PSYCHOLOGICAL SCIENCE

Research Report

A RESOURCE ACCOUNT OF INHIBITION
Randall W. Engle, Andrew R.A. Conway, Stephen W. Tuholski, and Rebecca J. Shisler

University of Sowth Carolina

Abstract-—n a letter-naming rask, a let-
ter will be named more slowly if it was a
distractor on the previous irial. This neg-
ative priming effect has been instrumen-
tal in renewed interest in inhibition. The
present research explored whether inhi-
bition is a result of controlled attention.
When the naming task was performed
under a mental work load, negative
priming was diminished as work load
increased. This finding suggests that in-
hibition is a product of controlled re-
sources and that group differences in in-
hibition may result from differences in
controlled attentional resources, not
Jrom inefficient inhibitory mechanisms.

. . . the substrate of the simple appercep-
tion process may be sought in inhibitory
processes which, by the very fact that
they arrest other concomitant excita-
tions, secure an advantage for the partic-
ular excitations not inhibited. (Wundt,
1B74/1904, pp. 317-318)

Excitation and inhibition have been
part of explanatory concepts of the mind
since the mid 1800s. Although the impor-
tance of excitation or activation has re-
mained steady over the vears, the impor-
tance of inhibition has waxed and waned
(Diamond, Balvin, & Diamond, 1963).
Biork (1989) argued that inhibition was
not commonly found in theonies of cog-
nition through the 1960s and "70s be-
cause the computer metaphor did not al-
low active dampening of information. He
speculated that interest in inhibition has
shown a rapid increase recently because
of the increase in use of the brain as a
metaphor for mind.

One of the reasons for the recent pop-
wlarity of inhibition as an explanatory
construct is the demonstration of nega-
tive priming (Greenwald, 1972; Neill,
1977). Tipper and Cranston (1985), for
instance, showed subjects two letters,
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one red and one green, that were slightly
superimposed. The task was to read
aloud the red letter as accurately as pos-

<

sibie, Tipper and Cranston argued that in
order to select the red letter, the subject
must actively inhibit the green letter ' If
the representation of a given letter is
thus inhibited, it should take longer to
achieve activation of that representation
on a subsequent trial, and the letter
should be named more slowly, In fact,
when the red letier on trial # + | had
been the green letter on trial »n, it was
named more slowly than if the green let-
ter on the previous trial had been a con-
trol letter. Evidence that a representa-
tion can be actively dampened has now
come from a variety of tasks and sub-
Jects (for a review, see Meill, Valdes, &
Terry, in press).

The negative priming effect has been
used to argue for deficiencies in inhibi-
tion for a variety of groups. For exam-
ple, Hasher and Zacks (1988) proposed
that decrements in cognition as people
age result from greater vulnerability to
distraction and interference, which, in
turn, result from decreased ability to in-
hibit information irrelevant to the task
goal. In line with this idea, Hasher,
Stoltzfus, Zacks, and Rypma (1991}
found that older subjects showed no
significant negative priming in the letter-
naming task just described. Also, Gerns-
bacher and Faust (1991) found that peo-
ple with poor language comprehension
were less likely to inhibit the irrelevant
meaning of a word or phrase than were
people with good comprehension. In
fact, differential ability to inhibit infor-
mation has been proposed as an alterna-
tive to resource theories in explanations
of developmental and individual differ-
ences in cogpition (Brainerd & Reyna,

1. Other researchers (May, Kane, &
Hasher, in press) have suggested that the
green letter may be inhibited after the selec-
tion of the red letter. This argument is not
relevant to the current study, but the reader
should be aware that this issue is not re-
sofved,
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1989). These theories seem (o conceplu-
alize inhibition as a passive event, in a
process akin 1o automatic spreading ac-
tivation {(Meumann & DeSchepper,
1992},

However, another possibility is that
some individuals may not be able to in-
hibit because inhibition requires and
consumes attentional resources and that
there are developmental and individual
differences in the availability of these re-
sources. Support for the idea that inhibi-
tion is resowrce-limited can be found in
an article by MNakagawa (1991), who
showed that inhibition in a lexical deci-
sion task occurred only when the target
was presented directly to the left hemi-
sphere. More important, when the sub-
ject performed a concurrent shadowing
task, inhibition did not ocour at all.

In a previous study, we (Conway &
Engle, 1994) had subjects learn various-
sized sets of items and then perform a
speeded recognition of the items in those
sets {i.e., Sternberg, 1966). If items of
different sets did not overlap, the slope
of the set-size effect was the same for
subjects measured to be high and low in
working memory capacity. However, if
each item was a member of two different
sets, thus giving rise to response compe-
tition or interference at the time of re-
trieval, the slope of the set-size effect
was steeper for subjects with low work-
ing memory than for those with high
working memory. Our interpretation of
this effect was that the former subjects
did not have the attentional resources
necessary to inhibit the connection be-
tween the cue and the irrelevant set and
therefore performed a serial search of
the tested set. Subjects with high work-
ing memory, in contrast, were hypothe-
sized to be able 1o actively inhibit the
link between the item and the irrelevant
sel cue.

