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Abstract of the Dissertation
Collaborative memory and part-set cuing impairments:
The role of executive control
by
Sarah Jane Barber
Doctor of Philosophy
in
Experimental Psychology
Stony Brook University
2010
Providing memory cues can sometimes hurt memory performance rather than
enhance it. More specifically, when people are exposed to a subset of previously studied
list items they will recall fewer of the remaining items compareal¢ondition where
none of the studied items are provided during recall. This occurs both when the subset of
list items is provided by the experimenter (as in the part-set cuingtpahd when the
subset of list items is provided during the course of a collaborative discussidreby ot
individuals (as in the collaborative inhibition effect). Previous research hagietent
retrieval disruption as the mechanism underlying both the part-set cuing defiche
collaborative inhibition effect. However, little is known about the factors thatmake
individuals particularly susceptible to retrieval disruption. This disserntéisted one
such candidate factor, namely, executive control. Two competing hypotheses about the

relationship between executive control and retrieval disruption were tesiate S



previous research suggests that executive control plays only an indirect role in
modulating retrieval disruption through its role at encoding and should therefore exe
little effect when it is varied at only the retrieval stage. In contrds¢y oésearch
suggests that increases in executive control at the retrieval stage shastttated
with decreases in retrieval disruption. These hypotheses were tested in botbed par
cuing paradigm (Experiment 1) and in a collaborative memory paradigm (Expé2n
using the novel approach of directly manipulating an individual’s level of executive
control during retrieval with an executive depletion manipulation. Acrossiemgrgs,
results indicated that executive depletion played no direct role in modulatiegaktr
disruption. That is, neither the part-set cuing deficit (Experiment 1) nor thbaaiteve
inhibition effect (Experiment 2) was increased by the executive depletion matropul
In contrast, executive control abilities were indirectly related teeketr disruption
through their role at encoding (Experiment 1). Together, these results siggest t
executive control does not directly affect retrieval disruption at thevatrstage, and

that the role of this putative mechanism may be limited to the encoding stage.
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1. Introduction
The collaborative inhibition effect.

As a social species we spend the majority of our lives with others and many of our
memories are both encoded and recalled in interactive group contexts. However,
cognitive research on memory has typically focused on individuals working in isolation
and group memory has largely been studied within the domains of sociology, social
psychology, and anthropology (e.g. Halbwachs, 1950/80; Wegner, 1986; Wertsch, 2002;
also see Echterhoff, Higgins, & Levine, 2009). It is only in the last decade thactese
has begun to focus on how an individual’s memory changes when recalling information
as a member of a collaborating group (Barnier & Sutton, 2008; Weldon, 2001).

To examine how collaboration affects memory, the comparison is made between
the recall of interacting, arollaborative groups with the recall afominalgroups of
equal size. Nominal groups are groups in name only where the individual recall of
participants is pooled together in a non-redundant fashion with overlapping items counted
only once. For example, in a typical collaborative memory experiment, adlipants
first study a list of items such as A, B, C, D, E, F, G, H, |. If there are gragicipants
in each group, collaborative recall is calculated as the number of answerseprbgtuc
three individuals working together. In contrast, nominal recall is calcuést¢he
number of non-redundant answers produced by three individuals working alone - if
Participant 1 recalls items A, B, and C, Participant 2 recalls A, D, and E, arujp@at
3 recalls A, E, F, and G then the pooled non-overlapping nominal recall is seven items:
A, B, C, D, E, F G. This nominal recall product is then compared with the recall of the

collaborative group, and the outcome of this comparison is counterintuitive -



collaborative groups recall significantlgssthan nominal groups, a phenomenon known
ascollaborative inhibition(Weldon & Bellinger, 1997). This result is similar to
brainstorming research showing that collaborative groups generate feweideagsthan
nominal groups (Paulus, 2000).

Collaborative inhibition is a robust finding, occurring routinely in free recall and
with a wide variety of study materials (Weldon, 2001). Although collaborative iigmbit
sometimes declines in well-acquainted groups (such as friends or couptesgrety
reversed. Collaborating friends recall no more information than nominal groups, and
often recall less (Andersson & Ronnberg, 1995; Johansson, Andersson, & Ronnberg,
2000; Peker & Tekcan, 2009). In fact, within the extant literature the only demimstrat
of collaborative facilitation showed that collaborating groups of expert péotdl more
aviation-related information than nominal groups of expert pilots (Meade, Naickes, a
Morrow, 2009) and even here the facilitation effect was marginal and did not occur f
collaborating groups of novice pilots or non-pilots.

While collaborative facilitation is rare, collaboration almost alwasahpositive
effect on later individual memory (Basden, Basden, & Henry, 2000; Blumen & Rgjara
2008; Rajaram & Pereira-Pasarin, 2007; Weldon & Bellinger, 1997, but see also Finlay,
Hitch, & Meudell, 2000). For example, in Weldon and Bellinger’s (1997) first
experiment, participants completed two successive recall tests, dehrea
collaborative group or individually. The comparison of interest is between the tyau
recalled first in a collaborative setting followed by an individual lfesession (Cl) and
the group that recalled first individually followed by a second individual reesdlien

(1. The second, individual, recall session was higher when preceded by cdilebora



recall (Cl) than when preceded by individual recall (II). Thus, recalliragnmédtion in a
group setting does confer a subsequent individual memory benefit. This benefit is
composed of both an increase in correct responding and a decrease in false alarms
(Rajaram & Pereira-Pasarin, 2007). Furthermore, final individual memagfiteemore
from repeated recalls in a group setting (two collaborative recalls pragee(inal
individual recall -- CCI) than by either repeated individual recall (twoviddal recalls
preceding a final individual recall — 1ll) or by a combination of previous lotiative
and individual recalls (a collaborative and individual recall preceding aifidizdual
recall -- either ICI or CIl) (Blumen & Rajaram, 2008; see also BlumdRagaram, 2009).
While collaboration improves subsequent individual memory, this occurs despite
the fact that collaborative inhibition was present in the studies described abovied|
recall was higher than collaborative recall on the first memory testy i$\Mndividual
recall lowered within a group setting? While social loafing may seemnilodaous
explanation, collaborative inhibition does not occur because of diffusion of responsibility
or reduced motivation (e.g., Weldon, Blair, & Huebsch, 2000). In fact, increasing
motivation within a group (by offering monetary incentives, increasioggcohesion,
and increasing personal accountability) does not eliminate the collabanfiiviéion
effect (Weldon, et al, 2000). Rather, it appears that collaborative inhibition isibyiena
cognitivephenomenon and is similar to thart-set cuing deficithat occurs in individual
recall (see Basden, Basden, Bryner, & Thomas., 1997; Nickerson, 1984).
Collaborative inhibition is similar to the part-set cuing deficit.
The part-set cuing deficit refers to a counterintuitive phenomenon in which cuing is

detrimental to memory performance. In general, memory is improved whgunaaee



retrieval cues are provided (e.g. Tulving, 1974). For example, after studying a
categorized list of words, people remember more if they receive one stigdneildm

each category (compared to no items) as a memory cue (Hudson & Austin, 1970).
However, when people receimsorethan one studied item from each category, cuing
becomes detrimental (Slamecka, 1968). In this situation, people recall fewer of t
remaining items compared to a condition where none of the studied items are provided as
cues during recall. This phenomenon is known as the part-set cuing deficitpad@e

are given access to part of the studied list, it lowers their recall oéith@ining items.

The part-set cuing deficit is a robust phenomenon and has now been demonstrated across
a wide-variety of experimental contexts (for reviews, see Nickerson, 1984, Bio&dig

Neely, 1982, or Bauml, 2007, 2008), and for a wide-variety of populations, including
children (Zellner & Bauml, 2005), older adults (e.g. Marsh, Dolan, Balota, & Raedige
2004), and people with amnesia (Bauml, Kissler, & Rak, 2002).

Since the part-set cuing deficit was first reported (Slamecka, 1968) nusnero
explanations about the underlying mechanism have been proposed (for reviews see
Bauml, 2007; Nickerson, 1984; Roediger & Neely, 1982). Of these, considerable
evidence has been reported in favor of g#tdeval disruptiormechanism, the focus of
the present investigation. According to this view, individuals develop their own
idiosyncratic organization of studied materials and use this organizatiatabstto
guide retrieval (Roenker, Thompson, & Brown, 1971; Rundus, 1971; Tulving, 1962).
Later, the presence of part-set cues disrupts these organizational @valrstrategies
and leads to suboptimal recall performance (Basden & Basden, 1995; Basden, Basden, &

Galloway, 1977). Two lines of research support the retrieval disruption account. First,



part-set cues are less detrimental when the cues are in line with, nath@rdonsistent
with, the individual’'s organizational strategy (Basden, Basden, & Stephens, 2002nBas
& Basden, 1995; Sloman, Bower, & Rohrer, 1991). Second, there is often a ‘release’
from part-set cuing such that once the cues are removed (e.g. on a later mesthory
participants elicit previously ‘blocked’ studied words (Basden, et al., 197 7ebd@aum|
& Aslan, 2004). Thus, the memory impairment on the first recall test is oftggotary
and does not reflect poorer encoding or storage in the part-set cued condition.
Evidence supports the proposal that the retrieval disruption mechanism underlies
not only the part-set cuing deficit (e.g. Basden & Basden, 1995), but also the
collaborative inhibition effect (Basden, et al., 1997). Within a collaborative group, each
group member has their own unique organizational and retrieval strategies. ®uring
collaborative recall session, the responses produced by other group menveeas ser
part-set cues and disrupt each individual’s idiosyncratic retrievabgikeat leading to
lowered group recall. Supporting evidence comes from the fact that colle@orat
inhibition is only present on free-recall memory tests that rely on an indigdua
idiosyncratic retrieval strategy. In contrast, collaborative inhibiti@bgent when the
memory test format imposes a set organizational structure such ascakdFinlay, et
al., 2000; see also Barber, Rajaram, & Aron, 2010) or recognition (Clark, Abbe, &
Larson, 2006; Clark, Hori, Putnam, & Martin, 2000), presumably because this creates
equivalent retrieval disruption in both the collaborative and nominal groups.
The retrieval disruption account of collaborative inhibition is also supported by a
‘release’ from collaborative inhibition on subsequent memory tests. As desaitied e

several studies show that collaboration typically has a positive effect omtitedual



memory such that prior group recall improves later individual recall of eactbare

from a collaborative group compared to each member from a nominal group (Basden,
Basden, & Henry, 2000; Blumen & Rajaram, 2008; Rajaram & Pereira-Pasarin, 2007;
Weldon & Bellinger, 1997, but see Finlay, Hitch, & Meudell, 2000). In other words,
there is often a ‘rebound’ effect, such that items ‘lost’ during the collabenscall

session are successfully retrieved on the later individual memory test. dgkémet,
these findings suggest that retrieval disruption is a key underlying mechaiise
collaborative inhibition effect.

The role of executive control in retrieval disruption.

The current research focuses on the role of executive comtradulating retrieval
disruption. Although no single definition captures all theoretical views, execoint
(also referred to as the ‘central executive’ or ‘supervisory attentis@nsysypically
refers to the collection of interrelated abilities that are involved in cangahd
directing attention, thoughts, and actions according to one’s goals (e.g. Bad9&ie;
Norman & Shallice, 1986; Posner & DiGirolamo, 2000; for a review see Gathercole,
2008). Put another way, executive control can be thought of as an attentional construct
(e.g. Blair, 2006; Duncan, Emslie, Williams, Johnson, & Freer, 1996; Heitz, Unsworth, &
Engle, 2005; McCabe, Roediger, McDaniel, Balota, & Hambrick, 2010; Shallice &
Burgess, 1993), or collection of abilities (e.g. Friedman, et al., 2006, 2008; Miyake, et al.,
2000; Sylvester, et al., 2003) that allow people to inhibit some thoughts and purposely
pursue others in a goal-directed manner. Strikingly, extant work sugggats/ag
neutral, and positive relationships between executive control and susceptbility

retrieval disruption.



