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Recent evidence has suggested that human limited-capacity information-processing resources 
do not reside in a unitary, undifferentiated pool. Rather, multiple and at least partially indepen
dent pools appear to exist. The present investigation addressed this issue. Subjects performed 
a spatial memory load secondary task in conjunction with either a spatial or a verbal primary 
task. The two primary tasks were structurally highly similar. Results indicated that performance 
of the spatial memory load secondary task was significantly poorer when it was paired with the 
spatial primary task than when it was paired with the verbal primary task. The results are in
terpreted as indicating the existence of at least partially independent spatial and verbal resource 
pools. 

The human brain does not possess an unlimited 
information-processing capacity. Often the scope of 
processing must be selectively narrowed to some subset 
of the total information potentially available, frequently 
at the expense oflosing information outside the attentional 
focus. This limited information-processing capacity ini
tially was modeled in terms of a unitary pool of finite 
"mental resources." According to this view, the resources 
residing in the pool were undifferentiated, that is, could 
be allocated with equal efficiency to any information
processing task regardless of nature (Kahneman, 1973). 

The notion of a single, general-purpose resource pool 
has recently been challenged by the idea that multiple, 
specialized resource pools may exist (Navon & Gopher, 
1979; Wickens, 1980). According to this multiple
resource point of view, the resources from a given pool 
are specialized in nature. They can be applied with max
imal efficiency only to tasks of a certain "resource com
position," and are at best less efficient when applied to 
other types of tasks. For example, a growing body of evi
dence has converged on the conclusion that response selec-
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tion draws resources from a different pool from that of 
perceptual processing (Gopher, Brickner, & Navon, 1982; 
Isreal, Chesney, Wickens, & Donchin, 1980; Isreal, 
Wickens, Chesney, & Donchin, 1980; Wickens, Kramer, 
Vanasse, & Donchin, 1983). 

Multiple-resource theory has also focused on the pos
sibility that spatial information-processing tasks may draw 
resources from a different pool from that of verbal 
information-processing tasks. Such a dichotomy of course 
parallels the lateralized specialization of the human 
cerebrum. Studies investigating this possibility have em
ployed versions of the ubiquitous dual-task paradigm. For 
example, it was found that performance of a "left
hemisphere" task, such as speech shadowing, did not de
teriorate when subjects simultaneously performed "right
hemisphere" tasks, such as viewing complex visual scenes 
or sight-reading music (Allport, Antonis, & Reynolds, 
1972). 

More recent investigations (Friedman & Polson, 1981; 
Friedman, Polson, Dafoe, & Gaskill, 1982; Hellige, Cox, 
& Litvac, 1979) have added a clever innovation to the 
basic dual-task paradigm. In conjunction with verbal 
and/or spatial memory load secondary tasks, the same 
primary task was presented to either the left or the right 
visual field. The goal of this manipulation was to lateral
ize sensory input to a single cerebral hemisphere at a time, 
and hence to vary the resource composition of the primary 
task along a spatial/verbal dimension. The assumption was 
made that, since structural aspects of the task remained 
constant, its difficulty would not vary as a function of 
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lateralized presentation. However, other research (Ser
gent, 1982) has indicated that the two cerebral 
hemispheres may not have equivalent spatial-frequency 
sensitivities. Thus, converging evidence from experiments 
that vary resource composition by a means other than 
varying visual field of presentation would seem to be in 
order. 

The notion of separate spatial and verbal resource pools 
directly relates to previous research investigating the pos
sible existence of separate visuospatial and verbal/acous
tic working memory (WM) systems (Atwood, 1971; 
Brooks, 1968; Kroll, 1972; Kroll & Kellicutt, 1972; 
Kroll, Parks, Parkinson, Bieber, & Johnson, 1970; Par
kinson, 1972; Parkinson, Parks, & Kroll, 1971; Salzberg, 
Parks, Kroll, & Parkinson, 1971; Segal & Fusella, 1970; 
Shulman, 1972). The relation is direct because WM is 
currently conceptualized as being synonymous with the 
employment of limited-capacity, attentional resources for 
information storage and manipulation in a "currently acti
vated" buffer, or "workbench" (see Klatzky, 1980). 

