(2, 57) = 14.70, p = .0001 for males.

Newman-Keuls tests showed significantly superior performance

in the single task condition relative to both dual task

conditions for both sex groups. For females only, mean

scores in the interfering condition were significantly higher

than mean scores in the compatible conditions. These results

are shown in Table 9 (Appendix D) .

A summary of the results from the mean comparisons of

the secondary tasks shows that the main effect of condition

was significant for all of the STM tasks. As anticipated,

higher means were obtained in the single task condition than

in either of the dual task conditions independent of sex of

subject and direction (forward/backward) and nature

(digit/visual-spatial) of the secondary task. Significant

differences between the compatible and interfering task

conditions were obtained in dual tasks involving visual-

spatial tasks, favoring the interfering task condition.

Significant condition by sex interactions were found for the

two visual-spatial measures,. FV and BV. Sex differences were

inconsistent with regard to condition and STM task, but

insofar as they were found, they showed typical male

superiority on visual-spatial tasks.

To analyze the primary task data, four 2 X 2 (sex of

subject X task condition) ANOVAs with repeated measures on

task condition were calculated on the tapping data asso-

ciated with each of the STM tasks. Mean frequency of tapping

per 20 second interval was compared between compatible and

Amw-w- miwb.
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interfering conditions. The means and standard deviations

on the tapping data are presented in Table 10.

The main effects of both condition and sex were

significant for tapping associated with the FD tasks, F(l, 58)

= 54.19, p = .001 and F(l, 58) = 3.36, p = .05 respectively.

The interfering condition (right hand) yielded the highest

mean performance and males tapped at faster rates than females.

The interaction between condition and sex was not significant

F(1, 58) = .16, p = .69. These results are presented in

Table 11 (Appendix D).

Table 10

Means and Standard Deviations on Left and Right Hand
Tapping Data (frequencies by sex across four trials)

Hand

Task Left Right
Female Male Female Male

Forward Digits (FD) M 373.63 405.70 402.10 437.40
SD 74.03 57.72 73.00 66.91

Backward Digits (BD) M 368.33 405.57 397.57 438.90
SD 67.76 59.82 73.57 76.31

Forward Visual- M 378.40 412.40 410.00 445.47
Spatial (FV) SD 69.23 57.70 74.76 76.05

Backward Visual- M 381.37 412.40 408.97 442.73
Spatial (BV) SD 72.37 60.63 71.14 67.43

Note. Overall means used

follows: FD = 404.41; BD

in Newman-Keuls analyses are as

- 402.59; FV = 411.57; BV = 411.37.

Similar results were found for tapping with the BD

tasks. The main effect of condition was significant, F (l, 58)
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= 29.80, p = .001, as was the main effect of sex, F(1, 58) =

5.31, p = .02. Means in the interfering condition (right

hand) were higher than those in the compatible condition

(left hand). Males outperformed females in both dual

conditions. No significant interaction between condition

and sex was found, F(1, 58) = .13, p = .72. These results

are presented in Table 12 (Appendix D).

A significant F value was found for the main effect of

condition on the tapping associated with the FV tasks,

F(l, 58) = 33.35, p = .001. In this case mean performance

was greater in the compatible condition (right hand) than

in the interfering condition (left hand). Males again tapped

at higher rates overall than females as shown by a significant

main effect for sex, F(l, 58) = 4.11, p = .05. The analysis

indicated no significant condition by sex interaction,

F(1, 58) = .02, p= .90. These results are presented in

Table 13 (Appendix D).

Mean comparisons on primary task data associated with

the BV tasks showed that significantly higher rates of

tapping were obtained in the compatible condition (right

hand) than in the interfering condition (left hand),, F (1,58)

= 41.56, p = .001. The main effect of sex approached signifi-

cance, F(l, 58) = 3.64, a = .06, in favor of the males. The

condition by sex interaction did not reach significance

F(l, 58) = .09, p = .76.

-



23

In sum, the highest mean frequencies on the primary

task were obtained when subjects performed the tapping task

with their right hands. This finding is as expected for a

right handed subject sample. Males outperformed females in

every case and in no case was a significant condition by sex

interaction found.