A negative, or neutral, relationship between executive control and susceptibility to
retrieval disruption. Some prior work suggests that retrieval disruption is modulated by
an individual’s level of executive controln particular, differences in executive control
are related to performance on a part-set cued test such that individuals tvith hig
executive control exhibit a part-set cuing deficit in recall wheredisiduals with low
executive control do not (Cokely, Kelley, & Glichrist, 2006). This result that higher
executive control corresponds to greater retrieval disruption (Cokely, 20@6) seems
paradoxical and appears to be driven by encoding differences between high and low
executive control individuals. Previous work has shown that executive control éslrelat
to the ability to integrate information during learning (Cantor & Engle, 1993; Raklya
& Copeland, 2006). As such, better executive control promotes encoding strategies tha
create inter-item associations among the unrelated studied items,omhé&écutive
control does not produce such idiosyncratic organization (McNamara & Scott, 2001,
Turley-Ames & Whitfield, 2003). Given that the part-set cuing deficit isglemt when
inter-item associations are strong (Basden, et al., 2002), these differeeceoding
strategy presumably lead to a part-set cuing deficit for individuals wgth but not low,
executive control. Thus, while executive control indirectly produces an impact on
retrieval disruption through its role at encoding it is not clear whetpéays a direct role
in modulating retrieval disruption at the retrieval stage. Some evidencestutige it
does not. For example, Cokely, Kelley, and Gilchrist (2006) found that the relationship
between executive control and retrieval disruption disappears when encodjogtede
across participants. In particular, during the encoding phase of Experiment2B the

asked all participants to link the to-be-remembered words in a story. This maaoipulat



encouraged all participants, regardless of their executive control aptlitie®ate strong
inter-item associations. Later, all participants, regardless ofekeautive control
abilities, exhibited a part-set cuing deficit in recall. This resulttaksn as evidence that
encoding strategies play a causal role in predicting retrieval disnuf@@okely, et al.,
2006; Experiment 2B). Furthermore, given that the relationship between executive
control and retrieval disruption disappeared when encoding strategies wastletjua
suggests that executive control exerts no direct impact on retrieval disruptiogrtis
role at retrieval.

The conclusion that executive control only modulates retrieval disruption through
its role at encoding, but not at retrieval, is further supported by research omdivide
attention. A large body of literature has shown that dividing attention during egcodin
results in poorer memory compared to having full attention during encoding (e.g.
Baddeley, Lewis, Eldridge, & Thomson, 1984; Craik, Govoni, Naveh-Benjamin, &
Anderson, 1996; Naveh-Benjamin, 1987, 1988, 1990; Naveh-Benjamin & Jonides, 1986;
Murdock, 1965). In contrast, dividing attention during retrieval exerts little, orfactef
on memory performance compared to having full attention during retriegal (e.
Baddeley, et al., 1984; Kellogg, Cocklin, & Bourne, 1982; Naveh-Benjamin, Craik,
Guez, & Dori, 1998; for a review see Craik, 2001). Given that executive control is often
conceptualized as an attentional contruct (e.g. McCabe, et al., 2010), and given that
attentional resources do not seem to impact memory retrieval perforntaadberefore
possible that executive control plays no direct role in modulating retrieval dosrapbt

the retrieval stage.



A positive relationship between executive control and susceptibility to retrieval
disruption. Other lines of research lead to an opposite prediction and suggest that better
executive control enables suppression of distraction and should thetefoease
retrieval disruption even when encoding is equated. In particular, one can thiek of t
part-set retrieval cues or items recalled by other group members daliaigorative
recall as ‘intrusive memories’ once they have been successfullietec@he participant
must therefore attempt to ‘suppress’ or ‘ignore’ the cues and continahisgeatheir
memory for new target items according to their own retrieval sch&aeeral prominent
theories suggest that working memory acts as an attention regulatoh@ligeS1988;
Kane & Engle, 2000). It therefore follows that the ability to ignore no-lorglexant
information by controlling attention in a goal directed manner should be dependent upon
working memory (and thus, executive control) capacity (e.g. Darowski, et al., 2008).
Three lines of research support this hypothesis.

First, many studies show that, individuals with higher working memory spans are
better able to ignore distractions during a cognitive task than individuals wigh low
working memory spans. For example, one typical task involves reading text thdéesc
additional, irrelevant, words or phrases. The irrelevant, to-be-ignored, iteimsnaeel
in a different font (e.g. italics) and the participant is asked to read alouthenkords in
the normal format. As working memory span increases reading speed on thiaritrele
text task get faster (e.g. Connelly, Hasher, & Zacks, 1991). Simitdhgr evidence
suggests that as working memory capacity increases, interfereareasis such that low

capacity individuals seem to have difficulty suppressing related, but irrelevant



information during a memory task (Cantor & Engle, 1993; Radvansky & Copeland,
2006).

Second, participants with high working memory spans are also better able to avoid
‘cue’ words (and continue searching memory for non-cue words) than participtints
low working memory spans. For example, in a study by Hansen and Goldinger (2009)
participants were asked to play the board game ‘Taboo’. During this gameagee pl
supplies clues to their teammates about a target word (e.g. ‘Bacon’) whitengvibie
‘taboo’ words (e.g. ‘Pig’, ‘Eat’, ‘Breakfast’, ‘Sausage’, and ‘Eggs’). Thasrder to
complete this task the player must hold the taboo words in mind while continuing to
search memory for alternate methods to describe the target word (s@n&hing-
lettuce-and-tomato sandwich’). Results indicated that participants \ghhalarking
memory spans were better able to avoid the ‘taboo’ words and find alternate methods t
describe the target word than participants with low working memory spans.

Finally, research with older adults further supports the conclusion that panrtscipa
with high working spans are better able than participants with low working ngemor
spans to continue searching memory in the presence of cues. Older adults, who are
known to have difficulties with inhibiting irrelevant items from the past (e.g.&n
Hasher, 1992; Hartman & Dusek, 1994; Hartman & Hasher, 1991; Hasher, Lustig, &
Zacks, 2007; Hasher & Zacks, 1988; Hasher, Zacks, & May, 1999; May & Hasher, 1998;
May, Zacks, Hasher, & Multhaup, 1999) and who therefore have deficits in working
memory span (Darowski, et al., 2008), sometimes exhibit a greater peuirggteficit
for recently studied items than younger adults (Marsh, Dolan, Balota, & Roediger, 2004;

but see Andres, 2009; Foos & Clark, 2000). This is in line with previous findings

10



showing that aging preferentially reduces the ability to perform taskeetiate
executive control (e.g. Andres, Guerrini, Phillips, & Perfect, 2008). Thus, when
individuals find it difficult to ignore distractions (an aspect of executive ohnetrieval
disruption increases (but see Meade & Roediger, 2009). However, this is in ceifiict
the finding described earlier where high executive control individuals exhiigeeater
part-set cuing deficit than low executive control individuals (Cokely et al., 20@p8jnta
considered further below.

In brief, previous evidence clearly show that executive control influencesvegtr
disruption. But the findings are contradictory with respect to the nature ebmslaip
between executive control and retrieval disruption. While some researalggasted
that executive control plays no direct role in predicting retrieval disrupticepéxc
through its role at encoding (e.g. Cokely, et al., 2006), other lines of research sugfgest t
high executive control should be associated with decreased retrieval disregiion (
Cantor & Engle, 1993; Hansen & Goldinger, 2009; Marsh, et al., 2004). One reason for
this discrepancy may arise from the individual differences approach used in previous
studies to manipulate executive control. In some instances described above the ‘low’
executive control group was selected from a sample of young adults wherdes in ot
instances older adults comprised this group. Problematically, these two gemps$ a
comparable in other critical respects. While young adults with low exeaanteol
utilize poor encoding strategies (and thus have impaired memory overall but setpart-
cuing deficit, Cokely et al., 2006), older adults remain adept at engaging in elaborative
encoding strategies (Bryan, Luszcz, & Pointer, 1999). These elaborativergncodi

strategies may enable older adults to develop better idiosyncratic @tgamiand, in
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turn, leave them susceptible to part-set cuing deficits despite their reckeoedive
control. In other words, the presence or absence of a pronounced part-set cuinig defici
individuals with low executive control in previous studies may be as much a function of
encoding factors (such as whether or not the low executive control group tendseto crea
inter-item associations during encoding) as of retrieval factach (gs retrieval
disruption). Thus, it is critical to devise experimental conditions where the opeoéti
executive control is equated during encoding and its manipulation is isolated to the
retrieval stage. A decisive understanding of how executive control influeticesale
disruption, and in turn, the phenomena of both the part-set cuing deficit and collaborative
inhibition in recall, hinges on this effort. The current studies aim to provide such
evidence.
Executive depletion: Manipulation of executive control after encoding.

Considerable evidence shows that executive control capacity ditferss
individuals and has motivated the individual differences approach in many studies.
However, there is also evidence that executive capacity can chahgeiadividuals
across time, with fewer resources to deploy when cognitive load incieagelester &
Garavan, 2005; Lavie, Hirst, de Fockert, & Viding, 2004; Ward & Mann, 2000), and
when measured subsequent to another task demanding executive control (Persson, Welsh,
Jonides, & Reuter-Lorenz, 2007; Richeson, & Trawalter, 2005; Schmeichel, 2007;
Schmeichel, Demaree, Robinson, & Pu, 2006; van der Linden, Frese, & Meijman, 2003).
One explanation of this within-individual fluctuation is that executive controlimitet!
resource that can be temporarily depleted. In particular, performing a#hslemands

executive control leaves people less able to perform a subsequent task that atstsdem
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executive control (e.g. Apfelbaum & Sommers, 2009; Schmeichel, Vohs, & Baumeiste
2003). This seems to be driven by changes in blood glucose levels (but see Schmeichel
& Vohs, 2009). Although all cognitive operations require glucose, the ability to perform
executive control tasks is especially dependent upon blood glucose levels. Acts of
executive control are metabolically expensive and require a large amdauobodf

glucose and brain glycogen. This in turn reduces their levels, leaving fewercessour
available to perform subsequent executive control tasks (Gailliot, 2008; Gailliot &
Baumeister, 2007; Gailliot, et al., 2007). In support of this conclusion, high blood
glucose levels are linked to better performance on tasks that require\exeoutrol,

such as a working memory task (Kennedy & Scholey, 2000) or a Stroop task (Benton,
Owens, & Parker, 1994). Furthermore, the extent to which completing an executive
control task lowers blood glucose levels is predictive of performance on a subsequent
task that requires executive control (Gailliot, et al., 2007).

