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SYNWORKI is a multiple-task work envirorunent that allows up to four tasks (memory search, arith
metic, visual monitoring, and auditory monitoring) to be performed concurrently. Experiments were
conducted to evaluate performance and subjective workload for each individual task and all combi
nations of tasks at two presentation rates. At the slower default rates, the three experiment-paced tasks
were not very demanding, and improvements with practice were due primarily to the subject-paced
arithmetic task. Doubling the presentation rates made the demands of all tasks more comparable and
decreased the influence of arithmetic performance. SYNWORKI is useful for comparisons between
populations of individuals and evaluations of arousal-related variables, and, with modification, could
provide a tool for assessing basic issues in multiple-task performance.

Laboratory tasks in which human performance is mea
sured are often simple relative to those confronted in real
world work environments. Performance data can be col
lected in simulated environments that closely approximate
those of an actual operational system, but such environ
ments typically do not allow systematic control of vari
ables of interest, and the results obtained in them may be
of limited generality. An approach that has been used to
simulate functional aspects of the work environment but
in the standard laboratory is to use what are called syn
thetic work tasks (Alluisi, 1967; Chiles, 1982). These tasks
typically require concurrent performance of several com
ponent tasks intended to be similar to those of real jobs.
In a review of the synthetic-work methodology, Morgan
and Alluisi (1972) concluded, "The synthetic-work ap
proach has provided one of the most important method
ologies for the assessment of human performance"
(p. 835). The approach has been particularly useful for
investigations of sustained performance (Chiles, Alluisi,
& Adams, 1968; Morgan, Brown, & Alluisi, 1974) and
of workload-related issues (Chiles & Alluisi, 1979).

The SYNWORKI Multiple-Task Environment
The synthetic work environment used by Alluisi and

colleagues was a one-of-a-kind console, as were those de-
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veloped by other researchers. To remedy this limitation,
Elsmore (1994) developed a PC-based simulated work en
vironment, SYNWORK1, that can be used by anyone who
has access to a personal computer. SYNWORKI includes
four component tasks-memory search, arithmetic, vi
sual monitoring, and auditory monitoring-that can be
performed singly or in any combination. The objective for
the subject is to try to obtain as many points as possible
during a session. The difficulty of the component tasks
can also be varied, as can the payoffmatrix for component
task performance and session length. Many performance
measures are recorded, including total points, points for
each component test, and response latencies and accura
cies, where appropriate. SYNWORKI thus provides a rel
atively flexible and accessible system for investigating
issues pertaining to multiple-task performance.

The display screen for SYNWORKI is shown in Fig
ure I. The screen is divided into quadrants, one for each
task, and responses for all tasks are made by using a mouse
to move a cursor to the appropriate box and then clicking.
The small centered window contains a running compos
ite point total for the session. The upper left window is
used to present the memory search task. At the beginning
of a session, a list of letters that constitutes the memory
set is shown in a box near the top of that window; it is
then replaced with the label "Retrieve List." A single let
ter is presented periodically during the session in the cen
ter box, and the subject is to respond whether the letter is
in the memory set by clicking either the Yes or No box at
the bottom of the window. Points are received for a cor
rect response and lost either for an incorrect response or
for clicking Retrieve List to have the memory set shown
again. For the arithmetic task, displayed in the upper right
window, subjects are shown two or three three-digit num-
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Figure 1. Display screen for SYNWORKI. The memory search
task is performed in the upper left quadrant, the arithmetic task
in the upper right quadrant, the visual monitoring task in the lower
left quadrant, and the auditory monitoring task in the lower right
quadrant.

bers. Immediately below these numbers is the value 0000;
this value is to be adjusted to equal the sum of the num
bers by clicking on the plus and minus signs correspond
ing to each column. The Done button is then clicked, and
new numbers appear. Points are gained ifthe sum is cor
rect and lost if it is incorrect.

The monitoring tasks are performed on the lower half
of the screen. The lower left window contains the visual
monitoring task. A marker starts at the center ofthe scale
and moves to the left or right at a fixed rate; it is returned
to center by clicking on the Reset button. More points are
gained the closer the marker gets to the end prior to being
reset, but when the marker is allowed to reach the end,
points are lost at a fixed rate until a reset occurs. Audi
tory tones are presented periodically for the auditory mon
itoring task. When the tone is of higher pitch than nor
mal, the high-sound report box in the lower right window
is to be clicked. Points are awarded if the box is clicked
within a specified time period after a target tone; points
are subtracted if a response is made following one of the
low-pitch distractor tones.

SYNWORKI was not designed to simulate any spe
cific job, but it contains elements common to a number
of real-world activities, including watch-standing jobs
and driving. Standing watch at a weapons assignment
console, for example, might involve the following: mon
itoring visual displays for information such as weapons
readiness and current locations of potential targets and
friendly units; reacting to warning tones pertaining to
one's own console while ignoring warning tones intended
for operators located nearby; maintaining in working
memory the number of weapon targets per system; and
calculating values such as the amount oftime remaining
in the watch. Driving a vehicle likewise involves tasks

similar to those used in SYNWORK1: Relevant visual and
auditory information must be monitored continuously;
route numbers, city names, street names, and so on, are
retained in memory and searched when a road sign of the
appropriate type appears; and self-paced arithmetic tasks
involving calculations of distances and times often are
performed periodically.

There also was no explicit theoretical rationale behind
the tasks selected for SYNWORKl, but the tasks cap
ture some useful theoretical distinctions. The memory
search and arithmetic tasks are primarily cognitive in na
ture and should place a heavy load on working memory.
They are variants oftasks that have been used together to
examine strategic scheduling of processes in working
memory (see, e.g., Ehrenstein, Schweickert, Choi, &
Proctor, 1997). In contrast, the visual and auditory mon
itoring tasks are more purely perceptual in nature and are
similar to ones that have been used to investigate issues
in divided attention and vigilance (e.g., Baker, 1961).
Within each of these pairs of tasks, the tasks differ along
dimensions deemed important by multiple-resource mod
els of attention and working memory (e.g., Baddeley,
1986; Wickens, 1984). The memory search task draws
primarily on verbal/phonetic memory, whereas the arith
metic task is predominantly computational in nature.
The stimulus events for the visual and auditory monitor
ing tasks occur in different sensory modalities, for which
distinct attentional resources have been proposed. In
sum, from both applied and theoretical perspectives, the
tasks implemented in SYNWORKI seem reasonable for
examining multiple-task performance.

Prior Studies Using SYNWORKI
SYNWORKI has already been shown to be of value

for investigating issues in complex task performance. Els
more (1994) examined performance of the four tasks to
gether during 64 h ofsleep deprivation. Each subject was
tested in seven sessions each day,with each session being
15 min in duration. The composite score increased across
sessions during the lst day but then decreased drastically
across the 2nd and 3rd days, showing circadian variations
within each day as well. Caldwell et al. (1997) demon
strated with SYNWORKI that the effects of I day ofsleep
deprivation and of time of day on performance were
largely eliminated when a 2-h nap was taken immedi
ately before the sleep deprivation period.

