JOLRN

¥ MEMORY AND LANGUAGE 39, 418--436 (1998)

Working Memory Capacity and Suppression

Virginia M. Rosen

National Institure of Mental Health

ang

Randall

W,

i

Engle

Georgia Instinie of Technology

Two experiments examined whether a relationship exists between an individual’s working memor
I
capacity and their ability to suppress intrusive thoughts and behaviors. In both experiments, partic-

wpants learned three lists in a modified paired
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sociates task where the interference condition

AR design and the noninterference condition an EF-DC-AR design. Fxpeni-
nd individuals who scored high on a measure of working memory capacity
ed fewer first-list intrusions during
d accuracy, and high spans in the inte

cond-list tearning than did low spans.
ence condition were slower than their

control to retreve first-list responses on List 3, suggesting that they bad suppressed them during

second-list learning, In contras
confrol. The findings sugg

Performance on fests of working memory
capacity correlate with a wide variety of gen-
eral, higher level cognitive tasks {Engle, 1996).
Relationships have been found between com-
plex span measures and performance on tasks
involving reading cc.,srm:n‘eim’zr;mm {mema &
Carpenter, 1980, 1983); lang pwhen
ston {King & Just, 1991, M 1;1)0:&3&1% fust, &
Carpenter, 19923 vocabulary learning H?)n.;*&cr«-»
man & Green, 1986); following directions
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, the low spans in the interference condition were faster than their
ted that a relationsbip exists between an individual’s working memory
capaecity and their ability to suppress infrusive thoughts and behaviors.
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{Engle, Carullo, & Collins, 1991); reasoning

(Kyllonen & Christal, 1990); and complex
learning (Shute, 1991; Kyllonen & Stephens,
1990, Although these findings are important in

and of themselves, they do not inform us as to
the mechanisms responsible for the relation-
ships.

In & series of papers, Engle and colleagues
have argued that individual differences in work-
ing memory capacity reflect differential abilities
to bring domain-free, focused attention to bear
on cognitive tasks (Conway & Engle, 1994,
Engle, 1996; Rosen & Engle, 1997). Thus, mea-
sures of working memory capacity such as those
developed by Daneman and Carpenter (1980)
and Turner and Engle (1989) are assumed to be
valid measures of constructs such as the central
executive proposed by Baddeley and Hitch

(1974) and the supervisory attentional system
wopmed by Shallice and his colleagues (Nor-
man & Shallice, 1986; Shallice & Burgess,

1991y, We have argued that working memory or
cmtml executive capacity will not be important
to all forms of information processing. For ex-
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ample, it is now clear that much of our process-
ing can and does occur relatively antomatically
(Shiffrin, 1988) and im‘livi{‘%mi differences in
working memory capacity will not be reflected

in those situations. However, mdzwda al differ-
ences in working memory capacity will be im-
portant in performance of a task to the extent
that: (1) information must be maintained for a
brief period of time in the face of distraction or
interference, {2) strategic, controlled search is
beneficial for the task, (3) monitoring for errors
is required because elements of the task auto-
matically induce thoughts or behaviors inappro-
priate to the current task, and (4) task perfor-

mance would be improved by the suppression of

those inappropriate thoughts or behaviors. It is
this last characteristic that is the focus of the
present work,

Baddelev and Hitch (1974) conceived of the
central executive as a mental workspace for the
simultaneous processing and storage of infor-
mation. However, we believe that another func-
tion of the central executive may be to suppress
task-irrelevant information (Conway & Engle,
1994, Engle, Conway, Tuholski, & Shisler,
1995: Rosen & Engle, 1997). Therefore, we
would expect to find that individuals who score
high on a measure of working memory capacity
or controlled attention (i.e., high span individ-
uals) would alse be better able to inhibit or
suppress interfering information than would in-
dividuals who score low on the same measure
(i.e., low span individuals). In a set of four
studies, Rosen and Engle (1997) examined the
role of working memory capacity in retrieval by
having low and high span individuals retrieve

exemplars from the animals category for 10
minutes. In such category fluency tasks, indi-
viduals typically retrieve words in clusters
where the retrieval times between the words
within a cluster are much shorter than the re-
trieval times between the clusters. In each of the
four experiments, the high span participants re-
trieved more unique animal names over the
period than did the low span participants. Al-
though the size of a cluster was not much dif-
ferent for the two groups, the retrieval time
between the clusters was much longer for the
fow span participants. These findings were ev-
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ident even in the first minute, when knowledge
base differences should have exerted little ef-
fect. Further, low span participants tended to
make more intrusions of already retrieved
names. Our interpretation of the longer be-
tween-cluster retrieval times was that the low
span participants experienced difficulty access-
ing new names because of covert intrusions
from the animal names that had been previously
retrieved, In contrast, the high span participants
were not as hampered by previously x‘@tr“wed
names because they had suppressed them. The
purpose of the studies described here is to fur-
ther examine whether individuals who differ on
a measure of working memory capacity show
corresponding differences in their vulnerability
to intruding thoughts and behaviors, and their
ability to suppress them.

Inhibition and suppression arg constructs
that have a long history in psychology {Dia-
mond, Balvin, & Diamond, 1963} but they did
not fit well with either the behaviorist tradi-
tion {Donahoe & Palmer, 1988), or the com-
puter metaphor of mind, so there was little
discussion of them in modern literature until
recently {Bjork, 1989}, As a result of neural
network and other brain-oriented approaches
to cognition, the concepts of inhibition and
suppression are now used commonly in theo-
ries of cognition. Inhibition has been seen as
an important player in working memory
(Conwi ay & Engle, 1994; Rosen & Engle,

1997, Hasher & Zacks, 1988), aging (Hasher,
Stoltzfus, Zacks, & Rypma, 1991; Hasher &
Zacks, 1988}, selective attention (Neill, 1977;
Neill, Valdes, & Terry, 1995, Tipper & Cran-
ston, 1985), language processing {Gerns-
bacher & Faust, 1991; Neill, 1989), and re-
m@vai {Anderson & 83{31.&, 1994, Biork,
1989, Roeediger & Neely, 1982; Rosen &
Engle, 1997} One presumed benefit of sup-
pression or inhibition of distracting thoughts
or behaviors is reduced vulnerability to inter-
ference. Further, differential ability to resist
interference has been proposed as an expla-
nation for individual and developmental dif-
ferences in cognition (Dempster, 1985, 1991,
1992; Dempster & Cooney, 1982; Hasher &
Zacks, 1988). A decrease in resistance to in-
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terference has also been argued to follow
from certain types of brain damage, particu-

larly frontal lobe damage (Dempster, 1991,
1992; Shimamura, Jurica, Mangels, Gersh-
berg, & Knight, 1995},