Of interest to the current studies, previous research has shown that both working
memory (e.g. Schmeichel, 2007) and the ability to conduct a maintained search throug
memory (e.g. Neshat-Doost, Dalgleish, & Golden, 2009) are negativetyeaffiey prior
efforts at executive control. For example, after performing a diffiask that requires
the control of attention, participants are ‘depleted’ and score lower on both a working
memory span test (Schmeichel, 2007), and on the Autobiographical Memory Tdst. Int
Autobiographical Memory Test, participants are asked to recall spagtbbiographical
memories in response to a cue word. Findings indicate that depleted padiangant
unable to set aside overly general memories and continue the search for pauibie s

recollection (Neshat-Doost, et al., 2009). A search process is also neededtionstin

13



which retrieval disruption operates during retrieval. Participants mista the cues
(provided either by the experimenter as in the case of part-set cudardgabther
participants as in the case of collaborative recall) and continue to searchynentioe
studied items that have not yet been recalled. This maintained search througly memor
should therefore depend on the amount of executive resources that the individual has
available (i.e. their level of depletion).

Social situations can deplete executive resources.

Executive control’s role on retrieval disruption may be especially importaen w
recalling in a collaborative setting. Recalling information in a soettihg often comes
with both cognitive and social demands. From the cognitive perspective, individuals
must work to overcome retrieval disruption (by maintaining their own organizational
strategy in the face of distraction). As discussed earlier, executiveidefilely
increases retrieval disruption and leads to lower recall. From the sasipépive,
individuals must (amongst other things) coordinate their retrieval effottstkose of the
group. Previous research has shown that successful social interactionsenegglitese
resources and that executive depletion decreases some prosocial beraéorsview,
see Vohs & Ciarocco, 2004). In particular, compared to non-depleted individuals,
depleted individuals are less accommodating in relationships (Finkel & Campbell, 2001)
less charitable (Fennis, Janssen, & Vohs, 2009), and less helpful (DeWall, Baymeis
Galilliot, & Maner, 2008). They engage in more socially inappropriate behavior (von
Hippel & Gonsalkorale, 2005), are more likely to be dishonest (Mead, Baumeistey, G
Schweitzer, & Ariely, 2009), and show higher levels of aggressive respondinga(DeW

Baumeister, Stillman, & Gailliot, 2007; Finkel, DeWall, Slotter, Oaten, & Feshe09;
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Stucke & Baumeister, 2006). These negative interpersonal activitiesdié@igase the
coordination of retrieval efforts. Problematically, this may serve tbdudeplete the
participants since difficult, or uncoordinated, social coordination depletes executive
resources (e.g. Ciarocco, Sommer, & Baumeister, 2001; Dalton, Chartrand, & finke
press; Finkel, et al., 2006; Fitzsimons & Finkel, in press; Galilliot, et al., 208liGht,
McKay, & Aronson, 2007). As a result depleted participants should have fewer
executive resources available during a collaborative memory task than during a
individual memory task. It is therefore possible that depletion may hawagegr
negative effect on recall in a collaborative memory paradigm than in a pauHsgt
paradigm.

Overview of the Current Experiments.

The present studies were designed to assess the relationship betweeaweexecut
control and retrieval disruption. On the one hand, research on divided attention and on
individual differences in young adults for executive control abilities sugtests
executive control may modulate retrieval disruption only indirectly through &satol
encoding. That is, this research suggests a rather counterintuitive prediction of no
relationship between executive control and retrieval disruption when encodqupise
for attention and executive control. On the other hand, research on the ability to ignore
distractions suggests that executive control may enable individuals to sulbggsssue
the retrieval of studied items in line with their own retrieval organizatiorewhil
simultaneously managing the disruption created by previously recallesl itenather

words, this suggests a negative relationship between executive control evalretr
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disruption such that individuals with high executive control should be less susceptible to
retrieval disruption than individuals with low executive control.

These competing predictions were tested in two experiments. Executive control
capacity was directly manipulated using the depletion method just described.
Importantly, given that the present focus is on the retrieval disruption prowess a
retrieval disruption is thought of as a retrieval effect (see RajarararBeB, 2008), the
current studies focused specifically on the role of executive controtiavedtrather than
at encoding. Thus, the executive capacity of participants at encoding @a®hstiant
across all conditions.

In brief, after the completion of the study phase, participants were asgijmexcto
the executive depletion conditions or the control conditions within each experiment. In
the executive depletion conditions, participants completed a depleting executioé cont
task prior to the part-set cued task / collaborative retrieval task vghergee control
conditions participants performed a comparable, but not depleting, task. The efffect
this manipulation on retrieval disruption were assessed in both a part-separadgym
(Experiment 1) and in a collaborative memory paradigm (Experiment 2). Thus, this
manipulation allowed direct examination of how executive depletion affeaesvedt
disruption while controlling the executive control processes during encoding in both a
part-set cuing and a collaborative memory paradigm. Finally, at the end of the
experiment individual differences in executive control were assessedméassire
allowed for an examination of how existing variations in executive control throughout the
entire experiment (rather than levels of executive depletion iddiatie retrieval stage)

relate to subsequent retrieval disruption (as in Cokely, et al., 2006).
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[I. Experiment 1: The role of executive control in modulating the part-get cuing

deficit

Method
Participants.

A sample of 152 undergraduate students (38 per condition) was recruited from
Stony Brook University to participate in this experiment. The sample wdsmneately
women (70%) and the mean age was 19.97 (SD = 3.94). Participants received partial
course credit in exchange for their participation.

Materials.

Study items consisted of 6 categorized lists of 7 low frequency exengpldr7

high frequency exemplars each drawn from the Van Overschelde, Rawson, & Dulosky
(2006; which is an update of Battig & Montague, 1969) norms. Exemplar frequency was
matched across the six lists. Within each list, the 7 exemplars with the tagbgory
frequency (range of 17-73) were designated as the ‘target’ wordyaidekemplars
with the lower frequency (range of 5-10) were designated as the nonh*“talgevords.
This was done to produce large disruption effects. Previous research has shown that
using the lower frequency exemplars as the cues produces more retsavatiai than
using the higher frequency exemplars as cues (Bauml, Kissler, & Rak, 286 k&
Bauml, 2005; see also Pei & Tuttle, 1999). Stimuli are presented in Appendix A.

It should be noted that the choice of these materials was made to ensure that the

present experiment tests the retrieval disruption mechanism. In somgtlvagest-list
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cuing phenomenon can also arise fr@mieval inhibition (e.g. Bauml & Aslan, 2004).
Together, dwo-mechanism explanatigBauml| & Aslan, 2006) accounts for the extant
evidence where the part-set cuing deficit is caused by retrieval dsrugten the
encoded items have a high degree of inter-item associations and by rathéytbn
when the encoded items have a low degree of inter-item associations. By using
categorized word lists that possess a high degree of inter-item assgc¢itite current
experiment focused specifically on the operation of the retrieval disrupticimamem as
this mechanism is proposed to be common to both the part-set cuing deficit and the
collaborative inhibition effect that are of present interest (Basden, &08r).

Design.

This experiment had a 2-factor design with executive depletion (depleted or not
depleted) and test format (part-set cued or free recall) both maeghaksbetween-
subjects factors. Thirty-eight participants were assigned to ealsb fufur between-
subject conditions.

Procedure

Study Phase.

! The retrieval inhibition account of the part-seing deficit (e.g. Bauml & Aslan, 2004) centers
on the assumption that participants covertly re&ithe part-set cues as they are presented. s
leads to inhibition of the items with similar feegs to the part-set cues (Aslan & Bauml, 2009hadame
way that overt retrieval of half of a studied ligtl lead to inhibition of the remaining studieeihs, an
effect known asetrieval-induced forgettingfor a review of retrieval-induced forgetting seed&rson,
2003). In contrast to the retrieval disruption@att, this retrieval inhibition account posits thag
memory representations of the non-cued target immmshemselves damaged by covert retrieval oftiee
items. This in turn leads to lasting memory impent of the non-cued target items (Bauml, 2008hil&V
the retrieval disruption account and the retrienhibition account of the part-set cuing deficithea
opposite predictions, both are supported by engliggidence. A recent two-mechanism account séems
resolve these discrepant findings. Proposed byrBand Aslan (2006), the part-set cuing deficit is
thought to be caused by retrieval inhibitiwhen the encoded items have a low degree of itear-i
associations and by retrieval disruption when theoded items have a high degree of inter-item
associations. Thus, the mechanism mediating tttespticuing deficit appears to depend on the engod
conditions. The current experiments focused sjpadliy on the retrieval disruption mechanism.
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Participants were first shown the exemplars from all six listse of three random
orders. That is, during encoding the 6 categorized lists (each with 14 exemwwglaas)
presented to participants as a single study list (with 84 items). Within teghlist no
more than three items from any category appeared successively.tdeaetas
displayed for three seconds in lower-cased letters and centered on the ccerpeier
Category names were not provided during study and intentional study instructiens we
used such that participants were told to study the words for an upcoming memory test
Depletion Manipulation (or Control Distractor Task).

After completing the study phase, half of the participants completed &ityacti
(adapted from Schmeichel, 2007, Experiment 2; see also Mead, Baumeister, Gino,
Schweitzer, & Ariely, 2009; Pocheptsova, Amir, Dhar, & Baumeister, 2009; Schrheiche
& Vohs, 2009) designed to deplete their executive resources and half of the pagicipa
completed a control activity. Participants in the depletion group spemhituges
writing a story about a trip or vacation while avoiding the frequently occurritegdea’
and ‘n’. For example, during this task it would not have been acceptable to write about a
‘vacation to the beach’ since the word ‘vacation’ has the letters ‘a’ and ‘n’ angbtide
‘beach’ has the letter ‘a’. However, it would have been acceptable to writeaatopt
to the shore’ since these words do not contain the forbidden letters. This taskif@rc
participants to find alternate means of expressing their thoughts whiletimdpithie first
responses that come to mind. This manipulation has previously been shown to reduce
subsequent executive control, as measured by the operation span and reneyz@ndig
tasks (Schmeichel, 2007). In contrast, participants in the no-depletion condition spent

five minutes writing a story without using the letters ‘q’ or ‘z’. Given tHatineely low
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occurrence of these letters in the English language, participants should not have to
override their first responses. Previous research has shown that this ‘desktalbes
not have an effect on executive processes (Schmeichel, 2007).
Test Phase #1: The Part-Set Cuing Deficit.

Half of the participants were tested using a part-set cued recallngsarticular,
participants received a sheet of paper listing each of the six catemyogs along with
the seven non-target cue items from each category. Cues wereguesentifferent
order from study (e.g. Luek, McLaughlin, & Cicala, 1971; Sloman, Bower, & Rohrer,
1991) and were blocked by category (Basden, Basden, & Stephens, 2002) in order to
maximize the part-set cuing deficit. Furthermore, participants wkeel as read the
cues aloud in order to ensure that all participants processed the cues (dgeeCake
2006), and they were instructed to think of the cues as helpful hints for aiding thikir reca
(e.g. Aslan, Bauml, & Grundgeiger, 2007; Basden, Basden, Church, & Beaupre, 1991,
Marsh, et al, 2004). After reading the cues, participants were asked to writeslown a
many of the remaining studied words as possible. The remaining partichEaettested
using an uncued free recall test. During this test, participants were gjiwgh a blank
sheet of paper and were asked to recall as many items as possible. In both conditions
participants worked on this task alone for ten minutes. Thus, four groups completed this

test phase: (1) Depleted participants tested using part-set cuéd(2ddépleted

2 Some research by Persson, Welsh, Jonides, andrRearenz (2007) has suggested that
performing a cognitively demanding executive contask will only have a negative effect on subseque
tasks that also rely on the same sub-componentezisive control (for alternate views see Gaillital.,
2007; Inzlicht & Gutsell, 2007; Muraven & Baumeist2000). For example, performing a cognitively
demanding interference resolution task reduce®pagnce on a subsequent interference resolutién tas
but not on a subsequent response inhibition tasks@®n, Welsh, Jonides, & Reuter-Lorenz, 2007usTh
the depletion task used in the present studieswiieng without the letters ‘a’ or ‘n’) was chaséecause
it seems to share feature similarities to a partsed recall or collaborative memory task. Inticatar,
during all of these tasks participants must selettisearch memory for non-dominant responses while
suppressing other responses.
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participants tested using free recall, (3) Control participants testeglpert-set cued
recall, and (4) Control participants tested using free recall.
Test Phase #2: Free Recall Test.

