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Delayed matching-to-sample performance as a
measure of human visuospatial working memory
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The characteristics of the cognitive processes or systems involved in temporary maintenance
of visual information are as yet unclear. In the present delayed matching procedure, subjects
judged whether two visual patterns were identical under conditions in which patterns could vary
in size and delay-interval length varied. To address the suggestion that a component of working
memory is specialized for short-term visual storage, the type of distractor activity interpolated
in the delay interval varied in terms of apparent differences in demands for working memory
resources. Analyses of errors indicated that judgments of size disparity between two successively
presented visual patterns were influenced by the length of the delay interval, by the specific pro
cessing activity interpolated in the delay, and by the temporal arrangement relating distractor
activity and memory testing. Visual recognition was interfered with when memory testing oc
curred concurrently with the terminal processing of distractor activity, but not when testing oc
curred following termination of such distractor-activity processing. This result supports the view
that a passive, visuospatial slave system-rather than central processing resources-is responsi
ble for temporary maintenance of a visuospatialstimulus (Logie, Zucco, & Baddeley, 1990). Data
from delayed matching tasks may contribute to the theoretical development of a working memo
ory system.

Tasks that require the temporary storage and manipu
lation of information are generally considered to involve
working memory. Currently, the most frequently cited
model of working memory is that of Baddeley (Baddeley,
1986; Baddeley & Hitch, 1974) . The model is assumed
to comprise three components: a limited-eapacity central
executive that is involved in reasoning and decision mak
ing, and two independent slave systems-the articulatory
loop involved in the storage and processing of verbal ma
terial, and the visuospatial sketchpad (VSSP), which per
forms a similar function for visuospatial material .

A number of tasks appear to involve temporary storage
and manipulation of visuospatial information-for exam
ple, visual-imagery mnemonics, or the remembering of
random square matrices (Phillips, 1974) or Chinese
characters low in frequency and unlikely to have a verbal
label known by subjects (Hue & Erickson, 1988). Support
for the idea that information can be maintained in a visual
form also comes from a paradigm wherein comparisons
in a memory task that can be made on the basis ofphysical
appearance are faster than those that cannot. For exam
ple, Parks, Kroll , Salzberg, and Parkinson (1972) showed
that matches of physically identical stimuli (e.g., "A"
to "A") after an 8-sec delay were relatively faster than
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matches with stimuli that were the same in name but dif
ferent in case (e.g., "A" to "a"), suggesting that visual
traces were maintained for at least 8 sec .

The existence of a system, such as Baddeley's articula
tory loop, that is specialized for processing and temporary
storage of verbal material is relatively well established
(Avons & Phillips, 1987; Baddeley, 1986; Logie, 1989).
The existence ofa similar specialized system for process
ing visuospatial information is a more contentious issue.
Two views of whether or not a VSSP is a necessary com
ponent of an adequate working memory model have dom
inated the literature.

Baddeley and colleagues (Baddeley & Lieberman, 1980;
Logie, 1986; Logie, Zucco, & Baddeley, 1990) have pro
vided data from a range of memory tasks and interven
ing tasks, which they argue support the existence of a sep
arate system specialized for storage and manipulation of
visuospatial information. Recently, using a span task,
Logie et al . (1990) found a double dissociation: a letter
span task was more disrupted by concurrent arithmetic
than by a visuospatial task, whereas the visual matrixtask
showed greater disruption when the concurrent activity
was visuospatial rather than arithmetic. The assumption
behind these studies is that the slave systems can be dis
sociated from each other by employing interference ac
tivities specifically targeted at a given slave system. Con
sequently, there has been much concern with modality,
but less with the specific details of memory tasks and in
tervening tasks, including assumed involvement of cen
tral resources in these often complex tasks .
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Phillips and Christie (l977a, 1977b), on the other hand,
have reported findings that conflict with the view that a
separate, independent system is necessarily involved in
the temporary storage of visuospatial information (Avons
& Phillips, 1980, 1987; Phillips, 1974; Phillips &
Christie, 1977a, 1977b). Using a paradigm involving rec
ognition memory for visually presented matrices, in which
the matrices typically have half their cells filled, and one
cell is changed at random between stimulus presentation
and recognition test, these researchers have obtained data
from which they have argued that the processing and stor
age of short-term visual information may rely on a cen
tral resource pool, not a separate system, so that any dis
tractor task that is "mentally demanding" (Avons &
Phillips, 1980, p. 407) will compete for resources. For
example, visual memory was impaired when subjects were
required to add aurally presented digits . They argue that
the most crucial factor in the disruption of visuospatial
working memory is not the visual similarity of the to-be
remembered event and the intervening task, but rather the
extent to which the interpolated task requires central pro
cessing capacity .

