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Capacity limitations in human
information processing

STEVEN P. SHWARTZ
New College, Sarasota, Florida99578

The nature of processing demands during a letter-match task was investigated in an extension of the
Posner and Boies (1971) paradigm. In Experiment I, a visual probe was employed in addition to an
auditory probe in two different experimental conditions. The shape of the auditory probe reaction time
(RT) function was similar to that found by Posner and Boies. However, in contrast to their findings, RT
was greatly increased shortly after presentation of the first letter for the visual probe function. It was
concluded that perceptual as well as postperceptual limitations on processing capacity exist. A second
experiment provided further support for this hypothesis.

The study of attention has become increasingly
prominent in the field of information processing. Results
of recent studies have suggested that attentional effects
are specific to mental operations which take place in
the "central processor" (e.g., Hintzman, Carre, Eskridge,
Owens, Shaff, & Sparks, 1972; Keele, 1972; Keele &
Boies, 1973; Posner & Boies, 1971; Posner & Klein,
1973; Shiffrin, Craig, & Cohen, 1973; Shiffrin &
Gardner, 1972). Mental operations that require process
ing capacity include rehearsal, response selection and
initiation, memory search and comparison, mental
counting, and movement control (Keele, 1973). Per
ceptual processing (encoding) of multiple inputs up to
and including contact with long-term memory (i.e.,
activation of stimulus representations) appears to
proceed in parallel, with unlimited processing capacity,
and does not require attention.

Unfortunately, the exact nature of perceptual pro
cessing has not been clearly delineated for two reasons:
(1) Most studies of attention have not clearly separated
perceptual and postperceptual effects (Egeth, 1967),
and (2) most studies which do not fall into Category 1
have concluded that the perceptual stage(s) does not
require attention and has unlimited capacity. Therefore,
interest has focused on the nature of postperceptual
processing.

The secondary task technique employed by Posner
and Boies (1971) offers a unique method for the assess
ment of processing demands during information process
ing. Briefly, the subject's primary task was a sequential
letter match. A l-sec interstimulus interval (lSI) sep
arated the onset of the first letter from the onset of the
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second letter, and the subject made a "same" vs. "differ
ent" response. In addition, the subject was required to
make a simple reaction time (RT) response to an audi
tory probe presented at a number of temporal positions
during the letter-match task and was informed that this
was a secondary task. Because letter-match RTs reo
mained relatively constant as a function of the temporal
position at which the probe occurred, fluctuations in
probe RTs were hypothesized to reflect fluctuations in
the amount of processing capacity required by the
letter-match task. The same study (Posner & Boies,
1971) had found the optimal lSI for the two letters to
be .5 sec following presentation of the first letter, and
concluded that the maximum time needed to encode
the first letter was .5 sec. Because probe RTs were rela
tively short during the first .5 sec of the letter-match
task and did not begin to rise until the end of this stage,
they concluded that there were no limitations on pro
cessing capacity until after encoding was complete. The
generality of the latter result was demonstrated in two
series of replications (Posner & Boies, 1971; Posner &
Klein, 1973). Similar probe RT functions were found
for constant ISIs of .5, 1, and 2 sec and for a variable
lSI of 50-1,000 msec. In addition, with a constant
I-sec lSI, this fmding was replicated with first-letter
exposure durations of 50·1,000 msec, although no
mask followed the offset of the stimulus.

All of the studies mentioned above found nonatten
tive parallel perceptual processing. These findings are
consistent with an unlimited perceptual processing
capacity model. An alternative explanation is that,
in these studies, perceptual processing capacity was not
overloaded.

The present study involves a replication of the
Posner and Boies (1971) study in an attempt to investi
gate the plausibility of this alternative explanation. The
following manipulations were made: (1) The matching
task was extended to a four-letter array and demands
on perceptual processing capacity for one- and four
letter stimuli were compared, and (2) a visual as well
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Figure 1. Visual and auditory probe RTs as a function of
probe position for Experiment I.

days was counterbalanced in a 4 by 4 Latin square, with one
SUbject assigned to each row. Each subject received 96 trials per
day, half of which required a "same" response and half a "differ
ent" response. On a randomly selected half of the trials a probe
occurred, with each of the six temporal positions probed equally
often in random order. On probe trials, equal numbers of
"same" and "different" responses were required at each probe
position and the order of "same" and "different" responses
was randomly arranged. On the practice day, each subject
received four blocks of 24 trials, with the four blocks represent
ing the four experimental conditions. The order of presentation
of blocks was counterbalanced in a Latin square.