The most detailed investigation to date using SYN
WORKI was conducted by Salthouse, Hambrick, Lukas,
and Dell (1996), who evaluated adult age differences in
the ability to perform several concurrent tasks. In their
first experiment, performance ofthe four tasks by a group
ofyoung adults (M = 19.7 years) was compared with that
by a group of old adults (M = 68.7 years). Each subject
performed the tasks concurrently for 25 five-min sessions
spread over 3 days. Throughout the study, the old adults
scored substantially fewer total points than did the young
adults; there was no tendency of this difference in per
formance to disappear with practice, as indicated by a
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nonsignificant age X practice interaction. Both groups
benefited from practice, with the total points scored reach
ing asymptote (albeit at different levels) around Ses
sion 10. Analyses of the individual tasks indicated that
the improvements with practice were attained in different
manners by the two groups. The young adults improved
performance primarily by increasing the number ofarith
metic problems solved, whereas the old adults increased
the scores on the visual and auditory monitoring tasks
(although the mean score on the auditory monitoring task
never exceeded zero and was substantially less in all ses
sions than that for the young adults).

Salthouse et al. (1996) conducted a second experiment
in which the task parameters were changed, with the in
tent of making the tasks more compatible with the capa
bilities ofolder adults. In their first experiment, the older
adults had performed poorly on the auditory monitoring
and arithmetic tasks. For the second experiment, the au
ditory monitoring task was made easier by increasing the
distinctiveness of the tones. The major change, however,
was that the arithmetic task was deemphasized and the
memory search task, on which the elderly adults had per
formed well, was emphasized. This change in emphasis
was accomplished by making the points added for a cor
rect response (or subtracted for an incorrect response)
four times as large for the memory search task as for the
arithmetic task. Despite these changes in tone discrim
inability and task emphasis, the old adults continued to
perform worse than the young adults, leading Salthouse
et al. to conclude that there may be an age-related impair
ment in the ability to perform several tasks concurrently.

Purpose
SYNWORKI is a relatively unique and powerful pro

gram for examining multiple-task performance. The only
similar program of which we are aware is the Multi
Attribute Task Battery (MAT; Comstock & Arnegard,
1992), which simulates specifically the work environ
ment of an aircraft pilot, rather than a generic environ
ment as in SYNWORKI. The evidence to date suggests
that SYNWORKI has promise for the investigation of
many issues concerning performance ofconcurrent tasks
in simulated work activities. However, the four tasks that
constitute SYNWORK1 are quite distinct in several re
spects. The tasks differ not only in terms of their obvious
task requirements-memory search, mental arithmetic,
and monitoring of visual and auditory events, respec
tively-but also in their pacing and payoff structures,
among other things. The memory search, visual monitor
ing, and auditory monitoring tasks are experiment paced;
stimulus events in these tasks occur at rates determined
by parameters that the experimenter specifies in advance.
In contrast, the arithmetic task is subject paced and can
be performed at a rate determined by the subject. There
is no penalty for failing to perform the memory search,
arithmetic, and auditory monitoring tasks, whereas there
is a penalty for not responding on the visual monitoring

task. Moreover, this penalty is quite severe, with points lost
for each second that the cursor is at either end of the scale.

Because of these differences among the tasks, it is not
clear whether the individual tasks exert similar workloads
on the performer, how the tasks interact with each other,
and what subtle aspects of this complex program may in
fluence performance. Consequently, how to characterize
performance with SYNWORKI in terms of the demands
placed on the performer is not obvious, and neither are
SYNWORK1 's strengths and limitations. Before using
SYNWORK1 further, therefore, it seems necessary to
have a detailed descriptive database of performance and
workload demands for each of the four component tasks
alone and for the various combinations of tasks so that
their interactions when performed together are known.

The purpose of the present study was to obtain and re
port such a database and to examine its implications for
use ofSYNWORKI. Although our specific concern was
with SYNWORK1, the study can in some respects serve
as a model for evaluating multitask software in general.
Two experiments are reported that examined perfor
mance ofeach task in SYNWORKI alone, each two-way
and three-way combination of the tasks, and all four
tasks together. Subjects performed for several 5-min ses
sions, and subjective ratings of mental workload were
obtained following each session. The default presenta
tion rates for critical events were used in Experiment I,
and these rates were doubled in Experiment 2. The re
sults of the two experiments together provide a relatively
complete characterization of the performance both indi
vidually and in combination of the tasks that constitute
the SYNWORK1 environment.

EXPERIMENT 1

Experiment I was designed to characterize the individ
ual and joint contributions of each subtask when SYN
WORKI is presented using the default test parameters.
Distinct groups of subjects were tested for each of the
four tasks in isolation, each combination oftwo tasks, each
combination of three tasks, and the four tasks together.

Method
Subjects. Subjects were 150 students enrolled in introductory

psychology classes at Purdue University who participated for credit
toward a course requirement. Ten subjects participated in each task
combination. The four single-task groups and the six two-task
groups were tested during the same 2-week period, and subjects
were assigned randomly to one of the 10 groups. The four three-task
groups and the four-task group were tested during a later 2-week pe
riod, and subjects were assigned randomly to one of these five groups.

Apparatus. The experiment was conducted on an IBM-compatible
PC using the SYNWORKI Version 2.04 software, augmented with
software programmed in Visual BASIC that presented instructions
and mental workload scales. The display screen was a 14-in. VGA
color monitor. Koss TM I0 I headphones were used to present the
tone stimuli, and responses were made with a Microsoft mouse op
erated by the subject's right hand. Handedness of the subjects was
not recorded. but no subject indicated difficulty operating the
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mouse with the right hand. The mouse controlled a cursor that could
be positioned on a response box on the screen, and a response was
recorded when the left button of the mouse was clicked with the
right index finger.

The parameters for the tasks were set at the default values, which
are as follows. For the memory search task, the memory set was six
letters; it was presented for 5 sec at the beginning and then was re
placed with the statement "Retrieve List." Probe letters were then
presented at a fixed rate ofone every 20 sec. Halfofthe probes were
from the memory set and half were not. A response was made by
positioning the cursor over the Yes or No button and clicking the
mouse. When a response was made, the probe letter disappeared for
the remainder of the 20-sec interval. Ten points were added for each
correct response and subtracted for each incorrect response, and
failure to respond to the memory probe did not affect the task score.
The memory set could be redisplayed for 5 sec by clicking Retrieve
List, at a cost of 10 points. The maximum points obtainable from
the memory search task were 150.

The stimuli for the arithmetic task were two three-digit numbers.
Clicking the Plus box associated with a particular column increased
the value of the total for that column by 1; likewise, clicking the
minus box decreased the value ofthe total for that column by 1. When
the total was presumed to be correct, the Done box was clicked. Ten
points were added if the total was in fact correct and subtracted if
it was incorrect; failure to respond on the arithmetic task did not af
fect the task score. There was no fixed maximum score for the arith
metic task because it was self-paced. Across all subjects who per
formed this task alone in Experiments I and 2, the maximum total
achieved in any session was 480.

For the visual monitoring task, the scale was 201 pixels long (3 in.,
or 7.69 em, on the screen). The marker moved from the center to
ward one or the other end at a rate of5 pixels/sec, thus reaching one
end at 20 sec if the subject did not respond. The closer the marker
got to the end ofthe scale before the Reset box was clicked, the more
points were added to the total. One point was added if the marker
was reset while in the first 10th of the distance between center and
scale end, 2 points if it was reset while in the second 10th, and so
on, with the maximum points being 10. If the marker reached the
end of the scale, 10 points were subtracted for every second it re
mained there. A maximum of approximately 150 points could be
achieved on the visual monitoring task (but see the discussion of
idiosyncratic characteristics ofSYNWORKI in the General Discus
sion for a strategy that could yield points in excess of this value).

For the auditory monitoring task, a brief tone was presented bin
aurally through the headphones every 5 sec. The tone, at a loudness
of approximately 78 dB(A), was 1046 Hz on 80% of the trials and
1319 Hz on 20% of the trials. These two tones were easily discrim
inable, as indicated by nearly perfect performance ofthe task when
performed alone. When the High-Sound Report box was clicked
within 5 sec of the higher pitched tone, 10 points were added to the
total. When that box was clicked following the lower pitched tone,
10 points were subtracted. The maximum number ofpoints achiev
able on the auditory monitoring task was 120.