Immediately following the previous test phase all participants complated a
uncued free recall test. Participants were given a blank sheet of paper amiitH3 ta
recall as many of the words as possible from the previous study list (eveynnétaded
the word during the previous test and even if the word had been provided as a ‘cue’
during the previous test).

Assessments of Executive Control.

Attentional Control ScaleParticipants first completed a self-report measure of
executive attentional control, the Attentional Control Scale (Derryl@eRged, 2001;
cited in Derryberry & Reed, 2002). This 20-item scale contains items aboatatnlély
to focus attention (e.gWhen | need to concentrate and solve a problem, | have trouble
focusing my attention’}o shift attention between tasks (elgcan quickly switch from
one task to anothey; and to flexibly control thought (e.d.can become interested in a
new topic really quickly when | need to'Participants responded to each item on a 1-4
Likert Scale (1 -almost never2 =sometimes3 =often,4 =alwayg. Eleven of the
guestions are worded negatively and these were reverse-scored prior tesan@hjis
measure has been shown to be internally consistent88; Derryberry & Reed, 2001,
cited in Derryberry & Reed, 2002).

Operation Span Taskrollowing completion of the Attentional Control Scale,
executive control was assessed using an automated version of the operatiorkspan tas

(Turner & Engle, 1989; Unsworth, Heitz, Schrock, & Engle, 2005). During this task
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participants were asked to mentally solve incomplete arithmetic equégigns * 7 = ?).
After clicking the mouse to verify that they had solved the equation they weenia@s
with a single number on the screen (e.g. 35) and they had to decide whether this number
was the correct or incorrect solution to the previous equation. Immediatelyifgltvis
choice, a letter was presented on the screen. This cycle was repeatearticipants
had seen between 3 and 7 letters. They were then asked to recall the letteas $esn
in the order they had seen them. Timing for this task was based on a practice session in
order to account for individual differences in arithmetic problem solving. Ircpkatj
participants were limited in the length of time they had to solve each arithgouettion
to the average length they took to answer arithmetic questions during a praudice bl
plus 2.5 standard deviations. As recommended by Conway, Kane, Bunting, Hambrick,
Wilhelm, and Engle (2005) for all of the following analyses operation span was
calculated as the number of letters recalled in their correct seriibpdsegardless of
whether the participant recalled the entire set of items correctlys. td$tipossesses
good test-retest reliability (.83) and internal consistency (/8; Unsworth, et al., 2005).

Two additional points about the operation span task should be noted. First, while
there are many measures of executive control, the operation span task was<itosen a
was the measure used by Cokely and colleagues (2006) to demonstrate ddgfar¢he
part-set cuing deficit as a function of executive control abilities at encodewpn, this
assessment was included at this time point in the experiment to ensure thad ibevoul
unaffected by the previous executive depletion manipulation (which occurred more tha
20 minutes prior). Previous research has shown the time course of executive depletion to

be limited (Converse & DeShon, 2009). Thus, this measure was used for subsequent
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analyses examining how executive control abilities indirectly aféggewral disruption
through encoding because of individual differences (as in Cokely, et al., 2006) and was
not intended to be a manipulation check of the executive depletion manipulation.

Final Questionnaire.

At the end of the experiment, participants completed a final questionnaire
consisting of three sections (see Appendix B). The first section of this quesgonna
asked them to provide basic demographic information. The second section assessed
potential depletion mediators. In particular, participants were asked tate@& when
they had last eaten (as this will impact the amount of blood glucose available to the
participant), (b) how many hours they had slept the previous night (since fastiag bl
glucose levels are higher both for people who sleep less than 7 hours or for people who
sleep more than 8 hours per night than for people who sleep 7 to 8 hours; Hall, Muldoon,
Jennings, Buysse, Flory, & Munuck, 2008), and (c) the time of the experiment (since
blood glucose can fluctuate over the course of the day; Jarrett, Murrells ySBipiall,
1984). Finally, in the third section participants were asked to rate how diffichliodéa
the tasks had been to complete and to provide their general thoughts and impressions
about the experiment.

Results

An a = .05 significance level was used for all analyses in both Experiment 1 and

Experiment 2.
Manipulation Check.
One participant from the depletion free recall condition was removed from all

subsequent analyses for failure to follow instructions during the story-widiskg in
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particular, this participant used the forbidden letters ‘a’ and ‘n’ a total of&&tin her
story.

Depletion Task Performanc8ased upon the remaining participants, there was a
significant difference across the conditions in how difficult participatésirdne story-
writing task,F (3,147) = 136.5IMSE= 1.55. Participants in the depletion conditions,
who avoided the letters ‘a’ and ‘n’ in their stories, rated the task as much rfficrdtdi
(M =6.01; a maximum score of 7 corresponded to ‘very difficult’) than participants in the
control conditions, who avoided the letters ‘q’ and ‘z’ in their stofiés (1.92; a
minimum score of 1 corresponded to ‘very easy(147) = 20.21SE= .41.

Furthermore, participants in the depletion conditions made more mistakesdsngaity

using the forbidden letters during the story-writing tddk=(.91 forbidden letters used),

and wrote shorter storieb(= 27.01 words) than participants in the control conditids (

= .05 forbidden letters used antl= 102.88 words)t (147) = 4.54SE= .38 and (147) =
-21.91,SE= 6.93, respectively (see Appendix C for two example stories). This pattern is
consistent with the notion that avoiding the common letters ‘a’ and ‘n’ during a story-
writing task is a cognitively effortful task that likely requires axe@ control.

Test Phase #1: The Part-Set Cuing Deficit.

A part-set cuing deficit would be evidenced as superior recall for the noncued,
critical words during an uncued free recall test compared to during-agtaued recall
test. For example, for a study listitems A, B, C, D, E, F, G, H, | and J wherpdater
set cues would consist of items A, B, C, D, and E, part-set cuing deficit would be
evidenced if recall of items F, G, H, | and J was higher during the uncue@dedkethan

the part-set cued recall test (Reysen & Nairne, 2002).
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A one-factor (Test format: Part-set cued recall vs. Uncued frel) teetaveen-
subjects ANOVA on recall of non-cued words revealed a significant differienecall
as a function of test conditioR(1, 149) = 13.82MSE= 0.02 (see Table 1). That s,
cuing impaired recall. Participants recalled a greater proportion of the wecieal
words during the uncued free recall tedtis{.37) compared to during the part-set cued
recall testsi1 = .29). Furthermore, follow-up analyses confirmed that the advantage of
free recall test conditions over part-set cued recall test conditions héloktifor
participants in the control, non-depleted, conditidri$47) = 2.25SE= .03 and for
participants in the depleted condition§l47) = 2.98SE=.03.

The direct effect of executive depletion on retrieval disruption at thevatséage.
| next examined the role of executive depletion in modulating the observed paringet
deficits. If low executive control increases susceptibility to intenfsede.g. Hasher &
Zacks, 1988) and, therefore, increases retrieval disruption, then depleted psticipa
should display a larger part-set cuing deficit than control participdiis. would be
evidenced by a significant difference in part-set cued recall, but notineftall, as a
function of depletion. In contrast, if executive control plays no direct role ievalr
disruption other than through its role at encoding, depleted and control participants
should display an equivalent part-set cuing deficit. In other words, it idpoHsat
executive control is only related to retrieval disruption because it methateegree of
inter-item associations created at encoding which in turn affects the amaoetrtesal
disruption experienced (Cokely et al., 2006). Because the effects of executive aontrol
encoding are equated across the conditions in this experiment, the current fiswlsigs i

the role of executive control during retrieval.
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Planned comparisons showed no effect of depletion on the number of critical, non-
cued words recalled by participants on either the free recalt {¢4/) = 0.30SE= .03,
p =.77, or on the part-set cued recall tet47) = -0.44SE= .03,p = .66. That is,
depleted participantd = .37) recalled as many of the critical, non-cued words during
the free recall test as the non-depleted control participsints.86). Similarly, depleted
participants M = .29) recalled as many of the critical, non-cued words during the part-set
cued recall test as the non-depleted control participhts.B80). Thus, executive
control does not seem to exert a direct influence on susceptibility to abtlisxuption at
the retrieval stage.
Test Phase #2: Free Recall Test.

All participants took a free-recall memory test immediately foliapithe

previous test phase. Some previous studies have documented a ‘rebound’ effect such that
performance on a final free recall test is equivalent between parteiwaothave
previously taken free recall and part-set cued recall tests. That is, fibvenaeice
decrement in the part-set cuing conditions is often temporary and not evident once the
part-set cues are removed (e.g. Basden & Basden, 1995). However, in the current
experiment, the decrement associated with part-set cuing persistedip&asiwho had
previously taken a part-set cued recall thét=(.32) recalled significantly fewer of the
critical non-cued items on a final free recall test than participants whprieaiously
taken a free recall ted¥i(= .38),F (1, 149) = 7.06MSE= .02 (see Table 1).
Furthermore, follow-up analyses confirmed that the disadvantage of haewigysly
taken a part-set cued recall test rather than a free recall test heddtfoipants in the

control, non-depleted, conditiortg,147) = 2.12SE= .03 and marginally for
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participants in the depleted condition§l47) = 1.61SE=.03,p=.11. The lack of a

full ‘rebound’ effect here is not entirely unexpected; while several sthdies

documented a ‘rebound’ effect (e.g. Basden & Basden, 1995; Experiments 1,3, 4, 5;
Basden, Basden, & Galloway, 1977; Bauml & Aslan, 2006), continued inhibition has also
been observed under conditions where retrieval disruption is theorized to occur (e.qg.
Basden & Basden, 1995; Experiment 2; Oswald, Serra, & Krishna, 2006).

However, an examination of the changes in recall from the first to the second
memory test did demonstrate that the part-set cuing deficit was attteasia#ed, if not
eliminated, after the cues were removed. In particular, for each pantiche
‘reminiscence’ and ‘forgetting’ rates were calculated. The reminegceate refers to the
proportion of critical, non-cued items recalled during the second memory tegidi.e
final free recall test) that were not recalled during the first mertest (i.e. either the free
recall test or the part-set cued recall test). In contrast, the foggetdte refers to the
proportion of critical, non-cued items recalled during first memory test butunistg the
second memory test (see Payne, 1987). If the part-set cuing defi@nisadtd once the
cues are removed, then participants in the part-set cued recall test conttigidsssow
a net gain in items remembered that is greater than that of participaredred recall
test conditions.

In support of this, there was a significant difference in reminiscenaéuetion
of whether participants had previously taken a part-set cued or free est&ll(iL, 149)
= 4.09,MSE =.002. Participants who had previously taken a part-set cued recalilitest (
= .06) gained more items from the first memory test to the second memohatest t

participants who had previously taken a free recall Mst (04). This gain was not
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offset by losses in the form of forgetting. There was no significant differen

forgetting rates between participants who had previously taken a panesatecall test

(M =.03) and participants who had previously taken a free recalMest(@3),F (1,

149) = .01MSE< .01,p = .92. However, further analyses suggest that the reminiscence
rates (but not the forgetting rates) were modulated by executive depletion. The
reminiscence advantage of participants who had taken a part-set cueasecather

than a free recall held for participants in the depletion conditidthg,7) = -2.83SE=

.01, but not for participants in the control conditiand,47) = -.08SE=.01,p = .94.

