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CHAPTER 6

Using the Stroop Task to Study Emotion
Regulation

Jason Buhle, Tor Wager, and Ed Smith

ABSTRACT

The Stroop task is among the most influential experimental paradigms for the study of cognitive
contrel, Recent variants have sought to extend the Stroop task to the study of emational regulation.
T assess these emotional Stroop tasks, it is important to distinguish between those that seck to dis-
rupt performance purely via distraction by emotional stimuli that engage attention, from those tha
do so by presenting emotional information that specilically conflicts with task-relevant judgments,

The emotional stimuli in distraction-based Stroop tasks typically fail o disrupt the perfermance of

healthy aclults, and recent work suggests that when inference does ccour, it lags behined goal-directed
processing, primarily degrading performance on subsequent trials. Although ecarly neuro-imaging
research using the emotional distraction Stroop tasks gave rise Lo Lthe influential hypothesis of dis-
tinct emotional and nonemational processing regions in the anterior cingulate cortex, subsequent
research has provided limited suppert. Other recent evidence suggests that interference in these dis-
traction tasks might reflect a generic transient surprise rather than inherently emotional processes.
In contrast to emotional distraction Stroop tasks, studies of emotional conflict have reported robust
congruency effects, bt it is unclear that the resolution of stimulos incompatibility is relevant to
questions of how one controls one's emotions. Future research with emotional distraction Stroop
tasks should seel to develop variants that evinee more robust effects, wherens research on emotional
stimulus incompatibility should levernge previows work with nonemotional conflict Stroop variants
Lo explore lopics such as Lhe relationship between output modalily and dimensional relevancy, and
the distinction between categorization and identification task goals.

Keywords: Cognitive control, interference, emotional conteol, Stroop task, emotional Stroop, ante-
rior cingulate coetex, conflict, distraction

Seclf-contral broadly describes the goal-directed
regulation of thought, feeling, and behavior.
Although the history of experimental psy-
chology  offers  countless  paradigms  dewvel-
aped to study self-control, perhaps none has
achieved the renown or influence of the simple

task Stroop described in 1935 {Stroop, 1935)
Straightforward instructions guide the partici-
pant: identify the font color of a string of letters
as guickly as possible, ignoring any meaning
the letters may carry. This is easily done when
the letters do not comprise words, or when they
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comprise words that lack a strong color asso-
ciation. But what happens if the to-be-ignored
word names a coloe? The effect depends an the
relationship between the irrelevant word and
the relevant font coler TF the word and font
color are compatible, such as the word "blue”
printed in klue, then participants often answer
faster, suggesting facilitation, Conversely, when
meaning and color are incompatible, such as the
word “red” printed in blue, participants typi-
cally respond slower, indicating interference.

This phenomenon has inspired a great deal
of work in the cognitive and neural sciences—
the Web of Science database records nearly
4,000 citations of Stroap's original paper (www,
isiwehofknowledge com), To what can we attri-
bute such enduring impact? Perhaps most obvi-
o is the unusual reliability and magnitude of
the interference effect (MacLeod, 1991}, Stroop
interference is evidenl o anyone whe altempis
the task. Forthermore, this interference s
remarkably difficult to circumvent—aonly a
handful of manipulations have been found Lo
substantially reduce or eliminate the disruption
(Alexander ot al., 1989; Besner, 2001; Besner &
Stolz, 199% Raz et al., 2003, 2006, 2007; Kaz,
Shapiro, Fan, & Posner, 2002 Wenk-Sormaz,
2005).

Another major reason for the continued
popularity of the Stroop task is likely its ver-
satility. Interference has been demonstrated in
Stroop variants using 2 wide ranpge of stimuli
(MacLeod, 1991 Macleod & MacDonald,
2004),  including  pictures  with
words, such as the word "cat” printed inside a
drawing ol o pig (Rosinski, Golinkol, & Eukish,
1975); location words presented through head-

embedded

phones 1o a single car, such as the word *left”
plaved through the right car channel (Picters,
1981); and digit sets of varying size, such as the
number “3" printed four times (Windes, 1968).
Among these many variants exists a growing
number in which emotional stimuli serve as the
source of the interference. Although these emo-
tiomal Stroop tasks are well-kknown in the emo-
tiomal contral literature, we are aware of anly
one published review that exclusively addresses
this work (Willams, Mathews, & MacLeod,
1996). In the 12 years since this review, both
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the number and diversity of emotional Stroap
varinnts have incrensed dramatically. Moreover,
sevieral recent experiments challenge the domi-
nant theoretical accounts of interference and
conteol offered earlier,

Given these developments, it seems appro-
priate to consider anew this body of work, We
begin below by summarizing several current
issues in the broader Stroop literature. Next,
we differentiate emotional Stroop variants that
seck to disrupt performance through dimen-
sional conflict, from those that do so through
distraction. Building on our earlier discussion,
we evaluate the fit between prominent models of
the traditional Stroop task and current Aindings
fram these emotional Stroop variants. This first
section concludes with an exarmination of recent
evidence that imterference and control processes
in both conflict and distraction tasks may per-
severe bevond the trial on which an emotional
slimulus 15 presented, nflluencing performance
and neural activity on subsequent trals,

We then lurn our attenbion Lo a modern
iteration of the classic question that asks, "How
similar are emotional and nonemotional self-
control?” Since the advent of neuro-imaging,
researchers have increasingly looked to the
brain for answers, asking, *How similar are the
neural mechanisms that assert control in emo-
tional and nonemotional contexts?™ The second
section first describes an early emotional Straop
brain imapging study {Whalen ot al,, 1998} and
the influential hypothesis of distinet emotional
and nopemolional processing regions in the
anterior cingulate cortex (ACC) that it inspired
{Bush, Luu, & Posoer, 20000, Mext, we assess the
body af evidence thal has amassed from both
conflict and distraction emotional Stroop neu-
ra-imaging studies in the years since the origi-
nal proposal. We conclude that the emotional
distinction hypothesis of the ACC requires sig-
nifhcant modification.

The third section considers several features
of emational Stroop tasks that may limit the
contribution they ultimately make to emotional
caitrel research. We begin by noting the funda-
mental constraints imposed by the quasi-exper-
tmental design of emotional distraction Stroop
insks, highlighting the problem of onequal
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lexical characteristics between word lists, Mext,
we consider evidence that suggests that inter-
ference in these disteaction tasks might reflect a
transient surprise coused by salience in general,
rather than interference that is specific o the
processing of emolional stimuls, The third see-
Lion turns our attentien o emotional conflict
variants, examining the pertinence of the inter-
ference belween representations these tasks
madcl, to the question of how one controls one's
emations. Finally, the chapter concludes with
suggestions to guide future research.

ADAPTING THE STROOP PARADIGM TO THE
STupy oF EMOTIONAL REGULATION

The Classic Stroop Task: An Experimental
Model of Self-Control

A complete theoretical account of the Stroop
task must address two core phenomena. First,
it must explain why identilying font color tales
lenger on mncongruent trials, Second, il must
explain why congruency does not similarly
influence speed when the task is reversed (i.c.,
the participant must identify the word and
ignore font color). The models that have been
put forth to explain these phenomena generally
adopt a framework of hierarchical processing
stages. Common in cognitive psychology, such
moxlels assume that across these stages, increas-
ingly abstract stimulus representations mediate
the transtormation of incoming sensory infor-
malion into a goal-directed motor response,
Whereas lower processing stages perform per-
ceptual analyses and object recognition, higher
stages glean semantic and conlexiual meaning.
Representations al these higher stages then
interact with representations encoding task
rules and goals that guide selection of the cor-
rect response. Finally, the responsc must be
mapped to a motoric sequence dictated by the
task, and this sequence must be programmed
and executed.