These WM studies employed either dual-task paradigms 
or conceptually similar paradigms in which a subsequently 
presented shadowing task retroactively interfered with the 
retention of items in WM. However, an unambiguous in
terpretation of the dual-task WM research in terms of 
separate spatial versus verbal resource pools is proble
matical. In these studies, the enhanced interference ob
tained may have been "structural" in nature (see Kahne
man, 1973). That is, dual-task performance decrements 
may have been seen not because the two tasks were com
peting for the same central pool of resources, but rather 
because they occupied the same peripheral mechanisms 
of perception or response. For example, it has been 
demonstrated that visual WM tasks tend to produce a dra
matic decrease in eye movements (Hiscock & Bergstrom, 
1981; Weiner & Erlichman, 1976). This by itself would 
degrade performance more on a visual secondary task re
quiring eye movements than on an auditory secondary task 
not requiring eye movements. The present investigation 
sought to gather evidence of separate spatial and verbal 
resource pools using a paradigm that did not confound 
attentional and structural interference and that also varied 
resource composition by a method other than varying 
visual field of presentation. 

Subjects performed either a spatial or a verbal primary 
task while concurrently performing a spatial memory load 
secondary task. This particular secondary task was chosen 
because previous research had clearly indicated that WM 
load tasks produced resource-limited rather than struc
tural interference, regardless of the nature of the primary 
task with which they were paired (see Wickens, 1980). 
The spatial and verbal primary tasks employed were struc
turally quite similar: They had similar stimulus proper
ties, did not require differential amounts of eye move
ment, and had identical response requirements. 

Single- and multiple-resource points of view generate 
different predictions regarding the outcome to be expected 
in such a paradigm. A single-resource viewpoint would 

predict equal single-to-dual-task performance decrements 
for both primary tasks, along with equal dual-task per
formance of the spatial memory load secondary task. A 
separate spatial versus verbal resource viewpoint, 
however, would predict a greater dual-task performance 
decrement for the spatial primary task than for the verbal 
primary task and/or poorer dual task performance of the 
spatial memory load secondary task when it is paired with 
the spatial primary task. 

METHOD 

Thirty-four subjects (18 females) voluntarily participated in the ex
periment in exchange for class credit in an undergraduate psychology 
course. Stimuli were presented in a three-channel tachistoscope. On each 
trial, the subjects viewed the following stimulus sequence (see Figure I 
for a schematic): Initially, a random 5 x 5 histoform was presented 
for 1 sec. This was followed immediately by a pair of either verbal or 
spatial stimuli presented for 1.5 sec. The verbal pairs consisted of two 
common nouns arrayed one immediately above the other. Each noun 
was an exemplar drawn from one of three categories (birds, trees, or 
articles of clothing), with four exemplars per category. On half of the 
trials, the pairs were drawn from the same category; on the other half 
of the trials, the pairs were drawn from different categories. The spa
tial pairs consisted of two strings of three typewriter "nonsense" charac
ters arrayed one immediately above the other. The individual nonsense 
characters (@,#,$, % ,&, or *) were comparable in size to the individual 
letters used to compose the verbal stimuli. The nonsense characters were 
spaced such that the horizontal length of the nonsense strings cor
responded to the average horizontal length of the words. On half the 
trials, the spatial pairs were physically identical; on half the trials, the 
spatial pairs differed by two characters. The pair stimuli were immedi
ately followed by the final stimulus in the sequence, a second random 
histoform presented for 1 sec. This second histoform was either identi
cal to (half the trials) or different from (half the trials) the first random 
histoform presented at the beginning of the sequence. 

All stimuli were black ink on white index cards. The white portion 
of the stimulus cards had a luminance of 27.0 cd/m2 • The histoform 
stimuli were generated randomly within a 5 X 5 matrix subtending a 
visual angle of 0.95 0 to form a population of 12. The pair stimuli were 
typed in Pica, with each character vertically subtending a visual angle 
of 0.13 o. The exemplars constituting the verbal pair stimuli were: 
birds-robin, lark, dove, finch; trees-maple, pine, oak, birch; and ar
ticles of clothing-dress, shirt, coat, shoe. All relevant stimulus condi
tions (same/different order for both the pair and histoform stimuli, selec
tion of individual words/nonsense strings for the pair stimuli, selection 
of individual histoforms for the histoform stimuli) were randomized. 

The subjects positioned one hand on each of two response buttons. 
The buttons were interfaced with electric clocks that kept track of the 
subjects' reaction times (RTs) in the various experimental conditions. 
The subjects were told that the button under the dominant hand signi
fied "same" and that the button under their nondominant hand signi
fied "different. " They initially were instructed to ignore the pair stimuli 
and to respond "same" or "different" to the second histoform as quickly 
as they could while still maintaining accuracy, depending upon whether 
or not it physically matched the first histoform. After 10 such histoform
only practice trails, the subjects were instructed to ignore the histoforms 
and respond "same" or "different" to the pair stimuli. They were then 
given 18 such pair-only practice trials. 