A Visual BASIC adaptation of the NASA TLX (Task Load
Index) 6-point mental workload scale (Hart & Staveland, 1988) was
used to obtain subjective measures of task difficulty. The scale re
quires subjects to rate the mental, physical, and temporal demands
imposed by the task, as well as their own performance, frustration
level, and total effort expended. The scales were depicted as horizon
tal lines on the screen, with endpoints marked "Low" and "High" (ex
cept for own performance, which was "Excellent" and "Poor"). The
marker on a scale was centered; it was dragged to a location corre
sponding to the rating. After ratings were made on all scales, a click
on the Finished button closed the screen and recorded the values.

Procedure. The subject's task was to score the greatest number
ofpoints possible within each session. Every subject's participation
began with instruction on the task requirements and the point pay-

off structure for each task, followed by instruction on how to com
plete the mental workload scale. Subjects in the single-task and
two-task groups performed for five consecutive sessions of 5 min
each, whereas subjects in the three- and four-task groups served for
10 sessions of5 min each. At the end of each session, subjects com
pleted the 6-point mental workload scale with reference to the ses
sion that they had just completed. The subject initiated the next ses
sion when ready to continue.

Results and Discussion
The primary dependent measures reported are total

number of points, the number ofpoints for each task, and
the NASA TLX ratings. These are reported separately
below for the single-task condition and for the two-, three-,
and four-task conditions. Before those analyses are de
scribed, several general characteristics of the other per
formance measures should be noted that assist in inter
pretation ofthe point results. For the memory search task,
essentially no responses were omitted, and the number of
times that the list was retrieved was also low, typically
averaging less than once per session. Thus, significant ef
fects in the points for memory search are due primarily
to differences in the percentage ofcorrect responses. For
the arithmetic task, the percentage ofcorrect answers for
the completed problems did not typically show signifi
cant effects, and point differences thus reflect differences
in the number ofproblems completed in the session. For
the visual monitoring task, the marker was rarely allowed
to reach the end of the scale, indicating that the subjects
were cognizant ofthe severe penalty associated with let
ting it do so. For the auditory monitoring task, false alarms
to low-pitched tones were relatively infrequent, and dif
ferences in point totals were due primarily to the percent
age of correct detections of the high-pitch tone.

Single tasks. For the single tasks, the total score and
the task score are one and the same. The mean scores for
the tasks, as a function of session, are shown in the top
left quadrant ofFigure 2. Analysis ofthese scores showed
a main effect oftask [F(3,36) = 62.20, MSe = 4,553,p <
.001], as well as a main effect of session and a task X ses
sion interaction [F(4,144) = 21.16, and F(12,144) =
12.38, MSe = 662, ps < .001]. Overall, the scores were
much higher on the arithmetic task (M = 282) than on
the other tasks, with the memory search task (M = 140)
and visual monitoring task (M = 150) showing scores
slightly higher than the auditory monitoring task (M =
115). Performance improved across sessions (Ms = 140,
173, 179, 177, and 190 for Sessions 1-5, respectively).

As can be seen in Figure 2, this improvement in points
across sessions was due primarily to the arithmetic task
[F(4,36) = 17.54, MSe = 2,134,p < .001]. The number
of problems completed increased from 22.5 in Session 1
to 39.9 in Session 5. Session also showed a significant ef
fect on points for the memory search task [F(4,36) = 2.72,
MSe = 324, P = .045] and the auditory monitoring task
[F(4, 36) = 3.56, MSe = 67,p = .015], but in both cases
the effect was small and restricted primarily to an increase
from the first session to the second session. The visual
monitoring task showed no effect of session (F = 0.38).
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Figure 2. The total points scored as a function of session for the single-, two-, three-, and four-task conditions in Experi
ment 1. ARl, arithmetic task; VIS, visual monitoring task; MEM, memory search task; AVO, auditory monitoring task.

Each of the six workload measures from the NASA
TLX was analyzed separately as a function of task and
session (Figure 3). Note that the scale for own perfor
mance is opposite the others, with lower scores indicating
better performance. None of the interactions of these
two variables was significant, but three of the measures
showedmain effects ofsession. The rated frustration level
increased across sessions [F(4,12) = 5.25, MSe = 176,
p = .001], as did the judgment of own performance
[F(4,12) = 4.53, MSe = 176, P = .006], whereas the
judged temporal demands decreased [F(4,12) = 4.04,
MSe = 118,p = .022].

The ratings of own performance and temporal demand
also showed main effects of task [Fs(3,36) = 4.40 and
3.12, MSes = 1,078and2,664,ps = .01Oand.038].Own
performance was rated better for the memory search and
visual monitoring tasks than for the other two tasks. Tem
poral demand was rated higher for the arithmetic task
than for the other tasks, even though the arithmetic task
was subject paced. This perceived higher temporal de
mand likely arises from the fact that the subject must per
form the arithmetic task at a fast pace in order to maximize
points (by completing more problems during each ses
sion). Mental demand and effort also tended to be rated

higher for the arithmetic task than for the other tasks, al
though the difference was not statistically significant.

The single-task results illustrate a few key points. First,
when performed in isolation, none ofthe tasks-memory
search, visual monitoring, or auditory monitoring-is very
demanding. This is evident both in the performance of
these tasks and in the workload ratings. Second, there is
little room for improvement with practice for these tasks,
which stems from their experiment-paced nature and the
fact that the rate of stimulus presentation is sufficiently
slow as to allow nearly perfect performance after only a
little warm-up time. Third, the arithmetic task is rated as
imposing higher workload than the other tasks. Because
it is self-paced, performance of the arithmetic task im
proves greatly with practice and the total number of
points that can be obtained is much higher than on the
other tasks.

Two tasks. Total score, as a function ofgroup and ses
sion, is plotted in the top right panel of Figure 2. The
total score showed a main effect ofgroup [F(5,54) = 8.45,
MSe = 16,317, P < .00 I], with the score higher for the
three groups that performed arithmetic as one of their
two tasks than for the three groups that did not. The main
effect of session and the group X session interaction were
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Figure 3. Mean ratings for the six NASA TLX workload scales for each single-task condition in Experiment 1 as a function of
session. ARI, arithmetic task; VIS, visual monitoring task; MEM, memory search task; AUD, auditory monitoring task.

also significant[F(4,2l6) = 78.17 andF(20,216) = 5.30,
MSe = 1,547,ps < .001J. Scores increased across sessions
(Ms = 226,294,315,329, and 338 for Sessions 1-5, re
spectively). As can be seen, the interaction reflects pri
marily that the three groups that performed the arithmetic
task showed considerable improvement in total points

throughout the five sessions, whereas improvements for
the other three groups were restricted to Sessions 1 and 2.

The individual task scores were obtained as a function
of group and session (Figure 4), and separate analyses
were performed for each task. None of the tasks showed
a group X session interaction [Fs(8, 108)< l.23,ps > .29].
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Figure 4. Points for individual tasks in the two-task conditions of Experiment 1 as a function of session and paired
task. ARI, arithmetic task; VIS, visual monitoring task; MEM, memory search task; AVO, auditory monitoring task.

The memory search, arithmetic, and auditory monitoring
tasks showed effects of session [Fs(4,108) = 10.22,
52.53, and 16.53, MSes = 882, 2,019, and 355, respec
tively,ps < .001]. As when performed alone, the practice
effects for the memory search and auditory monitoring
tasks were restricted primarily to the period from the
first to the second session, whereas the arithmetic task
showed improvement across all sessions.

