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Performance of Concurrent Tasks: A Psychophysiological 

Analysis of the Reciprocity of Information-Processing Resources 

Abstract. The resources allocated to  a primary and secondary task are reciprocal. 
Subjects performed a tracking task in which the discrete displacements of the 
tracking cursor could be used to  elicit event-related brain potentials. A s  the resource 
demands of the tracking task were increased, potentials elicited by the task-dejined 
events increased in amplitude, whereas those elicited by secondary task auditory 
stimuli decreased. 

The limitations on the capacity of the 
human information-processing system 
have long been recognized. When the 
human mind is occupied with one task it 
often lacks the capacity to perform oth- 
ers.  Under some circumstances, howev- 
er,  many tasks can be performed concur- 
rently. Much ingenuity has been devoted 
to defining the limits of processing ca- 
pacity and to elucidating the way capaci- 
ty varies under different conditions to 
influence the success of dual task per- 
formance. In a conceptualization that 
owes much to Kahneman ( I )  and that has 
been developed by others (2-4), per- 
formance of a task is assumed to con- 
sume resources that are in limited sup- 
ply. The degree to which two tasks inter- 
fere with each other depends on the 
extent to which they compete for the 
common supply of resources. 

Any attempt to study the limitation on 
the human capacity for time-sharing 
must contend with the impossibility of 
assessing resources directly. Further- 
more, resources cannot be inferred from 
the quality of task performance: per- 
formance can remain constant in quality 
despite changes in the demands on the 
operator. To  overcome these difficulties, 
a frequently used technique for measur- 
ing resource allocation is to assign to the 
operator yet another, secondary, task 
that must be executed concurrently with 
the primary task. The operator is in- 
structed to perform the primary task in 
the best possible manner and the second- 
ary task as  well as possible under the 
circumstances. Performance of the sec- 
ondary task is used to assess the re- 
source demands imposed by the primary 
task (5). 

In a series of investigations, Donchin, 
Wickens, and their co-workers have es- 
tablished that the amplitude of the P300 

component of the human event related 
potential (ERP) can serve as  a secondary 
task measure of the resource demands of 
a primary task (6). To subjects who were 
performing a variety of complex tasks 
they presented a concurrent Bernoulli 
sequence of stimuli with unequal proba- 
bilities. If such a sequence is attended, 
the rare stimulus elicits a P300 whose 
magnitude is inversely related to the 
probability of the eliciting event (7). 
When this secondary task is performed 
concurrently with a primary task, the 
amplitude of the P300 elicited by the rare 
stimuli depends on the difficulty of the 
primary task, provided that difficulty is 
manipulated in the perceptual-cognitive 
domain. 

These data suggested that the ampli- 
tude of the P300 can serve as an index of 
the resources available to the operator 
from a primary task. This hypothesis 
implies that when the primary and sec- 
ondary tasks tap common resources 
there is a reciprocity in the availability of 
these common resources to the primary 
and the secondary task. As a conse- 
quence, there will be a reciprocity in the 
amplitude of the P300 associated with 
the two tasks as the difficulty of the 
primary task is varied. In other words, 
while P300 associated with the second- 
ary task decreases in amplitude with 
increasing difficulty of the primary task, 
it should be possible to observe a corre- 
sponding increase in the amplitude of the 
P300 elicited by stimuli associated with 
the primary task (8). 

Twelve right-handed students (eight 
males and four females), performed a 
pursuit step-tracking task. A target exe- 
cuted a series of discrete horizontal dis- 
placements, the magnitudes of which 
were determined by a random process. 
The displacements occurred at 3-second 

intervals. The subjects manipulated a 
control stick and attempted to superim- 
pose a cursor on the target. Changes in 
the difficulty of the task were accom- 
plished by manipulating two variables. 
(i) The directional regularity of the se- 
quence of the step changes had two 
levels. Under the condition of high pre- 
dictability, the step displacements alter- 
nated in a regular left-right sequence. 
Only the magnitude of the step change 
remained unpredictable. Under the con- 
dition of low predictability, both magni- 
tude and direction were uncertain so that 
two successive steps in the same direc- 
tion were possible. (ii) The relationship 
between the movement of the joy stick 
and the movement of the cursor was 
varied. When the subject had first-order 
control, constant displacement of the 
control stick caused the cursor to move 
at a constant velocity in the direction of 
the movement. Under the more difficult 
second-order control conditions, con- 
stant movement of the stick accelerated 
the cursor's movement. These two ma- 
nipulations were combined to create 
three conditions of increasing difficulty: 
First-order control with predictable in- 
put (lP), first-order control with unpre- 
dictable input ( lU),  and second-order 
control with unpredictable input (2U) 
(9) .  