The paired-associates task has been used re-
cently to study differences in resistance to in-
terference among neurclogical patient groups
and normals (Shimamura et al., 1995, Uhl
Franzen, Serles, Lang, Lindinger, & Deecke,
1990; Winocur & Moscovitch, 19837, We chose

the paired-associates tagk to test for the role of

working memory capacity in suppression be-
cause we could easily modify it to examine both
interference from intrusions and the suppression
of intrusions. However, in using a paired-asso-
ciates task, we run the risk of confusing the
central issue of the paper (l.e., the relationship
between working memory capacity and sup-
pression) with traditional verbal learning issues
{1.e., the nature of proactive and retroactive in-
terference). Therefore, we will only briefly de-
scribe the paired-associates task and its history
in order to provide some background for the
paired-associate methodology that we bor-
rowed. In the traditional paired-associates tagk,
individuals learn two or more lists containing
pairs of cue-response items. Let us give an
example of the alphabetic nomenclature that is
traditionally used to describe the paired-associ-
ates task. Participants may learn a lst of pairs
such as table~car, queen—donkey, ete. The task
is to subsequently recall cor when ;‘}i’%ﬁiﬁtﬁf{‘}{ﬁd
with table, donkey when presented with gueen,
etc. We will designate table and queen as the
cue or A words and car and donkey as the
response or B words. This would be the AB list,
Interference 1s introduced by then having the
participant learn a subseg

sent list inowhich the
cue words remain the same but the response
words change leading 1o pairs such as table-

boat, gueen-pony, etc. This would be the AC
list.
Subsequent to Melton and Trwin (1940}, the

paired-associates task became the preferred
method of testing for the locus of interference
and forgetting. The two types of interference
that are traditionally examined in the paired-
associates task are proactive and retroactive in-
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terference. Proactive interference is tested for
by having a delayed ﬁi‘f::»ii test m“ t he O items
mﬁww the learning of the AC list. Evidence for
proactive xruwim‘emc Is seen as a re:e«:iucmn n
the number of C items recalled after having
learned a related first list (i.e,, AB), when com-
pared to the recall of the same C items after
having learned an unrelated first list or no first
list at all. More recent paired-associate studies
have examined the number of trials to learn AC,
or performance on the first trial of learning AC,
for evidence of proactive interference {Ander-
son, 1981; Shimamura et al,, 1995). These last
tWO Measures were ifzzdnmrm ly referred 1o as
measures of negative transfer and not proactive
interference, because they reflect whether and
how learning one list interferes with the learn-
ing of a second list. In the present set of exper-
iments, we also examined the number of trials
to learn the AC Hist in the AB-AC interference
condition compared to a control condition that
learned an unrelated first list. However, our
primary interest in this measure was to deter-
ming whether individuals would differ in the
amount of interference they experienced from
intruding first-list items and not whether and
how a first list interferes with the learning of a
second lst. Consequently, in the interest of
maintaining focus on the central issue of this
paper, we will refrain from using verbal learn-
ing terminology to describe interference effects
in the present set of experiments. The second
type of interference that was examined in the
traditional paired-associates task {s retroactive
interference. Retroactive interference is tested
for by examining retention of first-list responses
after having leamed a related or unrelated sec-
ond list. Because we were interested in exam-
iming suppression rather than retention of first-
list responses, we did not test for retroactive
mterference in these studies.

The present set of studies was motivated by
two questions concerning the relationship be-
tween working memory capacity and suppres-
sion. First, do individuals who differ on a mea-

sure of working memory capacity also differ in
their vulnerability to intruding thoughts and be-
haviors? In other words, does a relationship
exist between an individual’s working memory
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capacity and the number of covert intrusions
they experience? Second, does a relationship
exist between an individual’s working memon
capacity and their ability to suppress intrusions”
Because we were interested in examining sup-
pression of intrusions, we endeavored to maxi-
mize response competition, and resultant intru-
sions, in two ways, First, in the interference
condition, we used a single category and an
identical set of 12 cue words on each of the
three lists that participants would leamn. Second,
first-list pairs were constructed from compound
words having strong prior associations (e.g.
bird—bath), whereas second-list pairs were con-
structed from the same cue words paired with
response words that did not have strong prior
associations with the cue words (e bird-
dawn). The combination of strong prior AB
associations and overlearning of each pair was
expected to result in a high level of response
competition

between first and second-list re-
sponse items that shared the same cue words.
Consequently, when cued with the A term bird
during the learning of the AC list, bath should
quickly come to mind even though the correct
response would be dawn.

As a further modification to the paired-asso-
ciates task, we used a nontraditional control
condition to test for suppression of first-list re-
sponse items. Traditional paired-associate stud-
ies had their interference and control conditions
tearn the same first and third lists. The use of an
identical first list for both conditions, along with

different second lists, makes perfect sense if the
goal is to determine whether interference from 2
second list contributes to forgetting of a first st
retroactive interference). In contrast, we
individu-

(t.e.,
were interested in examining whether
als differed in their ability to

intrusions, during second-list learning. Because
we had participants overlearn each list, as one
way to maximize response competition between
lists we expected that first-list retention would
be high and so would not be a sensitive measure
of suppression. Therefore, we examined vocal
response time as a measure of suppression.
Consequently, we needed to test for suppression
against a control condition in which participants
retrieved the same first-list response items for

I
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the very first time after having learned two
previous unrelated lists. Otherwise, we would
have been testing for suppression against a con-
trol condition that was experiencing the benefit
of a repetition effect. Repetition effects could
bias group differences in the direction of sup-
pression. Consequently, we chose to use a more
conservative control condition than that used in
traditional paired-associates studies.

Four measures were examined in both ex-
periments: (1) number of trials to reach cri-
terion on a list, (2) number of overt intrusions
per trial, (3) vocal response latency, and (4)
percent correct recall. However, we focused
on a different subset of these measures in
each experiment, depending on whether we
were examining span differences in vulnera-
bility to intrusions (Experiment 1) or span
differences in suppression of intrusions (Ex-
periment 2). Number of intrusions is com-
monly low in the paired-associates task.
Therefore, we increased the likelihood that
participants would produce intrusions in Ex-
periment | by emphasizing speed and using a
response deadline of 1350 ms. We arrived at
this deadline in a pilot study that was directed
at finding a response window that was long
enough to allow both low and high span par-
ticipants to produce a response word when
presented with a cue word, while still short
enough to prevent them from correcting their
onses during production. The combina-
tion of speed instructions and a response
deadline was designed to encourage a rapid
response at a point where response competi-
tion should be strong, thereby increasing the
likelihood that the participant would vocalize
intrusions. Conseguently, span differences in
accuracy rates would preclude us from exam-
ining vocal response time as a measure of
interference. Therefore, we examined the
mean number of trials to reach criterion, and
the mean number of intrusions produced per
trial on the second list, as our measures of
interference due to intrusions. The second
experiment was directed at span differences
in the suppression of intrusions. Therefore,
the Experiment 2 instructions strongly em-
phasized accuracy, and participants were al-
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lowed 32 s to provide a response word when
presented with the cue word so that there
would be sufficient time to covertly suppress
any intruding first-list items. Consequently,
we expected to find a high level of recall
accuracy for both the tow and high span par-
ticipants so that number of intrusions and
trials to reach criterion would not be sensitive
measures of suppression, Therefore, we ex-

amined vocal response time as our measure of

suppression,

GENERAL METHOD

The following procedures were common fo
both experiments.