The main effect ofgroup was significant for the mem
ory search and visual monitoring tasks [Fs(2,27) = 4.09
and 4.58, MSes = 4,003 and 483, ps = .028 and .019]
and showed a nonsignificant trend for the arithmetic task
[F(2,27) = 2.56,MSe = 19,791,p = .096]. The memory
search score was higher when performed in combination
with either of the monitoring tasks than with the arith
metic task. The visual monitoring score tended to be
slightly higher when performed with the memory search
task than with the arithmetic task or the auditory moni
toring task. Points on the arithmetic task were highest when
it was paired with the auditory monitoring task.

In comparison to the single-task scores, neither the vi
sual monitoring task nor the auditory monitoring task
showed an overall decrement in the dual-task context.
Relative to when performed alone, points on the memory
search task were reduced significantly when it was per
formed with the arithmetic task (p = .006) and non-

significantly when it was performed with visual monitor
ing (p = .089) or auditory monitoring (p = .125). The
arithmetic task showed a decrement when performed
with the visual monitoring task (p = .003) or the mem
ory search task (p = .073), but not with the auditory task.

For the NASA TLX scales, only the ratings ofown per
formance showed a main effect of session [F(4,216) =
9.25, MSe = 190,p < .001]. Performance was rated bet
ter across sessions, with the primary change occurring be
tween Sessions 1and 2 (Ms = 33.8,23.8,22.0,21.4, and
20.8 for Sessions 1-5, respectively). Mental demand, tem
poral demand, and frustration level showed main effects
of group [Fs(5,54) = 2.46,2.84, and 2.81, MSes = 3.322,
2,569, and 2,338,ps = .044, .024, and .025, respectively].
For both mental demand (MD) and temporal demand
(TD), the ratings for the respective task combinations
showed similar orderings. The ratings were lowest for the
pairing of visual and auditory monitoring tasks (MD =
11.0; TD = 12.0), highest for the pairing ofthe arithmetic
task with either auditory monitoring (MD = 40.2; TD =
37.7) or visual monitoring (MD = 47.1; TD = 46.5), and
intermediate for the pairing of memory search with arith
metic (MD = 29.2; TD = 30.8), visual monitoring (MD =
26.6; TD = 24.6), or auditory monitoring (MD = 22.9;
TD = 23.8). Thus, the perceived workload ofthe pair of
tasks with the highest working memory demands, mem-
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ory search and arithmetic, was of an intermediate value,
although this task combination showed the largest cost of
concurrent performance compared with when each was
performed alone.

For frustration level, the major difference was that the
ratings were lower for the pairings ofvisual and auditory
monitoring (M = 11.5) or of memory search and audi
tory monitoring (M = 10.7) than for the other four task
combinations (memory search and arithmetic, 33.8;
memory search and visual monitoring, 24.1; arithmetic
and auditory monitoring, 36.8; arithmetic and visual mon
itoring, 38.1). The frustration measure also showed a
group X session interaction [F(20,216) = 2.32, MSe =
148,p = .003]. The rated frustration level tended to de
crease across sessions for those persons who performed
the two monitoring tasks or memory search and auditory
monitoring, but to increase across sessions for those who
performed the arithmetic task paired with memory search
or visual monitoring. A group X session interaction was
also evident in the ratings for overall effort [F(20,216) =
2.05, MSe = 130,p = .012]. Rated effort increased across
sessions for persons performing arithmetic as one of the
tasks but decreased across sessions for persons not per
forming the arithmetic task.

In summary, for subjects performing two tasks con
currently, total points was largely a function of whether
one ofthe tasks was arithmetic. Performance on this task
increased substantially across the five sessions, regard
less of which task it was paired with, whereas perfor
mance of the other three tasks improved little after the
second session. This pattern of practice effects was sim
ilar to that seen when only a single task was performed.
Performance on the memory search and arithmetic tasks
was affected most adversely in a dual-task context, with
the points obtained for both tasks being reduced when
they were paired. The particular difficulty ofperforming
the memory search and arithmetic tasks concurrently most
likely is a consequence of the high demands that both of
these tasks place on working memory. Both the perfor
mance and the workload measures indicate that the mon
itoring tasks, particularly the auditory task, continue to
be relatively undemanding when performed concurrently
with another task.

Three tasks. The total scores for the three-task condi
tions are shown in the bottom left column of Figure 2 as
a function of group and session. The main effect of ses
sion and the group X session interaction were significant
[F(9,324)andF(27,324) = 28.50and2.18,MSe = 5,784,
ps < .005]. Performance improved across sessions for all
groups, with the two groups that performed the arith
metic task showing more gradual improvement than the
other two groups.

The analyses of the individual tasks showed no signif
icant effects for the visual monitoring task. The memory
search, arithmetic, and auditory monitoring tasks showed
only an effect of session [Fs(9,243) = 6.19, 19.20, and
19.96, MSes = 1,143,4,423, and 470, ps < .001]. For
memory search, the mean score increased from 73 to 101

from the first to second sessions and then averaged slightly
above 100 for the remaining sessions. For arithmetic, the
mean score increased monotonically from 69 in Session 1
to 239 in Session 7, remaining approximately at that level
in Sessions 8-10. For auditory monitoring, the mean
score increased from 50 in Session 1 to 92 in Session 2,
then increased gradually to 108 in Session 8, where it re
mained for the last two sessions.

None of the NASA TLX scales showed an interaction
of session X group. Rated physical demand and frustra
tion level increased across sessions [Fs(9,324) = 4.78
and 2.51, MSes = 204 and 331, ps = .001 and .020],
reaching a plateau around Session 6. Estimates of own
performance improved through Session 5 and then leveled
off [F(9,324) = 3.61, MSe = 370, P = .001]. Several
scales showed a group main effect (see Figure 5) [mental
demand, F(3,36) = 2.68, MSe = 5,668, P = .061; tem
poral demand, F(3,36) = 3.13, MSe = 4,617,p = .037;
frustrationlevel,F(3,36) = 4.62,MSe = 4,114,p = .008;
and total effort, F(3,36) = 7.06, MSe = 3,208,p = .001].
For all measures, the workload was rated lower for the
group that did not perform the arithmetic task than for the
groups that did, with the group that performed arithmetic
paired with visual and auditory monitoring tending to rate
the demands slightly higher than the other two groups that
performed the arithmetic task.

In sum, the arithmetic task continued to be the major
determinant ofperformance for the three-task groups, al
though its overall impact was somewhat less than for the
two-task groups. The arithmetic task continued to show
the largest effect of practice, although the points scored on
the auditory monitoring task showed a tendency to in
crease beyond Session 2 that was not evident when that
task was performed alone or in conjunction with one other
task. The groups that performed arithmetic as one oftheir
three tasks all had more total points in the last five ses
sions and rated workload higher than did the group that
did not perform the arithmetic task.