After completing these single-task practice conditions, the subjects 
were instructed to respond appropriately on each trial to both the pair 
stimuli and the second histoform, and to consider the two tasks to be 
of equal importance. The Subjects were given 46 of these dual-task trials. 
To be successful in this condition, the subjects had to maintain a represen
tation of the first histoform in WM while responding to the pairs. 

Following the dual-task condition, the subjects were given an addi
tional 28 pair-only trials. This was done in order to establish single
task baselines against which performance of the pair tasks in the dual-
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Figure 1. A temporal schematic of the sequence of stimuli viewed by subjects on each trial. 

task condition could be compared. The necessity of giving their best 
performance on each trial of this baseline condition was emphasized 
strongly to each subject. 

RESULTS 

Analysis of subjects' responses to the pairs in the dual
task condition versus those in the baseline condition indi
cated that dual-task interference was equal for the spatial 
and verbal pair tasks. For each SUbject, spatial and ver
bal interference scores were computed by subtracting the 
average RT obtained in the single-task baseline condition 
(pair task by itself) from the average RT obtained in the 
dual-task condition (pair task combined with the spatial 
memory load secondary task). Average spatial and ver
bal interference scores were then computed across sub
jects. For the spatial pairs, the average interference score 
was 184 msec; for the verbal pairs, the average interfer
ence score was 179 msec. Although both of these differed 
significantly from zero [for the spatial pairs, t(33) = 8.21, 
P < .001; for the verbal pairs, t(33) = 7.80, P < .001], 
they did not differ significantly from each other, [t(32) 
= 0.18, n.s.]. RTs to the pairs in the dual-task condition 
were not influenced by a speed-accuracy tradeoff! [r = 
-0.030, t(66) = -0.17, n.s.]. 

Analysis of subjects' responses to the second histoform 
in the dual-task condition indicated that the average RT 
was significantly slower if a histoform stimulus had been 
preceded by a spatial pair than if it had been preceded 
by a verbal pair [846 msec vs. 811 msec; t(32) = 3.15, 
p < .01]. 

DISCUSSION 

The results of the present investigation indicated that, although single
to-dual-task performance decrements were equivalent for both the spa
tial and verbal pair tasks, the speed of response to the second histoform 
was significantly slower if it had been preceded by a spatial pair than 
if it had been preceded by a verbal pair. This pattern could have been 
expected if the spatial pair task had been intrinsically more difficult than 
the verbal pair task. This would have forced subjects to draw more 
resources from what could in fact be a unitary pool of resources when 
responding to the spatial pairs. Thus, in order to keep performance on 
the spatial and verbal pair tasks equal in the dual-task condition, per
formance on any type of demanding secondary task would be poorer 
when it was paired with the spatial pair task, since fewer resources would 
be left over to perform the secondary task. 

However, a comparison of single-task performances clearly indicates 
that, if anything, the spatial pair task may have been intrinsically eas
ier than the verbal pair task. For single-task baselines obtained after 
the dual-task condition, the average RT to the spatial pairs was faster 
than the average RT to the verbal pairs [990 msec vs. 1,036 msec; t(32) 
= 2.18, p < .05]. These RTs did show a tendency toward a slight speed
accuracy tradeoff [r = - .025, t(66) = 1.46, P < . 15]. A similar pat
tern was seen for the RTs obtained during single-task practice prior to 
the dual-task condition [an average of 1,198 msec for the spatial pairs 
vs . 1,259 msec for the verbal pairs; t(32) = 1.82, P < .10]. These 
RTs did not display any trend toward a speed-accuracy tradeoff [r = 
0.006, t(66) = 0.05, n.s.]. 

The most likely explanation of the experimental results obtained is 
that at least partially independent spatial and verbal resource pools exist. 
The subjects apparently sought to maintain equivalent performances on 
the spatial and verbal primary tasks in the dual-task condition. The fact 
that a t ratio of 0.18 represents a marginally significant suppression of 
error variance between the two means (p > .90) supports this notion. 
It appears that this could be done, however, only at the expense of drain
ing more resources from WM maintenance when a spatial pair was 
presented than when a verbal pair was presented. This would result in 
a more degraded WM representation of the first histoform following 
a spatial pair that in tum took longer to compare with the second histo-
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form when it was presented. This could have occurred only if at least 
partially independent spatial and verbal resource pools subserved WM 
function. The results of the present study thus converge with previous 
results upon the conclusion that human attentional resoures are not uni
tary in nature . At least partially independent pools appear to exist along 
at least two dichotomies (perceptual processing vs . response selection 
and spatial vs. verbal). 
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NOTE 

I. In all cases, the possibility of a speed-accuracy tradeoff was as
sessed by computing the Pearson product-moment correlation coeffi
cient (r) between RT and the percentage of RT errors (see Pachella. 
1974) . 
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