Participants

All participants were undergraduate students
from the University of South Carolina, They
received course credit in exchange for partici-
pation. Participants were chosen for low and
high working memory span groups based on
their operation span score. High span partici-
pants were those participants who scored in the
upper quartile of the distribution of operation
span scores during the academic semester,
whereas low span participants were those who
scored in the lower quartile of the same distri-
bution of scores,

Operation span task.

Participants in both ex-

periments were prescreened on a variation of

the operation span task (Turner & Engle, 1989).
For each participant, each of 66 mmmnmmm

operations was randomly paired with one of 66
to-be-remembered words. During the task, par-
ticipants were presented with sets of operation-
word strings (e.g., IS {(8/4) + 2 = 4 7 BIRD.
Each participant was required to multiply or
divide two integers and then add or subtract a
third integer (e.g. (5/4) + 2 i The 'mmz
ranged from 1 to 10. The jwms; hant was 1ol 5 to
read the operation aloud, say “ves” or “no™ at
the guestion mark to indicate whether the num-
ber to the right of the equal sign was the correct
answer, and then say the word aloud. Partici-
pants were instructed to remember the words for
later recall. After the participant said the word,
the experimenter immediately pressed a key and
ancther operation-word string was presented.
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This process continued until a question mark
cued the participant to write the to-be-remem-
bered words from the set, in their exact order,
1 a response sheet. The number of (;;Wmm:m»

m‘mi strings per set varied from 2-6.
;ant«, saw 3 presentations of each set size, zmd

the presentation order of set sizes was random-
ized. The first 3 sets, each of length 2, served ag
practice. The span score was the total number of
words recalled from correctly recalled sets. For
example, if a participant correctly recalled all
the sets containing 2 operations and one of the
sets containing 3 operations, their span score
would be 9 (2 + 2 + 2 + 3). All participants
who fell below the cutoff of 85% accuracy on
the yes/no responses were excluded from the
experiments,

Design

The design for each experiment was a 2 (span
group) > 2 {interference condition) between-
subjects design. The two levels of span group
were low and high span, based on performance
in the operation span task. The two levels of
interference condition were interference and
noninterference, based on whether the pairs on
each of the lists shared the same cue words or
not (AB-AC-AB versus BEF-CD-AR, interfer-
ence and noninterference).

Muterials

Participants learned 3 lists that each con-
tained 12 pairs of words. Each pair was con-
structed from a compound word that was di-
vided into a cue word and a response word
Because of the nature of compound words, Hst
catggory was synonymous with cue word cate-
gory because the response word in each pair
0 came from a different category than did
the cue word, for example: bird-bath; eye-
riass; dust-pan. All 12 cue words on a list
shared the same semantic category {l.e., ani-
mals, body parts, natural elements). The com-
pourd words were chosen from those clagsified
as a compound by Francis and Kucera (1982),

Cue words on all three lists in the interfer-
ence condition were from the animals or body
parts categories and the first and third lists
were identical. The cue words and resultant
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Exammples of Word Pairs That Were Leamed on Fach List

for 4 Infl

erent Participants

Mon-Interference:

bird-dawn
eye-tear

Participant #1
Participant #2

dust-pan

dust-pan bird-bath

Interference:

bird-bath
eye-glags

bird-bath  bird-dawn

eye-glass

Participant #3

Participant #4 eye-tear

list category were different for each of the 3
lists in the noninterference condition. Thus,
the interference condition followed an AB-
AC-AB paired-associate design, and the non-
interference condition an EF-CD-AB paired
associate design. The first list in the non-
interference condition always conained cue
words from the natural elements category.
The second and third Hsts in the noninterfer-
ence condition contained cue words from the
animals or body parts category. If a partici-
pant learned a second list with cue words
from the animals category, they would then
learn a third list from the body parts category.

Two categories were used in the interference
comddition so that each participant in the nonin-
terference condition could provide a control for
two different participants in the interference
condition. This step was taken mainly 1o reduce
the number of participants that would have been
required for each experiment. Table 1 contains
gxamples of word pairs on each of the three
lists, which were learned by 4 ditferent partic-
ipants. For example, participant #1 in the non-

list. Bird—dawn on the second list would act as
an interference control for participant #3 in the

"y

interference condition who learned 3 lists from
would act as a suppression control for partici-
pant #4 in the interference condition who
learned 3 lists from the body parts category, W
could then collapse across list category, provid-
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ing that the list category factor did not interact
with any other factor

In the mterference condition, one-half of the
participants learned three lists containing cue
words from the animals category, and the re-
maining half learned three lists containing cue
words from the body parts category. One half of
the participants in the noninterference condition
learmned a second list that contained cue words
from the animals category and a third list with
cue words from the body parts category. The
remaining half fearned the opposite, a second
list containing cue words from the body parts
category and a third list with cue words from the
animals category.

Because the spoken response would activate
a speech trigger in the computer, the response
words on each Hst were matched on initial pho-
neme category, number of syllables, and fre-
quency of oceurrence in the English fanguage.
The matching was done in order to assure that
any group differences in vocal response time in
Experiment 2 would reflect retrieval time, rather
than potential voicing differences. The average
frequency of occurrence for each list ranged
hetween 29 and 52 occurrences per million in
the corpus of English usage (Francis & Kucera,
1982). Prior to the paired-agsociate learning
phase on each list, participants completed a
naming phase in which the response words were
presented on the computer screen one at a time
and participants read them aloud. The purpose
of the naming phase was to determine whether
any inherent group differences existed between
participants in the interference and noninterfer-
ence conditions to say each response word that
were independent of any experimental manipu-
lations,

N,

Provedure

Patred-associate learning consisted of re-
calling a response word from a palr when
presented with the cue word in the pair. The
paired-associates task used a modified drop-
out method, meaning that only the incorrect
responses were retested. The task was pro-
grammed using the Micro Experimental Lab-
oratory software (Schneider, 1988).
Instructions. There were some instructions
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that were common to both experiments. Partic-
ipants in the interference and noninterference
conditions were ml 4 that they would learn three
lists each containing 12 word pairs. They were
also told that m«:rm were 3 parts mvolved in
learning each list: (1) naming each of the re-
sponse words (2) studying each pair for 2 g, and
{3) vocally mwihm a response word when pre-

sented with the cue word. After nai ning each of

the response words on List 2, participants in the
interference condition were told that they would
stucly the List 2 m*‘;pc‘m@@ words paired with the
List 1 cue words. Participants in the noninter-
ference condition were told that they would see
new pairs on List 2. After completion of List 2
learning, and prior to List 3 learning, partici-
pants in the interference condition were told that
they were going to learn the first list again
Hence, participants were alwavs told what ©
gxpect in order to minimize
prise on the depends

FPractice. The practice

slates task in
-letter
pairs. The pmntmc WAaS meant to acquaint par
ticipants with the three phases of leas mngfﬂ each

Hst,
Naming. In the naming phase of each list, a
participant read each of the 12 response words

when they appeared one at a time in the center
of the computer screen. The response word re-
mained on the screen until the participant’s
voice activated the voice key, at which time the
response word disappeared and nmwmg time
was recorded. Participants controlled the pre-
sentation of each of the 12 response words by
clicking a computer mouse.