Four tasks. The total score (see bottom right panel of
Figure 2) showed a main effect of session [F(9,81) = 5.31,
MSe = 25,657, P = .024]. Points increased across ses
sions, reaching asymptote around Session 6. For the
individual tasks (Figure 6), all but visual monitoring
showed significant improvement (p < .001) across ses
sions [Fs(9,81) = 3.22, 14.15, 1.14, and 5.56, MSes =
1,326,2,775, 1,826, and 483, respectively, for the mem
ory search, arithmetic, visual monitoring, and auditory
monitoring tasks]. The mean score for the arithmetic task
was less than that for visual monitoring and memory
search in Session I, but the number of points for the arith
metic task surpassed those for all of the other tasks by
Session 4 because it again showed the largest practice ef
fect. The primary increase in points for the memory search
and auditory monitoring tasks occurred between Sessions
1 and 2, as for the two- and three-task groups, with the
auditory monitoring task showing a more pronounced ten
dency than was evident for the three-task groups toward
continued gradual improvement in subsequent sessions.
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Figure 5. Mean ratings for the six NASA TLX workload scales for each three-task condition in Experiment 1. ARI, arith
metic task; VIS, visual monitoring task; MEM, memory search task; AVD, auditory monitoring task.

The mean ratings for the respective workload measures
were physical load, 32.7; mental load, 61.7; temporal de
mand, 60.2; own performance, 39.7; frustration level,
49.1; and effort, 54.3. None ofthe six workload measures
showed a significant effect of session, indicating that per
ceived workload did not diminish significantly with prac
tice, although performance did improve significantly for
three of the four tasks.

Summary. The self-paced, open-ended arithmetic task
was mentally demanding when performed alone and
showed a substantial improvement in performance across
five sessions ofpractice. In contrast, the three experiment
paced tasks-memory search, visual monitoring, and
auditory monitoring-were relatively undemanding and

reached asymptotic performance quickly. This pattern
for practice effects continued as the number ofconcurrent
tasks was increased up to four, with the only difference
being that the auditory monitoring task tended to show
slight improvement beyond the second session, when it
was one of three or four tasks performed concurrently.

Performance ofall tasks suffered when they were per
formed concurrently with one or more other tasks. This
is illustrated clearly in Figure 7, in which the points ob
tained for each task in Sessions 1-5 are plotted as a func
tion of the number of tasks performed (one, two, three,
or four). (The values for the two- and three-task condi
tions represent means across all of the groups for which
the specified task was one of those performed.) The two
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Figure 6. Points for individual tasks in the four-task condition of Experiment 1 as a
function of session. ARI, arithmetic task; VIS, visual monitoring task; MEM, mem
ory search task; AVO, auditory monitoring task.

monitoring tasks showed smaller effects of concurrence
than did the memory search and arithmetic tasks, with
little decrement in points occurring for the monitoring
tasks when performed with one other task (at least after
the first session). The memory search and arithmetic tasks
showed substantial declines in points as the number of
tasks was increased from one to three, and a slight addi
tional decrement in the four-task condition.

Forconcurrent performance of two, three, or four tasks,
the arithmetic task was the primary contributor to increas
ing point totals after the second session. This outcome is
consistent with the finding reported by Salthouse et al.
(1996) that the college-age adults in their study increased
total points across sessions when performing all four tasks
primarily by increasing the points scored on the arith
metic task. The data imply that for the total points to be
maximized in concurrent-task situations, the subject must
learn to perform the arithmetic task efficiently while main
taining performance on the remaining tasks.

EXPERIMENT 2

The rates used for the experiment-paced tasks in Ex
periment 1 clearly did not put much stress on the subjects.
When these tasks-memory search, visual monitoring,
and auditory monitoring-were performed in isolation,
performance quickly reached asymptote at a relatively
high level. This pattern of performance was evident as
well for each of these experiment-paced tasks when they
were performed concurrently with one or more other
tasks. Only the memory search task showed a relatively
substantial and enduring decrement in points obtained
when performed concurrently with other tasks.

Experiment 2 was designed to increase the workload
imposed on the subjects by the experiment-paced tasks.
This was accomplished by doubling the default presen
tation rates that were used for these tasks in Experiment 1.
This manner ofincreasing workload was selected because
it maintained the same relative payoff structure among
the three experiment-paced tasks that was in effect in Ex
periment 1and made the maximum points achievable from
the experiment-paced tasks when performed alone more
comparable to the points that could be obtained from the
arithmetic task.

Method
Subjects (150) were from the same pool as in Experiment I. None

had been in the earlier experiment. Ten subjects were tested in each
of 15 conditions, the four single tasks, the six pairs oftasks, the four
three-way combinations of the tasks, and all four tasks together. The
method was similar to that for Experiment I with the exception that
the presentation rates were doubled. For the memory search task, a
new target stimulus was presented at 10-sec intervals; for the visual
monitoring task, the marker moved at a rate of 10 pixels/sec; for the
auditory monitoring task, a tone was presented at 2.5-sec intervals.
The scoring was the same as in Experiment I with the exception that
a response for the auditory monitoring task had to be registered within
2.5 sec ofthe onset ofa targettone for points to be added to the total.

Results
Single tasks. Total score (see the top left panel of Fig

ure 8) showed effects of task [F(3,36) = 11.62, MSe =
5,169,p < .001], session [F(4,144) = 9.71, MSe = 1,164,
P < .001], and task X session [F(12,144) = 2.26, MSe =
1,164,p = .012 (.027 with the Huynh-Feldt correction)].
The most points were scored with the visual monitoring
task (M = 312) and the least points with the auditory
monitoring task (M = 229), with memory search (M =
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Figure 7. Mean points for memory search, arithmetic, visual monitoring, and auditory monitoring in Experiment 1 as a function
ofsession (1-5) and number oftasks performed concurrently.

280) and arithmetic (M = 266) being intermediate. Thus,
doubling the presentation rated for theexperiment-paced
tasks had the intended effect of allowing the points for
those tasks to more closely approximate those that could
be obtained from the self-paced arithmetic task. The num
ber ofpoints was lower in Session I than in the remaining
sessions, which showed little difference (Ms = 242,275,
282,276, and 283, respectively, for Sessions 1-5). The
only tasks for which the session effect was significant were
memory search [F(4,36) = 3.51, MSe = 786, P = .016
(.066 with the Huynh-Feldt correction)] and arithmetic
[F(4,36) = 5.63,MSe = 2,506,p = .001].

Mental demand, temporal demand, and own perfor
mance showed main effects of session [Fs(4,144) =
4.64,5.00, and 6.76, MSes = 101,93, and 203, respec
tively, ps < .005]. These effects reflect primarily higher
ratings of task demands in Session 1 (Ms = 26.9, 28.2,
and 27.7 for mental demand, temporal demand, and own
performance) than in the remaining sessions (Ms = 19.6,
20.7, and 15.0, respectively). Mental demand and own
performance also showed tendencies toward main effects

of task [Fs(3,36) = 2.53 and 2.49, MSes = 1,761 and
1,179,ps < .076], with the task X session interaction for
own performance approaching statistical significance as
well [F(12,144) = 1.82,MSe = 203,p = .049 (.079 with
the Huynh-Feldt correction)]. Mental demand was rated
less and own performance better for the visual monitor
ing task than for the other tasks; the ratings of own per
formance for this task remained relatively constant across
sessions, whereas performance of the other tasks was
judged to improve. The final effect for the TLX measures
was the group X session interaction for frustration level
[F(l2,144) = 2.41, MSe = 142,p = .007 (.022 with the
Huynh-Feldt correction). Frustration level tended to in
crease across sessions for arithmetic (Ms = 21.7 and 30.5
in Sessions I and 5) and visual monitoring (Ms = 12.9
and 25.7 in Sessions I and 5), as in Experiment I, but to
decrease for memory search (Ms = 33.2 and 19.5 in Ses
sions 1 and 5) and auditory monitoring (Ms = 26.5 and
14.3 in Sessions I and 5).