To investigate the influence of the specific nature of

the secondary task on primary task performance, a 2 X 2 X 4

(sex of subject X tapping hand X STM task) ANOVA with

repeated measures on tapping hand and STM task was calcu-

lated. In addition to confirming the right hand and male

superiority noted above, F(l, 58) = 44.07, p = .0001 and

F(l, 58) = 4.29, p = .04 respectively, analysis of this

primary task data revealed significant differences among

tapping frequencies associated with the four STM tasks,

F(3, 174) = 11.07, p .001. Tapping performed concurrently

with both visual-spatial tasks (FV, BV) was significantly

higher than that performed with both digit span tasks (FD,

BD). Newman-Keuls tests indicated that there were no

significant differences between tapping associated with the

forward and backward trials in either the visual-spatial or

digit tasks however. No significant interactions were found,

F(3, 174) = 1.17, _ = .32 for task by sex, F(3, 174) = .10,

P = .76 for hand by sex, F(3, 174) = .41, p = .75 for task

by hand and F(3, 174) = .06, = .98 for sex by task by hand.

These results are presented in Table 15 (Appendix D).

_ hi _
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Discussion

The finding of an increase in correlations between STM

tasks performed as single tasks and the same tasks performed

in a dual task paradigm replicates the results of Fogarty and

Stankov's (1982) study and also confirms. our hypothesis that

similar results can be obtained in conditions of competition

between lateralized tasks. Further clarification of the

nature of this phenomenon is provided by the consistent

finding of higher correlations in the interfering condition

compared to those found in the compatible condition.

Stankov used similar correlations to provide factor analytic

evidence of "g", hypothesizing that it is best measured in

the dual task paradigm. The results of this study suggest

that a more specific type of dual task, one which makes its

demands on a single hemisphere as in our interfering condi-

tion, provides the best condition for the measurement of "g".

The factor analytic and mean data obtained in this

study add further support for the notion that processing

tasks that are strongly lateralized to the same hemisphere

require a higher-order, non-lateralized resource. The

percentage of variance accounted for by the single factor

extracted in each condition follows the same trend across

the conditions as the corrected correlations--interfering

> compatible > single. This is consistent with the

hypothesis that a general intelligence factor is more

involved in the dual tasks under interfering conditions.

--------- -
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Analysis of the differences in mean performance in the

two dual conditions, compatible and interfering, suggests

differential interference and subsequently, different

processing. Processing demands within a single hemisphere

were expected to reduce the quality of performance the most

because of the resource limitations of a single hemisphere.

Despite this situation, the interfering tasks were, in

general, performed better than compatible tasks--those

lateralized to different hemispheres.

Kinsbourne and Cook (1971) found unexpected improvement

in a time-sharing experiment. Performance on a right hand

dowel balancing task was enhanced when the left hemisphere

was loaded with a concurrent verbal task. Hence the authors

concluded that the dual task paradigm does not necessarily

lead to performance decrement, at least not with well

practiced motor skills. Hellige and Cox (1976) found a

similar improvement effect on a cognitive target task paired

with a verbal memory load in a dual task condition compar-

able to our interfering dual condition, one requiring a

single hemisphere to process both tasks.

Kinsbourne's (1975) selective activation hypothesis can

be used to explain these findings. The theory proposes that

differential hemispheric arousal is created by task demand.

It is believed that the arousal creates a gradient of

attention across sensory space, maximum attention being

directed to the activated hemisphere. More specifically,
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due to differential hemispheric arousal, the processing of a

task involving the contralateral hand is more efficient than

the same task performed with the ipsilateral hand regardless

of which hemisphere is normally most efficient at that type

of processing. Kinsbourne and Cook (1971) found this

enhancement effect to result in improved performance on a

second task carried out concurrently, relative to performance

on the second task when it was performed alone.

In addition to the positive contribution of the enhance-

ment effect, it is thought that certain conditions may reduce

the negative effects of task interference. In particular,

two conditions seem applicable to the present study.

Firstly, Kinsbourne and Hicks (1978) proposed a

functional cerebral distance hypothesis which suggests that

the extent to which a person can do two things at once

depends on the "functional" distance between the two cortical

control centers involved. The degree of inter-task inter-

ference is thought to be an inverse function of this distance.

Thus, certain dual task combinations call on more "distant"

cerebral loci and involve less interference. They are

therefore, more efficiently performed than others. The

primary tapping task and the secondary retention of a

numeric or visual-spatial image in memory that are paired in

the present study seem to comprise one such combination

since, while subjects were engaged in tapping they had no

requirements to report with regard to the visual-spatial or

digit span tasks.
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Secondly, Fitts and Posner (1967) noted that with

practice, attentional requirements of a motor task slacken

as a "program" is developed to carry out the task "at will."