Study. In the study phase of each list, each
pair of words appeared 1n the center of the
computer screen for 2 s, Participants were not
required to make any response during this
phase and were nstructed to study each pair
for the subsequent test phase. The study phase
preceded the test phase on each of the three
lists.

Test, Following the study phase, partici-
pants recalled each of the response words
when presented with each of the cue words
until they reached the initial criterion of

5
-
3

w;wct responses given to each cue word, A
inal test of each response was given upon
ra;f;zchmg the initial criterion, which resulted
in the final or total criterion of 4 correct
responses given to each gue word. The final
test was included so that all 12 responses
would be equated on recency of retrieval be-
fore advancing to the next list. Each partici-
pant controlled stimulus presentation of each
cue word in the test phase by placing the
cursor in a box printed on the screen and
clicking the left button of the mouse. The cue
word appeared for up to 1350 ms in the first
experiment and up to 32 s in the second
experiment, or until the participant’s vocal
response triggered the voice key which made
the word disappear. The time from presenta-
tion of the cue word until activation of the
speech trigger was recorded by MEL. The
response pair was then printed to the

xen for 2 s after each vocal response, irre-
f&»p‘ ctive of whether the response was correct
incorrect, in order to provide feedback and
m{ 1i mmal study time on each pair. Afterward,
the experimenter coded the nature of the vo-
calized response which resulted in the box’s
being printed to the screen for the next cue
word presentation. A modified dropout proce-
dure was used where only incorrect responses
were retested. The incorrect mwmxw&: were
retested in the order of original presentation.

EXPERIMENT 1
e first experiment was directed at whether
attonship exists between an individual’s
working memory capacity and their vulnerabil-
ity 1o intrustons, as measured by number of
intrusions and trials to reach criterion. Speed
was stressed in the first expertment and a 1350
ms response deadline was used to encourage the
vocalization of ¢ t intrusions. Based on the
findings of Rosen and Engle {1997), it was
expected that the high span participants would
show fewer intrusions and would require fewer
rials to learn the second list. Further, if indi-
viduals in the interference condition produce
more between- than within-list intrusions dur-
ing second-list learmning, then we can conclude
that the interference was primarily due to re-

T
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sponse competition between the first- and sec.
ond-list response items.

Method

Participants

One hundred and twenty students from the Uni-
versity of South Carolina participated in exchange
for course cradit. The participants were chosen for
the low and high span groups based on their
operation span score. Each was then randomly
assigned to the interference or noninterference

conditions. There were 30 participants in each of

the noninterference groups (ie., ‘me and high
span), 31 participants in the low span interference
group, and 29 participants 1o the high span inter-
ference group. The mean operation span
7 for the low span participants and 26 £
span participants.

Frocedure

’m” nis were
FESPONSE
before the deadline. However, they were told
that if they felt unable to give the correct re-
sponse before the deadline, then they should
“say what is in yvour head even if vou know it is
the incorrect response.” We gave these instruc-
tions because we found th it p articipants in our
pilot study would omit sayin esponse rather
than say an incorrect rmwmc Hm,t‘ had come to
mind (i.e, intrusion). T
“nothing was in their head,” then they should
say nothing. Participants were allowed a maxi-
mum of 1350 ms to say the response from the
onset of the cue word.

Nine types of
experimenter: corre
before the deadline, corred
ter the deadline, between-list s that
shared the same cue word, between-list intru-
sions that did not share the same cue word,
within-list intrusions, extra-experimental intru-
sions, saying the cue word instead of the re-
sponse word from a list, the absence of a re-
sponse, and random microphone errors,

mr he first mp@rmmn and part
told that the goal was to say the correct

sh

coded by the
that were mu

wonses made at-

intrusior

MEMORY AND SU

rwere also told that if
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Results

A 2 (span) ® 2 (interference) X 3 (list)
ANOVA conducted on the time to name each of
the 12 responses on a Ii@r in the naming phase,

showed little difference in naming time between
the fow and high re;mzz mrm,‘lg ants in the inter-
ference and noninterference conditions. This
analysis indicated that there were no inherent
group differences between the interference and
noninterference conditions in the time to say
each response word that were independent of
any experimental manipulations. Also, a 2
{span) ® 2 {category) ANOVA conducted on
mean number of trials to reach criterion showed
that there were no span differences in the num-
ber of trials to learn a list as g function of lst
Therefore, the d;m were collapsed
158 1ist category and a 2 (span) X 2 (inter-
ference) ANOVA design was used for the re-
matiing analyses in this section.

Mean scores were caleulated for each partic-
ipant on the number of intrusions produced per
tal, and the number of trials to reach criterion
o list, for the four conditions that resulted
from crossing the two levels of span (low and
high) with the two levels of interference (inter-
ference and noninterference). Mean number of

trials to reach criterion included response omis-
sions, whereas mean number of intrusions per
trial

did not, for obvious reasons, The method of
ting outliers was the same in both experi-
ments. Any vocal response times that were less
than 300 ms or greater than 2.5 standard devi-
ation units above the median within each cell
were dropped, Outliers accounted for less than
1% of the data. An o level of .05 was used for
all of the analyses,

Uhe first experiment was directed at whether

elationship exists between an individual’s
ing memory capacity and their vulnerabil-
ity to intrusions, We predicted that the high
span participants would show less interference
from intrustons during second-list learning
when compared to the low span participants.
Figure | shows that the high span participants
required fewer trials 1o reach ¢riterion and pro-
duced fewer intrusions per trial on the second
list, suggesting that they experienced less inter-

workis
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FIG. 1. Experiment 1 mean nwmber of trals
criterion and mean number of intrusions pe

ference than did the low span participants. Also,
second-list intrusion analyses showed that par-
ticipants in the interference condition produced
more than twice the number of between as with-
in-list intrusions, sugpesting that response com-
petition between first- and second-list response
items was the primary contributor to the inter-
ference that was experienced during second-list
learning. Although we were primarily interested
in number of intrusions and trials to reach cri
terion on List 2, we also examined vocal
sponse time and percent correct mwii 01
for evidence of interference
sause we used a res
the vocalization of covert .
low and high span participants sho
level of recall accuracy on Trial 1 of
list. More importantly, the low span pai
were significantly less accurate than w
high span }'MIU,(.J}?{,XIM on Tri ;;ai 13 1

response time data on Lm 2. L,cmre:eqmmtly

, the

analyses that were conducted on vocal response
tme and percent correct recall are not reported.

Number of trials to imm List 2. There were
maln effects of span, F(L116) = 1527, p <

001, MS, = 735 (mean m‘ 8.64 versus 6.65
trials, low and high span) zmd interference,

[6) = 43.04, p << 0001, M5, = 733
(mean of 9.31 versus 6.06 txm 5, interference
and noninterference), showing that the high
span participants and the participants in the
noninterference condition required fewer trials
to reach criterion on the second list. Recall that
4 correct responses was the criterion of learning
on each list, as represented by the horizontal
line in the top graph of Fig. 1. A closer exam-
ination of this graph reveals that participants in
the interference condition required twice the
number of trials to learn the second list as the
other two lists.