Development of a coherent view of the characteristics
of visuospatial working memory has been complicated by
the use of different paradigms (e.g., Brown-Peterson
tasks; span tasks) and tasks varying in complexity. Task
difficulty is a particularly important issue, and the cur
rent empirical and theoretical contradictions concerning
the need to posit a separate system for temporary main
tenance of visuospatial information may be addressed by
systematically modifying relevant variables within a par
ticular task to determine precisely which aspects are
responsible for any interference caused. The delayed
matching procedure could serve such a purpose. The stan
dard task lends itself to substantial variation, including
modification of temporal variables and of the nature of
the stimuli used in memory and intervening tasks, while
important variables such as the mode of responding, and
hence , dependent measures, are held constant. Delayed
matching tasks have been shown to be sensitive to human
amnesia (e.g., in Korsakoffpatients) and to recognition
performance in people with dementia of the Alzheimer
type, and these tasks have advantages over more com
plex tasks, in that subjects have little difficulty in under
standing the task instructions.

In the present study, the selectivity of interference in
working memory was investigated in a delayed matching
procedure. It was specifically aimed at the investigation
of whether or not distractor tasks with minimal require
ments on visuospatial processing, but varying in demands
on central processing resources, would differentially af
fect memory for a visual stimulus .

A second purpose was to attempt to test a prediction
from Baddeley 's working memory model concerning the
involvement of central executive resources in maintenance
of a visual stimulus over the delay interval-that is, to
investigate the need for a separate system for visuospatial
information. Critical to distinguishing between Baddeley's

view and that of Phillips and Christie is a delay-interval
manipulation in which only part of the delay is filled with
intervening activity. This would allow recognition per
formance to be measured with concurrent activity, as well
as following the termination of such activity . If the visual
stimulus is maintained in a separate store, intervening
activity with low demands on visual processing should
affect performance only when memory testing occurs con
currently with intervening activity draining central
processing resources . No studies appear to have measured
primary task performance beyond the divided-attention
component of the procedure.

MEmOD

Subjects
There were 40 subjects-19 females and 21 males, between 17 and

59 years of age. They were staff and students of Victoria University
of Wellington, New Zealand, and they were paid to participate in the
experiment. All had normal or corrected-to-normal vision.

Materials
Theexperiment was conducted andresponses were recorded on a Com

modore PC 40, Series ill microcomputer, with task instructions and
visual stimuli presented on a Hewlett-Packard videographics color
monitor .

The stimuli were squares varying in size. Eight stimuli were used,
varying from 24 to 36 mm (24, 26, 27.5,29, 30.5, 32.5, 34, and36 mm)
on a side. In selecting stimuli that would encourage visual coding and
maintenance, it was assumed that variations in the size of a square would
not lend themselves readily to a verbal label (cf. Kubovy & Podgomy,
1981). A simple stimulus was chosen for two reasons . First , it could
be assumed that the capacity of a visual store would not be exceeded
(Frick, 1988). Second, a problem with many tasks used previously (e.g.,
versions of Brooks 's , 1967, 1968, tasks) is that they are likely to make
demands on a central resource pool , irrespective of whether a separate
system exists for specialized processing, resulting in complicating the
oretical interpretations. Thememory task used in the current study could
be assumed low in its demands on a central executive, but high in its
demands on a specialized visual processor.

Design and Procedure
The design was a 4 x3 within-subject factorial, with four levels of

delay interval and three levels of condition .
Theexperiment was conducted under normal room illumination. Each

session involved 9 practice trials followed by 96 experimental trials,
with each session's trials in a unique random order. The subjects were
tested individually, and the experimenter was present throughout.

In the successive matching-to-sample task, each trial involved pre
sentation of a fixation point for 1 sec in the central location of the mon
itor. A sample stimulus was then presented in the same location for 1 sec.
The sample and test stimuli were relatively large in comparison with
the fixation point. After a variable delay interval (0, 5, 10, or 15 sec),
each occurring with equal probability, a test stimulus was presented in
the same location as that of the previously seen sample . The subject's
task was to decide whether the stimulus was exactly the same as the
previously presented sample, andto press one of the designated response
keys accordingly . For half of the subjects, the response "same" was
made with the index finger of the right hand, and the response "differ
ent" with the index finger of the left hand. For the remainder of the
subjects, these responses were reversed . A 3-sec intertrial interval sep
arated consecutive trials in a session . Feedback in the form of the word
"correct" or "error" was displayed centrally on the monitor for 1 sec
after the subject 's response had been made. The remaining 2 sec of the
intertrial interval were blank .