Considering  Straop  interference  within
such a framework demands specificity about
how the processes interact to degrade perfor-
mance, and when and where they do so, Most
current approaches assume that representations

of font color and waord form are reflexively and
simultaneously processed across carly sensory
and perceptual stages, but what happens o
these two streams ot higher levels is o matter
of debate. One well-known view invokes the
traditional distinction belween automatic and
conlrolled processes, An iden with over o cen-
tury of history in psychological science {Cattell,
L&E6], automaticity describes highly practiced
or hardwired processes that begin without
intent, procecd by their own momentum, and
persist in spite of volitional attempts to curtail
them. In contrast, controlled processes must
be initiated and sustained through the maohi-
lization af attentional resources (Hasher &
Facks, 1979; Pasner & Snyder, 1975 Shiffrin &
Schneider, 1977), Automaticity-based accounts
of Stroop interference consider word reading 1o
be an automatic process in [erate adults, and
thus assume word analvsis procecds reflexively
through the higher processing stages, Color
ientification 1s nol considered 1o be an auto-
matic process, but if the goal is to identify font
color, then analysis of font color must also con-
tinuwe. Controlled attention is invoked to guide
processing through these higher stages, yield-
ing an abstract representation for font color
that can compete with the automatically evoked
word representation to determine the partici-
pant’s response. As described further below, the
presence of coactive representation ab response
levels 12 believed to thwart selection processes,
ultimately delaving response execution,

For many vears, the chief strength of auto-
maticily accounts was the ¢legant explanation
they provided for the performance asymmelry
between the standard and reverse goal ver-
sions of the classic color-word task (MacLeod,
194 1; Macleod & MacDonald, 2000}, From this
perspective, setting the goal to word identifi-
cation would not atfect the reflexive process-
ing of words, but higher-stage analysis of font
calor identification would lack the support of
controlled attention and thus come to a halt
Regardless of congruency, only representations
activated by the word meaning pathwav would
thus be made available for response selection,
resulling  in equivalent  perlormance. More
recently, translational models have challenged
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the conclusion that font color identification
is inherently less autamatic than word identi-
fication {Virzi & Egeth, 1985), This approach
argues that asymmetrical interference emerges
because word information is already repre
senled  in the required  response  modality,
whereas color information must be translated
into a verbal representation.' By analogy, 1t is
not that word reading 12 aulomatic, but that
the target this processing stream must reach is
closer. But what if the task specifics a different
target? According to the translational model,
if changing the target differentially alters the
tramslational demand required of representa-
tions from the two dimensions, then the sym-
metry of interference will also change. To test
this, Durgin {2000, 2003) developed a Stroop
variant in which the participant responds by
poanting to color patches on the sereen. Given
that color identification no longer requires
translation te the verbal domain, yet word
identification now requires translation into the
color domain, the translational model predicts
the traditional asymmetry should be reversed
(i.c., color identification performance should be
unaffected by word meaning, but incongruent
font color should disrupt word identification).
Drurgin found exactly that—a result apparently
incompatible with automaticity accounts,
Although  automaticity  and  translational
accounts seek o explain the processes that lead
to incompatible representations at higher stages
of analysis, they do not explain why incompat-
ible representations  delay responding. Most
awcounts assume thal response seleclion occurs
when the activity level ofa graded representation
corresponding to thal response is pushed abowve
a presel threshold, For example, Logan's (1980)
information accrual model envisions a response
selection stage that sums output from parallel
pathways processing each stimulus dimension.
This output constitutes positive or negative sup-
port for each of the possible response options,
a0 when the stimulus dimensions are congru-
ent, both pathways cantribute information in
support of a particular response, allowing the
preset threshold to be reached sooner. However,
in the incongruent condition, information
from the irrelevant dimension counls against

MEURAL

the corpect response, increasing the amount of
infermation needed from the relevant dimen-
sion for the response threshold to be reached,
The increase in reaction time reflects the addi-
tional time needed to acerue this information,

A similar accrual mechanism delermines
responding in the neural network models devel-
oped by Cohen and colleagues. [n these models,
the strenglh of a representation is governed not
just by the strength of previous representations
in that pathway, but also by within-level inhibi-
toryand facilitatoryconnectionswith competing
representations (Cohen, Dunbar, & McClelland,
1920 More recent versions of the model have
incorporated mechanisms for the monitoring
and control of interference (Botvinick, Braver,
Barch, Carter, & Cohen, 2001; Botvinick, Cohen,
& Carter, 2004). Information processing con-
flicts ave first detected by o dedicated monitor-
ing system, localized to the rostrodorsal ACC
{rd ACC), candodarsal ACT [cd ACC), and adja-
cent medial prefrontal cortex (MPFC) Ofien
this moniloring svatem 15 described as mulli-
modal, responding to conflicts across multiple
levels of processing, although some have argued
the ACC only monitors conflicts in response
levels (Lia, Banich, [acobson, & Tanabe, 2006,
van Veen, Cohen, Botvinick, Stenger, & Carter,
2001). Regardless, when the monitoring system
detects conflict, it cues the engagement of the
sk rule and goal representations in the lateral
PEC that inhikit or facilitate processing at dif-
ferent processing stages, tipping the balance
of activity in favor of the relevant processing
stream (Botvineek et al, 2001, 2004; Kerns
el al., 2004; Miller & Cohen, 2001}, Crucially,
the model does not allow these adjustments in
control o take place quickly enough to impact
the current trial. Thus, evidence for greater con-
tral in neural activity and performance can only
be abserved on the subsequent trial (Botvinick
et al., 2001},

Conflict in Emotional Stroop Tasks

One approach to adapting the Stroop paradigm
to questions of emoticnal control, has been to
present stimuli with emotional dimensions
that vary in congruency. Several studies have
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combined emational words and phetographs of
facial expressions (Anes & Kruoer, 2004; Egner
et al., 2007; Etkin et al., 2006; Haas et al,, 2006;
Preston & Stansfield, 2008; Stenberg, Wiking,
& Dahl, 1998) or scenes (Park et al,, 2008}, For
example, Hirsch and colleagues printed the
words "happy” and “lear” across happy and
fearful facial expressions {(Egner et al, 2007
Etkin et al, 2006). As 1o an eardier behavioral
experiment (Anes & Kruer, 2004), participants
were required to identify the expression, but
incongruent words  disrupted  performance.
Other picture-word studies have required par-
ticipants to categorize a word by valence or emo-
tion, while ignaring the valence or emotional
category of the accompanying image (Haas et
al., 2006; Park et al., 2008; Preston & Stansfield,
20408, experiment 2; Stenberg et al., 1998), For
example, in one experiment participants cat

eporized words such as “party” and “pride” as
positive or negalive, while ignoring happy and
sad facial expressions (Haas et al., Z00a). These
studies have also consistently reported degraded
incongruent performance.