The selections of letters for the matching task were de
termined by random sampling from a pool of 10 consonants.
Where a four-letter array required a "different" response, it
differed in only one position, which was randomly determined
for each trial.
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Results and Discussion
For each subject, a median RT for correct responses

was determined for probe and letter-match RTs at each
of the six probe positions. Letter-match RTs represent
the time to respond "same" vs. "different" as a function
of the temporal position of the probe. Figure 1 shows
the mean probe RTs, averaged across subjects, for each
combination of probe type (auditory vs. visual stimuli),
probe position, and load (one- vs. four-letter stimuli);
the corresponding data for the letter-match task is
shown in Figure 2. The order of presentation of con
ditions across days appeared to have no systematic
effects on the data, and has therefore been dropped
from the analysis.

Probe RTs. An analysis of variance was performed
with Type of probe, Position of probe, and Load as
within-subject variables. The main effects of Type and
Position were significant [F(1 ,3) = 14.46. MSe =

EXPERIMENT I

Method
Subjects. The subjects were four undergraduates from New

College who received $1.50/h for their services. Subjects were
tested individually for 5 consecutive days for approximately
I h/day.

Materials and apparatus. Stimulus displays were presented on
a Scientific Prototype Model GB three-channel tachistoscope.
The stimuli for the matching task consisted of either a single
letter or a linear array of four letters, constructed with a Leroy
lettering kit (No.3 pen). Only uppercase letters were used.

The initial stimulus (one or four letters) was presented in
the lower third of the visual field, and the second stimulus
(one or four letters) was presented in the middle thud. Each
letter subtended a visual angle of 19 min, while the angle be
tween the first and second letters was 31 min. The four-letter
linear arrays subtended a visual angle (horizontally) of 1.58 deg.
All stimuli were presented in the horizontal center of the visual
field. Two types of probes were employed. The visual probe
consisted of a black disk presented in the upper third of the
visual field that subtended a visual angle of 34 min. The auditory
probe was a burst of white noise generated by a GSC Model 901b
white-noise generator, with the controls set at -6 dB, and
presented dichotically over headphones. Hunter Klockounters
and timers were used to control interval timing and record RTs.

Procedure. The sequence of events during a given trial was as
follows: Following a ready signal by the experimenter, the
subject pressed a start button with his left index finger. One-half
second later the initial stimulus (one or four letters) was pre
sented [simulating the warning interval which Posner & Boies
(1971) found to be optimal) and remained on for I sec. Simul
taneous with its offset, the second stimulus (one or four letters)
was presented, and the subject made a same-different judgment
by pressing the appropriate key with his right index or middle
finger. In addition, on probe trials the subject made a simple
RT response with his left middle finger to a probe presented at
one of six temporal positions.

On half the trials, either a visual or an auditory probe was
presented. The exposure durations were ISO msec for the visual
probe and approximately 40 msec for the auditory probe at
-6 dB. Both exposure duration for the visual probe and in
tensity for the auditory probe were determined by previous
experimentation to produce 100% detection at all probe posi
tions. Approximately the same six temporal positions were
probed as were used by Posner and Boies (1971). The temporal
positions are shown along the x axes of Figures 1 and 2. The
actual probe positions used were (time in milliseconds, following
the start of the trial) 176, 562, 674, 807, 996, and 1,660.

The two types of matching stimuli (one or four letters)
and the two types of probes (auditory and visual) defined four
experimental conditions. At the beginning of each session, the
subject was instructed that the letter-match task was the primary
task and that the probe task was secondary. Correct-incorrect
and RT feedback were given for letter-match responses only.
The first day was considered practice.