A significant span X interference interaction
in the number of trials to reach criterion on List
showed that the high span participants expe-
enced less interference than did the low span
;"s;mjciyaainm FULHLG) = 3.63, p = 08§, M‘S',‘.,

hat b(m the hm ;:ax p;xma,xwmw f« ‘wi)
“M p < 0001, M5, = 10.76 {mean of | {),J(}
versus 6.51 trials interference and noninterfer-
ce) and the high span participants in the in-
terference condition, F(1,58) = 2054, p <
31, ME, = 381 {(mean of 7.82 versus bv:SS?.
trials, interference and noninterference) re-
qmr‘ad more trials to reach criterion on the sec-
Mt when compared to their control. Al-
xém h both groups showed interference, the
hig i*s, ,e,pgu participants showed significanty less
interference.
Number of intrusions per trial on List 2
‘i here were m:am effects G‘f” span, F(1,114) =
5.66, p <2 000 3.49 (mean of 5350
5 4, M intrusions, mw wd igh span) and
0001, MS,

oy

3 4‘) {mean m 607 versus 3. ’"3"7‘ intrusions,

terference and noninterference), showing that
he high span participants and the participants in
the noninterference conditions produced fewer
intrusions per trial on the second list. There was
no span X interference interaction.

Type of intrusion on List 2. The bottom graph

3
it
4
i
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in Fig. 1 tllustrates the four tvpes of intrusions
that were incladed in these analyses: between-
list intrusions from pairs that shared the same
cue word (between-ligt), between-list intru-
sions from pairs that did not share tl'w same cue
word (between/mixed), within-list intrusions,

and outside experimental intrusions. Omissions
were excluded from the anal because there
were too few to analvze. A comparison of be-
tween- and within-list intrusions showed that
both low and high span participants produced
over twice as many between- i
trusions on List 2. This finding
response competition between

thin-list in-

ributor

list response items was the primary contr
1o interference during second-list learning.
There were few h@?‘&'a&!%}é ISIONS Pro-

duced where the two responses did not share the
same cue word (1.e., between'r 1), There was
a main effect of type of intrusion produced by
the low span participants, F11,60) = 34.79, p <
0001, MS, = 1.37 {mean of 3.03 versus 1.27
intrusions per trial, low span between- and with-
in-fist) and the high span participants, F{1,53)
= 2413, p < 0001, MY, 84 (mean of 1.96
versus 74 intrusions per trial, high span be-
ilarly, a comparison

tween- and within-list). Sim
of mean intrusions per trial on the second list
showed that the high span particip: nts produced
fewer between-list, 711, 7, p o= 01,
MS, = 1.96 {mean of 3.0 1):)%; intru-
sions per trial, low and h ny and within-
list intrusions, F{1
= 26 (mean of 1.
tmi, tow and high spa
participants. T his su g;@,mtm that 1
participants experienced less i:ri,e;:w”'!“mcrm,e tim
did the low span participanis. There were no
differences found in the number of between/
mixed intrusions produced on the second st
Finally, both the low and high :‘apzm participants
in the noninterference a‘(md‘mw nproduced more
outside experimental 1m on
F1,75y = 5.587, p << 05, M 56
89 versus 48 intrusions per trial,
ence and interference m:mdz
Although we were primarnly interested in
performance on the second ii;w we als s exam-
ined the number of trials 1o |

i
L ! st L,

{mean of
noninterfer-

SONS

18).
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the number of intrusions produced per trial on
the third list, We are reporting the intrusion
findings from the third list because they will
become important later in providing insights
into List 3 response times in Experiment 2.

Number of trials 1o learn List 3 Planned
comparisons that were conducted on the mean
number of trials to reach criterion on the third
1 a: showed a main effect of span, F(1,116) =

266, p < 001, MS, = 29. The h;m span
mmmpﬁm s required fewer trials to reach crite-

rion on the third list compared to the low span
participants (mean of 4.76 versus 4.41 trials,
low and high span).

Number of intrusions per trial on List 3.
Planned comp 1&;“&@(}1"16; that were conducted on
the mean number of intrusions produced per
trial on the third list, irrespective of type of
intrusion, showed a main effect of span,
FOLIAY = 1124, p << 01, M5, = 1.09. The
Uui span participants pmduwd fewer intru-
sions per trial than did the low span participants
on the third list (mean of 1.82 versus 1.15
intrusions per trial, low and high span),

Type of intrusion on List 3. There were no
span differences found in the type of intrusion
made on the third list, The most common types
of intrusion made on the third list were bem
tween- and within-list intrusions {mean of
versus .50 between-list intrusions per trial, mw
and high span; mean of .84 versus .51 within-
list intrusions per trial, low and high span).

Discussion
The question that motivated the first experi-
ment wag whether a miatm‘x&;hsp exists between
an individoal’s working memory capacity and
H’ixeir Vil mrzzbi ii’y to V:‘}ts‘uﬂ:imw ’I“h@ re*ﬂ;ults wgw

I"m hi g,h s,pzm parmlpﬁwm mmmmwc} fewer
intrusions and required fewer trials to reach
criterion on the second list than did the low span
participants, The combination of the speed in-

structions and the 1350 ms deadling was suc-
cessful in causing the participants to vocalize
first-list intrusions amr ing second-list learning.
Also, the 2:1 ratio of between- to within-list
intrusions indicated that our combination of
compound word pairs and overlearning caused
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the first-list response items to come to mind
first, when presented with second-list cue words
that were identical to the first-lst cue words,
Further, the 2:1 ratio indicated that incorrect
responses reflected intruding first-list response
items. [t could be argued that the reason for the
span differences in intrusions is that the high
span participants leamed the list as com-
pound nouns rather than 2s pairs, so experi-

enced less interference from first-list response
items when learning the 1 Ve
the low and high span participants showed the
same 2:1 ratio of between- 1o within-list intru-
sions, suggesting that the two gro i
differ in first-list learning
portantly, the high span
significantly fewer intrusic
the low span participants. We now examine the
relationship between working memory capacity
and suppression of intrusions

-

EXPERIMENT 2

The findings of the first experiment su
that a relationship exists between an individu-
al’s working memory capacity and their vulner-
ability to intrusions. The second experiment
was directed at whether a relationship also ex-
ists between an individual's working memory
capacity and their ability to suppress intrusions.
The first experiment used speed nstructions and
a response deadline to en oo the \»«»@Azgm
zation of covert intrusions. In
structions in the second exl
accuracy and participants
anum of 32 s to make ¢
pected that 32 s would give
cient time to monitor for INTUsions
during the learning of the sec list and to
suppress them. Consequently, we were most
interested in examining the voo £
times on the first trial of the thir
dence of suppressed first-list response items that
had intruded during the lm rning of List 2. We
expected that the high span sipants would
be better able to suppress 4§ intruding first-list
response {tems during second-list mm‘ 1g and
s0 would show slower response times on the
first trial of the third list compared to a high
span control group who was |

¥
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third list for the very first time. We were also
interested in a within-subject comparison of the

time to retrieve the response items on List 3. If

high span participants suppressed the response
items from List 1 during the learning of List 2,
then they should be slower to retrieve the List |
response items during the relearning of the first
list {i.e., List 3} than they were when they first
learned List 1.

