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Performance on a sustained attention task as a
function of strategy: A cross-sectional

investigation using the Mackworth clock-test

LEONARD M. GIAMBRA, REGINALD E. QUILTER,
PAMELA B. PHILLIPS, and BARBARA S. HISCOCK

Gerontology Research Center, National Institute on Aging, Baltimore, Maryland

In an attempt to ascertain strategies used during a Mackworth clock-test vigilance task, we
had 128 men, 18 to 89 years old, answer a series of open-ended questions immediately following
the task. Each of the posttask response protocols was assigned to one of six strategies by two
judges. Age was not related to the strategy used, but strategy was found to be significantly related
to target detection accuracy. Strategies based upon active mental involvement in the vigilance
task produced the greatest level of target detection, whereas a strategy based only upon self
arousal manipulation through limited physical movement produced the poorest target detection.
Strategy had no effect on the time course of performance.

Vigilance performance is influenced by the conditions
of the specific vigilance task and the physiological state
of the individual (Davies & Parasuraman, 1982). Theories
of vigilance have attempted to explain vigilance in terms
of arousal, expectancy, habituation, observing responses,
inhibition, and signal detection theory (Davies& Parasura
man, 1982; Warm, 1977). The conscious, deliberate
actions of the vigilant actor have received virtually no
consideration. Occasionally, anecdotal accounts of spon
taneous postsession verbalizations have been reported .
Conscious or effortful processes in vigilance have been
dubbed "control processes" by Fisk and Schneider
(1981), and have been shown by them to exert a power
ful influence on performance. Thus, one may be able to
learn a great deal about control processes for vigilance
by asking the vigilant actor to describe his/her strategy .

Bakan (1963) apparently conducted the only study in
which vigilant actor reports of conscious control processes
were related to task performance. After taking 100 young
men through a 48-min auditory cognitive vigilance task,
Bakan asked them to respond "yes" or " no" to
78 questionsdealing with their task performance and men
tal state. Of these questions, 19 may be interpreted as be
ing related to attempts to regulate their performance dur
ing the task. Of these, 8 were found to be significantly
related to accuracy of performance: (1) "After hearing
a signal and writing it down I would take a short break
and stop listening for a while." (2) "After a while I got
to feeling hopeless and I sort of gave up." (3) "After a
while I didn't care much about getting the signals." (4) "I
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didn't try as hard as I could have, since doing well would
not do me any good." (5) " I got to points where I stopped
listening, and when I stopped, I stopped for a long time."
(6) "Sometimes I was tempted to write down any signal
at all, just to be doing something ." (7) "At times I felt
like giving up and just sitting there till it was over."
(8) "My concentration was continuous ; that is, I never
relaxed my listening, not even for short periods of time. "
For all but question 8, subjects who responded "no" had
higher numbers of detected targets. Overall, the correla
tions between responses to these questions and perfor
mance on the task suggest that men who made deliberate
efforts to maintain involvement in the task were better
performers than those who withdrew attention or who
were passively involved.

Although Bakan's (1963) approach provides informa
tion on the vigilant actor's conscious control processes
or strategies, the yes/no response format to questions deal
ing with control processes is limited and requires each
actor to accept or reject the use of a strategy without
qualification. In the present study we allowed participants
to respond to a series of open-ended questions regarding
their control processes or strategies . Furthermore, addi
tional questions were posed when the responses were
vague or unclear or required further elaboration. Strate
gies and control processes gleaned from verbal reports
were then compared with regard to their effect on ac
curacy and response speed. A lifespan sample was uti
lized to investigate the possibility of age differences in
control processes or strategies in vigilance.

METHOD

Subjects
The cross-sectional sample of 128 men was partitioned into five age

groups : 18-39 (n=28), 40-49 (n=9), 50-59 (n= 18),60-69 (n=26),
and 70-89 (n=38) ; 9 additional men attempted but did not complete

333



334 GIAMBRA, QUILTER, PHILLIPS, AND HISCOCK

the clock-test. All were participants in the Baltimore Longitudinal Study
of Aging (Shock et al ., 1984), and were mostly college-educated whites
living in the Baltimore-Washington area . The men were tested in the
period from 1980 to 1984. This was part of a larger study of age effects
on vigilance, reported by Giambra and Quilter (1988) .

Apparatus
The clock was a metal box with a plain white face 30.5 ern in di

ameter and a single black pointer 15.25 cm in length that moved in
100 discrete steps of 3.6 0 around the face. Each step occurred within
a l-sec interval . During the 62-min test period, at long and irregular
intervals, the pointer traveled twice the usual distance in I sec , sub
tending an arc of 7 .2 0

• These "double jumps," 23 in number, were
the targets . The clock was set upright on a shelf 1.22 m in front of the
subject and was illuminated by a 40-W incandescent lamp placed above
and behind his head . For several subjects, who experienced difficulty
in seeing the clock pointer , the 1.22-m distance was reduced by as much
as 31 em so that the pointer could be clearly seen .