Concurrently with the tracking tasks, 
the subjects were assigned one of three 
secondary tasks designed to elicit the 
ERP's (10). Two of these were clearly 
secondary, whereas stimuli for the third 
were embedded in the primary task it- 
self. (i) Auditory probe: subjects heard a 
Bernoulli series of tones of high and low 
pitch, occurring with equal probability. 
Subjects were instructed to count the 
number of occurrences of the low- 
pitched tone. (ii) Visual probe, flash: a 
horizontal bar was imposed along the 
course traversed by the target. The bar 
was flashed for 100 msec. On a randomly 
selected half of the trials the flashes were 
brighter than on the other trials; the 
subject was instructed to count the dim- 
mer flashes. (iii) Visual probe, step: sub- 
jects counted all steps in which the target 
moved in a given direction; the probes 
eliciting the P300 were embedded in the 
primary task. In an additional control 
condition subjects tracked the step 
changes in the absence of a secondary 
task. In the control condition and in the 
visual probe step condition, the averag- 
ing computer was triggered by the step 
changes so that ERP's  elicited by the 
change in the target's direction were 
recorded. Finally, three additional con- 
ditions were included in which each of 
the three secondary counting tasks (audi- 
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tory probe, visual probe flash, visual 
probe step) was pedormed without the 
concurrent tracking task, though the 
moving target remained on the screen 
(11). After performing each task, sub- 
jects were asked to rate, on a seven- 
point scale, the subjective difficulty of 
the task just performed. 

The primary tasks presented the sub- 
ject with an increasingly greater chal- 
lenge. The tracking error (12) was lowest 
in the 1P condition and greatest in the 2U 
condition (Fig. 1A). The primary and 
secondary tasks interacted in that the 
root-mean-square error was larger when 
the counting task was performed. The 
subject's experience was consistent with 
the order of difficulty indicated by the 
tracking errors (Fig. 1B) (13). 

The average waveforms and base-to- 
peak measure of P300 amplitude for 
ERP's recorded at the parietal electrodes 
are shown in Figs. 2 and 3. Data were 
analyzed statistically by submitting the 
digitized waveforms to four principal 
component atlalyses (PCA's) (14)-one 
each for the auditory, visual flash, and 
the two visual step conditions. Separate 
analyses were made necessary by vari- 
ability in the latency of the P300 compo- 
nent across experimental conditions. 

Auditory probe 

Visual probe, flash 

Count 1 P 1 U 2 U 
only 

Tracking difficulty ---+ 

Fig. 1. Average root-mean-square error (A) 
and subjective difficulty ratings (B) recorded 
for each of the experimental conditions. 

l isuai probe, flash 

I I 1 1 1 

0 3 2 7  7 5 3  1 1 8 0  0 3 2 7  7 5 3  1 1 8 0  
Time (msec) Time (msec) 

- Count only 
- 

--- 1st- order predictable 
. . . , , . . . 1st-order unpredictable -.-.- 2nd-order unpredictable 

I C Visual probe, step 

I I 1 

0 3 2 7  7 5 3  1 1 8 0  
Tlme (msec) 

Control (uncounted 
D visual probe, step) 

Fig. 2. Average parietal ERP's elicited by visual, auditory, and I I I 

spatial probes presented concurrently with the pursuit step 0 3 2 7  7 5 3  1 1 8 0  
tracking task at each level of difficulty. Time (msec) 

The solid line in Fig. 3, representing the 
ERP's elicited by auditory probes, repli- 
cates previously reported results in simi- 
lar studies (6). In general, a large P300 
was elicited by the counted event when 
counting was the subject's sole assign- 
ment (Figs. 2 and 3). The introduction of 
a concurrent tracking task led to a sub- 
stantial reduction in the P300 amplitude, 
which was further reduced with increas- 
ing difficulty of the primary task. The 
reduction in P300 amplitude cannot be 
attributed to  the subjects' failure to  
count probes during the more difficult 
dual-task conditions, since the counting 
accuracy remained uniformly high 
across experimental conditions and ma- 
nipulations of difficulty. 