The logic for the experiment reported
here is that if iphibition requires atten-
tional resources, then inhibition should
be difficult when the subject is engaged
in an attention-demanding task. Our pre-
diction was that if subjects performed
the letter-naming task while simulta-
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neousty performing an attention-demand-
ing recall task, the magnitude and the di-
rection of priming would be determined
by the size of the memory load. Specifi-
cally, we expected that as memaory load
increased, the negative priming effect
would be reduced. The effect might even
become facilitation as load increased.

The e¢xperimental condition had the
purpose of measuring the priming effect
as a function of mental work load. The
control condition was tested on a differ-
ent group of subjects and used the same
events as the experimental condition. It
provided a baseline, replicating previous
studies of priming in the absence of a
work load, and controlled for the possi-
bility that the intervening words used in
the experimental condition would reduce
the negative priming effect indepen-
dently of work load.

METHOD FOR
EXPERIMENTAL CONDITION

Subjects

Forty-five subjects performed the
task. All subjects were undergraduate
students at the University of South Caro-
lina, were tested individually, and re-
ceived course credit for their participa-
tion.

Procedure

Each subject performed 300 trials
{five blocks of 60 trials each) in which a
red and a green letter appeared some-
what superimposed on the computer
screen, Subjects were told to name the
red letter and to ignore the green letter,
They were also told that words would be
presented periodically on the soreen and
they should remember the words for
tater recall but not say them aloud.
Half of the trials were prime trials and
half were probe trials. One thifd of the
probe trials (i.e., 50 trials) were inhibi-
tion wrials, meaning that the red letter
had been the green letter on the previous
trial. Two thirds of the probe trials (ie.,
100 trials) were coatrol trials, meaning
that the red letter was not the same as
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either the red or the green letter on the
previous trial,

A complete set of trials proceeded as
follows (see Fig. 1). An asterism was
presented for 750 ms, followed by a
pritne display of two letters for 150 ms.
Another asterism was presented for 750
ms, followed by a probe display of two
letters for 150 ms. This pair of prime and
probe trials was assumed to be per-
formed under load 0 because the subject
had not yet been presented with a word
for later recall. After the probe display,
the first to-be-remembered word ap-
peared for 750 ms, followed by a prime
display for 150 ms, Another asterism was

presented for 750 ms, followed by a

probe display for 150 ms. This pair of

prime and probe trials was performed
under load ] because the subject had one
word to remember for later recall, This
process continued until after the fifth
probe display, at which point the word
“recall” appeared on the screen. The
subject was to name the four words in
correct order out loud, Latency to name
a letter was measured from presentation
of the letter until the oral response acti-
vated a speech trigger. This latency was
recorded by the computer, and the ex-
perimenter recorded letter-naming accu-
racy as well as recall accuracy for the
words,
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Fig. 1. Example of a complete set of tri-
als. The dark letters represent red let-
ters, and the double-lined letters repre-
sent green letters,

Materials

Ten letters were used as stimuli, The
letters were divided into two pools (A4,
M, X, Y, Zand B, D, G, O, U). In each
display, a letter was never paired with
another letter from the same pool. The
stimulus lst was designed in the follow-
ing manner, Each letter appeared as a
red probe 15 times (150 probe trials) and
was paired with each member of the
other pool three times (8 % 3 = 1§
These letter pairs were then randomized
with the following constraints: {a) One
third of the probe trials were inhibition
trials {the red letter had been the preen
letter on the previous trial) and the rest
were control trials (the red letter was dif-
ferent from both the red and the preen
fetter on the previous trial): (b) for al of
the prime trials, the red letter was differ-
ent from the red and green letters on the
previous trial; (¢) inhibition trials were
counterbalanced across memory load,
such that there were 10 inhibition trials
per load condition; and (d) control trials
were counterbalanced across memory
load, such that there were 20 control tri-
als per load condition.

The experiment was run on an IBM
P82 with VG A monitor using Micro Bx-
perimental Laboratory (MEL; Schaei-
der, 1988). Subjects spoke into a hand-
held microphone connected to a MEL
response box.

METHOD FOR
CONTROL CONDITION
Subjects

Forty-six subjects performed the task
defined as the control condition.

Procedure

The procedure was identical to the
experimental condition except the sub-

jects were told to ignore the words that

were {0 be recalled by the subjects in the
experimental condition. Instead of *‘re-
call,” the word “rest’” was presented for
10 s.

RESULTS
Eight subjects were excluded from
the analyses for the experimental condi-
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tion and 9 from the control condition be-
cause they reported being aware of the
refationship between prime and probe
letters on inhibition trials. The depen-
dent measures of greatest interest were
naming time and naming accuracy on
probe trials and, in the experimental con-
dition, recall accuracy.

A mean was derived for each sub-
iect’s control trials and inhibition trials
by averaging the five trial block medians,
The priming effect is reflected in the dif-
ference between the mean for the control
trials and the mean for the inhibition tri-
als. The resuits are shown in Figure 2,
with the priming effect for the control
condition as the leftmost bar and the
priming effect for the experimental con-
dition as a function of load, For the con-
trol condition, letter naming was slowed
by an average of 18 ms if the letter being
named was the rejected letter on the pre-
vious trial. This value corresponds
closely with the magnitude of negative
priming observed in earlier research
(Tipper & Cranston, 1985).