There were three conditions that differed in terms of activity interpo
lated in the delay interval . Other than when a O-sec delay occurred, a
word appeared on the monitor for 1 sec at the fixation-point location,



Table 1
Mean Proportions Correct (WIth Standard Deviations)

As a Function or Condition and Delay (in Seconds)

.5 sec after sample-stimulus offset in all cond itions . The three cond i
tions included a control condition and two " interference " cond itions ,
in which distractor tasks were used . In the control cond ition, the word
" blank" appeared .5 sec after sample offse t , indicating to the subject
that no activity would occur during the delay . In the other two condi
tions, the word that appeared was followed by a string of five digits ,
presented visually at the fixation point at a rate of two per second. In
the passive condition, the word " read" occurred, indicating that the
five subsequently presented digits were to be read aloud to the experi
menter. Theremainder of the delay interval (lo- and IS-sec delays ) was
free of interpolated activ ity . In the active condition, the word " add"
appeared after sample offset and indicated that the five digits were to
beadded together , withtheir sum stated aloud to the experimenter. Again,
the remainder of the longer delay intervals was free of interpolated ac
tivity . Thedigits were presented successively at a rate of two per sec
ond , so that the final digit in the distraetor activity occurred 4 sec into
the delay interval . Thedistractor tasks had identical visual components,
but the active (digit-adding) task was assumed to require central pro
cessing resources, whereas the passive (digit-recognition) task was as
sumed on the basis of prev ious research to require the articulatory loop
but to make minimal demands on central processing resources. Thecon
trol condition, in which there was no concurrent activity , served as a
baseline.

Thecombination of eight stimuliand four delay intervals gave 32 trials
in each of the three conditions . A random generator selected combina
tions of same/differentcomparisons with equal probability for each sub
ject, with the constraint that no more than three " same" or " differ
ent " responses occur on consecutive trials. Combinations of samples
and delays were selected at random, with the constraint that no more
than three consecutive trials include the same delay-interval length or
the same sample stimulus. The type of interpolated activity on any par 
ticular trial was not known until after sample presentation, andthe length
of the delay interval was not known until presentation of the test stimu
lus . A sess ion lasted approximately 35 min.

Con tro l Pass ive Active

Delay

o
5

10
15

M SD

0.90 0. 12 1
0.74 0.148
0.70 0 .157
0. 70 0 .167

M SD

0.86 0 .135
0 .68 0 .157
0 .75 0 .128
0 .72 0 .128

M SD

0.87 0 .137
0 .63 0 .179
0 .69 0.155
0 .63 0.199
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RESULTS

The proportion of correct responses (correct/total re
sponses) for each subject (eight trials with each of the 12
combinations of condition and delay) was calculated. Ta
ble I shows the mean proportions correct (PC) for each
delay interval in each condition. Performance is highest
overal l in the control condition (mean PC = 76.01) and
lowest in the active condition (mean PC = 70.47). In both
interference conditions, performance is disrupted at the
5-sec delay, when the subject had to respond to the delayed
matching test concurrently with completion of distractor
activity (the last distractor digit having been presented
4 sec into the delay interval). These results are summa
rized in Figure 1, in which delayed matching perfonnance
is plotted as a function of delay interval and of whether
the memory test occurred concurrently with terminal pro
cessing of the distractor task, or subsequent to it. Con
trol condition data are used in both subplots for compara
tive purposes.

The 480 proportions correct (4 delays x 3 conditions
x 40 subjects) , each based on eight trials conducted with
the combinations, were subjected to a 4 X 3 analysis of
variance for repeated measures on both factors. There was
a main effect of delay [F(3,117) = 47.38 , P < .01].
There was also a main effect of condition [F(2,78) = 6.27,
p < .01]. The delay x condition interaction failed to
reach significance. When the data were submitted to an
arc-sin transformation, a similar result was found [for con
dition,F(2,78) = 5.72,p < .01 ; for delay , F(3, 117) =
55.64, p < .01].

A post hoc comparison by means of Duncan 's multiple
range test (a = .05) on scores subjected to a one-way
analysis of variance at each delay interval showed that
the active condition differed from the control condition
at the 5-sec delay, but the test was ambiguous with respect
to the passive condition. No difference was found between
conditions at the lo-sec delay. At the 15-sec delay, the
active condition differed from the passive condition.

WIth Interpolated ActIVity Without Interpolated Activ ity

1.0 1.0

~ .... Passive
0 0.9 .. Active
u

ControlC ;>-
0
i: 0.8 0.80
Q.

2 ..
Q.