Two tasks. The total score (see top right panel of Fig
ure 8) showed main effects of group [F(5,54) = 13.91,
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Figure 8. Total points as a function of session for the single-, two-, three-, and four-task conditions in Experiment 2. ARI,
arithmetic task; VIS, visual monitoring task; MEM, memory search task; AUD, auditory monitoring task.

MSe == 22,543,p < .001] and session [F(4,2I6) == 45.74,
MSe == 4,007, P < .001], and a slight tendency toward a
group X session interaction [F(20,216) == 1.66, MSe ==
4,007,p == .042 (.091 with the Huynh-Feldt correction)].
The mean points increased monotonically from Ses
sion I to Session 5 (Ms == 361,467,477,483, and SOl,
respectively). The point total was highest for the group
that performed the memory search and visual search tasks
and lowest for the group that performed the memory
search and arithmetic tasks. In contrast to Experiment I,
in which the three groups that performed arithmetic as
one ofthe tasks showed much larger practice effects than
the three groups that did not, the practice benefit for the
groups that performed arithmetic was muted substan
tially in this experiment. Also, for the groups that per
formed arithmetic as one of the two tasks, the doubled
presentationrate had particularly deleteriousconsequences
on total points when the other task was memory search:
In Experiment 1,the point totals were similar for the three
groups in the last three sessions, whereas in Experiment 2
the point totals were much higher for the groups that per
formed eitherof the monitoring tasks along with the arith
metic task than for the group that performed memory
search.

The individualtask analyses showedthe following (Fig
ure 9). Although the points for memory search tended to

be less when it was paired with the arithmetic task than
with either monitoring task, the only significant effect
for this task was the session main effect [F( 4,108) == 6.90,
MSe == 3,202, p < .001]. The points obtained for arith
metic also showed a main effect of session [F(4,104) ==
49.04, MSe == 2,179, p < .001] and also a main effect of
group [F(2,27) == 4.75, MSe == 18,533, P == .017]. Con
siderably fewer points were obtained for the arithmetic
task when it was paired with memory search than with
either of the monitoring tasks. The data suggest that sub
jects accommodated the increased working memory de
mands of the doubled-rate memory search task by devot
ing less time to the arithmetic task. As in Experiment I,
the effects of group and session on the monitoring tasks
were minimal. Visual monitoring showed no significant
effects. Auditory monitoring showed only an effect of
session [F(4,104) == 10.62, MSe == 980,p < .001], with
this effect reflecting primarily improvement from Ses
sions I to 2.

Forthe NASA TLX ratings, main effects ofsession were
apparent for physical demand, frustration level, and own
performance [Fs(4,216) == 3.19,3.69 and 7.94, MSes ==
103,234, and 217,ps < .032]. Physical demand (Ms ==
18.1,20.1,21.4,23.7, and 23.3 for Sessions 1-5) and frus
tration level (Ms == 33.1, 35.3, 40.5, 37.9, and 40.7 for
Sessions 1-5) were judged to increase across sessions,



SYNWORKI MULTIPLE-TASK WORK ENVIRONMENT 299

MemorySearch Arithmetic
350 350

300 300

250 K? 250

J!l
1200-8200

II. II.

150 150

100 100

50 50
2 3 4 5 3 4 5

5esaIon S8IIIon

Visual Monitoring Auditory Monitoring

350 350

300

~ ~ : =: 300

250 250

J!I J!l

~
:s;::;~

~200
.~ 200

-+- MEM+VIS --ARI+VIS --- VIS+AUD II.

150 --- MEM+ARI --- MEM+AUD --- ARI+AUD 150

100 100

50 50
2 3 4 5 2 3 4 5

S8IIIon session

Figure 9. Points for individual tasks in the two-task conditions of Experiment 2 as a function of session and paired task. ARI,
arithmetic task; VIS, visual monitoring task; MEM, memory search task; AVO, auditory monitoring task.

whereas own performance (Ms = 43.6, 31.3, 30.1, 28.6,
and 28.6 for Sessions 1-5) was rated as improving across
sessions. Temporal demand, frustration level, and effort
showed main effects of group [Fs(5,54) = 4.18, 8.53,
and 3.48, MSes = 2,304, 1,761, and 2,964, ps < .008].
All three ofthese measures showed higher ratings for the
groups that performed the arithmetic task (Ms = 49.3,
52.2, and 57.5, respectively) than for the groups that did
not (Ms = 26.4, 21.9, and 33.3, respectively). The ses
sion X group interaction was either statistically signifi
cant or close to significant for all of the TLX measures
[Fs(20,216) > 1.58, ps < .10]. Own performance was
judged as improving across sessions for all groups except
the one that performed memory search and arithmetic,
for which performance was judged to become worse.
The decreasing satisfaction with own performance across
sessions for the latter group seems to reflect awareness
of the subjects that their performance was relatively poor,
even though the points obtained did increase with prac
tice. For the other measures, the general picture is that
the ratings of workload increased across sessions for the
groups that performed the arithmetic task but tended to
decrease for the groups that did not.

Three tasks. The total scores for the three-task groups
are shown in the bottom left panel of Figure 8. The data
showed main effects of group [F(3,36) = 7.13, MSe =
85,745,p = .001] and session [F(9,324) = 32.77, MSe =
9,537,p < .001], but no interaction ofthese two variables.
The total points increased across sessions, reaching as
ymptote around Session 6. The best performance was for
the group that performed memory search and the two
monitoring tasks (M = 747), and the worst performance
was for the group that performed memory search, arith
metic, and auditory monitoring (M = 557). The groups
that performed arithmetic, visual monitoring, and either
memory search (M = 629) or auditory monitoring (M =
660) were intermediate. In Experiment 1 the group X ses
sion interaction was significant because the group that
did not perform the arithmetic task showed little change
over sessions, whereas the other groups did. However, in
the present experiment, the performance of the three ex
periment-paced tasks together increased substantially, at
least between Sessions I and 2.

For the individual tasks (Figure 10), arithmetic and au
ditory monitoring showed only main effects of session
[Fs(9,243) = 24.00 and 14.47, MSes = 3,060 and 970,
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Figure 10. Points for individual tasks in the three-task conditions of Experiment 2 as a function of session and paired tasks.
ARI, arithmetic task; VIS, visual monitoring task; MEM, memory search task; AVO, auditory monitoring task.

ps < .001]. The visual monitoring task showed a main ef
fect of group [F(2,27) = 6.20, MSe = 4,468, P = .006],
and for the first time, a tendency toward a session effect
[F(9,243) = 2.63, MSe = 2,244,p = .006, but only .084
with the Huynh-Feldt correction]. The score on this task
increased from Session 1 to 2, decreasing slightly in later
sessions. Performance of the visual monitoring task was
worse when it was performed concurrently with the
memory search and arithmetic tasks than with the other
pairs ofconcurrent tasks. Most likely this was due to the
high cognitive load imposed by those two tasks. Finally,
for the memory search task, the main effect ofgroup was
significant [F(2,27) = 6.86, MSe = 17,016, P = .004],
as were the session main effect and the group X session
interaction [F(9,243) = 13.89, MSe = 3,241, P < .001,
and F(l8,243) = 1.80, MSe = 3,241, P = .026 (.055
with the Huynh-Feldt correction)]. The memory search
task was performed less well by the groups that also per
formed the arithmetic task than by the group that did not.
Performance for the former two groups improved more
gradually across sessions than did that of the latter
group.