Design. Each subject received one of the four conditions
on each day: The order of presentation of conditions across

as an auditory probe task was employed. The rationale
for the latter is that, in the Posner and Boies study, the
probe and letter-match tasks occurred in different
modalities. Segal and Fusella (1970) found that two
tasks interfered when in the same modality, but did not
interfere when in different modalities. This manipulation
provided a comparison of intermodality vs. intra
modality limitations on processing capacity.
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Figure 2. Letter-match RTs as a function of probe position
for Experiment I.

23,923.2, P < .05 and F(5,15) = 8.78, MSe = 6,050.8,
P < .001]. No other sources reached significance. As
there was no main effect of Load, the data were col
lapsed across levels of load and individual analyses
performed on the visual and auditory functions.

The shape of the auditory function replicated the
Posner and Boies (1971) result, although the increase
from Probe Positions 2-4 to Probe Position 5 was not
significant. The RT at the three positions immediately
following presentation of the first stimulus was signifi
cantly faster than during the warning interval, (i.e.,
Probe Position I) [t(19) = 3.75, P < .01]; however, it
should be noted that, when the auditory probe occurred.
in the warning interval, the visual field was dark, while
at all other temporal positions at which the auditory
probe occurred, the visual field was illuminated from the
letter-match task.

The main finding of this experiment was that the
perceptual processing capacity of the letter-match task
was overloaded when a visual probe occurred, but it
was not overloaded when an auditory probe occurred.
This result can be observed from a comparison of the
auditory and visual probe RT functions during the lSI
of the letter-match task (i.e., Probe Positions 2-5 of
Figure I). Analyses of variance were performed on the
four probe positions in this interval. The main effect of
Position was not significant for the auditory probe
function, but was significant for the visual probe func
tions [F(3,9) = 14.13, MSe=I,054.8, p<.OOI]. A
post hoc analysis, using Scheffe's method, revealed
that RT at Position 2 was slower than at Positions 3
and 4 (p < .001). A trend analysis found the linear,

quadratic, and residual components to be significant
[F(1,3) = 23.55, MSe=578.7, p<.OI; F(I,3)= 17.45,
MSe = 431.31, P < .01; and F(I ,3) = 10.73, MSe =
2,153.41, P < .05, respectively].

Thus, the visual probe data indicate that processing
demands of the letter-match task are greater at Posi
tion 2 than at Positions 3 and 4. This effect cannot be
explained by general alertness or arousal considerations
because a similar effect was not found when an auditory
probe was used. Previous results (Posner & Boies, 1971)
suggest that Probe Position 2 is in the perceptual (encod
ing) stage of processing. Parallel encoding appears to
have taken place when the two tasks were in different
modalities. When the two tasks were in the same mo
dality, capacity was overloaded and the probe task
interfered.

The overall RT superiority of the auditory stimuli
to the visual stimuli in detection tasks is an oft-found
result and is not surprising in view of the fact that no
attempt was made at cross-modality matching of stim
ulus intensities. The convergence of the visual and
auditory probe functions at Position 6 occurs when
subjects are simultaneously attempting to make re
sponses to both tasks. Any modality-specific differences
may be obscured by response competition.

Letter-match RTs. An analysis of variance, similar
to the one for probe RTs was performed on the letter
match RTs from probe trials only. Letter-match RTs
were longer for four-letter stimuli (502 msec) than for
one-letter stimuli (440 msec) [F(I ,3) = 36.24, MSe =
2,125.02, P < .01]. No other sources reached signifi
cance.

The equality of one- and four-letter stimuli with
respect to probe RT functions indicates that the number
of letters in the stimulus array has no effect on the
amount of processing capacity taken up by the letter
match task. However, the superiority of single-letter
stimuli over four-letter stimuli for the letter-match task
implies that the individual letters of the four-letter
arrays are not being processed in parallel. It is suggested
that, although the amount of time required for process
ing of four-letter arrays is greater than for single-letter
stimuli, the amount of space, or capacity, taken up by
the two is equivalent.