Procedure
Mackworth clock-test . Before the test session, each subject com

pleted a drug information form listing all drugs, over-the-counter and
prescription, taken on a regular and irregular basis . Subjects who 12 h
prior to the test session had taken drugs , including alcohol , that would
interfere with performance were excluded . The clock-test was preceded
by instruction, a demonstration, and practice . During the entire session,
the subject sat comfortably in a hospital bed that was adjusted to sup
port his legs in a horizontal position . During the clock-test, this area
was surrounded by a white curtain that isolated the subject and the clock
from the rest of the room . As nearly as possible, all extraneous noises
were excluded from the room. The only sound emitted by the clock was
the steady, faint drone of its motor. This sound mingled with the noise
of a chart-drive motor.

During the instruction and demonstration period , the subject was told
that he would be working at a "watch-keeping" task and that it was
a demanding one requiring his full attention and cooperation. After the
subject was comfortably settled in front of the clock , the experimenter
started the mechanism and , together with the subject, observed the or
dinary movement of the pointer. The experimenter told the subject that
every now and then, at long and irregular intervals , the pointer moved
twice the usual distance and that this was termed a "double jump." Af
ter the subject learned to recognize the difference between the two kinds
of movements, 5 to 10 double jumps were presented at different posi
tions around the face of the clock , interspersed with ordinary move
ments. The experimenter watched theclock with thesubject and prompted
him whenever necessary to make sure that he understood the task .

The practice period was a short sample of the actual test, and was
designed to give the subject some idea of what to expect from the clock
test. The subject was given a response key-a microswitch, contained
in a comfortable hand-held grip, which was actuated by a thumbpress
and was told to hold it in his right hand . The subject was informed that
double jumps would appear, and that his task was to press the response
key as quickly as possible when he recognized them. During this time
the subject was alone . Four double jumps were presented, and at each
successful keypress the response time (RT) was voice relayed to the
subject , who was encouraged to respond faster. If the subject failed to
press the response key after the presentation of a double jump, the ex
perimenter called out that one had just occurred. False presses were
also reported to the subject.

A rest period of 5 min or more followed the practice period. The sub
ject was reminded that the clock-test entailed watching the clock pointer
for I h, during which an unspecified number of double jumps would
occur in a random order; he was told to respond to the double jump
"as fast as possible ," but even when late always to press the response
button, since we were also interested in whether or not he detected the
double jumps. False presses, it was pointed out, would not affect his
score on the test . The subject was not permitted the use of a timepiece,
and was told that the experimenter would neither communicate with him
nor answer any query unless some emergency arose.

The 23 double jumps presented did not, in reality, occur at random .
They appeared at precisely the following times, in minutes, into theclock-

test: 2, 4, 7, 11, 13, 15, 19,21 ,23,26,30,32,34,37,41,43,45,
49,51,53,56,60,62. The subjects' postsession comments indicated
that they were unaware of this, and many expressed the belief that the
double jumps had indeed appeared in random order .

Strategy~t. Immediately following thetest, theexperimenter
explained to the subject that she would like to ask him some questions
about the test and that his answers and comments would be taped.
If the subject had no objections, the experimenter asked 13 questions,
with the following pertaining to strategy : (I) " What was going on in
your mind throughout the session?" (2) "How did you keep yourself
alert?" (3) "How did you make sure you were reacting as quickly
as possible to a double jump?" (4) "How did you separate a single
jump from a double jump?" If any of the subject's answers were not
clear to the experimenter, she asked the subject to elaborate or explain
further.

The interviews were transcribed and the strategy employed was rated
as belonging to one of six types . The six rating values, from highest
to lowest , and their attendant strategies were as follows: (6) watched
the clock and counted the single jumps in an attempt to determine the
existence of a pattern in the appearance of the target; (5) counted sin
gle jumps, but in a nonsystematic manner with no attempt at determin
ing a target pattern; (4) watched the clock with no counting; (3) reported
only an attempt at concentration and at a nonspecific anticipation of the
target ; (2) attempted physical movements in order to maintain alertness;
(I ) reported being hypnotized or mesmerized by the clock movement.

An initial group of 62 protocols was rated independently by two judges,
with an interjudge correlation of .80 . Disagreements in absolute values
of ratings were reviewed by the two judges and resolved by discussion.
The remaining 66 protocols were then judged independently by the two
judges, with an interjudge correlation of .89. Disagreements in abso
lute value ratings were again resolved by discussion. The protocols of
3 subjects could not be rated . The protocol of I subject was rated I ,
and he was omitted from the subsequent analyses .