None of the workload scales showed a significant
group X session interaction [Fs(27,324) < 1.34,ps > .16].
Main effects of session were significant for physical de
mand, ownperformance, and frustration level [Fs(9,324) =
4.65,6.52, and 2.59, MSes = 159,255, and 2.59, respec
tively,ps = .001, .001, and .015]. Rated physical demand
and frustration level increased across sessions, as did
judgments of own performance. Physical demand and
frustration level also showed significant effects ofgroup
[Fs(3,36) = 3.08 and 4.23, MSes = 4,785 and 2,885, re
spectively, ps = .040 and .012]. Physical demand and
frustration level were rated lower for the group that did
not perform the arithmetic task than for the three groups
that did (Figure 11). Thus, this group both performed bet
ter than the other groups in terms oftotal points and per
ceived the task as less demanding.

Four tasks. The total points (see bottom right panel of
Figure 8) showed a main effect of session [F(9,81) =
15.44, MSe = 9,534, P < .001], with performance im
proving gradually across sessions. Performance of each
of the individual tasks also improved significantly across
sessions [memory search, F(9,81) = 6.47, MSe = 4,121,
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Figure 11. Mean ratings for the six NASA TLX workload scales for each three-task condition in Experiment 2. ARl, arith
metic task; VIS, visual monitoring task; MEM, memory search task; AVO, auditory monitoring task.

p < .001; arithmetic, F(9,81) = 7.l3, MSe = 2,076,p =
.002; visual monitoring, F(9,81) = 2.51, MSe = 266,
P = .047; auditorymonitoring,F(9,81) = 14.83, MSe =
772,p < .001].

For the NASA TLX, ratings of temporal demand in
creased across sessions [F(9,81) = 2.08, MSe = l53, P =
.046], as did ratings ofown performance [F(9,8l) = 3.74,
MSe = 152,p < .001].

Summary. As intended, doubling the presentation
rates for each ofthe three experiment-paced tasks in Ex
periment 2 made the points obtained from them when
each was performed alone (M = 247) relatively compa
rable to the points obtained from the self-paced arith-

metic task (M = 266). Because both the number of crit
ical events for the experiment-paced tasks and the points
that could be obtained from these tasks were doubled,
not surprisingly the number of points obtained from the
arithmetic task in the two-, three- and four-task condi
tions was reduced both relatively and absolutely in com
parison to Experiment I. Also, the improvement with
practice for the two- and three-task groups that performed
only experiment-paced tasks tended to be larger in Ex
periment 2 than in Experiment I, whereas that for the
groups that performed arithmetic as one ofthe tasks tended
to be smaller, resulting in more similar magnitudes of
practice effects for the respective task combinations.
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Figure 12. Mean points for memory search, arithmetic, visual monitoring, and auditory monitoring in Experiment 2 as a func
tion of session (1-5) and number of tasks performed concurrently.

As in Experiment 1, the performance of all tasks suf
fered when they were performed concurrently with one
or more other tasks. This is illustrated in Figure 12, in
which the mean points for each task in Sessions 1-5 are
plotted as a function of the number of tasks performed.
Figure 12 looks much like the corresponding figure for
Experiment I, Figure 7, in showing clear decreases in per
formance as the number ofconcurrent tasks is increased.
The reductions in performance were again much more
substantial for the two cognitive tasks, memory search and
arithmetic, than for the two perceptual tasks, visual mon
itoring and auditory monitoring. The greater demands of
the experiment-paced tasks in Experiment 2 than in Ex
periment 1 are illustrated by the greater dispersion of the
task functions in Figure 12 than in Figure 7. Perhaps most
striking, particularly for the arithmetic task, is that the
decrement associated with performing all tasks together,
rather than just three of them, was more substantial with
the doubled rates used in Experiment 2.

GENERAL DISCUSSION

Primary Experimental Results
In Experiment I, different groups of subjects per

formed each of the component tasks ofSYNWORKI in

isolation and in all combinations, with the task param
eters set at the default values. Many more points were
scored for the arithmetic task when performed alone than
for the other three tasks, and the judged workload also
tended to be higher. Moreover, whether performed alone
or with one or more concurrent tasks, performance with
the arithmetic task increased substantially across ses
sions, but the points obtained for the other tasks reached
a ceiling very quickly. These outcomes are primarily re
flections of the fact that the arithmetic task is the only
one of the four tasks in SYNWORKI that is self-paced.
Because the other tasks are experiment paced and are
well within most people's capacity to handle when per
formed at the default rate, the tasks are not very demand
ing and have little room for improvement. When all four
tasks are presented concurrently, most subjects obtain
relatively high scores on the experiment-paced tasks from
the second session onward, and further improvements
with practice arise primarily from the arithmetic task.
Thus, the chief determinant of relative performance for
performing the full complement of tasks is the strategy
adopted regarding the degree of effort to devote to the
arithmetic task.

Doubling the presentation rate for the experiment
paced tasks in Experiment 2 allowed the points obtained



SYNWORKI MULTIPLE-TASK WORK ENVIRONMENT 303

for those tasks in the single-task condition to more
closely approximate those obtained for the self-paced
arithmetic task. The doubled rate also increased the de
mands ofperforming the tasks concurrently. Both the ab
solute and relative contributions ofthe experiment-paced
tasks to the total points increased dramatically with the
doubling of presentation rate. In contrast, the points ob
tained from the arithmetic task decreased substantially.
Ifone wants to evaluate multiple-task performance under
relatively demanding conditions with tasks ofsimilar dif
ficulty, the doubled presentation rates seem more appro
priate than the default rates. However, the slower default
rates may be preferred for some purposes, such as when
one is studying special populations. With either the de
fault rates or the doubled rates, the points obtained for a
given task (particularly memory search and arithmetic) de
crease as the number of concurrent tasks increases, indicat
ing that the concurrent tasks do overload the performers.

Centrality of the Visual Monitoring
and Arithmetic Tasks

Our results clearly illustrate that two of the four tasks
in SYNWORKI, visual monitoring and arithmetic, are
much more crucial to the total number of points scored
than are the other two tasks. The main point to note is that
the importance of these two tasks is dictated by the task
structure ofSYNWORK1and not by subject preferences
or strategies independent of this structure.

The visual monitoring task simply must be performed
because the points lost for every second that the marker
is at the end of the scale will quickly exceed any points
that could be gained from devoting more effort to one of
the other tasks instead. This requirement increases in im
portance as the velocity at which the marker moves from
the center to either end is increased. Given the severe
penalty associated with allowing the marker to reach the
end ofthe scale, it is not too surprising that the marker was
rarely allowed to reach the end and, consequently, that the
points obtained from this task showed little impact of
number of concurrent tasks.

The arithmetic task, on the other hand, is totally volun
tary but is the only task for which points can be increased
substantially through effort. This is because it is the only
task for which scoring is open-ended. A person who vol
untarily elects not to devote much effort to the arithmetic
task will necessarily be unable to maximize the total
points obtained and most likely will not obtain as many
points as someone who does devote effort to the task.
However, the strategy of ignoring the arithmetic task is a
reasonable one to adopt ifattending to that task would in
terfere with performance of the other tasks or if one
wants to exert the least amount of effort while still doing
relatively well in terms of total points. The first of these
possible reasons for adopting the strategy reflects gen
uine limits on multiple-task performance, whereas the
latter does not. Of course, the negative consequence of
failing to perform the arithmetic task will be greater when
the rate at which stimulus events occur in the other tasks

is not so high that virtually all cognitive resources must
be devoted to performing those tasks.