Considering these findings in the context
of the broader Stroop literature raises scv-
eral guestions. Taking into account that both
words and images can interfere when serving
as the goal-irrelevant dimension, might suggest
the ahsence of a goal-dependent performance
asymmetry akin to that of the classic calar-word
task, Unfortumately, to our knowledge no study
has directly tested this possibility by alternat-
ing dimensional relevancy wsing a single set of
stimuli and consistent experimental param-
elers. Given that reading and emaotional [ace
processing are widely believed to occur with a
high degree of automaticity, an automalticity-
kased account might predict behavioral inter-
ference regardless of dimensional relevancy. A
translational model might predict a ditferent
outceme, In the tasks of Hisch and colleagues
(Bgner etal., 2007 Etkin et al., 2006), to indicate
the emation conveyed by the facial expression,
a nonverbal representation of the expression
wollld need to be translated to the correspond-
ing verbal representation; in contrast, the word
representalion s inherently verbal, and thus
recuires no additional translation once it has

been recognized. Thus, a translational model
wonld [ikely predict little or no interference ina
reversed-goal variant of the Hirsch task, in line
with the lack of imterference when the goal is
reversed in the classic Stroop task,

Droes the interlerence effect reported in
word-relevant emolional Stroop variants then
falsily the translational account? To provide
an answer, we again turn to the broader Stroop
literature, Streop variants using nonemaotional
picture-word combinations first began to appear
in the carly 1970s (Macleod, 19910 Typically
the stimuli in these tasks featured words
printed inside hlack and white line drawings.
At first, the pattern of interference observed
seemed to correspond to the color-word Stroop:
when participants identified pictures, incon-
grient words disrupted performance, whereas
word identification was wnaffected by the con-
grucncy of the concurrent piciure (Rosinski,
Golmkaotf, & Kukish, 1975) However, matlers
were complicated by the discovery that this per-
formance asymmelry was reversed 10 partici-
pants were instructed to categorize the stimuli
by object type—for example, responding “ani-
mal™ when presented a picture of dog {Glaser
& Duangelhoff, 1984; Smith & Magee, 1980). 'To
account for these findings, Glaser and Glaser
devcloped a mode] in which distinct processing
units maintain semantic memory and the lexi-
con (Glaser & Glaser, 1988), They posited that
waord information has privileged access to the
lexicon, whereas picture information has privi-
leged aocess o semantic memory, Furthermore,
they assumed that identification tasks rely on
selection among lexical representations, but the
critical selection for categorization Lasks oocurs
al a semantic processing slage.

Combining this set of assumptions with a
translation model of interference allows the
Cilaserand Glaser madel to predict the observed
cutcomes of both emotional and nonemoticnal
picture-word tasks. Incongruence disrupts per-
formance when the irrelevant dimension has
privileged access wo the critical processing stage.
Such is the case when the participant must
identify the picture, as in emotional expression
identification tasks {Anes & Kruer, 2004; Egner
el al, 2007 Eikin et al, 2006), or calegorize
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2 word, as in word emation and valence cat-
cporization tasks (Haas et al., 2006; Fark et al.,
20408; Preston & Stansheld, 2008, experiment
I Stenberg et al., 1998). In contrast, incongru-
ence has little or ne effect on performance when
the relevant dimension has privileged access
o the critical processing stage, Such is the
case in tasks that require determination of the
semantic category of pictures or the identifica-
tion of words, Although nonemotional studics
provide ample confirmation of this prediction,
we know of only one test in the context of an
emotional Stroop task. [na preliminary experi-
ment, Preston and Stansficld (2008, experiment
1) required participants to identify the words
" tangryy “happy,” and Cscarved,” while
ignaring corresponding facial expressions, They
foumdd a small bt significant 25-millisecond dif
ference between the congruent and incongruent
conditions, Although this is smaller than the

“gad,

af-milhsecond difference they saw in the sce-
ond experiment, which required categorization
of words, the design was changed in numerous
other ways, so a direct comparison of effect size
cannot be made., Monetheless, that this effect is
considerably smaller than both typical Stroop
effects and other face-word effects is consistent
with the Glaser and Glaser model,
Otheremotional Stroop variants have manip-
ulated the congruency of prosodic and lexico-se-
mantic dimensions in speech stimuli, Most often
stimuli consist of a set of valenced words, each of
which corries a positive vocal tone in one record-
ing amd o negative tone in another (Grimshaw,
1998; Ishit, Reyes, & Kitayama, 2003 Kilayama
& Ishin, 2002; Schirmer & Botz, 2003; S5chirmer,
Eyuset, Kolz, & Yves von Cramon, 2004). For
example, one study recorded words such as
“pretty” and “bhitter” spoken with both “smooth
and “harsh and
tones (Ishii, Heyes, & Kitmvama, 2003). Less

round” and constricted”
aften, Mll sentences have been used (Mitchell,
006a, 2006k Rota et al, 2007 Vingerhoets,
Berckmoes, & Stroobant, 2003). For example,
one study recarded sentences such as, “The dog
hae to be put down™ and “She won the lottery
jrckpat” spoken with happy and sad prosody
iMitchell, 2008a), AL Bul one of these emaolienal
speech Stroop studies required participants o
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categorize the relevant stimulus dimension.
The simgular exception might best be consid-
ered o hybrid identification-categorization task:
participants either identified the words “mad,”
“sad,” and “glad,” or categorized the prosody
these words carried (Grimshaw, 1998),

[ contrast 1o the image-word variants dis-
cussed above, many of these studies examined
interference in both dimensional  relevance
conditions (Grimshaw, 1998; [shii et al., 2003;
Kitayama & [Ishii, 2002; Mitchell, Z006a;
Bchirmer & Kotz, 2003; Vingerhoets et al,
2003} Of the categorization studies reporting
both conditions, all but one {Schirmer & kotz,
2003} found bidirectional effects. These find-
ings collectively suggest greater parity of access
to the semantic processing stage between the
prosadic and lexico-semantic stimulus dimen-
sions than exists between the color and word
dimensions of the classic Stroop task, A series
of experiments by Ishn and colleagues suggest
that even though prosodic-linguistic conflict
might be bidirectional, interference eflects show
a culturally determined asymmetry (Ishii et al.,
2003; Kitayama & I[shii, 200Z). For example,
American-borm speakers of English demon-
strated greater interference when identifying
prosody valence, but mative Japanese speakers
and Tagalog-English bilinguals demonstrated
greater  interference when identifving word
valence. These authors atteibuted the variabil-
ity of the asymmetry in the populations o a
broader ditference in the emphasis castern and
western cultures place on contextual informa-
tiom, bul the precise cognilive mechanisms that
dilferentiate the processing slreams remain
unclear.

What results might the Glaser and Glaser
{1989} model predict for the identihcation-cat-
egorization hybrid task described by Grimshaw
{1998)# Giiven the parity of semantic access
found in other studies, the model would likely
anticipate interference during prosodic catego-
rization. However, the privileged lexical access
of printed wards would presumably extend o
spoken words, implyving less or no interference
in the identification portion of this experiment.
[n support of these predictions, robust con
et was found in the prosodic categorization
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condition in twe experiments, whereas in the
word identification condition, performance was
disturbed only slightly experiment 2), or not at
all {experiment 1),

Distraction in Emotional Stroop Tasks

Although conflict Stroap tasks model the disrup-
tiom of selection mechanisms at critical points in
the processing hicrarchy, distraction variants
model nonspecific performance declines caused
by processing a salient, but frrelevant, stimulus
dimension. Emotional distraction Stroop tasks
typically mimic the format of the traditional col-
ar-word Stroap task, requiring the participant to
identify the font color of words while ignoring
word meaning (Williams et al., 1996), However,
in place of the semantically incongruent calor
words of the traditional task, these distraction
based variants  substitute  emotional  words,
[mterference is assessed by comparing latency
or accuracy on emotional wornd trials with per-
formance on neutral word trials, Although such
o contrast roughly parallels the comparison
between incongruent and neutral trials in con-
flict Stroop tasks, distraction tasks lack putative
facilitation trials, making it impossible to find a
similar parallel of the more common compari-
son with comgruent trials.