This is in line with some recent research by Converse and DeShon (2009) showing that
while executive depletion is harmful in the short-term (on a task administered
immediately after the depletion), it can lead to benefits in the long-termtésk a
administered later in the experiment). Thus, there was an attenuation ofttbet gaing
deficit on the second, always free-recall, memory test for participattie depletion
condition.

Potential Executive Depletion Mediators.

At the end of the experiment, participants provided self-report ratings on three
factors that could have had an impact on their resting blood glucose levelsticlgrar
participants indicated when they had last eaten, how many hours they had slept the
previous night, and what time of day the experiment took place. To test the role of these
variables, all previous analyses were repeated using these variatl#siainteraction
terms, as covariates. The interaction terms were included since thesg ¢acatinteract
to predict blood glucose levels. For instance, the impact of food deprivation on blood

glucose depends upon the time of day that the deprivation is instantiated and tdrminate
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(Sommerville, Perez, Elias, & Smith, 1988). None of the previous patterns of resullts wa
changed through inclusion of these covariates. Furthermore, none of thesSles4aa

their interaction terms) significantly correlated with memory perémce (on either the

first or second memory test) in any of the conditions.

Memory Errors.

Recall error rates on both memory tests were predictably very low ébde T).
Error rates varied as a function of condition on the first memoryR€st147) = 2.64,
MSE< .01,p = .05; participants in the free recall conditions had a higher intrusion rate
(M = .03) than participants in cued recall conditiods«.02),t (147) = 2.20SE= .01.
However, error rates did not vary as a function of depletion condit{@dy) = 0.42SE
=.01,p=.67. Error rates did not continue to vary as a function of condition on the
second, always free recall, memory t€%8, 147) = 1.45MSE< .01,p = .23.
Furthermore, while errors consistently increased from the first to tbegd@semory test,
F (1, 147) = 23.34MSE< .01, this increase did not vary as a function of conditq(3,
147) = .02MSE< .01,p = .998.

Subjective Evaluation of the Memory Tests.

At the end of the experiment, all participants rated how difficult each of the
memory tests had been to complete. Overall, participants rated the fmstryrtest
(which was either free or cued recall depending upon condition) as being of medium
difficulty (M = 4.44; scale of 1-7). However, they did not differ in their ratings of this
task as a function of conditioR(3, 147) = 1.03MSE= 1.53,p = .38. Similarly,
participants rated the second memory test (which was always fréleegeadless of

condition) as being of medium difficulty= 4.15,SD= 1.37; scale of 1-7), and again
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did not differ in their ratings of this task as a function of conditto(8, 147) = 0.25,
MSE= 1.89,p = .86. Finally, while the second memory test was consistently rated as
easier to complete than the first memory tégtl,, 147) = 8.93MSE= .71, this

perception again did not differ as a function of conditte(B, 147) = .46 MSE=.712,p
=.71.

Individual Differences in Executive Control.

At the end of the experiment, all participants completed two measures of
executive control: the Attentional Control Scale (Derryberry & Reed, 2002hand t
automated operation span test (Unsworth, Heitz, Schrock, & Engle, 2005). Five
participants (3% of participants) were not included in the following anathse$o high
error rates on the operation span test that rendered their scores unirtkrgretaheir
error rates were more than three standard deviations greater than the mea

Surprisingly, scores on the Attentional Control Scale and on the operation span
test were not significantly correlated with one another,04,p = .61. However, this is
in line with some recent research showing limitations in the ability of ttem#anal
Control Scale to predict behavior in people without anxiety (Derryberry & Reed, 2002;
Tipples, 2008). Rather, in the present study a participant’s Attentional Control Scale
score was significantly related to how difficult they perceived the aperspan test to
have beer, = -.19. Thus, the Attentional Control Scale may correlate with meta-
cognitions but not with actual behavior in people without anxiety. Given the Attentional
Control Scale’s lack of predictive ability it is not considered in any subsequent

Experiment 1 analyses.
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As mentioned earlier, the operation span task was placed at the end of the
experiment in order to ensure that it would not be affected by the prior depletion
manipulation. A one-factor ANOVA confirmed this; performance on the operation span
test did not vary as a function of depletion conditi®f], 144) = 0.36MSE= 118.06p
= .55 (see Table 2). Likely this was due to the delay between the depletiquuiaiaom
and assessment of operation span score in the current experiment. In contrast to
Schmeichel (2007), where the operation span test immediately followed the depletion
manipulation, in the current experiment the operation span test occurred more than 20
minutes after the depletion manipulation (during which time participants cowhpiete
two memory tests and the Attentional Control Scale). This is in line with sametre
research suggesting that the time course of executive depletion isllirmtparticular,
Converse and DeShon (2009) demonstrated negative effects of depletion only on an
immediate test and not on a subsequent test.

The indirect effect of executive control on retrieval disruption through the
encoding stagel next examined the relationship between performance on the operation
span test and memory performance. Previous research by Cokely, Kelley, andtGilchri
(2006) concluded that operation span scores are related to retrieval disruption. In
particular, in their experiments individuals with high operation span scordse(upper
guartile) demonstrated a part-set cuing deficit, but individuals with lowertapespan
scores (in the bottom quartile) did not. These results were replicated in et study;

there was a significant interaction between operation span group and testagpe (fr
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versus cued recalll; (1, 58) = 5.04MSE= .01 (see Figure £).While individuals with
high operation span scores (defined as scores in the upper quartile with more than 67
letters recalled) demonstrated a significant part-set cuing dé&ficit 32) = 19.08MSE
= .01, individuals with low scores (defined as scores in the bottom quartile veitthées
55 letters recalled) did ndg, (1, 26) = 0.43MSE=.02,p = .52.
Discussion
Experiment 1 demonstrated no direct relationship at the retrievallstageen

executive depletion and retrieval disruption in a part-set cuing paradigm. Thatisghol

3 It should be noted that the measurement of ogerapan used in the current experiment differs
from that used by Cokely and colleagues (2006)c8ipally, in the current experiment operationrspa
was defined as the number of items correctly redalkgardless of whether the entire set of itens wa
recalled (a partial-credit scoring procedure).cdntrast, Cokely et al. (2006) defined operaticensas the
number of items recalled only from sets wherehalitems were recalled (an all-or-nothing scoring
procedure). The following example illustrates diféerence between these two measures. Assuma that
participant encountered three sets of letters. fifsieset was 4 letters long, the second was 6 tha third
was 6. Further assume that the participant’s coserial recall of these sets was 4 (out of 4h&e5 (out
of 5) items, and 4 (out of 6) items. Using thetipdicredit scoring procedure this participant’sogtion
span score would be calculated as 13 (4 + 5 4J4)ng the all-or-nothing scoring procedure this
participant’s operation span score would be catedlas 9 (4 + 5 + 0).

In the current experiment, while the relationsk@parted between operation span and the part-set
cuing deficit is completely replicated using thetj@é-credit scoring procedure, it is only partyall
replicated using the all-or-nothing scoring proaeduwhen using the all-or-nothing scoring procegiur
individuals with high operation span scores (deafins operation span scores in the upper quartiteavi
score above 55) demonstrated a significant patigag deficit,F (1, 33) = 6.38MSE= .02, consistent
with the findings from Cokely et al. (2006). Tlpattern is smaller in magnitude but numericallyspr
and marginally significant, for individuals withdooperation span scores (defined as operation Spznes
in the bottom quartile with a score below 36),1, 30) = 3.69MSE= .01,p=.06. Thus, as in Cokely et
al. (2006) the part-set cuing deficit in the presgady was statistically present for high operagpan
individuals, but less robust for low operation spardividuals. However, in contrast to Cokely ket a
(2006), no significant interaction emerged betweperation span grouping and test type (free versad
recall),F (1, 63) = .30MSE=.01,p = .58, in predicting memory performance. Thusngghe all-or-
nothing scoring procedure there is only a pargalication of the findings reported by Cokely and
colleagues (2006).

Two potential explanations emerge for this discnega First, the the automated operation span
measure (Unsworth et al., 2005) used in the cuarpériment is not identical to the traditional mi®n
span test (Turner & Engle, 1989) used by Cokelgl.2006). For example, the automated operaiam
test is computer-paced and asks participants &l gtcings of letters. In contrast, the operaspan test is
experimenter-paced and asks participants to retalgs of words. While these measures are well
correlatedy = .45 (Unsworth, et al., 2005, p. 501), they areidentical. Perhaps more importantly, the
partial-credit scoring procedure used in the cureaperiment is known to produce more reliable ltasu
than the all-or-nothing scoring procedure (Convediyal., 2005). Thus, the discrepant results obthin
from the two scoring procedures likely reflect teduced reliability of the all-or-nothing scoringppedure
compared to the partial-credit scoring proceduregdrdless, even the discrepancy in the all-or-ngthi
scores is in the predicted direction and consiskgtht the conclusion arrived at with the partiabdit
score.
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encoding constant, changes in executive control at retrieval (instantiadadttan
executive depletion manipulation) did not affect the part-set cuing defi@tvever, this
finding occurred in the context of simultaneously replicating the results ofyCake
colleagues (2006) that increases in executive control at encoding (measured throug
existing individual differences) correspond to increases in the part-sgtdrfigit. This
pattern of individual differences was likely due to differences in encodikgtiaegies.
Individuals with high executive control are more likely than individuals with low
executive control to encode items relationally, which, problematicallyesetnem more
susceptible to retrieval disruption. Thus, in replication of previous results (Cokaly, e
2006), in the current experiment executive control was shown to exert an indirect

influence on retrieval disruption.
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lll. Experiment 2: The role of executive control in modulating the collalorative

inhibition effect

Overview of Experiment 2

The current research examines how executive control affects rethisuaption.
Experiment 1 was designed to answer this question by examining the effexésofive
control on the part-set cuing deficit. Experiment 2 further addressed thiequsst
examining the effects of executive control on collaborative inhibition. Giverpttiat
the part-set cuing deficit and the collaborative inhibition effect are cenesido occur
due to retrieval disruption, together these experiments provide a strong testioétt
role of executive control on retrieval disruption.

Although the results from Experiment 1 indicated there was no significant role of
executive depletion in modulating retrieval disruption, some previous resaaggests
that the effects of executive depletion on retrieval disruption may be more predounc
during a collaborative memory task than during a part-set cued memory task. A
discussed earlier, there are several reasons to hypothesize that theageth€irst,
executive depletion can decrease various forms of prosocial behavior sugtfldadss
(DeWall, Baumeister, Gailliot, & Maner, 2008) and accommodation of others (Finkel &
Campbell, 2001). Problematically, the negative social consequences ofaregdeti
lead to further depletion since difficult, or unsynchronized, social interactaoms c
themselves deplete executive resources (Dalton, Chartrand, & Finkel, infpndss, et
al., 2006). During a collaborative recall task, participants must both recall atform

and also coordinate their social efforts. The ability to perform social icatieh (a dual
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task that is not required when working in isolation) should therefore require additional
executive resources. Second, influences in memory are often different whanethey
viewed as coming from social, rather than nonsocial, sources. For example, people are
more likely to incorporate misinformation into their memories if the misinfion

came from another person rather than from the computer (Meade & Roediger, 2002;
Gabbert & Memon, 2004). That is, effects in an individual memory paradigm are not
always identical, and can be weaker, than those in a collaborative memaligmpara
Taken together, this evidence suggestsdkatutive depletion may be more strongly
related to retrieval disruption during a collaborative memory test thamgdaipart-set
cued memory test. If this is the case, then executive depletion may impact
collaborative inhibition effect even though it had no significant impact on thegart-
cuing deficit in Experiment 1.