A number of indications are present that subjects
were paying primary attention to the letter-match task:
(I) Letter-match RTs as a function of probe position
did not differ for auditory and visual probe trials;
(2) letter-match RTs were not significantly slower for
probe trials than for nonprobe trials (SOl vs. 486 msec,
respectively); (3) the overall letter-match error rate was
less than 5%, and no systematic effects were evident
across probe position; and (4) no anticipatory RTs
(i.e., RTs less than 200 msec) were found, an indication
that expectancy considerations did not enter into the
shape of the probe RT function.
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Figure 3. Visual probe and letter-match RTs as a function
of probe position for the SRT condition of Experiment II.

Figure 4. Visual and auditory probe and letter-match RTs as
a function of probe position for the CRT condition of Experi
ment II.

...
:
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for the second letter, i.e., generation of distinctive
features for testing of the second letter, rehearsal of the
first letter. etc.

The purpose of the CRT condition of Experiment II
was to determine the effect of increasing the overall
amount of processing capacity required by the sec
ondary (i.e., probe) task. The shape of the auditory
probe RT function from the CRT condition is similar
to the visual probe RT function of Experiment I. An

In order to more accurately determine the shape of
the visual probe RT function, a second experiment was·
conducted and six additional positions probed. A
second manipulation involved requiring subjects to make
a two-choice auditory vs. visual probe discrimination.
This allowed the effects of increasing the demands on
processing capacity of the secondary task to be ob
served. Subjects received only one of these manipula
tions each day. In addition, a parameter change from
Experiment I to Experiment II was made: The bright
ness of the visual probe relative to the letter stimuli
was doubled. Only single-letter stimuli were used.

Method
Subjects. Subjects were four undergraduates who did not

serve in Experiment I and who received $1.50/h for their
services,

Materials and apparatus, The materials and apparatus were
the same as in Experiment I, except that only single-letter
stimuli were used and the brightness of the letter stimuli was
decreasedby one-half.

Procedure. After a day of practice, subjects were tested
for 2 days in each of two conditions. Condition I-simple reac
tion time (SRT)-was identical to the visual probe single-letter
condition of Experiment I, except that an additional six posi
tions were probed. The actual probe positions used were (time
in milliseconds from the start of the trial) 176, 327, 507, 562,
617,674.,728,807,875,996,1,660, and 1,931. Condition 2
choice reaction time (CRT)-was identical to Experiment II,
except that, on probe trials, the subject was not informed
whether the probe would be visual or auditory, and the sub
jects's task was to make a two-choice response; i.e., a visual
probe required a depression of the same button as in the SRT
condition, while the auditory probe required the depression of
the adjacent button. The same six temporal positions used in
Experiment I were probed in the CRT condition.

Subjects received the two conditions on alternating days. As
in Experiment I, subjects received 96 trials per day. The order
of conditions presented across days, as well as across the four
blocks of trials on the practice day, were suitably counter
balanced.

Results and Discussion.
The mean RT data, averaged across individual sub

ject medians, for probe and letter-match RTs from the
SRT condition are shown in Figure 3. The visual and
auditory probe RT data for the CRT conditions are
shown in Figure 4.

The results of the SRT condition confirm and clarify
the shape of the visual probe RT function of Experi
ment I. A trend analysis performed on the visual probe
RT data from the lSI of the letter-match task (i.e.,
Probe Positions 3-10) found only the quadratic com
ponent to be significant [F(l ,3) =56.44, MSe =645.4,
P < .005] . One interpretation of this V-shaped function
stands out: Letter-match task demands decrease and
level off during the perceptual (encoding) stage and
then begin to increase as the subject begins preparation



analysis of variance performed on the auditory probe RT
data from the lSI of the letter-match task (i.e., Probe
Positions 2-5) found the main effect of Position to be
marginally significant [F(3,9) =2.83, MSe =4,603.78,
P < .l O], A trend analysis did not find either a signifi
cant linear or quadratic component, but did find a
significant residual [F(I,3) =12.27, MSe =609.2,
p < .05] . By analogy to the conclusion drawn in Experi
ment I, the difference between the auditory functions
from Experiments I and II at Probe Position 2 indicates
an overload in perceptual processing capacity, in addi
tion to the constant increase in RT across probe posi
tion, due to decision time. The error rates for each of
the first four probe positions were all less than 4%,
which shows that the interference found at Position 2
of the auditory probe function was not due to a speed
accuracy tradeoff.