The impossibility of a congruency cffect
points to 2 pair of brooder characteristics that
distingnishes the distraction of these tasks
from the conflict of the traditional Stroop and
Lhe emotional variants discussed above, First,
the relationzhip between stimulos dimensions
is arbitrary: the wvalue of the goal-relevant
dimension on a given Lrial has no bearing on
the classification of that trial in the experimen-
tal design. For cxample, if “cancer™ is chosen to
serve as a valenced word, then a trial in which
“cancer” is printed in red constitutes an inter-
ference trial, just as a trial in which it is printed
in blue, green, or any other color used in the
respanse set. As we will discuss in the fol-
lowing section, this charcteristic profoendly
influences the interpretation of results in these
fasks,

Arbitrariness also characterizes the rela-
lionship  between the irrelevant dimension

and the goal the participant is instructed
to achieve. In emotional distraction Stroop
tasks, the task goal need only vield a perfor-
mance measure that allows the experimenter
fo compare disruption in the emotienal and
nonemotional conditions, In contrast, assign-
ing the goal of color identification is essential
for the incompatible words of the traditional
Stroop to disturb performance. This flexibility
of task goal in emotional distraction tasks has
been uscfully exploited in one popular variant,
the emotional counting Stroop (Whalen et al.,
1998} Although the counting task differs from
standard emotional distraction Stroop tasks, in
that the participant is required te indicate the
number of instances of a word on the screen,
the same affective and nonaffective words may
be vsed as in the original color identification
version, In contrast, counting analogs of the
traditional Stroop must use number words, not
calor words, tn the irrelevant dimension {Bush
et al., 1998). The arbitrariness of the assigned
gmoal in emotional distraction Stroop tasks has
been further explored with direct empirical
investigation. Several studies have found that
emotional word lists associated with reduced
color identification performance were similarly
associated with reduced performance when
featured in a speeded reading or lexical deci-
sion task® (Algem, Chat, & Lev, 2004; Larsen,
Mercer, & Balota, 2004).

The dissimilarity of conflict and distraction
has led several authors to question whether a
distraction-related  perlormance  deficit should
be described o5 a Stroop effect. Tor example,
MeRennannd Sharmasuggested “emotional intru-
sion ¢lfect” would be more appropriate (Mckenna
& Sharma, 2004), whereas Algom and colleagues
offered the alternative "generic slowdown” (Algom
et al., 2], Although we chose to consider both
emational Stroop variants in the present review,
our point is not f suggest they engender a similar
type of interference or call upon similar cognitive
mechanisms, To the contrary, the empirical data
we review below consistently fallows the theoreri-
cal distinction we have drawn thus far

Perhaps at no point is this difference as clear
as when we compare the performance decre-
ment observed in the Dwo variants, Emoticnal



100

conflict Stroop tasks consistently show robust
effects, inline with the robust interference of the
teaditional Stroop task, but emotional distrac-
tien Stroap tasks tvpically report much smaller
differences in performance, if performance
between conditions differs at all. A recent meta-
analysis of reaction time data from published
accounts of color-word emotional distraction
Strovp tasks, found that healthy, nonanxious
adults responded with similar speed to both
emoticnal and neutral words (Phaf & Kan,
2007) We do not take this to mean that distrac-
tion cannot be successfully modeled by these
emotional Stroop variants, Several authors have
observed  small but consistent performance
differences in carefully designed experiments
(Algom et al, 2004; McKenna & Sharma, 2004),
The meta-analytic null finding likely reflects a
number of factors, including limited power at
the level of the individual studies, and the inclu-
sion of studies in which design factors inadver-
tently obscured an effect. However, the null
inding also highlights the tenuous nature of
distraction-based interference, further distin-
guishing distraction- and conflict-bazed Stroop
tasks. As such, it is critical when considering
emotional distraction Stroop tasks, to remain
wvigilant to the possibility that the emotional
stimuli did not interfere with goal-directed
processing, and to temper inferpretation when
no evidence of interference is provided by the
perfaormance data,

Subsequent Trial Interference in
Emotional Distraction Stroop Tasks

Thus far, we have considered emolional inter-
ference and contral only within the time frame
of a single trial. Becent evidence from a number
of sources suggests that a complete account will
require that we expand our view, allowing for
the possibility that these processes may exert
influence not just within, but across trials also.
An early indication of such extra-trial influ-
ence in emotional Stroop tasks came from the
abservation that blocked designs, in which tri-
als are presented grouped by condition, showed
a greater behavioral effect of emotional distrac-
tion than designs inwhich emotional and neutral
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trials were mixed (Algom ot al., 2004; Cassiday,
McMally, & Feitlin, 1992; Jones-Chesters,
Monsell, & Cooper, 1998, Kaspi, McNally, &
Amir, 1995; Phat & Kan, 2007; Richards et al.,
1992; Waters & Feverabemnd, 2000; Whaters of al.,
2005) Although the difference 1o performance
between blocked and mixed designs could have
resulted from nonspecilic changes in motivation
or some other aspect of mental set, these find-
ings could also be accounted for by interference
processes persisting beyond the trial on which
the causal emotional stimulus appeared. [f at
least a portion of the interference effect from an
emotional trial were spread across subsequent
trials, then in mixed designs some of the sub-
sequent katency might be attributed mistakenly
to meutral teials, bringing the average reaction
time down for the emotional condition and up
for neuteal condition.

Such  temporally  extended  distraction
could tuke one of ol least three peneral [orms,
One possibility s that viewing the emotional
slimuli induces a long-term change in ¢mo-
tional state in which performance is generally
degraded compared to a neutral state. [fa direct
cifect of the stimuli on the emotional state
accounts for the greater performance disrup-
tion in blocked designs, we might expect this
disruption to increase over time {(Ehlers et al.,
|988). A second possibility is that interference
beginsg on a particolar trial and persists info
the next, but the disturbing influence wanes
quickly. Evidence for this type of subsequent
trinl effect, which Waters and colleagies termed
“carrveover effects” (Waters e al,, 2005; Waters,
Soyvelle, & Werle, 2003), would be provided by
data in which emotional stimuli independently
accounted for decreased performance on both
the presentation trial and subsequent trials. But
what if one observed such a decrement subse-
quent to the presentation trial, but not on the
presentation trial itself? Termed “slow effects™
by Mckenna apd sSharma (2004), this might
indicate that the presence of an emotional stim-
ulus sets in motion a sequence of mental events
that eventually lead o disruptive processes,
bust that goal-directed processing of the causal
stimulus s completed before the disruptive
portion of the sequence begins.® Finally, state,
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carryover, and slow effects might manifest on
emaotional trials exclusively, indicating a cumu-
lative or potentiating influence, ar such effects
might manifest universally, increasing latency
o emetional and neutral trials alike,

At present, only a handiul of emotional dis-
traction Stroop stucdivs provide results capable
of distinguishing among the above possibalities,
We know of no studies that support the state
etfects hypothesis by showing an increase in
interference across blocked emational stimuli.
In contrast, several studies found evidence of
habituation {(MacKay et al., 2004; McKenna &
Sharma, 1995), or no change in interference
i(sharma, Albery, & Cook, 2001), 2 direct con-
tradiction of the state effects hypathesis. We
know of four reports that directly examined
performance a8 a function of previous trial
type. In each instance, subsequent trial effects
were identified, though the type of subseguent
effects varied {Kunde & Mauer, 2008; McKenna
& Sharma, 2004; Waters et al,, 2003, 2045),
Carryv-over effects were found with smokers
(Waters et al., 2003, experiment 1) and heroin
addicts {Waters et al., 2005, experiment 1) using
drug-related words, whereas slow-effects were
found with smokers using drug-related words
(Waters et al., 2003, experiment 2, and healthy
contrals using negative words (McKenna &
Sharma, 2004), situation-specific stress words
(Waters et al,, 2005, experiment 2], and positive
and nepative pictures {Kunde & Mauer, 2008),
Several studies reported an interaction between
previous amd current trial type, indicative of
i cumulative eifect or potentiotion (Konde &
Mauer, 2008; Walers ¢t al., 2003},

Although evidence [or the existence of some
kind of sequential effect at this point scems
strong, the current set of mixed results limits
further specification. Although it may be the
case that the different experimental designs
demenstrate different types of sequential effects
hecause of an unknown variable, anather pos-
sibility 35 that the use of unbalanced stimulus
orders has in some cases vielded artifactoal
resilts, MoKenna and Sharma pointed out that
if trial types do not follow one another with
equal frequency in an experiment, a lopsided
distribution of sequential effects can distort

ohserved effects (MocKenna & Sharma, 200457
In o series of careful experiments that main-
tained the frequency of sequential trial types,
the authors observed only slow effects, Given
the precision of the design, and that the par
ticipants consisted of healthy mdividuals inoa
standard experimental context, we believe the
existence ol slow elfects scems 1o be the best
supported finding at this time.