C -.. 0.7 0.7

~
Gl:=;

0.6
2 3 4 5 6 9 10 11 12 13 1 4 15

Retention Interval (sec)

Figure 1. Delayed matching pedonnance as a runction or retention interval with and with
out interpolated activity at the time or the memory test.
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DISCUSSION

These resultsshowshort-termretentionof visual information, as mea
sured by thedelayedmatching task, to be differentially affected by digit
addingand digit-recognition distractortasks. Pooreroverall performance
on the active (digit-adding)task suggeststheinvolvement of central pro
cessing resources in the maintenance of a visual stimulusover the delay
interval, a fmding more in keeping with Phillips and Christie's (l977a,
1977b)conclusionsthan with those of Baddeley(1986)and Logie et aI.
(1990).

However when performance is looked at separately in terms of
whether visual recognition was tested concurrently with termination
of distractor activity (5-secdelay testing), or subsequentto termination
of distractor activity (I(}. and 15-sec delays), the results are more in
keeping with Baddeley's working memory model. The critical result,
in terms of the two theoretical positions previously outlined, involves
the greater disruption at the 5-sec delay by a task requiring the adding
of digits than by a task requiring the recognitionof digits,.and th~ sub
sequent improvement in performance at the l(}.secdelay in both inter
ference conditions. Baddeley'smodelpredicts recognition to be affected
only when testing occurs concurrently with interpolatedactivity drain
ing central resources (i.e., in the active task at the 5-sec delay). Predic
tions are less clear with respect to the passive task, but if it is influen
tial at all, again it should have its effect at the 5-sec delay only. On
the other hand, Phillips and Christie's model predicts the disruption of
performance at the 5-sec delay to be carried through to the longer de
lays, since central processing resources are assumed to be necessary
for the maintenanceof short-term visual information. The current re
sult clearly does not support this, although a decline in performance
at the 15-sec delay in the active condition complicates the interpreta
tion. Two factorsto considerwith respectto the latter pointare the large
amount of variability in performance at the longer delays in the active
condition (see Table 1) and the confounding with delay-interval length
inherent in the current methodology.

Disruption of delayed matching at the 5-sec delay but an absence of
a similareffectof condition at the l(}.sec delaysuggests that maintenance
of a visual stimulusis not disruptedby either interference conditionun
less recognition is tested whilecentral processing resourcesare also in
volved in completing a distractortask. The current result therefore sup
ports a working memory model in whicha store, separate fromthe central
executive, maintains a visual stimulus, making minimal demands on central
resources until timeof recognition test. Morris (1987)has proposedthat
the central executive in Baddeley'smodel is involved in activeencoding
of material into the VSSP, but that it is "uncoupled" from the VSSP
during maintenance rehearsal and freed up for other tasks until testing
occurs. In the task used in the present study, central executive involve
ment should be consistent involvement at each delay interval (i.e., the
testing situation remainsconstant), so that the delay-interval manipula
tion allows assessment of the maintained visuospatial information with
central executiveinvolvement held constant. Theoretically, then, the ef
fect of the active and passive distractor tasks can be ascertained.

Improvement of performance following cessation of distraetoractivity
(i.e., at the l(}.sec delay) for both interference conditions implicates
the "divided attention" componentof the task in the poor performance
demonstrated in many paradigms. When Phillips and Christie found an
effect of adding visually and aurally presented digits on performance
of their visual matrix task, they measured recognition memory at one
delay only, at 1.25 sec after presentation of the fmal distractor digit.
Hence, fmding that any mentally demanding task, irrespective of mo
dality, disruptedvisualmemory performancemayreflectthecentralpro
cessing component, and it leaves open the question of the necessity of
postulating a separate visual store utilized for temporary maintenance
of visual information. Logie et aI. (1990) have argued that the small
impairment on visual-span performanceby a concurrent arithmetictask
reflectsthe general disruption from concurrentactivity,butthat the more
specific disruption by a same-modality task reflects the operation of a
specialized processor.

In the current study, the change in accuracy over the delays in the
control condition indicates that the delayed matching-to-sample proce
dure is suitable for the investigation of the temporary maintenance of
visual information in human subjects. Control-eondition performance
suggests that the decay or loss of visual memory is most rapid in the
first few secondsof the delay interval (cf. Peterson & Peterson, 1959).
However, the development of a version of the procedure that is less
prone to the effects of individual differences among subjects is desir
able and is currently under investigation.

In summary, the current result supports the concept of a specialized
system in working memory for temporary storage of visual informa
tion. Data from humandelayedmatching taskshave the potentialto con
tribute toward the development of a coherent account of the nature of
working memory.
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