Method

Participants

One hundred and twenty students from the
University of South Carolina participated in ex-
change for course credit. The participants were
chosen for the low and high span groups based
on their operation span score. Each was then
randomly assigned to the interference or nonin-
rerference conditions, There were 30 pgmc;:iw
pants in each of the resulting 4 groups {i.e., low
span interference and noninterference, i}:é.,%}
span interference and noninterference), The
mean operation span score was 7 for the low
span and 26 for the high span participants.

Procedure

The general procedure was described previ-
ously. Accuracy was stressed in the second ex-
neriment and participanots were instructed to **
ally try hard to come up with the correct
response.” The primary measures of interest
were the time 1o make a vocal response from the

wset of the cue word and mean percent correct
1’@:&‘&}}‘ Six types of response were coded by the
experimenter; correct responses, between-list
intrusions, within-list intrusions, extra-experi-
mental intrusions, the omission of a response,
and random microphong errors,

Results

A2 (span) X 2 {(interference) X 3 (list)

ANOVA conducted on the time to name each of

the 12 responses on a list in the naming phase
showed little difference in naming time between
the low and high span participants in the inter-
ference and noninterference conditions, This
finding indicated that there were no inherent
group differences between the interference and
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TABLE 2

Trial I Mean Vocal Response Times in Experiment 2

Trial 1 Mean Vocal RT

Last | List 2 List 3

Low span: Mean
Non-Interference  1546.00 188284 1294.27 1574.40
Interference 113574 211991 118808 1481.24
Mean 134091 200137 1241.17

High span: Mean
Non-Tnterference 122950 146882 112028 127287
Interference 107741 2031.62 123457  1447.87
Mean 3348 175022 117742

noninterference conditions in the time to say a
response word, independent of any experimen-
tal manipulations. Also, a 2 (span) X 2 {cate-
gory) ANOVA conducted on mean vocal re-
sponse time showed that there were no span
differences found as a function of list category.
Therefore, the data were collapsed across list
category and a 2 (span) X 2 (interference)
ANOVA design was used for the remaining
analyses in this section,

Recall that the first phase of learning each list
was to name each of the response words, There-
fore, what we refer to as “Trial 1” in the anal-
vses followed the naming phase and was the
first attempt for participants to recall the re-
sponse word when presented with the cue word
during the test phase. The mean vocal response
time for Trial | included only the latencies for
correct responses. Table 2 containg the mean
vocal response times for Trial | on each of the
three lists for the four conditions that resulted
from crossing the two levels of span (low and
high) with the two levels of interference (inter-
ference and noninterference). The method of
treating outliers, which constituted 2.5% of the
data, was the same as in the first experiment. An
a level of .05 was used for all of the analyses.

The second experiment was directed at
whether a relationship exists between an indi-
vidual's working memory capacity and their
ability to suppress intrusions. Based on the
Rosen and Engle (1997) findings, we expected
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that the high span participants would be better
able to suppress the intruding first-list response
items during the learning of List 2. Conse-
quently, we were most interested in whether
high span participants in the interference con-
dition would show slower retrieval times on the
first trial of relearning the first list (i.e., List 3),
when compared to a control group who was
learning the same list for the very first time.
The top graph in Fig. 2 shows that the high
span participants in the interference condition
were slower than their control on the first trial of
shows that the high span participants were
slower on the first trial of relearning List | when
compared to themselves when they first learned
List 1. Both of these findings suggested that the
high span participants had suppressed first-list
response items during second-list learning. In

List 3 Interaction
Between Subjects

a00y Ul Non-interference
nierference
k= 1300) , ‘
G
[+
£ seoo-
=
]
O v
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<000 'B9% {{[92% | ‘88% |[64% ||
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o
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FI1G. 2. Experiment 2 between subject comparison of
mean vocal response times on Trial 1 of List 3, and within
subject comparison of mean vocal response times on trial 1
of Lists T and 3,




contrast, the low span participants did not show
any evidence for suppression. Instead, the low
span mmupe nts in the interference m:mditicm
showed er response times than did their
counterparts in the control condition on Tmi !
of the third list, suggesting that they experi-
enced facilitation of first-list response items.
List 3 response time. There was a significant
span x ix“xi’@r‘f@rmwe inte 'aciicm on Ti“ia! 1 of the

40,540.43. i%impm main wam cmmmri:;cms;
showed that the high span participants in the
interference mndiﬁmn were |14 ms slower than
their control, F(1,58) = 3,89, p = 05, M§, =
50,398.85, whereas ibe iow span participants in
the interference condition were 106 ms faster
E;m their mmm F(1,58) = 3.96, p = .05, M§,
= 42,0682.01. Also, within subject mmpamom
£ Trial 1 m;ﬁmmm times on the first and third
§ii§§ti€, in the interference mr}diti{m, showed a

main effect of list, £{1,58) = 1645, p < 001,
MS, = 20,013 ‘i?; ;:md a sp;m X im mtc auicm
FLSRY = 412, p = , MY, = 20,013

Simple main t*.ﬁ@(;{ mmmm@m bhuwui ﬂ at
the high span participants were 157 ms slower
to retrieve response items on Trial 1 of the third
list mz‘m 12‘1@y were m rc?trieve ti'w «;zxme‘: response

46,661 wa»i, En u:smmbg m<, lc:m spfm parricipams;
showed little difference in mean vocal response
times on Trial 1 of the first and third lists,
F(LS8) = 1.27 p <2 .3, MS, = 32,452.90. These
findings provide %tmmﬁ evidence that the high
span participants in the interference condition
suppressed first-list response items during sec-
ond-list learning, whereas the low span partici-
pants in the interference condition did not.
List 3 percent correct recall. Planned com-
parisons of percent correct recall o
the third list showed that participants in the
interference conditions were more accurate ti‘m'a
their controls, F{1,116) = 733, p =0 01, MS, =
D08, No main effects nor interactions mvwivmgﬂ
:‘;p;m were E;is:fniﬁf;:zmt
\\\\ ¢ primarily interested in the
z‘%;}m‘m unm on the first trial of the third list,
we also examined response times and percent
correct recall on List 2 for evidence of first-list
interference. The high span participants in the

on Trial 1 of
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interference condition appeared to experience a
larger effect of first-Hst interference when com-
pared to their low span counterparts, ym the low
span participants were slower overall on the first
trial of the second list. More i mpmmmh the
low span participants were significantly less
accurate than the high span participants on the
first trial of the second list, which precludes us
from interpreting and discussing the response
time data from List 2. Consequently, the List 2
analyses are not reported.