However, the extant literature also supports the alternate prediction. Previous
research has shown the collaborative inhibition effect to be relatively uralfiegt
manipulations of social variables. In fact, in previous experiments, neitheasadre
group cohesion, increased personal accountability, nor monetary incentives have
eliminated the collaborative inhibition effect (Weldon, Blair, & Huebsch, 2000). Thus, it
is also possible that the presumed increase in executive depletion from sockes sour
may not influence the collaborative inhibition effect given that it did not influtree
part-set cuing deficit in Experiment 1.

Method

Participants.
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A new sample of 192 undergraduate students (16 triads per condition) was
recruited from Stony Brook University. The sample was approximatéynded
between men and women (47.92% women) and the mean age of participants was 19.95
(SD = 3.217). Participants completed the experiment in triads of strangers.
Materials.
The same study items from Experiment 1 were used.
Design.

Collaborative inhibition was assessed between participants using antiadapita
Basden, et al.’s (1997) and Weldon & Bellinger’'s (1997) methodologies. The study
materials and procedure chosen have been shown by previous experiments to e sensiti
to manipulations that would increase (or decrease) retrieval disruption (sdgrBat al.,
1997; Finlay, et al., 2000). This experiment had a two factor, executive depletion
(depleted or not depleted) and group format (collaborative or nominal groups)ebetwe
subjects design.

Procedure
Study Phase.

Each participant was individually shown the exemplars from all six categdists
in one of three random orders. As in Experiment 1, each participant saw the egempla
from all six lists intermixed into a single study list consisting of 84 itemith the
restriction that no more than three exemplars from any list appear suel@ssVithin
each group, each group member saw a different presentation order akrtbigngo
increase collaborative inhibition (Finlay, et al., 2000). As in Experiment 1, each wor

was displayed for three seconds, in lower-case letters, centered on the ceeneeter
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Category names were not provided. Intentional study instructions were used such that
participants were told about the upcoming memory test.
Depletion Manipulation (or Control Distractor Task).

After completing the study phase, half of the participants completed thetierec
depletion task adapted from Schmeichel (2007) described in Experiment 1 (i.e. story
writing without using the letters ‘a’ or ‘n’). The other half of the participampleted
the control, no-depletion task (i.e. story writing without using the letters ‘q’)or For a
more detailed description, please see Experiment 1.

Test Phase #1: The Collaborative Inhibition Effect.

After completing the tasks described above, participants next completecthe fi
memory test phase, either collaboratively or individually. In the colidilve memory
condition, participants were asked to work together in aralgtic way to recall studied
items and resolve their differences among themselvedB{argen & Rajaram, 2008;
Weldon & Bellinger, 1997). All recalled items (both cotrad incorrect) were written
down by one randomly selected group member and wetdyreesible to all group
members throughout the memory test. This recall tesinceat for ten minutes.

The participants in the nominal groups were asked to ohaiy recall as many
words as possible and wrote down their own responses. This recalirtisstied for ten
minutes. It should be noted that previous research shows no differences betwsen level
of recall when the participants record their own answers versus whenpaentsciecall
verbally and someone else records their answer (Weldon & Bellinger, 19%atjr&gnt
2). Thus, the difference in modalities of recall between the collaborative and homina

participants should not be a confounding variable.
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A nominal score was created from these individual recalls by combining the non-
redundant answers of individuals. For example, imagine that during this resalhses
Participant 1 remembered items A, B, and C, Participant 2 remembered it@mard
F, and Participant 3 remembered items B, C, E, and F but also intruded the non-studied
item X. The nominal recall score for this group would be 6 (items A-F), while the
nominal error rate for this group would be 1 (item X). Repeated items were counted only
once. As in most published collaborative memory experiments, nominal groups were
created based upon the order in which they participated in the experiment (e.gt the fir
three individuals in a condition were paired together as a nominal group).

Test Phase #2: Individual Free Recall Test.

At the end of the experiment all participants completed an individual free recall
test. Participants were given a blank sheet of paper and 10 minutes to recaly a§ ma
the words as possible from the previous study list (even if they themselvagpopa
member, recalled the word during the previous test). All participants workeddnaliyi
on this second free recall test.

Assessments of Executive Control.

Immediately following the second memory test, all participants conaplleée
Attentional Control Scale (Derryberry & Reed, 2002) and the automated operation spa
task (Turner & Engle, 1989; Unsworth, Heitz, Schrock, & Engle, 2005). For a more
detailed description, please see Experiment 1.

Final Questionnaire.
Participants completed the same final questionnaire that was used in Expdrime

This questionnaire assessed: (a) demographic information, (b) information abaut whe
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the participant last ate and how many hours they slept, and (c) subjective s
the difficulty of each task during the experiment.

Results
Manipulation Check.

Participants across the four conditions differed in how difficult they perdénes
story-writing task to have beeR,(3,188) = 237.34MSE= 1.22. Participants in the
depletion conditions, who had avoided the letters ‘a’ and ‘n’, rated the story-wrgiag ta
as much more difficult\] = 5.99; a maximum score of 7 corresponded to ‘very difficult’)
than participants in the control conditions, who had avoided the letters ‘q’ afdl =z’ (
1.74; a minimum score of 1 corresponded to ‘very easy188) = 26.65SE= .32.
Participants in the depletion conditions also made more errors by accidentadlyhes
forbidden lettersNI = 1.34 mistakes) and wrote shorter storMs=(29.76 words) than
participants in the control conditions! & 0.21 mistakes and = 97.95 words)t (188) =
5.40,SE= .49 and (188) = -24.59SE= 5.55, respectively. This pattern indicates that
the story-writing task in the depletion conditions likely required greater exe@antrol
to complete than the story-writing task in the control conditions.

Test Phase #1: The Collaborative Inhibition Effect.

A one-factor ANOVA revealed a significant difference in the proportion of
studied words recalled as a function of conditiei3, 60) = 4.88MSE= .01, such that
nominal groups recalled a significantly higher proportion of itavhs (64) than
collaborative groupaM = .56),t (60) = 3.37,SE= .05 (see Table 3). Furthermore,
follow-up analyses confirmed that the advantage of nominal groups over collaborative

groups held for not only participants in the control conditions (nominal gréMips61,
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collaborative groupd = .54),F (1, 30) = 4.12MSE= .01,p = .05, but also for
participants in the depletion conditions (nominal grolyps: .66, collaborative groups:
M = .57),F (1, 30) = 7.31MSE= .01. Thus, a collaborative inhibition effect was
demonstrated in both the control conditions and in the depletion conditions.

The direct effect of executive depletion on retrieval disruption at thevatrstage.
| next examined whether executive depletion modulates the collaborative inhibition
effect. If increases in executive control correspond to decreases iotihgirg then
depleted participants should show a greater collaborative inhibition effectah@al c
participants. In contrast, if increases in executive control only influeTcmlang
strategy but not retrieval disruption itself, then depleted participants shouldsshoar
levels of collaborative inhibition as control participants. To test these competing
predictions, | conducted a 2 (Executive Depletion: Depleted vs. Not depleted) Xup(Gr
format: Collaborative vs. Nominal) ANOVA on the proportion of words correctly
recalled. This analysis revealed no significant interaction betweeuntmseedepletion
status and group formdg,(1, 60) = 0.51MSE= .01,p = .48. There was no significant
difference in either nominal group recal{60) = -1.68 SE= .03,p = .10, or
collaborative group recali,(60) = -.66,SE= .03,p = .51, as a function of depletion
status. As in Experiment 1, these results fail to support the hypothesis tbiés def
executive control increase retrieval disruption at the retrieval.stage
Test Phase #2: Individual Free Recall Test.

All participants took an individual free-recall memory test immediatdlgviang
the previous test phase. Previous studies have documented a benefit of collaboration on

this free recall test (e.g. Basden, Basden, & Henry, 2000; Blumen & Raj2088;
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Weldon & Bellinger, 1997). In other words, the performance on this test is oftegr hig
for participants who were previously part of a collaborative group than focipartts

who were previously part of a nominal group. This pattern was replicated in the current
experiment. A one-factor ANOVA revealed a significant difference ialfras a

function of conditionf (3, 188) = 9.74MSE= .02 (see Table 3). Participants who had
previously been part of a collaborative group recalled more itehss.89) than
participants who had previously been part of a nominal grigup 30),t (188) = 5.27,
SE=.04. This held both for participants in the control conditions (previously in
collaborative groupM = .40; previously in nominal groupM = .29),t (188) = 4.50SE=

.03 and for participants in the depletion conditions (previously in collaborative dvioup:
=.39; previously in nominal group = .31),t (188) = 2.95SE= .03. Furthermore, the
benefit of having previously been in a collaborative group rather than a nominal group
did not vary as a function of depletion conditio(1.88) = .40SE= .03,p = .69.

Memory Errors.

Error rates varied as a function of condition on the first memoryR€st60) =
4.78,MSE< .01. As in previous experiments (e.g. Basden, Basden, & Henry, 2000;
Rajaram & Pereira-Pasarin, 2007; Ross, Spencer, Blatz, & Restorick, 2008; Ross,
Spencer, Linardatos, Lam, & Perunovic, 2004), participants in the nominal groups had a
higher intrusion rateM = .03) than participants in collaborative groulbk=.01),t (60)
= 3.78,SE=.01. However, error rates did not vary as a function of depletion condition,
t (60) = 0.00SE=.01,p = 1.00. Furthermore, taking these error rates into consideration

did not affect the prior conclusions about collaborative inhibition. Corrected graalp rec
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(hits minus false alarms) was higher in the current experiment for nlognawgps M =
.60) compared to collaborative groups € .54),F(1, 62) = 5.26MSE= .01.

As in Experiment 1, error rates did not vary as a function of condition on the
second, always individual free recall, memory te€3, 188) = 0.61MSE <.01,p = .61.
Participants who had previously been part of a nominal group produced no more
intrusions M = .01) than participants who had previously been part of a collaborative
group M =.01),t (188) = .61 SE=.01,p=.55. Error rates did not vary as a function of
depletion conditiont (188) = 1.13SE=.01,p = .26.

Subjective Evaluation of the Memory Tests.

At the end of the experiment, participants provided subjective evaluations of how
difficult each memory test was to complete. Participants varied in #igigs of the first
memory test (which was either collaborative or nominal recall depending upoti@ondi
as a function of conditiork, (3, 188) = 5.22MSE= 1.43. Participants from the nominal
groups rated this task as significantly harder to complte 4.19; scale of 1-7) than
participants from the collaborative groups £ 3.59),t (188) = 3.44SE= .34. While
this pattern was numerically present for all participants, it reachiestistd significance
for participants in the control conditiortg188) = 3.76 SE= .24, but not for participants
in the depletion condition$(188) = 1.11SE=.24,p = .27. Participants also marginally
varied as a function of condition in their ratings of the second memory test (wdsch w
always individual free recall regardless of condition§3, 188) = 2.38MSE= 2.07,p =
.07, however, no differences emerged as a function of either previous test $1885~
-.90,SE= .41,p= .37, or of depletion status(188) = 1.21SE= .41,p = .23. Finally,

differences emerged in how patrticipants rated each of the two memorggestanction
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of condition,F (1, 188) = 4.01MSE= .80. Participants from the collaborative groups
perceived the collaborative memory test as being eddier3.59) than the final
individual memory test\M] = 4.17),F (1, 95) = 14.71MSE= 1.07. In contrast,
participants from the nominal groups perceived the first memory test asmheiag
difficult (M = 4.19) than the second memory tédtx 3.98),F (1, 95) = 4.05MSE= .52.
There were no significant effects of depletion in these analyses.
Individual Differences in Executive Control.