The old adults in the study of Salthouse et aI. (1996)
described in the introduction tended to adopt the strategy
of not performing the arithmetic task, and this seems to
have been the primary basis for their deficiency relative
to young adults that persisted throughout many sessions
of practice. Whereas the young adults improved their
scores with practice primarily by increasing the points
obtained on the arithmetic task, many of the old adults
simply did not perform the arithmetic task and, there
fore, could not increase their points on that task. Salthouse
et aI. concluded that the deficient performance ofthe old
adults likely reflects a genuine age-related impairment in
the ability to perform multiple tasks, but, as the discus
sion in the previous paragraph indicates, this is not nec
essarily the case. Before accepting that the old adults have
such an impairment, it is necessary to demonstrate that
their performance deficit cannot be eliminated by using
payoffs or techniques that force the old adults to perform
the arithmetic task.

Idiosyncratic Characteristics of SYNWORKI
Our examination of SYNWORKI has uncovered sev

eral subtle idiosyncratic characteristics of the software
of which experimenters should be aware. The first ofthese
concerns the visual monitoring task. On the surface it
seems like more points should be accrued the closer to
the end of the scale that the subject allows the marker to
move to before being reset. For example, Salthouse et aI.
(1996) described the scoring of the visual monitoring
task in their experiment as follows: "The maximum pos
sible score in this task was 200, ifthe line was reset each
time at the very end a/the scale" (p. 310, emphasis ours).
This surface impression is incorrect, though. As long as
the marker is not allowed to reach the end, the point total
is approximately the same regardless of the number of
resets that are made and their average distance from the
center ofthe scale. This relative independence ofthe points
obtained on the visual monitoring task from the reset strat
egy that a subject adopts is a consequence of the marker
beginning to move again as soon as it is reset. Hence, it
makes little difference, for example, whether in the same
time interval one clicks five times for 2 points each, two
times for 5 points each, or one time for 10points. In short,
if the marker is not allowed to reach the scale end, the
points obtained in a session are a function of the velocity
at which the marker moves and not of how far it is al
lowed to travel on average before being reset. For the rate
parameters that we used, the value was 150 points in Ex
periment 1 and 300 points in Experiment 2.

A second idiosyncrasy of SYNWORKI is an excep
tion to the fact that the points obtained in the visual mon
itoring task do not depend on how often the marker is
reset. We noted that the mean total points for the subjects
who performed only the visual monitoring task in Ex
periment 2 exceeded the apparent maximum value of
300. Examination of the data revealed that 1 subject
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scored over 400 points in each of the five sessions, and
another scored 370 points in Session 5. Our initial thought
was that these scores must be due to a program bug, but
both subjects' data showed a high frequency of resets,
with the average reset distance being close to the center
of the scale. This led us to the realization that high point
totals can be obtained by clicking on the reset box as soon
as the marker enters the interval in which a single point
will be assigned. That is, because the scale is divided into
segments of 10 pixels, a click that is registered immedi
ately after the marker enters the first segment adds I point
to the total and quickly resets the marker to begin again.
The strategy of resetting the marker quickly, which the
2 subjects in Experiment 2 discovered, is less likely to be
used as the number of additional tasks to be performed
along with the visual monitoring task increases.

Another odd result that concerned us for many months
is that the memory search task consistently showed a
jump in performance in Session 9 relative to Sessions 8
and 10. When looking at printouts of performance data
for the individual subjects, which included the memory
set, one of us noticed that a pronounceable two-syllable
nonword, BLEPIN, occurred more than once. Closer ex
amination revealed that all subjects received this mem
ory set in Session 9, and none of the other memory sets
approximated a pronounceable nonword. It seems ap
parent that the ease with which the Session 9 memory set
can be remembered accounts for the unusually high per
formance in that session. This also points out a limita
tion, at least for some purposes, in the way that the mem
ory set is selected in SYNWORKI. The session number
is the seed that determines the selection of the memory
set. So, memory set is constant for between-subject com
parisons, but it is a confound that throws noise into within
subject comparisons such as practice effects, circadian
effects, and so on. Although less problematic, this same
confound holds for the specific sequences of target let
ters in the memory search task, problems in the arith
metic task, and tones in the auditory monitoring task, be
cause all such sequences are determined from the session
number random seed. There is no simple way to coun
terbalance the memory set, or the event sequences, for
each session across subjects because session number is
determined automatically by the program from the iden
tification number entered for the subject; the program
searches the directory for the data file with this identifi
cation number that has the highest session number and
then increments the session number by I. There is an op
tion that allows the experimenter to specify the letters for
a session in an external file, but this would be a compli
cated procedure to implement in order to eliminate con
founds of memory set with session.

Conclusion
Our empirical examination of SYNWORKI,along with

consideration of incidental things we learned about the
software as we were conducting the examination, leads
us to conclude that it is indeed a valuable research tool for

many purposes. SYNWORKI has considerable flexibil
ity in task scheduling parameters, including the number
oftasks presented, the rate at which events occur, and the
payoff structure. It allows measurement not only ofpoint
totals but also of numerous other measures of task per
formance, some of which we mentioned earlier. As our
results demonstrate, performance ofSYNWORKl is sen
sitive to the number of tasks and rate at which critical
events occur. The strengths ofSYNWORKl make it use
ful for examining effects of arousal-related variables such
as sleep deprivation and drug influences on performance,
of subject variables such as age, and of training sched
ules. It also seems well suited to evaluating issues per
taining to the executive control ofaction (Logan, 1985),
including selecting among alternative strategies, coordi
nating the strategy during task performance, and disen
gaging or modifying the strategy in response to changes
in the task environment.

SYNWORKI also has several limitations ofwhich ex
perimenters who use it should be aware. Performance in
the SYNWORKI environment is centered around two of
the four tasks-visual monitoring, which requires that
attention be devoted to it to avoid heavy penalties, and
arithmetic, which as the only open-ended task provides
the primary means for improving performance with prac
tice. Performance is also affected by several idiosyncratic
factors. Ofparticular note is that the memory set and se
quences ofevents for a session are determined by the ses
sion number. Consequently, the strongest conclusions re
quire comparison of two or more groups of subjects.

Elsmore (1994) described SYNWORKI as a prototype
for the implementation of synthetic-work tasks on com
puters. Modifications and developments that would be
useful include the following. It would be desirable to be
able to vary task aspects such as self- versus experiment
pacing so that the several aspects that covary in the pre
sent implementation can be isolated and studied. Also
useful, at least as an option, would be to allow the points
obtained in the visual monitoring task to truly be a func
tion of how close to the scale end the marker is allowed to
get. This could be accomplished by structuring the task
like the memory search task, having the marker begin
moving from center at fixed time intervals (e.g., 20 sec)
corresponding to the amount of time necessary for the
marker to reach the end of the scale. In its present state,
the critical events for all of the experiment-paced tasks
occur at a fixed rate. This allows subjects to develop time
based strategies for performing these tasks. Adding an
option for the event onsets to vary randomly about a spec
ified mean value would add uncertainty about when the
events would occur. Although the response end of the task
is simplified by having all responding controlled by a
computer mouse, this necessarily imposes a strong seri
ality on task performance and eliminates the possibility
of examining response-related variables. The issues that
could be investigated in the multiple-task environment
thus would be enhanced by allowing several alternative
response-mode options.
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SYNWORKl is only one example of sophisticated
software for examining specific complex task situations
that are becoming increasingly available. For example,
DiFonzo, Hantula, and Bordia (1998) describe three "mi
croworlds" for investigating decision making in dynamic
simulated environments. In such software there are likely
to be many constraints on task performance and idiosyn
crasies of the type that we have described here for SYN
WORKl. We strongly advise researchers to take any such
software for a "shake-down cruise" before proceeding to
use it to investigatespecific empiricaland theoretical issues
ofpsychological import. Only when the properties of the
software tool itself are understood well can results ob
tained with it be used and interpreted with confidence.
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