The amplitude of the P300 in the two 
visual probe conditions (Fig. 2, B and C, 
and Fig. 3) was also significantly attenu- 
ated by the introduction of the tracking 
task. This decrement o r  "cost of concur- 
rence" (2) results from reallocation of a 
certain portion of resources from the 
count task to the tracking task, indepen- 
dent of the probes used in the former or 
the difficulty of the latter. In the visual 
flash condition, increases in primary task 
difficulty failed to produce any further 
attenuation (15). In both the step probe 
and control conditions, (Fig. 2, C and D, 
and Fig. 3), increasing the resources 
demanded by the primary task resulted 
in a c o n ~ ~ i t a n t  enhancement in the 
amplitude of the P300 elicited by primary 
task stimuli. All of the difficulty levels 
were significantly different from each 
other in the visual step and control con- 
ditions. 

These results provide additional sup- 
port for the hypothesis that the reduction 
in the amplitude of the P300 elicited by 
the stimuli of secondary tasks results 
from a depletion of the resources de- 
ployed in the service of the secondary 
task by competition for these resources 
from the primary task. As predicted, 
when the probe stimuli are embedded 
within the primary tracking task, these 
stimuli elicit P300's with increasing mag- 
nitude as  tracking difficulty increases. 
Hence, the concept of resource alloca- 
tion, normally an inferred construct 
based on changes in primary task diffi- 
culty and secondary task performance, is 
validated by our data. This validity re- 
sults from the observation of the recipro- 
cal change in P300 between the auditory 
and the embedded probes as difficulty is 
varied. In interpreting the functional role 
of the resources that underlie changes in 

Fig. 3. Normalized base-to-peak measure of 
P300 amplitude for each experimental condi- 
tion. 
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P300 amplitude, we assume that the P300 der experimental conditions. The 30 experimen- we believe our effects are the result of true P300 
tal blocks were composed of two replications of amplitude changes and not changes in latency 

manifests the activation of some infor- the 15 conditions (four difficulty manipulations variability. 
rnation processing activity that is in- by three secondary tasks and three single-task 15. The reason P300 did not decline with tracking 

tracking blocks). The order of presentation of difficulty in the visual flash condition cannot be 
voked by the appearance of task-rele- the conditions was counterbalanced across sub- stated with certainty, although lack of a difficul- 

ty effect on secondary task visual P300's is events, its re- I:. tids;oot-mean-square error means for the three consistent with the results of another unpub- 
lated to its expectancy. It has been sug- difficulty conditions ( lP ,  lU ,  and 2U) were 137, lished study in our laboratory. We propose two 

gested that this -subroutine- is involved 208, and 249 [F(2, 22) = 289.?, P < 0.0001; hypotheses. (i) Tracking error is higher in the 
paired contrasts between adjacent levels, flash than in the auditory probe condition. Given 

in updating, or revising, the model of the P i 0.01 in both cases]. The interaction be- the competition for the two tasks for visual 
tween experimental condition and primary task input, subjects may have biased their allocation 

environment maintained in working difficulty was also statistically significant [F(6, of resources toward the probes to a greater 
66) = 9.5, P < 0.0011. extent when the probes were visual than when (16)' The resources On which 

13. The means for the subjective difficulty ratings in they were auditory. (ii) The visual flash condi- 
this updating activity depends seem to be the count-only, IP ,  I U ,  and 2U conditions were tion may be placed in the middle of an ordered 

limited in their availability, and, when ~2,0300007i1,3.54~ and 4.71 [F(3, 33) = 99.2, continuum defining the degree of separation 
between primary and secondary task stimuli. 