Discussion

The second experiment examined whether a
relationship exists between an individual’s
working memory capacity and their ability to
suppress intrusions. The instructions empha-
sized accuracy and so focused on speed of re-
trieval or vocal response time as a primary
measure of suppression. There were two impor-
tant findings from the second experiment. First,
a relationship does exist between an individu-
al’s working memory capacity and their ability
to suppress intruding first-list response items.
The high span participants in the interference
condition were 114 ms slower than their control
to retrieve first-list response items on Trial 1 of
the third list, whereas the low span participants
were 106 ms faster than their control, Second,
the high span participants in the interference
condition were 157 ms slower to retrieve first-
list response items on Trial 1 of the third list,
compared to when they first retrieved the same
response items on Trial | of the first list. In
contrast, the low span participants in the inter-
ference condition showed little difference in the
vocal response times between the first and third
lists. Both of these findings suggested that the
high span participants in the interference con-
dition had suppressed first-list response tems
during second-list learning, whereas the low
span participants had not. We would also like 10
mention that had we only examined the reten-
tion of first-list response items (L.e., number of
correctly recalled items), as paired-associate
studies typically do, then we would have mis-
takenly concluded that suppression had not oc-
curred for the high span participants.

An alternative explanation for the high span
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participants’ slower response times on the firt
trial of the third list is that the slower times
reflected increased response competition be-
rween the second and third list response items
because the second list was better learned, and
more highly activated, for the high span partic-
ipants. However, there are two findings that
refute this argument. The first finding is that
there were no span differences found in the
number of trials to reach criterion on the second
or third lists for participants in the interference
condition. This finding suggests that the low
and high span participants had reached a com-
parable level of learning, and activation, on the
second list, Further, both the high and low span
participants produced few List 2 intrusions dur-
ing the learning of List 3. Across all List 3 trialg,
there was an average of only .32 intrusions fur
the low span participants and 36 for the high
span participants, suggesting that the high span
participants did not experience more response
competition from second-lst response items
than did the low span participants. In fact, a
similar pattern of results was seen in the List 3
intrusion findings from Experiment 1. when
overt intrusions were actually encouraged. The
second finding was that both the low and high
span participants in the interference condition
showed an accuracy rate in excess of 90% (92%
for the low span participants and 94% for the
high span participants). These findings do not
support an argument that List 2 response items
were better learned or more highly activated for
the high span participants. It is more likely that
the slower response times for the high span
participants on Trial | of the third list reflected
the suppression of first-list response items.

It could also be argued that the critical inter-
action on the first trial of the third list, which
supports an interpretation of suppression, oc-
curred because the performance of the low span
; Zii”ii&:if)'fi nts in the control condition was atypi-

. Further, if the low and high span partici-
}Amb in the control condition had behaved the
same (1.e., comparable response times), then the
low span participants in the interference condi-
tion would have showed suppression like their
high szn‘z counterparts. There are three findings
that render this argument untenable. First, when
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we compare the times for the low and high span

participants in the control condition to say each
response item on List 3, before any cued recall
occurred (i.e., test phasey, we find that they were
essentially the same (mean of 827 .57 ms versus
83596 ms, low and high span participants).
This finding shows that there were no inherent
group differences between the low and high
span participants in the control condition that
might have affected vocal response time., Sec-
ond, when we compare accuracy rates on the
first trial of the third list, we find that the low
and high span participants in the control condi-
tion showed comparable accuracy rates {mean
of 89 versus 88% correct, low and high span
participants). Third, both the low and high span
participants showed a “leaming to leam” effect,
or practice effect, that is typically found in
list-learning experiments. In fact, the low span
participants in the control condition showed
more than twice the learning to learn effect
across lists than their high span counterparts
showed (mean of 252 ms versus 109 ms reduc-
tion in response times from List | to List 3, low
and high span participants), In spite of these
three findings, the low span participants in the
control condition were still 174 ms slower than
their high span counterpants when they were
required to provide a response word when pre-
sented with a cue word. Recall that these studies
were directed at examining individual differ-
ences in behavior. Therefore, it may not make
sense to expect the low and high span partici-
pants in the control condition to behave exactly
the same. It may be that low span participants
experience more “general” interference, that is

unrelated to the experimental procedurs or stim-
uli, when compared to the high span partici-
pants. We will discuss the nature of our sup-
pression findings in the general discussion
section.

GENERAL DISCUSSION

These studies were motivated by two questions,
The first question asked whether individuals who
differ in central executive or working memory
capacity show a corresponding difference in the
number of intrusive thoughts and behaviors they
experience. The second question asked whether a
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relationship also exists between an individual’s
working memory capacity and their ability to sup-
press those intrusive thoughts.

In the first experiment, span differences were
found in the number of trials 1o reach criterion
and the pumber of intrusions produced per trial
on the second list, suggesting that working
memory capacity does play a role in an individ-
ual’s vulnerability to intrusions. The high span
participants required fewer trials to mmh Crite-
rion and produced fewer intrusions (i.e., be-
tween- and within-list) than did the low span
participants. These findings suggested that the
high span participants experienced less interfer-
ence from intrusions during second-list learning
when compared to the low span participants.

Our second question asked whether individ-
uals who differ in working memory capacity
will show a corresponding difference in the
ability to suppress intrusions. An examination
of the vocal response times on the first trial of
the third Hst in Experiment 2 showed that the
high span participants in the interference con-
dition were 114 ms slower than their control,
whereas the low span participants in the inter-
ference condition were 106 ms faster than their
control. In addition, the high span participants
in the interference condition were 157 ms
slower to retrieve first-list response items on the
third list compared to when they first retrieved
the very same response items on the first list.
Both of these findings strongly support the con-
clusion that the high span participants had sup-
pressed intruding first-list response items during
second-list learning, whereas the low span par-
ticipants did not.

A Four Component Model of Retrieval

The present set of experiments was motivated
from a set of four ¢ teww ﬁuﬁncy experiments
tmmu & Engle, 1997, where the findings were

explained within the a,omc,xt of a retrieval
m@dd that was based on individual differences
in working memory capacity. The model con-
sists of one component that does not demand
controlled attention, namely, automatic spread-
ing activation, and three components that do
require controlled attention: covert monitoring

ROSEN AND
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for potential errors, suppression of previously
retrieved information, and controlled search,

The findings from the present set of studies fit
well with the idea that there are four compo-
nents involved in retrigval in the pai ired-associ-
ates task and probably other mt rieval tasks as
well (Rosen & Dngle, 1997). The first compo-
nent is automatic spreading activation that re-
sults from the presentation of a cue. No span
differences would be expected for this compo-
nent. Automatic spreading activation was prob-
ably most important in eliciting the well-learnad
response item of the compound word pairs at
the end of List 1 learning and early into List 2
learning, The first-list response item, retrieved
automatically as a correct response at the end of
List 1 learning, would then become an intrusion

when retrieved automatically at the beginning
of List 2 learning. The remaining retrieval com-
ponents of the Rosen and Engle model require
controlled attention.

The second of the four retrieval components is
covert monitoring for potential errors resulting
from auwtomatic spreading activation. When }1
component fails, it would lead to overt intrusions
such as the List [ intrusions that were made during
the learning of List 2 in the first experiment. This
component was made particularly important by
the effect of automatic activation of the previously
learned, but now incorrect, response. Monitoring
would be important in order to make sure that the
incorrect response is not vocalized and would
become more important with the addition of ac-
curacy instructions and oral recall. This compo-
nent requires sufficient time to occur because it
is a controlled process. When participants are
pushed to respond quickly while reducing the im-
portance of accuracy, this component may not be
implemented. In the first experiment, in which the
participants were given a response deadline, more
intrusions were produced by both the low and high
span participants in the interference conditions
during the learning of the second list. The intru-
stons most likely occurred because the response
deadline gave participants little time to covertly
maonitor for intrusions. Unlike the first experiment,
few intrusions were produced in the second ex-
periment because there was sufficient time for
both the low and high span participants to covertly
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monitor for intrusions. Participants were allowed

up o 32 s to make a response and therefore had

time 1o covertly identify and prevent the vocaliza-
tion of a covert intrusion, should it oceour.