The presence of a relatively "automatized" task is thought

to provide a moderate distraction from its paired task. The

hemispheric activation from the "automatized" task allows

the latter to be carried out with less interference. Further,

Kinsbourne and Hicks (1976) added that only a limited cortical

area is involved in processing well practiced tasks such as

finger tapping in the present experiment. Automatization of

task in conjunction with an efficient "functional" distance

between cerebral control centers, creates a situation in

which interference is minimized. Improved performance

results (Hellige & Cox, 1976; Kinsbourne & Cook, 1971).

Applying these notions to attentional processing

utilized throughout this experiment, it seems our findings

can best be accounted for by a combination resource frame-

work described previously as a hierarchical single/multiple

resource model. It appears that different specific hemis-

pheric abilities alone are most effective in processing

tasks under conditions of little or no interference as

evidenced by the findings of highest means and lowest

inter-task correlations found in the single condition.

Under certain conditions, however, the hemispheres make

use of a common, non-lateralized resource ("g") . It

appears that in situations of greatest interference the
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attentional demand proves to be too much for the specific

processing abilities and necessitates the intervention of

the higher-order "g".

More specifically, in the case of the interfering

condition, the drop in mean scores from the single task

condition reflects the overload demand, while the increase

in correlations represents the intervention of "g". Results

suggest that this general factor is not simply made avail-

able in a general way, but rather is allocated differentially

to the hemispheres based upon need. The arousal within a

single hemisphere may serve as an index of where this non-

lateralized resource is allocated.

In contrast, the compatible tasks make demands upon two

independent, limited capacity resource pools represented by

the right and left hemispheres (Friedman & Poison, 1981).

In this situation demand is not so great as to overload

either hemisphere so the intervention of "g" is less

necessary. The "g" resource made available is split between

hemispheres so that subjects' allocation of attention in the

compatible task condition is not as great in either

hemisphere as it is in the single hemisphere involved in

the interfering task condition.

The positive effects of enhancement and reduced

interference seem to explain the differences found between

mean performances in the two dual task conditions. In the

compatible task condition there is likely a greater

r*m
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reduction in interference according to the functional

cerebral distance model because the tasks call upon the

resources of different hemispheres. Hemispheric arousal is

less in each hemisphere than in the interfering task condi-

tion because "g" is split between hemispheres.

In the interfering task condition tapping with the

contralateral hand appears to be a source of activation and

indicates perhaps a greater allocation of "g" to the

contralateral hemisphere. The balance between interference

effects and enhancement effects favors the latter as

suggested by the higher mean scores in the interfering task

condition.

The specific nature of the task appears to be an

important factor also since the most significant findings

obtained here represent scores on the visual-spatial tasks.

The higher tapping frequencies obtained in dual tasks

involving visual-spatial tasks suggests that these tasks

may make less attentional demands than the digit tasks.

In sum, Kinsbourne, Stankov and Friedman and Polson's

theories can be brought together to illuminate the dual task

implications derived from the correlational, factor analytic

and mean data gathered here. Together they suggest that the

general factor operates more in interfering conditions, as

anticipated, less so in compatible conditions and the least

so in single task conditions. Individual differences in the

amount of "g" present can then best be determined by tasks
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that create within-hemisphere interference. Lateralization

of task in particular seems to be an important factor to

consider when making use of the dual task paradigm,

especially as it is applied to the investigation of general

intelligence.
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Appendix A

Scoring for Span Tasks

General Rule

The span score on any single trial equals the total

possible number of digits or blocks correct minus the

minimum number of moves (as defined below) required to

restore the subject's response to the correct sequence.

Definition of a Move

Each of the following situations constitutes one move

to be subtracted from the maximum span score.

(1) Addition of an omitted number or block to the series.

Example: 201385 correct response

20 385 subject's response

Score 6 - 1 = 5

(2) Removal of a confabulated or extraneous number or block

from the series.

Example: 201385 correct response

2013857 subject's response

Score 6 - 1 = 5

(3) Relocation of an incorrectly placed number or block to

another position.