RESULTS

Three performance measures were directly obtained
from the completed 62-min Mackworth clock-test. The
first measure, hits, was simply the number of targets de
tected out of23. The second measure, false presses, was
the total number of times that the subject mistook a sin
gle jump for a double jump or target and pressed the
response key. This measure was not analyzed, however,
since most of the subjects produced very few or no false
presses, and a few produced a great number of false
presses; thus mean values were unreliable. This also
precluded the use of signal detection measures. When A'
was calculated it was found to correlate .95 with hits; thus
it was essentially redundant with hits, The third measure,
mean RT, was the mean RT for all the targets detected .
The RT was the interval from the appearance of a double
jump to the subject's press of the response button, with
intervals longer than 6 sec excluded.

The subsequently reported analysis of variance
(ANOVA) calculations were based upon the data
described above and upon transformations of these mea
sures suggested by Winer (1971) to accommodate poten
tial violations of ANOVA assumptions. The transforma
tions used were square root of hits and natural logarithm
of 1.0 added to mean RT (sec). Unless otherwise stated,
the ANOVA results reported are for these transformed
measures and any untransformed data outcomes that did
not correspond to the transformed data outcomes with
regard to statistical significance at least at the .05 level.



Age Effects
A one-way ANOVA was performed in which age group

was the independent variable and strategy rating was the
dependent variable; the effect of age group was not sig
nificant [F(4,114) = 1.24, MSe = 1.96, P > .05] . The
previous ANOVA presumes that the strategy ratings were
on an equal interval scale , and the lack of an age effect
may have been due to the ratings' being on a nominal
scale. Therefore, because age was on a ratio scale, an al
ternative ANOV A was carried out in which strategy rat
ing was treated as the independent variable and age was
the dependent variable; the effect of strategy rating was
not significant [F(4,11O) = 0.72, MSe = 392.31,
p > .05]. It was concluded that age and strategy rating
were independent; in all subsequent analyses no age dis
tinctions were made.

Strategy Effects
Because there was only a single subject with a strategy

rating of 1, that category was omitted in the subsequent
ANOV As. Strategy rating significantly affected hits
[F(4 ,11O) = 4.79 , P < .01, MSe = 0.3317], but not
mean RT [F(4,11O) = 1.09, p > .30 , MSe = 0.0092].
The smallest number of hits was obtained by strategy rat
ing 2 (M= 10.9), whereas the greatest number of hits was
obtained by rating 6 (M=17.4); ratings 3, 4, and 5 had
similar numbers of hits (Ms= 15.4, 16.2 , and 15.5,
respectively). Clearly , strategies of rating 2 were the least
effective in terms of detecting targets; less clearly , strate
gies of rating 6 were the most successful. A Scheffe
post hoc test found that the hits for rating 2 were signifi
cantly different (p < .05) from all other rating types,
which , in turn, were not significantly different from each
other.

Strategy Rating x Time Into Task Interaction
To determine the influence of strategy upon the time

course of vigilance, a strategy rating X time into task
ANOVA was carried out, using 23 time periods. The time
periods were those associated with the appearance of each
target. The strategy rating X time into task interaction
was not significant (p > .05) for hits [F(88,2464) =
0 .89, MSe = 0.1788] or mean RT [F(88,1625) = 0.71,
MSe = 0.177] .
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DISCUSSION

Strategy was associated with detection accuracy . Generally, a strategy
of active. conscious , and directed involvement in the vigilance task was
superior to haphazard or passive involvement or concentrating on self
arousal through physical movements. A strategy of manipulation of phys
ical movements to keep alertness levels up was associated with a sub
stantially lower detection accuracy . Davies and Parasuraman (1982)
reported several experiments in which physical exercise during vigilance
improved performance. In the present experiment physical movement
was confined to actions carried out while seated . This difference may
account for the ineffectiveness of the physical movement strategy in the
present experiment . More important, direct involvement in the vigilance
task appeared to be the better strategy. Among the direct involvement
strategies, a strategy including very active and persistent efforts to un
derstand the vigilance task or the parameters of the target occurrences
was associated with the highest levels of detection accuracy-although
not significantly so, using the Scheffe post hoc test . This is consistent
with Bakan 's (1963) work . These results suggest that for tasks requir
ing a vigilant actor , such as industrial inspection tasks, attempts to main
tain alertness based only on limited phys ical movements do little to im
prove detection likelihood. Furthermore, an active, aggressive
involvement in the task is most likely to yield the greatest target detec
tion accuracy.

Finally , young, middle-aged, and elderly men appeared to be equally
disposed to employ each of the six strategies. The failure to obtain a
relationship between age and strategy usage may reflect a true age equiva
lence or may reflect the crudeness with which the strategies were sepa
rated. Any decision on this must await the use of more precise methods
and replication across a variety of vigilance tasks .
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