The third retrieval component is the selective
suppression of retrieved information resulting
from automatic spreading activation. It was ex-
pected that the high span participants would be
better able to suppress intruding response items
when compared to the low span participants, In
fact, in the second experiment, the high span

participants showed evidence for suppression of

first-list response items, whereas the low span
participants did not. The high span participants
in the interference condition were slower to
retrigve first-list response items on Trial 1 of the
third Hst when compared to their control, Fur-
ther, the naming times on these first-list re-
sponse items did not show evidence of suppres-
sion, suggesting that the suppression that was
later found in the vocal response times did not
occur at the level of access, word form, or
production. It was only when retrieval was as-
sociated with a cue (i.e,, during the test) that we
found evidence for suppression. Consequently,
it may b@ t? at the high span participants sup-
pressed the link between the cue and response
word in e u,h of the first-list pairs, during sec-
ond-list learning, in order to facilitate the for-
mation of new associations between the new
second-list response words and the old first-list
cue words. However, we can only speculate
about the nature of the suppression that was
found for the high span participants in the sec-
ond experiment.

Rosen and Engle (1997) argued that the low
span participants in their fluency studies per-
formed worse than did the high span partici-
pants because they did not have the working
memory capacity needed to monitor their output
while concurrently suppressing previously re-
trieved items or searching for new items. Stm-
ilarly, when accuracy was stressed in the
present set of experiments (Experiment 2), the
low span participants may have been mmb e to
both suppress intrusions and monitor their out-
put in order to maintain accuracy, like the high
span participants. Although the low span partic-
ipants did not show suppression, they were still
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able to successfully monitor their output and so
produced few intrusions when given accuracy
instructions. One explanation for the lack of
suppression is that the low span participants
were unable to allocate controlled attention to
more than one component of the task at a time.
This explanation is compatible with recent the-
orfes that view controlled attention, or central
executive function, as multicomponent in nature
(Baddeley & Della Sala, 1996; Baddeley, Della
Sala, Papagno, & Spinnler, !94}’7}. However,
thm@ is always the possibility that low span
participants are unable to suppress, regardless
of how many other components of a task require
controlled attention. Although we might enter-
tain the idea of a multicomponent central exeg-
utive, we maintain that central executive func-
tion is “fueled” by a single pool of attentional
resources.

The fowrth and final component of the re-
trieval modet is controlled search for the correct
response after the pre:“«;mmicm of a cue word,
This component would be necessary during
those times when the correct response does not
come quickly to mind. Therefore, this compo-
nent requires controlled attention and sufficient
time to occur. Based on the category fluency
findings of Rosen and Engle (1997), it would be
expected that the high span participants would
also be better at searching for the correct re-
sponse when given sufficient time. However,
these studies were not directed at controlled
search and so we have no way to determine
whether span differences existed in controlled
search from the present set of data,

Central Executive and Frontgl Lobe
Functioning

Inthe introduction to this paper, we discussed
the relationship between resistance to interfer-
ence and suppression. We based an argument
for span differences in suppression on Demp-
ster's (1991, 1992) view that the ability to regist
interference may be an important source of in-
dividual and developmental differences, and,
more importantly, that a relationship exists be-
tween resistance to interference and frontal lobe
functioning. Fromtal lobe functioning is com-
monly assessed through tasks such as the Wis-
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consin card sorting task and verbal fluency

tasks. However, the paired-associate task has
also shown sensitivity to frontal lobe function-
ing. Shimarmura et al, {1995) found that frontal
lobe patients showed a greater vulnerability fo

interference in a paired-associate task when
compared to normals. Also, Uhl et al. (1990)
fmme:i t?‘»’ii"i‘a:“l“ic@ ?”m ’I“c}mzii il)bfi‘ zmxx«xw in nor-
whe:m ihg}/ W uuH %mx buzn xmmtmg mmrtc:rw
ence (i.e., during second-list learning). How,
then, do resistance to interference, frontal lobe
functioning, and working memory capacity re-
late to each other?

We have come to believe that the construct
that we have labeled working memory capacity
is simply another name for individual differ-
ences in central executive functioning (see
Rosen & Engle, 1997, and Engle & Oransky, in
press). Recall that the mmmf executive is the
attentional component of Baddeley’s (1986}
working memory model. There are models of
the central executive as frontal abc function
{Baddeley & Della Sala, 1996; Baddeley et al,,

1997; Baddeley & Wilson, %éw as well as
mwﬁ‘la of controlled attention as frontal lobe
function ("»@erwm & Shallice, 1986; Posner &
Peterson, 1990). Although no models exist vet
of working mmnm‘y capacity as frontal lobe/
central executive function, our model of re-
trigval is one step in this direction. However,
further research needs to be conducted on the
relationship between working memory capacity
and other processes commonly associated with
frontal lobe functioning, such as planning and
task switching, before we can develop a more
complete model of working memory capacity as
frontal lobe/central executive function. Until
then, we can only hypothesize about this rela-
tionship, based on what we already know about
the rote of working memory capacity in perfor-
mance on tasks that are designed to assess fron-
tal lobe function.

Rosen and Engle (1997) found that a relation-
ship existed between working memory capacity
and performance in a fluency task, Also, the
current set of studies found a relationship be-
tween working memory capacity and suppres-
sion (Le., resistance to interference) during
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paired-associate learning. As mentioned earlier,
both fluency and paired-associate tasks are sen-
sitive to frontal lobe functioning. If these tasks
are sensitive to both working memory capacity
and frontal lobe functioning, then it seems only
a short step to suggest that a relationship exists
between working memory capacity and frontal
lobe functioning. Further, Engle and colleagues
{Engle, Tuholski, Laughlin, & Conway, in
press) have recently found a relationship be-
tween measures of working memory capacity,
and measures of “g” or general intelligence,
that have been linked to frontal lobe function
(Duncan, Emslie, & Williams, 1996). We un-
derstand that in arguing for a relationship be-
tween working memory capacity and frontal
lobe function, we are comparing the perfor-
mance of low span individuals with frontal lobe
patients. However, we believe that the basis of
the relationship is that both groups share a def-
icit in comtrolled attention. In the present set of
studies, a deficit in controlled attention may
have influenced whether an individual was able
to suppress or resist interference while engaged
in other components of the task, Although both
the tow and high span participants successfully
monitored their output, only the high span par-
ticipants showed that they were able 1o both
monitor their output and suppress intrusions, If
a relationship truly exists between working
memory capacity and frontal lobe functioning,
then the ability to suppress intruding thoughts
and behaviors may be one link in this relation-
ship.
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