In the experimental condition at load
0, the magnitude of negative priming was
somewhat higher than in the control con-
dition (~41 ms}. However, priming de-

creased as load increased and became
positive by load 3 (16 ms). This result
supports the notion that altentional re-
SOUTCEs are necessary to accomplish in-
hibition and that if those attentional re-
sources are not available, the rejected
information may not be inhibited,

These conclusions were supported by
analysis of variance (ANOVA) on the
median naming times. The variables
were trial type (inhibition, control) and
memory load (0-4). Trials in which a
naming error occurred were excluded
from the analyses. Also, for the experi-
mental condition, trials were excluded if
the subject did not correctly recall the
word that was presented prior 1o that
trial. For instance, if the subject recalled
only the first two words presented, nam-
ing time for the load ¢, 1, and 2 condi-
tions would be included in the analvsis,
but naming time for the load 3 and 4 con-
ditions would be excluded.

For the experimental condition,there
were main effects of trial type (F11, 36]
= 6,59, p < 05, M5, = 8,982) and mem-
ory load (F{4, 144] = 3.86, p < .05, M§,
= 20,335), Furthermore, the trial-type-
by-memory-load interaction was signifi-
cant (F[4, 144] = 3.20, p < .05, M5, =

20
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Fig. 1. Priming score {in milliseconds) for the control condition (C) and, as a function
of load, for the experimental condition. The priming score was the difference between

the mean naming time for control trials
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and the mean naming time for inhibition trials,

20,118). For the control condition, there
was a main effect of trial type (F11, 36] =
2502, p =0 05, MS, = 8,197}, showing
significant negative priming, We also
tested for an effect of “memory load™ in
the control condition even though sub-

jects did not recall the words that were

presented between letter-naming trials.
The effect of memory load was signifi-
cant (F14, 144] = 4.02, p = 05, M5, =
7,281} but showed no systematic trend
over the trials corresponding to memory
load in the experimental condition. We
also tested for an interaction between
trial type and “memory load” 1o ensure
that the corresponding interaction in the
experimental condition was not due to
the simple presence of the words be-
tween trials. This interaction was not

mificant (F{4, 144] = 1.56, p > .10, M. o
= 6,743}, showing that the reduction in

negative priming in the experimental
condition was not an artifact of the pres-
ence of the words.

An analysis of mean naming accuracy
showed no significant main effects or in-
teractions for either condition. We also
conducted a trial-type-by-memory-load
ANOVA on recall acouracy in the exper-
imental condition. The data on recall ac-
curacy are shown in Table 1. There was
1o main effect of trial type (FI1, 36] =
229, p:
was a main effect of load (FI3, 108] =
ST.31, p <0 08, M8, = 0.06446), showing
that recall was better for the words pre-
sented at the beginning of the list, The
trial-type-by-memory-load interaction

One interesting question is what
would be expected on probe letter-
naming trials following a word that was
not subsequently recalled. One possibil-
ity is that a failure to recall the word
means that the subject allocated all avail-
able resources to previously presented
words and none remained for either re-
hearsal of the words or inhibition of the
distracting green letters. If this were the
case, then the probe trials should show
no negative priming effect on trials fol-
lowing a word that was not recalled.
However, another possibility is that the
word was not recalled because the re-
sources were allocated to inhibiting the
green letter for the probe trial that fol-
lowed and were not used for rehearsal. If
that were the case, then the probe trials

should show a large negative priming ef-
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Table 1. Percentage of naming and recall accuracy as a function of

Load
Task 0o I 3 4
Experimental condition
Maming b7 95 96 97 96
Recall o 78 65 54 53
Control condition
Waming 97 97 97 97 G

fect, regardless of memory load. The re-
sults of this analysis clearly support the
latter hypothesis, There was a 39-ms
negative priming effect on probe trials
following a nonrecalled word. This effect
was reflected in the significant main ef-
fect of trial type (FI1, 36] = 422, p <
A5, MS, = 50,818). Further, trial type
did not interact with memory load (FI3,
1031 = 1.73, p > .1}, showing that on
probe trials following nonrecalled words,
negative priming did not vary as a func-
tion of load. This finding suggests that
the subject used the available attentional
resources to inhibit the green letter in-
stead of processing the recently pre-
sented word.

2

DISCUSSION

The data presented here show clearly
that the magpitude and nature of the
priming effect depend on the momentary
attentional resources available to the
subject. When the subject was not under
a mental work load and named a letter
that was previously rejected, that letter
was named more slowly. As work load
increased, there was less and less evi-
dence that the unattended letter was ac-
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tively suppressed. Further, naming of

letters following the presentation of a
word that was not subsequently recalled
led 1o an average negative priming nearly
identical to that found in the load 0 con-
dition, This finding suggests that sup-
pression of the upattended letter was a
controlled attentional process that was
less likely to occur as the recall task re-
quired more attention.
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