deployed in the service of one task, their 14. The data bases submitted to the PCA's were Like the step probes, the visual flash probes 
composed of 288 average waveforms (12 sub- share the common visual modality and spatial availability to be of service to other tasks jects by four primary task difficulty manipula. location; but like the auditory probes, they are 

is reduced. tions by two stimuli by three electrodes) con- independent events from stimuli in the tracking 
taining 128 (1.28-second) points each. Five com- task. Since the step probes produce increasing 

CHRISTOPHER WICKENS ponents were derived from each PCA. The amplitude with primary task difficulty and the 
ARTHUR KRAMER component scores obtained from the PCA's auditory probes a decreasing amplitude, the 

were analyzed in repeated-measures analyses of visual flash probes, in the middle of this continu- 
LINDA VANASSE variance. All analyses were repeated after the um, might reflect the compromise of these two 

E~~~~~~ D~~~~~~ single trial waveforms within each condition had trends, that is, no effect. 
been adjusted for differences in latency. This 16. E. Donchin, Psychophysiology 18, 493 (1981). 

Department of Psychology, was accomplished to ensure that lower ampli- 17. This research was supported by the Air Force 
tude of the averaged waveform in certain condi- Office of Scientific Research under contract University of Illinois, tions did not result from increased variability in F49620-79-C-0233 with Dr. Alfred Fregley as 

Champaign 61820 latency. In all cases the analyses on the latency- technical monitor. 
adjusted waveforms showed the same statistical 
effects as on the unadjusted waveforms. Hence, 18 August 1982; revised 16 May 1983 
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Lewy Bodies of Parkinson's Disease Contain 
Neurofilament Antigens 

Abstract. The Lewy body, a histological hallmark of Parkinson's disease, is a 
filamentous inclusion residing most prominently in pigmented neurons of the 
brainstem. Zmmunocytochemical reactions of Lewy bodies were examined with 
antisera to severalJilamentous proteins of the nervous system and positive reactions 
were found with those against neurojilaments. An  abnormal organization of the 
neuronal cytoskeleton may be a pathological feature of Parkinson's disease. 

Parkinson's disease (PD) is a progres- 
sive, neurodegenerative disorder charac- 
terized by dysfunction in tone, move- 
ment, and posture. Decreased dopamine 
levels in the nigrostriatal pathway have 
been observed in PD (1). Since the dopa- 
mine deficit is accompanied by a loss of 
neurons in the substantia nigra (2), it is 
likely that neurotransmitter losses are 
secondary to neuronal death. It is there- 
fore important to identify abnormalities 
of neuronal form and function in addition 
to neurotransmitter decreases. In this 
report we present evidence for a marked 
disorganization of the neuronal cytoskel- 
eta1 system in neurons of PD by demon- 
strating that the Lewy body, a histologi- 
cal hallmark of idiopathic PD, contains 
neurofilament antigens. 

Lewy bodies are intraneuronal, cyto- 
plasmic inclusions that were originally 
described in neurons of the substantia 
innominata and dorsal motor nucleus of 
the vagus (3). They have since been 
found in neurons of the substantia nigra 
and other brainstem nuclei (particularly 
those that are aminergic) and in the hy- 
pothalamus, spinal cord, sympathetic 
ganglia, and, rarely, the cerebral cortex 

(2, 4). Although Lewy bodies have been 
recognized for many years by neurolo- 
gists and neuropathologists, nothing has 
been known about their molecular com- 
position, save that histological reactions 
have implied a proteinaceous nature (5). 
Since they represent an abnormality that 
accompanies neuronal loss in a major 
neurodegenerative disease, the identifi- 
cation of their components may help to 
illuminate the details of abnormal nerve 
cell metabolism. 

Ultrastructural studies have demon- 
strated that Lewy bodies are composed 
of filamentous structures. At the periph- 
ery the filaments emerge radially, often 
admixed with granular o r  vesicular mate- 
rial. The denser core is composed of 
apparently random, tightly packed ag- 
gregations of filaments, vesicular pro- 
files, and poorly resolved granular mate- 
rial (6, 7 ) .  The diameter of the filaments 
has been given as 7 to 8 nm (6, 3, a size 
commensurate with that of intermediate 
filaments, which are polymeric organ- 
elles composed of a class of acidic pro- 
teins found in a wide variety of cell types 
(8). The intermediate filaments of neu- 
rons, neurofilaments, seem to be pecu- 
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