Participants completed both the Attentional Control Scale (Derryberrgefl R
2002) and the automated operation span test (Unsworth, Heitz, Schrock, & Engle, 2005)
as measures of executive control. Seven participants (4% of participaréshat
included in the following analyses due to high error rates on the operation span test (i.e.
their error rates were more than three standard deviations greatdredhmean). As in
Experiment 1, while scores on the Attentional Control Scale did not significantly
correlate with performance on the operation spanrtesiQ4,p = .57, they did
significantly correlate with ratings of how difficult participants @&ved the operation
span test to have bearns -.19 (see Table 2). Participants who rated themselves as
having better attentional control perceived the operation span task to be easier tha
participants who rated themselves as having lower attentional control. Hovkeydrdt
not translate into actual differences in performance.

As in Experiment 1, and in contrast to Schmeichel (2007), depletion did not affect
performance on the operation span tegt,, 183) = 0.86MSE= 95.69,p = .36 (see
Table 2). That is, depleted participarits£ 61.90) performed equivalently to non-

depleted control participantsl(= 60.57) in terms of their operation span scores. As
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noted earlier, in the current experiment operation span scores were assa&sHtin
twenty minutes after the depletion manipulation. In contrast, in Schmeichel (2007) the
were assessed immediately after the depletion manipulation. This is imiinresearch
suggesting that depletion is a transient phenomenon whose negative efégtdadmer
time (Converse & DeShon, 2009).

The relationship between group members’ operation span scores and group
memory performance could not be directly assessed. In particular, this data
hierarchically-nested such that individuals (whose operation span scoressesscal)
are nested within groups (whose recall scores were assessed). Thisgbatter-
independent data would suggest analysis through Hierarchical Linear Mogling.
Problematically, HLM analyses require the dependent variable to beiopaliaed at
the individual level rather than at the group level. Thus, individual operation span scores
cannot be used to predict group memory scores in an HLM design (see Beaubien,
Hamman, Holt, & Boehm-Davis, 2001; Castro, 2002 for discussions of this issue).
Similarly, the potential depletion mediators that were assessed in Expetirfesg.
when an individual last ate) could not be used to predict group memory scores in this
experiment.

I next assessed the relationship between operation span scores and fingl memor
performance. Some previous research on individual memory suggests that pegormanc
on a second memory test (such as the final individual memory test in this experiment
may depend upon the attentional resources available during the previous menh{ogy tes
the collaborative or nominal test). For instance, in Dudukovic, DuBrow, and Wagner

(2009) participants individually performed a recognition memory test under full or
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divided attention conditions. After a delay, all participants then took a second, individual
recognition memory test under full attention conditions. On this second test paarsci
who took the first test under full attention conditions outperformed participants who took
the first memory test under divided attention conditions. One implication of these
findings is that the benefits of having previously been part of a collaborativp gright
depend upon an individual’s level of executive control because collaboration demands
more attentional resources. Results indicated a significant positive torréatween
operation span score and final individual memory performance for participahts
collaborative groups,=.27. Collaborative group participants with higher operation

span scores tended to outperform those with lower operation span scores on a later
individual memory test. Thus, the extent to which the collaborative memorgtests

as a relearning opportunity may vary as a function of executive control.
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IV. General Discussion

Competing predictions about the relationship between executive control and

retrieval disruption were tested in two theoretically-related memosndpans - a part-
set cuing paradigm that involves individual recall and a collaborative memagigrar
that involves group recall. These studies were motivated by conflicting fsolinige
literature about the relationship between these variables. On the one hand, soous previ
research has suggested that executive control does not exert a direct roleval re
disruption at the retrieval stage.g. Cokely, Kelley, & Gilchrist, 2006). On the other
hand, other research has suggested that increases in executive control correspond to
decreases in distractibility (e.g. Connelly, Hasher, & Zacks, 1991) dahdnereases in
the ability to search memory for non-cued words (e.g. Hansen & Goldinger, 2009). Thus
increases in executive control should predict less retrieval disruption atrikeal
stage. Both lines of evidence come from studies on individual memory. However, the
role of executive control on retrieval disruption is critical not only for undedsig the
memory of individuals working in isolation but also those working in collaborative
settings.

To answer this question, the current studies introduced a methodology for
separately examining the role of executive control at retrieval fronatieancoding.
Previous cognitive research on executive control has used an individual differegces (e
participants with low vs. high executive control, older vs. younger adults) approach.
However, this approach cannot separately examine the role of executive control at

encoding and retrieval since individuals with low (or high) executive control havefow (
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high) executive control throughout the entire experimental procedure. Byragpélly
manipulating executive control through an executive depletion manipulation it is possibl
to circumvent this problem and examine the unique contributions of executive control at
the retrieval stage. Thus, the current studies examined the role of exedeylieon at
retrieval while holding encoding constant and examined the effects in individall re
settings (the part-set cuing deficit; Experiment 1) and group recall seftirey

collaborative inhibition effect; Experiment 2).

Across two experiments, no effects of executive depletion on retrieval tibsrup
were found. In Experiment 1 both executive depletion and test type were manipulated.
Participants performed either an executive depletion task (i.e. storygamitinout the
letters ‘a’ or ‘n’) or a matched control task (i.e. story-writing withtet letters ‘q’ or ‘z)
prior to completing either a free recall test or a part-set cued restlllf executive
depletion minimizes retrieval disruption, then depletion should lower part-set @adid re
but not free recall performance. The study results showed no evidence for thiseoutcom
While participants performed better in the free recall conditions than in thegtaued
recall conditions (i.e. the standard part-set cuing deficit), depletioredxastinfluence.
Thus, manipulations of executive control via a depletion manipulation at retrieval do not
seem to exert a direct influence on retrieval disruption in a part-set cusjgrar
However, executive control, as measured through individual differences in operati
span, did exert an indirect influence on retrieval disruption through its role at empcodin
Only participants with higher operation span scores encoded information in such a way
that led them susceptible to retrieval disruption. Participants with loweatapespan

scores were unaffected by retrieval disruption (see also Cokely, et al., 2006)
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summary, Experiment 1 demonstrates differential effects of execwuimton retrieval
disruption. Increases in executive control, as assessed through individual céféeren
operation span scores, correspond to higher retrieval disruption at retrievdabges

in executive control, as manipulated through a depletion procedure, do not affectlretrieva
disruption directly.

Given that the executive depletion task did not affect retrieval disruption in
Experiment 1, it is important to note that manipulation checks confirmed the executive
depletion task was in fact depleting. In both experiments, participants who cahtpiete
depletion task rated it as more difficult and had qualitatively worse perfoentiaaic
participants who completed the control task. These results mirror the manipulatikn che
ratings of Schmeichel’s (2007) experiments in which depleted participantxhibdez
subsequent deficits on measures of executive control abilities. It should alsode note
that while depletion did not affect measures of executive control abilities (iratiope
span) in the current studies, this does not reflect a manipulation failure. Previous
research has shown that the negative effects of executive depletion aseatymp
constrained (Converse & DeShon, 2009). Thus, in the current studies executive control
abilities were measured more than 20 minutes after the depletion manipuilairoier to
ensure that the measurement reflected individual differences in abiitdesoaexecutive
depletion. This allowed for disambiguation between the role of executive control on
retrieval disruption at both the encoding and retrieval stages.

Experiment 2 was designed to examine the effects of executive depletion on
retrieval disruption in the collaborative memory paradigm rather than in thegtaued

recall paradigm. The procedure in Experiment 2 was very similar to thapefifent 1
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except the use of a comparison between collaborative group recall and nominal group
recall. Participants performed either the executive depletion task dchadaontrol

task prior to completing either an individual free recall test or a collaberaée recall

test. Nominal groups were created by combining the non-overlapping responsesdprovide
by three participants completing the individual free recall test. If exectépletion

minimizes retrieval disruption, then depletion should lower collaborative group lvatal

not nominal group recall performance. While this relationship was not observed in a
part-set cuing paradigm (Experiment 1) some previous research suggedepthtion

may exert stronger influences in a social setting than in an individualgsetti

particular, executive depletion has negative effects on both cognitive (e.g.iSuo#me

2007) and social (e.g. Finkel & Campbell, 2001) measures. For example, after
completing an executive depletion task people are less pro-social and helpful (e.g
DeWall, Baumeister, Gailliot, & Maner, 2008). This may be especially pratierms
unsynchronized behavior, even when not consciously noticed by people, can itself lead to
depletion (Dalton, Chartrand, & Finkel, in press; Finkel, et al., 2006). Thus, it was
hypothesized that depletion could exert effects in a collaborative memodygraraven
though no effects were observed in the part-set cuing paradigm. On the other hand, other
research suggests that collaborative inhibition is relatively imperviousriputations

of various social factors (Weldon, Blair, & Huebsch, 2000). Thus, the competing
hypothesis was also generated that the relationship between executivedepidti

retrieval disruption should remain constant across individual and group memory
paradigms. Results confirmed this competing hypothesis. While a standaooatilee

inhibition effect was observed such that participants performed better in the homina
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groups than in the collaborative groups, this was no affected by executivecteplet
Thus, executive depletion does not affect retrieval disruption in a collaborative ynemor
paradigm.

Taken together, these results are consistent with research showingtdfere
effects of divided attention at retrieval and at encoding. Looking first a¢theval
stage, previous research has shown that retrieval is minimally dftegt@anipulations
of attention (e.g. Craik, 2001). For instance, participants who simultaneously pfform
a digit-monitoring task and a free recall task (a divided attention conditionympedo
equivalently to participants who only performed the free recall task (atediten
condition; Baddeley, Lewis, Eldridge, & Thomson, 1984). Based on these results it has
been argued that retrieval is a relatively automatic (e.g. Baddelay, ¥884), or
obligatory (e.g. Craik, et al., 1996), process and one that does not require executive
control to complete. Given that executive control is an attentional constructefotiee
follows that manipulations of executive control at the retrieval stage do not irdluenc
performance.

While retrieval is often relatively automatic and not reliant upon attentional
resources, this is not always true. In fact, under certain circumstancesl dittelgion
can have detrimental effects on memory retrieval (e.g. a source m@spmiywan &
Jacoby, 1990). A neuropsychological account (i.e. the component-process model of
memory) has been proposed to explain these discrepant findings. More spedifically
has been proposed that retrieval based predominately on medial temporal lobe /
hippocampal activity is relatively automatic and unaffected by divided iattenin

contrast, retrieval that involves prefrontal cortex activity is relatigelytrolled and
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affected by divided attention (e.g. Fernandes & Moscovitch, 2000; Moscovitch, 1992,
1994; Moscovitch & Umilta, 1990). Some evidence suggests that participants in the
current experiment may not have engaged prefrontal regions during thet paikese
recall and collaborative memory tasks. In particular, performing espadued memory
test (under circumstances in which retrieval disruption should operate) doesvaieacti
prefrontal cortical regions any more strongly than performing aréesd| test
(Crescentini, Shallice, Missier, & Macaluso, 2010). This should mean that pantscipa
the current experiment did not preferentially activate prefrontal ebreégions during

the retrieval disruption tasks and were therefore unaffected by the mawoipsiiati
attentional resources (as in executive depletion).