Mckenna and Sharma further demonstrated
that the slow effects they observed accurred on
just the single trial following a negative word.
Given the timing of stimulus presentation
in their design, this implies the interference
occurred within the second following response
execution for the previous trial. This result is
consistent with other work, showing that block
design studies using very short gaps between
trials, such as 32 milliseconds or 40 millisec-
onds, vielded greater interference effects than
lomger gaps, such as 1000 milliseconds or 300
milliseconds (Sharma & McKenna, 2001; van
Hooll et al., 2008}, However, other studies have
reported subsequent cffects with gaps between
trials of 1000 milliseconds (Kunde & Mauer,
2008, Waters et al., 2003}, 15300 milliseconds
{Waters et al.,, 2005), and 2200 milliseconds
{Waters ¢t al., 2003}, The extended interference
in these studies may result in part from unique
factors such as the use of picture stimuli (Kunde
& Mawer, 2008), drug-addicted participants
{Waters et al., 2003, Waters, 2003 £128), stress
induction, context-specific words, or intoxica-
tion (Waters et al, 2005) Fulure studies will
need o isolate and test the varions possibilities
to determine the precise lemporal duration of
the phenomenon and any factors thal might
modulate this duration.

Subsequent Trial Control in Emotional
Conflict Stroop Tasks

To our knowledge, only Hirsch and colleagues
have reported analyses of subsequent trial effects
in an emotional conflict Stroop task (Egner
et al, 2007; Etkin et al., 2006). In two neurs-
imaging studies, participants classified facial
expressions as happy or fearful while ignoring
the words "happy” or “fear” printed over each
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image. Following an approach developed in
earlier work with nonemotional conflict tasks
(Botvinick et al, 1999; Egner & Hirsch, 20050
Gratton, Coles, & Donchin, 1992; Kerns et al.,
2004), the anthors compared perlormance on
incongruent trials grouped scconding o the
congruency of the previous trial. In line with
findings in these earier nonemotional studies,
participants respanded more quickly when the
preceding trial was also incongruent (11 trials)
than when it was congruent {C[ trials). Mewral
activity was also lower in the 1l trials in a por-
tion of the midline rostrodarsal MPFC (Etkin
et al., 2006) and in the right rd ACC {Egner et
al, 2007), again paralleling previous analvses
with the classic color-word Stroop task (Kerns
et al., 2004} and a nonemotional face-ward wari-
ant (Egner & Hirsch, 2005a), The authors inter-
preted these findings in the conflict monitoring
framework developed by Coben and colleagues
(Botvinick et al., 2001, 2004), positing that the
detection of conflict on the preceding incongru-
ent trizl miated a reaclive increase in contral.
[ncreased control then reduced conflict on the
subseguent trial, resulting in better performance
and less detection-related activity in the ACC.
In contrast to the large literature examining
the conflict monitoring hypothesis of Cohen
and colleagues, the reactive control proposed
by these models has been addressed only briefly,
In previous work, Hirsch and colleagues ren-
soned that if greater activity in C1 trials reflects
conflict menitoring, then grealer activity in
IT trinls might correspond to the implementa-
tion of reactive control (Egner & Hirsch, 20054,
2005b). In both emotional Stroop studies, this
reverse contrast (11=C1 identihed greater acliv-
ity in left pgACC and adjacent MPFC. One
possibility is that these clusters reflect repre-
sentations of transient task rules or goals. In
the models of Cohen and colleagues, reactive
contral is accomplished by strengthening PFC
representations that code these rules and goals.
As these representations are stronger, they
alter cannection weights across the pracessing
higrarchy in favar of the goal-relevant dimen-
sion, In the emotional face-word task, rule
or goal represenlalions might serve o direct
altention to the facial stimulus or olherwise
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facilitate processing in this pathway. However,
this region did not show differential activity in
a gender-identification task in which the same
face images were instead combined with the
words “male” and “female” (Egner et al., 2007).
This suggests that in the emotion identification
lozk, preater pgACC activity might specifically
reflect the engagement of representations guid-
ing assessment of the emotional aspect of the
expressions. Consistent with such an interpre-
tation, other work has associated this pregemual
arca with the perception of emotional stimuli in
a wide variety of tasks (Wager et al., 2008).
However, interpreting activity differences
in this pregenual region can be challenging
Another recent imaging study found decreases
fram baseline activity in this area during a
ward-scene valence categorization Stroop task,
with greater decreases on incongroent than
congruent trials {Park et al., 2008), Oher work
has reported activily reductions in the pgACC
in both emoticnal (Gusnard et al., 20000 and
(Gusnard ¢t al, 2001;
Mason et al, 2007}, a pattern seen in a distrib-

noenemotional  tasks
uted set af brain regions. Paralleling this sct of
task-negative regions, goal-directed processing
across many different tasks appears to engage
a separate set of regions, including the rd ACC
and MPEFC areas that Hirsch and colleagues
identified in the CI=11 contrast. Coensistent with
the findings of Hirsch and colleagues, activity
in these goal-directed regions has been found
o correlate negatively with activity in the
losk-negative (Fox & Raichle, 2007 Fox el al,
2005) Other work has found o greater activity
reduction in the pregenual area during novel
compared o practiced task blocks (Mason et
al., 2007], and during blocks of speeded, incon-
grucnt trials compared to blocks of slower and
congruent trials in a variant of the traditional
Stroop task (Matthews et al., 2004). These find-
ings suggest that the greater pregenual activity
ohserved inthel trials might reflect the reduced
challemge that increased contral confers, rather
than representations or processes specific to the
instantiation af contral,

These subsequent trial analyses support ol
lewst two important conclusions, First, the pat-
tern of reaction time data, and o some degree
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the fMRI results as well, reinforce the similar-
ity between emotional conflict Steoop tasks and
other tasks that model conflict-based interter-
ence, including the classic color-word Stroop
task, As we highlight throupghout this chaptern,
this similarity confers o unigue opportunity o
utilize techniques developed in the long his-
tory of nonemoetional conflict research, and the
work of [lirsch and colleagues demonstrates
this opportunity. Second, although no study vet
has directly compared subsequent trial cifects
hetween conflict- and distraction-hased emo-
tional Stroop tasks, surveying the current lit-
erature suggests distinet phenomena. Although
conflict may invoke contmol processes that
resielt in improved performance on subsequent
incongricnt trials, emotional distraction seems
to degrade subsequent performance, even on
peutral trials, Moere broadly, this dissimilarity
reinforces the contention that emotional dis-
troction and conilict Stroop lnsks involve dis-
similar types of interference,

ARE EmoTional CoNTROL MECHANISMS
I MPFC DISTINCT FROM THOSE THAT
IMPLEMENT Non-emaTional ConTroL?