Example: 201385 correct response

201358 subject's response

Score 6 - 1 = 5

Example: 201385 correct response

501382 subjects-s response

Score 6 - 2 = 4
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Appendix B

DIRECTION
forward
or back

FORWARD
BACK
FORWARD
BACK
BACK
FORWARD
FORWARD
BACK
BACK
FORWARD
BACK
FORWARD

BACK
FORWARD
FORWARD
BACK
FORWARD
BACK
FORWARD
BACK
BACK
FORWARD
BACK
FORWARD

FORWARD
BACK
FORWARD
BACK
FORWARD
BACK
BACK
FORWARD
BACK
FORWARD
BACK
FORWARD

BACK
FORWARD
BACK
FORWARD
FORWARD
BACK

NATURE
OF TASK
digit or
spatial

SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS
DIGITS
SPATIAL
DIGITS
SPATIAL
SPATIAL
DIGITS

DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL

DIGITS
SPATIAL
SPATIAL
DIGITS
SPATIAL
DIGITS
DIGITS
SPATIAL
SPATIAL
DIGITS
SPATIAL
DIGITS

SPATIAL
DIGITS
SPATIAL
DIGITS
SPATIAL
DIGITS

HAND
left or
right

LEFT
RIGHT

RIGHT
LEFT

LEFT
RIGHT
LEFT

RIGHT

RIGHT
LEFT

RIGHT
LEFT

RIGHT
LEFT

RIGHT
LEFT

LEFT

RIGHT

LEFT
RIGHT
LEFT

RIGHT

LEFT
RIGHT

LEFT
RIGHT

RI GHT
LEFT

SPAN

6354201
8742093
4573982
9571823
493057
26784531
85396451
541872
1396452
1568437
965142
69478123

4593782
6579214
14786539
658139
79834162
162375
52798341
645137
6382541
1283475
7239148
2715386

69128374
718395
9817264
4569837
8436975
2674315
4129576
8124536
539247
12893754
632817
26753914

354876
15469358
932781
29546831
1483972
9734865

O._
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FORWARD
BACK
FORWARD
BACK
FORWARD
BACK

SPATIAL
DIGITS
SPATIAL
DIGITS
DIGITS
SPATIAL

7324156
3218749
6287395
4152976
43526871
729318

33

RI GHT
LEFT

RIGHT
LEFT
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Appendix C

Task Instructions

The subject was introduced to the experiment and the

primary task in the following way:

I'm interested in finding out how well people can do

two things at the same time so I'm going to be giving you

some different things to do. The first one is tapping this

key. For this task you need to place your hand here, keep

your wrist on the board and tap the key as fast as possible

with your index finger. Sometimes I'll ask you to tap with

your right finger and sometimes with your left. I'll tell

you which hand to use and when to start. Keep tapping as

fast as you possibly can until I say "stop." Practice now

for a few minutes starting with your right finger.

Before you do the tapping I'm going to be giving you

one of four different tasks to do. In one task I'll read you

a string of numbers which I'll want you to repeat back to me

in the same order I say them. For example, if I say 3-1-7-4-8

what would you day? That's right, you repeat them in the

same order I say them. In another task I'll give you a

string of numbers and I'll ask you to repeat them in the

reverse order of the way I say them. For example, if I say

9-3-2-6 what would you say? Good.

For the other two tasks we'll use these blocks. I'll

point to them in a sequence like this. (Experimenter points

to series of blocks.) Then, when I'm finished I'll want you

to repeat back the series by pointing to the blocks in the

. > :.



Appendix C--Continued

same order I do. Try this one. (Experimenter points to a

five block string.) Good. Sometimes I'll ask you to point

to them in reverse order. For example, if I do this (experi-

menter points out a five block string) what would you do?

Good.

So the four tasks are: repeating numbers the way I say

them, repeating them backwards, pointing to blocks the way I

point to them and pointing to them backwards. It is important

that you do your very best on each of them.

Listen carefully to this next part. After I read you the

numbers or point to the blocks I'm going to time out a 20

second interval on this stop watch. During this 20 seconds

you will either be tapping the key as fast as possible or

you'll do nothing. I'll tell you ahead of time what you'll

be doing. When the 20 seconds is up I'll say "stop." That

will be your cue to repeat the sequence back to me. Do you

have any questions?