The shape of the auditory probe function is im
portant in another respect. It could have been argued
that the interference found in the encoding portion of
the visual probe RT function of Experiment I was due to
eye movements. However, since the auditory probe
function of Experiment II showed a similar effect, eye
movements cannot explain the visual probe data.

The visual probe RT function of the CRT condition
is very difficult to interpret. The effect of Position in
the lSI was not found to be significant, but the overall
effect of Position was significant [F(5,15) = 5.32,
MSe =5,087.39, p < .0Il. A post hoc analysis, using
Scheffe's method, found only one significant contrast,
i.e., RT at Position 6 was faster than at Positions 1-5
(p < .05). This task appeared to be a very difficult one,
as is evidenced by a high error rate of 12.5% on visual
probe trials, compared to 5.77% on auditory trials.
A ceilingeffect may be present.

The shapes of the letter-match RT functions for the
CRT condition were similar to those obtained in Experi
ment I (see Figure 4). Surprisingly, letter-match RTs in
the visual probe condition were slightly faster overall
than in the auditory probe condition: 369 and 385 msec,
respectively [F(l ,3) =22.49, MSe =130.94, P < .01) .
The reason for this RT difference is unclear; however,
it is likely that subjects used different strategies on
visual and auditory probe trials because of the difficulty
of the visual probe task.

The relative difference in brightness between the SRT
condition and the visual probe condition of Experi
ment I produced a constant difference in RT over lSI
(457 and 483 msec, respectively), and did not appear
to alter the shape of the function over this interval.
However, no strong conclusions can be drawn from this
result because different subjects were used in the two
experiments.

CONCLUSIONS

The existence of limited capacity in a given stage of
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information processing is demonstrated by interference
between two or more simultaneous inputs which occur
wholly within that stage.

Limited capacity has previously been convincingly
demonstrated for postperceptual stages, i.e., those
stages involving mental operations belonging to the
central processor. The Stroop paradigm demonstrates
this effect clearly. When a color word is printed in
another color of ink and the subjects' task is to name
the ink color, a verbalization response to the color word
is automatically initiated along with the initialization
of the verbalization of the ink color. This effect can be
inferred to be postperceptual because interference
occurs only after meaningful information, i.e., a verbal
representation, has been extracted from the stimulus.

The present experiment has demonstrated limited
capacity in a perceptual (encoding) stage. The visual
probe functions obtained from Experiment I and the
SRT condition of Experiment II demonstrate inter
ference between the visual probe and letter-match tasks
which clearly occurred at the beginning of the encoding
stages of the letter-match task.

Posner and Klein (1973) have suggested that con
sciousness is closely related to the limited-eapacity
aspects of the information processing system. However,
they consider limited capacity to be a property only of
later processing stages. The present study indicates that
limited capacity exists in earlier stages also.

Keele (1973) has defined two types of limitations
on information processing-limitations of space and
limitations of time. The interference found in the
present study between the probe and the letter-match
tasks is an example of the former. When two tasks are
performed in parallel and their combined capacity de
mands are greater than the capacity available, the
performance of at least one of the tasks must suffer.
The RT superiority of single-letter stimuli over four
letter stimuli in the letter-match task is also an example
of a limitation of space. Because capacity limitations
made parallel processing of the four-letter stimuli
impossible, the array was processed serially, rendering
capacity demands for one- and four-letter stimuli equal,
though more time was required to process the four
letter stimuli.

Perhaps the function of consciousness is to maximize
the efficiency of utilization of the space and time
available to the information processing system. When
the system is threatened with capacity overload, due to
limitations of space, consciousness acts to serialize,
attenuate, or reject irrelevant signals in order to prevent
overload. Where limitations of time do not allow full
processing of a signal, consciousness may act to regulate
the speed of processing, possibly at the expense of
efficiency (posner, Klein, Summers, & Buggie, 1973).
Thus, limitations of space require a more passive, safe
guarding aspect of consciousness, while limitations of
time require active regulation of information processing
in order to increase the efficiency of processing.
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