A Meural Instantiation of a
Traditional View

The cognitive sciences have long struggled o
understand how the human brain balances two
fundamental demands: {1} it must retain the

flexibility to respond to an infinite diversity of

possible situations and (20 10 most do so effi-
ciently as cranial space is limiled and the meta-
bolic needs of nearal lissue are high, Although
it is now clear that a substantial degree of local-
ization characterizes neural mechanisms across
domains ranging from perceptual o mnemanic
and linguistic processing, the field continues
to question the nature and degree of specificity
among the control functions of the prefrontal
cortex. For example, a good deal of work has
debated whether the control functions of work-
ing memory ave material-dependent (Smath &
Jomides, 1999 Wager & Smith, 2003),

A similar guestion has asked  whether
emotional and nonemotional contral rely on

distinct meural mechanisms (Ochsner & Gross,
2005), One particulady influential answer o
this question has claimed that such a distine-
tion characterizes the ACC, with tissue extend-
ing posterior and superior from the rd ACC
dedicated o nonemotional  processing, and
tissue extending anterior and inferior from
the rdACC dedicated to emotional processing
{Bush et al, 2000}, This emotional distinction
hypothesis emerged from an carly neuro-im-
aging experiment in which participants per-
formed two separate counting Stroop tasks in
a single scanning session. In a task modeling
nonemotional conflict, the authors reported
worse performance and greater cd ACC activity
in incongruent blocks, in line with expectations
based on previous work (Bush et al,, 1998). In
contrast, a second task modeling emotional dis-
traction revealed greater emotional compared
o neutral word activity in the rd ACC {Whalen
el al, 19948)° The authors sugpested this rd ACC
activity might reflect a regulatory or monitor-
ing [unclicn for emolional material parallel o
the putative role of the cd ACC in nonemotional
interference. In a well-known review that fol-
lowed, a summary of results from 2 number of
neuro-imaging studics was presented alongside
the findings from these counting Stroop tasks
to support the proposed emational distincrion
hypothesis {Buash et al., 2000),

Although widely cited, the study by Whalen
et al. poses several inferential challenges. First,
as we have emphasized throughowt, distraction-
based  interference  differs  theoretically  anc
empirically from conflict-based nterference. [T
wi observe distincl regulatory activity in ¢mo-
tional distraction and ponemotional conflict, we
cannot know if this divergence reflects differ-
ences in the type af interference or the emotional
nature of the stimuli. Second, the nonemotional
task was always the first of the two performed
in the session, This lack of counterbalance fur-
ther confounds emational content with hath
fime spent in the scanning environment and
tasl exposure, Third, performance was equiv-
alent in the emotional and neutral word blocks
of the distraction task, but in the conflict Stroop
ok, perlormance varied with congrocney, At
best, this asymmeiry might indicate that the
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neuro-imaging results are confounded by gross
differences in the level of interference induced
by the two tasks. AL worst, the neuro-imaging
resulis in the distraction task may not represent
interference at all. As we argue throughout this
chapler, reduced behavioral performance pro-
vides essential evidence for any claim of inter-
ference. A [ourth inferential challenge 15 posed
by the transient nature of the rdACC activity
abserved in the distraction task. The task was
performed in two scts of altermating blocks,
separated by a short break. The authors reported
that they only observed a difference between the
emotional and neutral conditions when they
removed from analysis the second half of each of
the twao data sets collected, As we discuss further
reloow, this transience might indicate that the
penro-imaging activity reflects a more general
salience processing rather than emotional pro

cessing in particular, Finally, the report lacked
formal tests of the emotional distinction hy poth-
o515, The authors appealed to visual inspection
of conlrast maps of the two tasks, but informal
assessment cannot replace statistical analysis of
ncuro-imaging data anymore than it can do so
when comparing other types of data.

Emotional Interference in the Rostrodorsal
Anterior Cingulate Cortex

A loack of consistency across studies forther
challenges the emotional distinction hypoth-
esis. OF the six other studies we have identi-
fied that report imaging data of healthy adults
performing the emotional distraction Stroop
lasks (Complon el al., 2003; George o al., [994;
Herrington et al, 2005; [senberg et al., 1999;
Mohanty et al., 2007), only one found similar
rd ACC activity (Mohanty et al, 2007). This
single replication is noteworthy, as the authors
designed the study with the intention to over-
come several of the limitations in the work of
Bush and calleagues: the arder of nonemotional
conflictand emotional distraction Stroop blocks
were  coumterbalanced  across  participants;
analyses included the blocks in their entirety;
and formal statistical tests confirmed the pro-
posed region-by-task interaction. Despite these
improvemenis, the design did not overcome
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other serions limitations of the earlier work of
Bush and colleagues: most critically, the tasks
compared distinet types of interference, dis-
traction and conflict, and no performance dec-
rement was observed in the emotional task,

A number of conflict-based neure-imaging
studies hove also compared emotional and non-
emotional Mroop tasks [ree from these serious
limilations. As noled above, Mirsch and col-
leagues have found greater activity inleft pgACC
and MPFC contrasting 1= CI trials in face-word
conflict tasks {Egner ot al., 2007 Etkin et al,
20046 ). The coordinates they report place these
clusters some distance away from that found by
Whalen et al. (Whalen et al., 19983, but within
the expanse of tissue Bush and colleagues con-
sidered the emotional division of the ACC (Bush
et al, 20003 Several other emotional conflict
Steoop studies have also reported  pregenaal
activity, Having asked participants to identify
prosody as angry, sad, happy or neulral, Eota
and colleagues compared incongruent sentences
to senlences which were either congruent or
contained at least one newtral dimension (Rota
et al., 20070 The authors reported only two acti-
vation peaks, both very close to the midline in
the ppACc and pregenual MPFC, However, the
inclusion of hoth congruent and neutral clement
trials in this contrast muddies inferpreration. In
addition, the incongruent trials also contained a
greater number of emotional elements, an aver-
age, and so the pregenual differences might sim-
ply reflect greater emetional input, As discussed
above, a recent word-image coenflict Stroop
study also reported activity dilferences in the left
poACC and pregenual MPEC (Park et al., 2008,
but in the apposite direction of Hola and col-
leagues; that is, greater activity was found in the
congrucnt trials than in the incongrucent trials."

Emotional and Monemotional Interference
in the Dorsal Anterior Cingulate Cortex

Emaotional conflict Stroop studies have also
reported greater activityin the rd ACC on incon-
gruent compared to congruent blocks (Haas
el al., 2006} and on CI=11 trials {Egner et al.,
2007 ) Although these conflict-related ¢lusters
appear o fall within an area of overlap among
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the emotional and nonemotional tasks classified
vy Bush and colleagues (Bush et al., 2000), the
authors of both papers concluded the locations
implied a domain-general conilict monitaring
mechanism, in argument against the emoticnal
distinction hypothesis. To bolster this claim,
Egner and colleagues performed a similar CI=I1
analysis on data [rom a gender adentification
task in which conflict arose from incongruent
gender labels. They identihed a cluster of acti-
vated voxels with a peak in the left cd ACC, con-
sistent with previous research supporting a role
for this area in nonemotional conflict monitor-
ing. Furthermore, a partion of this cluster aver-
lapped with the area identified in the emaotional
task. This shared area showed a main effect of
CI=11 across tasks, indicating consistent partici-
pation for the region regardless of the emaotional
mature of the conflicting dimensions,