Before we start let's practice a few of these combined

tasks so you get the hang of them. Ready? Remember this one,

tap with your right hand, then repeat this in the same order

I say it. (Experimenter reads digit string, prompts the

sugject to begin tapping, says "stop" after 20 seconds, and

records subject's response to FD. Subject is given one more

dual task trial.) Do you have any questions about what I

want you to do? Okay, let's start.

35
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Appendix D

Source Tables for ANOVAs and ANCOVAs
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Table 6

Source Table for ANOVA on FD Tasks
Across All Conditions

Source Sums of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 116.81 1 116.81 3.08 .08

Error 2202.14 58 37.97

Condition 101.73 2 50.87 6.41 .002

Condition X Sex 3.24 2 1.62 0.02 .82

Error 921.02 116 7.94

Table 7

Source Table for ANCOVA on BD Tasks
Across All Conditions

Source Sums of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 154.95 1 154.95 3.08 .08

Handedness 103.08 1 103.08 2.05 .16

Error 2869.60 57 50.34

Condition 69.34 2 34.67 4.17 .02

Condition X Sex 44.43 2 22.22 2.67 .08

Error 964.22 116 8.31

womm'01 pow," 1111 imlopoilm"Iml omm, I MORROW ON III
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Source

Sex

Self-
monitorin

Error

Condition

Condition
Sex

Error

Source

Sex

Error

Condition

Condition X
Sex

Error

Table 8

Source Table for ANCOVA on FV Tasks
Across All Conditions

Sums of Degrees of Mean
Squares Freedom Square

90.34 1 90.34

g 123.80 1 123.80

2545.33 57 44.65

918.54 2 459.27

X

60.14 2 30.07

917.:31 116 7.91

Table 9

Source Table for ANOVA on BV Tasks
Across All Conditions

Sum of Degrees of Mean
Squares Freedom Square

57.80 1 57.80

2192.78 58 37.81

412.08 2 206.04

50.03 2 25.07

901.22 116 7.77

F Tail

F Tail

Prob.

?.02 .16

2.77 .10

58.08

3.80

.00

.03

F Tail

F Tail

Prob.

1.53 .22

26.52

3.22

.00

.04

..

....... ,

....
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Table 11

Source Table for ANOVA on Tapping Frequency in
Compatible and Interfering FD Task Conditions

Source Sum of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 34037.00 1 34037.00 3.86 .05

Error 510868.28 58 8808.07

Condition 27150.21 1 27150.21 54.19 .00

Condition X
Sex 78.41 1 78.41 0.16 .69

Error 29060.88 58 501.05

Table 12

Source Table for ANOVA on Tapping Frequency in
Compatible and Interfering BD Task Conditions

Source Sum of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 46295.41 1 46295.41 5.31 .02

Error 505602.08 58 8717.28

Condition 29359.41 1 29359.41 29.80 .00

Condition X
Sex 126.08 1 126.08 0.13 .72

Error 57146.12 58 985.28

t _.



Source Table for
Interfering

Table 13

ANOVA on Compatible and
FV Task Conditions

Source Sum of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 36192.13 1 36192.13 4.11 .05

Error 510817.33 58 8807.20

Condition 31363.33 1 31363.33 33.35 .00

Condition X
Sex 16,13 1 16.33 0.02 .90

Error 54542.53 58 940.39

Table 14

Source Table for ANOVA on Compatible and
Interfering BV Task Conditions

Source Sum of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 31492.80 1 31492.80 3.64 .06

Error 501975.07 58 8654.74

Condition 25172.03 1 25172.03 41.56 .00

Condition X
Sex 56.03 1 56.03 0.09 .76

Error 35131.93 58 605.72

40
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Table 15

Source Table for 2 X 2 X 4 ANOVA
(Sex X Hand X STM Task)

on Tapping Frequcncy

Source Sum of Degrees of Mean F Tail
Squares Freedom Square Prob.

Sex 147210.08 1 147210.08 4.29 .04

Error 1585411.29 58 34300.19

Task 7603.25 3 2534.42 11.07 .0001

Task X Sex 807.28 3 269.09 1.17 .32

Error 39851.48 174 229.03

Hand 1128653.33 1 1128653.33 44.07 .0001

Hand X Sex 249.41 1 249.41 .10 .76

Error 148524.26 58 2560.76

Task X Hand 191.65 3 63.88 .41 .75

Task X Hand X
Sex 27.24 3 9.08 .06 .98

Error 27357.11 174 157.22

1+
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