However, the findings of Crescentini and colleagues (2010) that prefrontabtorti
regions are not preferentially involved in a part-set cued task should be intbrpitbte
caution. In particular, while they failed to find differences in prefrontabzattivation
during a part-set cued memory test and a free recall memory test (uoderstances in
which retrieval disruption is thought to operate) they also failed to find behavioral
differences. That is, there was no significance difference in testalleen the part-set
cued and free recall conditions. The conclusions about brain activation differences
during completion of these two tasks should therefore be viewed cautiously untitehey a
substantiated by future research. Finally, one additional point should be noted about the
findings of Crescentini and colleagues (2010). That is, while no differences inorecal
prefrontal cortex activation were observed under conditions thought to rely evaktri
disruption; both were observed under conditions thought to rely on retrieval inhibition.

That is, after encoding items with a low degree of inter-item associgi@stisipants
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recalled more items, but showed less prefrontal cortex activation, durieg eeb&all test
than during a part-set cued recall test. Thus, one direction for future resegrol taa
examine whether executive control modulates the part-set cuing deficititehes have
a low degree of inter-item associations, but not when items have a high degree of inter
item associations. In other words, executive depletion may exert anceffettieval
inhibition rather than retrieval disruption.

In contrast to the previous results examining the role of divided attention at
retrieval, divided attention at encoding almost always exerts a negapaet on
memory. That is, dividing attention at encoding lowers performance on subseqaent fr
recall, cued recall, recognition, and source memory tests compared to filbatte
conditions (e.g. Baddeley, et al., 1984; Craik, et al., 1996; Fernandes & Moscovitch,
2000, 2002; Murdock, 1965; Naveh-Benjamin, 1987; Naveh-Benjamin, Craik,
Gauvrilescu, & Anderson, 2000; Naveh-Benjamin, et al., 1998; Naveh-Benjamin, Guez, &
Sorek, 2007; Reinitz, Morrissey, & Demb, 1994). For example, in Baddeley, et al. (1984;
Experiment 2), participants were asked to complete a distracting digitamogitask
either while encoding a word list or while recalling a word list. Reshtis/ed
uniformly negative effects of divided attention at encoding. In contrast, few negative
effects of divided attention at retrieval were obtained. Given that execatit®lds
related to attentional resources (e.g. McCabe, et al., 2010), then it followesdcative
control may be related to the way participants encode information. Evidence intsuppor
of this conclusion was found in Experiment 1. As in Cokely, et al. (2006), in the present
Experiment 1 individuals with high executive control encoded information in a manner

that left them susceptible to retrieval disruption (likely due to a higherelefiater-
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item associations created at encoding). In contrast, individuals with lowtexeec

control were not affected by retrieval disruption Thus, in the current expgsime
executive control was shown to have an effect at encoding (as assessed through
individual differences ) but not at retrieval (as assessed through the expgalime
manipulation of executive depletion). Future research is needed to furthemdimg fi

and examine the role of executive depletion at encoding. Given that higher executive
control is related to the tendency to encode information in a manner that leaves one
susceptible to retrieval disruption, then depletion prior to encoding should reduce
subsequent retrieval disruption effects. That is, if participants are akeplate to
encoding they should later exhibit a smaller part-set cuing deficit antbaxatave
inhibition effect than participants that are not depleted prior to encoding. These resul
will help further elucidate the role of executive control in modulating rettigisruption
effects.

In conclusion, the current studies represent a systematic effort to examine h
working memory components such as executive control impact retrieval disruption
during recall in both individual and group settings. While executive control is known to
play a powerful role in purely cognitive tasks little is known about its influence
cognitive tasks that have to be performed in socially interactive settinggessAtwo
experiments, results showed no effect of executive control in modulatingaétrie
disruption through its role at retrieval. This was true in both a part-set cued ynemor
paradigm (Experiment 1) and a collaborative memory paradigm (Experiment&ythe
demonstrating similarities in interference effects between indivahéhgroup memory.

Thus, while executive control may play an indirect role in modulating retriesalpdion
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through its role at encoding, it does not seem to directly influence retrievgbtohsr

through its role at retrieval.

54



Table 1

Mean proportion of critical items correctly recalled and the intrusion rates on both the
first and second memory tests of Experiment 1 as a function of condition. During
memory test 1 the participants either completed a free recall test or a pattesktexrall
test. During memory test 2 all participants completed a free recall test. Numbers in
parentheses are standard deviations.

Memory Test 1 Memory Test 2
(free or cued recall) (always free recall)

Proportion Intrusion Proportion Intrusion

correct rate correct rate

Control Free recall .36 (.114) .02 (.03) .39 (.15) .03 (.05)
participants

Part-set 30 (.12) .02 (.03) 32 (.13) .03 (.04)

cued recall
Depleted Free recall 37 (.12) .03 (.04) .37 (.14) .04 (.06)
participants

Part-set .29 (.13) .01 (.02) .32 (.13) .02 (.03)

cued recall
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Table 2

Operation span scores as a function of depletion condition in both the first and second
experiment. Note that the math errors consist of two types: speed and accuracy errors
Thus, the math errors column is the sum of the speed errors and accuracy errors columns
in this table. Numbers in parentheses are standard deviations.

Automated Operation Span Measures

Partial- All-or- Math  Speed Accuracy
Credit Nothing Errors Errors Errors
Scoring Scoring
Exp 1 Control, Q/Z story, 60.59 45.55 6.47 1.18 5.29
condition (n = 73) (9.89) (13.96) (3.59) (1.40) (3.03)
Depletion, A/N story, 59.51 44.62 6.47 1.00 5.42
condition (n = 73) (11.76) (15.20) (3.53) (1.12) (3.14)
Exp 2 Control, Q/Z story, 60.57 44.48 6.42 1.18 5.24
condition (n = 93) (10.15) (16.07) (3.39) (1.18) (3.13)
Depletion, A/N story, 61.90 47.16 6.75 1.28 5.47
condition (n = 92) (9.40) (15.86) (3.39) (1.29) (2.99)
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Table 3

Mean proportion of items correctly recalled and the intrusion rates on both the first and
second memory tests of Experiment 2 as a function of condition. During memory test 1
the participants either completed the test individually or in a collaborative group.
Individual scores from this test were combined into nominal group scores. During
memory test 2 all participants completed an individual free recall test. Numbers in

parentheses are standard deviations.

Memory Test 1
(group recall

Memory Test 2
(individual recall

performance) performance)
n =16 groups n = 48 individuals
Proportion  Intrusion Proportion Intrusion
correct rate correct rate
Control Nominal .61 (.07) .04 (.04) 29 ((10) .01 (.01)
participants groups
Collaborative 54 (.10) .01 (.01) 40 (.12) .01(.01)
groups
Depleted Nominal .66 (.11) .03 (.02) 31 (.15) .01 (.02)
participants groups
Collaborative .57 (.09) .01 (.01) .39 (.12) .02 (.02)

groups
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Figure 1.

Mean proportion of critical items correctly recalled on the first memory test of
Experiment 1 as a function of executive control abilities and type of test. High esecuti
control individuals scored in the upper quartile of the operation span test while low
executive control individuals scored in the bottom quartile of the operation span test.
While high executive control individuals exhibit a part-set cuing deficit, low execut
control individuals do not.

0.2 - B Free recall
OCued recall

Low High

Executive Control Abilities
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Appendix A

Study items used in both Experiment 1 and Experiment 2

Category Critical Target Words Non-Critical Cue Words
Instruments guitar harp
flute horn
piano banjo
clarinet harmonica
trombone cymbals
violin keyboard
cello tambourine
Birds eagle ostrich
blue jay penguin
cardinal flamingo
hawk raven
crow duck
sparrow chicken
pigeon vulture
Sports baseball cheerleading
tennis racquetball
swimming polo
hockey wrestling
golf bowling
volleyball badminton
lacrosse cricket
Fabrics silk velvet
polyester jean
wool suede
nylon cashmere
rayon flannel
satin lace
spandex lycra
Fish salmon dolphin
trout angelfish
bass blowfish
catfish minnow
tuna piranha
shark shapper
flounder whale
Vegetables lettuce cabbage
broccoli radish
tomato asparagus
cucumber pepper
corn beet
celery turnip
onion zucchini
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Appendix B
Final Questionnaire given to all participants in both Experiment 1 and Experiment 2
Sex:

Age:
Ethnicity: (or check here [ ] if you'd prefer not to specify)

What time did this experiment start today?

Including snacks, what time that you last eat something?

Please list (to the best of your ability) everything that you have had ¢o éank in the
three hours prior to the experiment. For each item, please estimate véhgotirate or
drank it.

Item Time that | ate or drank it

What time did you wake up this morning?

How many hours did you sleep last night?

Do you consider yourself to be a morning or night person?

How easy or difficult was the story writing exercise? (i.e. when you had t® about a
vacation or trip without using certain letters).

1 2 3 4 5 6 7
very easy neither very difficult

How easy or difficult was the FIRST memory test you completed? (i.e. therfiesyou
had to remember the words from the beginning of the experiment)

1 2 3 4 5 6 7
very easy neither very difficult
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How easy or difficult was the SECOND memory test you completed? (i.e. thedsec
time you had to remember the words from the beginning of the experiment)

1 2 3 4 5 6 7
very easy neither very difficult

How easy or difficult was the computer memory task? (i.e. when you had to remember
letters and perform math problems)

1 2 3 4 5 6 7
very easy neither very difficult

For the next questions, please provide a brief answer in the space prosd

What do you think this experiment is about?

Did any part of the experiment stand out to you or seem unusual to you for smy*ea

When completing the first memory test, were you given any words as hints?
Yes No

If yes, how do you think these hints affected your memory?
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Appendix C

Example stories written by participants in Experiment 1 as a function of ideplet
condition

Stories from two participants in the depletion condition:

Example 1 (16 words long, contains no errors):
“This semester | rode to Jersey. There were lots of trees. My mathaplsyer lives
there.”

Example 2 (31 words long, contains one error):
“I visited the south of the U.S. to see my mom’s brother’s kids. We visited the shore,
visited other people, it was good. We visited the zoo. We digested good food.”

Stories from two participants in the control condition:

Example 1 (117 words long, contains no errors):

“This past spring, my friends and | went to Spain and France on a school trip. | had the
most incredible time. We went to numerous cities and saw an insane amount of old
architecture and even a castle in France. The water was beautifldaWMgono’s island

as well, which was pretty great. In Barcelona things were more fastpddusy,
especially on Las Ramblas, the street we were by. Eating ice creayrday,

sometimes twice a day, and just being in a foreign country was so much fun.dideoul
that trip again in a second if the opportunity presented itself. Next time thougkel'd |

to visit Italy as well.”

Example 2 (88 words long, contains no errors):

“One trip | took with my family was to California. We visited many sightée first

place we stopped was San Francisco. We participated in all the touristy tlthgsss
Pier 51, a ride on the trolley car, the famous prison, etc. Next we went to the famous
national park with all the redwood trees. The trees towered into the sky, blotting out
most of it. We also went to the marine museum at Monterey Bay. It's a famoesmus
and houses a huge variety of fish.”
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