Resulls from other emotional Stroop stud-
ics further challenge the emotional distine-
tion hypothesis. In an earlier study, [Tirsch
and colleagues reported CI=I1 activity in their
face-word task in a portion of dorsal MPFC, far
from the proposed affective division (Etkin ct
al., 2006}, and two emotional distraction Stroop
studies also found emotion-related increases in
dorsal MPFC {Compton et al,, 2003; lsenberg et
al., 1999, More direct evidence of emotion-re-
lated processing in the ¢d ACC was provided by
a rare human cellular recarding study of OCD
patiants immediately peior to therapeutic cingu-
lotony targeting this region {Davis et al,, 2005),
The authors identified ¢dACC neurons that
responcded 1o both emotional distraction and
nongmolional conflict counting Strocp tasks,
Furthermore, the proportion of cells showing
greater or exclusive response in negative word
compared to the neutral word blocks (10/24),
was much higher than the proportion of cells
showing greater or exclusive response in the
incongruent compared to neutral word blocks
(27200, A similar effect was seen when compar-
ing a block of OCD-related words to the neu-
tral condition (7725), Although the relationship
af such neuronal activity ta the hemodynamic
signal observed in MR remains unclear, this
stuely provides unigue evidence that neurons
in the cd ACC play a role in processing negative

word stimuli in the context of a distraction
Stroop task.

Taken as 2 whole, we believe the current set
of emotional Stroop indings advocate revision
of the emotional distinetion hypothesis. The
dorsal portion of the ACC that Bush and col-
leagues (20007 believed exclusive 1o nongmo-
twonal processing, has been repeatedly observed
in both emotional and nonemoticnal Stroop
neuro-imaging studies, in line with similar
work comparing emational and nonemotional
interference {e.g., Fichtenholtz ot al, 2004;
Yamasaki, LaBar, & McCarthy, 2002). Although
the precise computations supported by this tis-
su¢ remain unclear, the overlapping activity
suggests that they serve a common function
regardless of the eliciting stimulus, The valid-
ity of the second half of the emotional distine-
fion hypothesis, that the rostral and wentral
portion of the ACC participoie exclusively in
emotlional processing, alse memaing unclear
Although numercus emotional Stroop studies
have dentified interference-related activity in
rd ACC and pgACC, null Aindings are equally
common. Furthermore, interpretation of the
reported activations is difficult because they
may reflect differential task-related activity
reductions. Going forward, it will be important
to determine if the relatively greater emotion-
related activity that has been seen, reflects an
active role in emotion-related processing, or ifit
i simply a passive byproduct of other processes,
[f this region does actively participate in ema-
tional processing, further work should attempt
o isolate the eliciting factors 1o account for the
incomsistency of the current emoelional Stroop
literature. Finally, future wark should consider
the possibility that the rostrodorsal and pregen-
ual regions serve distinct functions.

I INTERFEREMCE A RESULT OF EMOTIONAL
ReLEvANCE OR OTHER STIMULUS
_Pnarsnnas?

Quasi-Experimental Design in Emotional
Distraction Stroop Tasks

A critical feature of cxperimental design s
the control of extranecus vartables that may
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abscure a true effect or confound an observed
effect, Recently Larsen and colleagues argued
the design of emotional distraction  Stroop
tasks is quasi-experimental becanse the words
that comprise the valenced and neutral condi
lions cannotl be assigned randomly [Larsen et
al, 2006}, Such nonrandom assignment incurs
the risk that incidental differences between the
l1sts might drive differences in performance.
For example, given that word frequency has
keen shown to modulate the speed of font color
identification {Burt, 1994, 1999, 20032; Maonsell,
Taylor, & Murphy, 2001}, if the words in the emo-
ticnal and nonemotional lists in a distraction
Stroop task vary in frequency, then one might
spuricusly attribure a frequency-driven perfor-
mance decrement to emotional distraction,

To test whether lexical differences between
word lists might confound interpretation of
emotional distraction Stroop lasks, Larsen and
colleagues analyzed over 1000 unigue word
stimuli from 32 published reports (Larsen et al.,
z00a). Using o large collection of lexical deci-
sion and word identifcation data, the authors
compared average performance on words culled
from emotional and neuatral Stroop lists. The
emotional words were associated with slower
and less accurate responding, consistent with
previous findings that have linked performance
in similar lexical and emotional distraction
Stroop tasks (Algom et al, 2004), However,
Larsen and calleagues also showed that these
emotional words were [onger, less frequently
used, and had smaller orthographic neighbor-
hoods' than the neutral words, Each of these
faclars 1= known to contribute to slower and less
sccurale word recognition and lexical assess-
ment, independent of semantic content. When
these factors were included in the statistical
madel, the performance difference between
emaotional and neutral words disappearced.

Cuasi-experimental  designs  have played
an important role in many research domains
because they allow researchers 1o ask ques-
tions when experimental designs da nor, Yet
these results recommend caution when inter-
preting the existing emotional  distraction
Stroop literature, 5o that readers may exercise
such coution judiciously, the authors provided
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tables with the lexical metrics that they caleu-
lated for each Stroop study in their analvsis
{Larsen et al,, 2004). To help correct for such
problems in future work, they further offered
o provide word Lists upon eguest that equate
for the problematic lexical factors they identi-
fied. Although these efforts allow for needed
improvements, the use of balanced lists does
not change the underlying quasi-experimen-
tal nature of distraction Stroop tasks, and so
leaves the manipulation open to the influence
of unknown systematic hizs. In contrast, the
experimental design of conflict Stroop tasks
avoids such ambiguity: vsing identical color
words in bath the incongruent and congruent
conditions ensures equivalence,

Salience in Emotional Distraction
Stroop Tasks

The construct validity of emaotional distraction
atroop tasksis further challenged by other find-
ings thal suggest thal the interference observed
is not specific to emotional stimuli. Although
the meta-analysis conducted by Phaf and Kan
found no support for increased emotional word
latency in healthy, non-anxious adults, an
effect was found in several analyses with high-
anxiety and clinical participants (Phaf & Kan,
007 One possibility is that the poorer perfor-
mance of these participants reflects patholog-
jcal attentional control deficits, Alternatively,
some have suggested that emotional words pos-
sess groaler relevance to clinjcal and anxious
participants, and that this greater relevance
polentiales their emotional impact, increasing
distraction and reducing performance. [F so,
the meta-analytic null finding in healthy adults
might reflect insufficiently emotional stimuli,
a problem that could be remedied by making
the stimuli personally relevant. In support of
this view, items individually tailored to affec-
tively positive and negative concerns of healthy
participants reduced performance compared
to items that were not self-relevant (Giles &
Cairns, 198% Riemann & McMally, 1995, just
as food words reduced performance in hun-
pry. bul not satialed, participants {Channon &
Mayward, 1990}
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Howewver, the hypothesis that self-relevant
emotional words interfers with performance
becouse of heightened emational impact, is
challenged by findings in several nonemotional
distraction Stroop Tasks, Interference has been
found with marginally emotional but clearly
sellcrelevant words, drawn [rom hebbiles and
interests  {Dalgleish, 1993} and  biegraphical
information {Gronau, Ben-Shakhar, & Cohen,
2005, Gronau, Cohen, & Ben-Shakhar, 2003,
In onc attempt to resolve this ambiguity, par-
ticipants performed a distraction Stroop task
that included individually selected words culled
from emotional and neutral memories, as
well as standard emotional and neutral words
iGilboa-schechtman et al, 2000} Reaction
times were slower for standard emotional com-
pared o neatral words, but only when con-
groent in valence to a film shown immediately
before. Purthermere, reaction times were slower
for individually sclected compared to standard
words regardless of whether they were emo-
tivnal or neutral. Tagether, these results argue
that relevance more profoundly determines dis-
traction than emotional meaning.

Some evidence suggests this argument
may need to be taken further. One set of dis-
traction Stroop tasks has wsed salient words
such as curses and our-group slurs (Mackay &
Ahmetzanoy, 2005; MacKay et al, 2004; Sieg-
rist, 1995), Althowgh some of these words may
carry emotional or self-relevant meaning for
certain participants, most seem unlikely to do
so. Although fewer in number than emotional
distraction Stroop studies, the existing liter-
ature indicates these salient words may more
robustly disturk performance. The hypothesis
that inmterference in distraction Stroop tasks
primarily reflects salience or surprise is further
supported by the transience of the effect. Rapid
attenuation has been reported in both behav-
ioral (MacKay et al., 2004, McKenna & Sharma,
19957 and brain (Whalen et al., 1998) difference
MISASUIES,

Of course, describing distracting words as
salient risks tautelogy, Predictive power rests on
identifving the determinants of word salience,
The distraction Stroop lilerature implicates a
diverse setl of factors, including situational and

personal relevance, lexical qualities, and famil-
iarity, Overall, the emotional content of a word
serms o contribute only weakly to salience, if
it independently contributes at all, Moving for-
ward, o more fruitful approach might consider
emobional distraction Stroop tasks as continu-
ous with ot her distraction Stroop variants, Such
an approach would call frst for more compre-
hensive elforts to determine the relative contri-
butions of the various factors that scem to slow
color naming, followed by efforts to compare
the mechanisms supporting performance as a
function of both distraction degree and kind.

Is Emotional Stroop Conflict Truly
Emotional?

Following closely the model of the classic Stroop
task, emotional conflict varfants aveid the
ambiguitics of gquasi-experimental design, Yet
the theorctical and empirical overlap between
these tasks raises validity concerns of a daffer-
ent kind, As described above, variants of the
Stroop have used a wide range of stimuli. The
present chapter has followed previous work and
used the term "emotional conflict” to describe
interference between incompatible emotional
dimensions. However, convention yields incon-
sistent terminalogy, as it prohibits the use of
parallel terms such as “celer canflict™ or “num-
ber conflict” to describe interference between
nonemotional stimull, Uniguely terming ema-
tional conflict according to stimulus type may
betray an a priori bias of the emotional conflict
Stroop literalure to assume distinet emotional
Processes,

[ owr view, whether conflict should be con-
sidered distinct when arising from incompat-
ible emaotional dimensions, depends on where
and how selection occurs. To warrant distine-
tion, the critical point of selection must occur
in a uniguely emotional processing stage or
neural system, or the mechanisms supporting
this selection must be unique. However, we do
not believe that uniguely emotional conflice
is o prerequisite for emotional conflict Stroop
tasks to help advance our understanding of
emolional processing, [ust as word- and spocch-
based Stroop tasks hove contributed exiensively
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to knowledge about linguistic processing, so
too could emotional Stroap tasks help define
the hierarchy of processing stages that evaluate
emotional stimuli.

WHERE To GO FROM HERE?

As we have emphasized throughout this review,
emolional conflict and distraction Stroop tasks
model theerctically distinct types of interfer-
ence. [mconflict, the selection of a carrect repre-
sentation is thwarted by concurrent activation
of an incorrect representation. This form of
interference is specific: representations conflict
because of the relationship between the relevant
stimulus dimension, the irrelevant dimension,
and the task goal. Tn conteast, distraction is a
general form of interference, deiven by inherent
qualities of the irrelevant stimules dimension.
The relevant dimension and the goal are arbi-
trary: goal-related processes serve only to mea-
sure the disruptive influence of the irrelevant
dimension.

This distinction is evident in the divergent
findings of ecmotional conflict and distraction
Stroop tasks. Although studics of emotional
conflict report robust congruency effects, emo-
tional stimuli in the distraction Stroop tasks
typically fail o disrupt the performance of
healthy adults (Phaf & Kan, 2007). When dis-
ruption does oceur im these distraction tasks,
recent work supgests the processes mediating
interference lag behind goal-directed process-
ing, pethaps enly degrading perfonmance when
the gap between trials is shorter than this lag
(Kunde & Mawver, 2008; McKenna & Sharma,
2004; Waters et al., 2003, 2003), Between-trial
elfects have also been found in emotional con-
flict tasks {Egner et al., 2007 Etkin et al., 2006),
but rather than extended interference, conflict
seems to invoke greater attentional control,
resulting in hetter performance on subseguent
incongruent trials.

It is especially important to recognize these
differences when seeking o compare emotional
and  nonemotional  interference  resclution,
Comparing matched emotional and noremo-
Licnal conflict variants, as in the recent work of
Hirsch and colleagues (Egner et al., 2007), asks
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whether emotional stimuli conflict at distinct
processing stages, and whether overlapping
mechanisms are called upaon 1o resalve this con-
flict. Other studies have compared emotional
digtraction and nenemotional conflict variants.
This approach confounds changes in interfer-
ence and stimulus typer il we observe unigque
mechanisms in emoticnal and nonemoticnal
Stroop tasks, we cannot know if this divergence
reflects a difference between nonemotional and
emotional interference, or a difference between
specific and general interference. The obvious
solution is to contrast distracting emotional
conditions with equally distracting nonemo-
rional conditions. A few behavioral studies have
taken thizs approach (e.g., Gilboa-Schechtman
et al, 20003, however, we do not know af any
imaging studies that have yer done so,

Both  emolional and disteaction
Stroop tasks offer exciting opportunitivs  lor

conflict

future research. The path forward for work
with emaotional conflict Stroop tasks s clearer
researchers should follow in the footsteps left
by many years of productive work with non-
emotional conflict variants. The utility of such
an approach already has been demonstrated in
the subsequent trial analvses of Hirsch and col-
leagues (Egner et al., 2007, Etkin et al, 2004),
which built on eadier work in traditional con-
flict tasks (Botvinick et al,, 1999; Gratton et al.,
1992; Kerns et al., 2004), and in the examination
af goal-related  performance asymmetries by
[shiiand colleagues, which used the well-known
technigque of dimensional relevancy  reversal
from the classic color-word Lask to demonstrate
cultural influences on speech processing (Ishii
el al., 2003; Kilayama & Ishii, 2002). Ezpecially
promising opporiunities for future research
might build on nonemational Stroop paradigms
that relate output moedality and dimensional
relevancy {Durging, 2000, 2003), and categori-
ration and identification task goals (Glaser &
Dungelhoff, 1984; Glaser & Glaser, 1989).
Research with emotional distraction Stroop
rasls faces a more challenging path forward.
Given evidence that interference in thess par-
adigms may be driven less by the emotional
nature of the stimuli than by personal rel-
evance, amiliarity, and lexical fnctors, futore
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efferts should seck to determine more broadly
the characteristics of stimuli, emotional or oth-
erwise, which confer salience, Subsequent trial
distraction effects offer another intriguing ave-
e for futire work, However, the suecess of any
effert to model emotional disteaction rests on
whether it provides clear evidence of inference
through disrupted performance. Such evidence
has been particularly lacking in neuro-imaging
using emotional distraction tasks. Scme have
suggested that observed differences in newral
activity might represent a liminal interference
too subtle to impact cruder behavioral measures
af performance, however, we caution against
this approach. Such claims rely on a level of
reverse inference that current neurc-imaging
techniques do not provide, and perhaps never
will, Moreover, the quasi-experimental natire
of these tasks leaves a clear opening for alterna
tive explanations. Yel, even if observed activity
dicl reflect subtle distraction, we would question
the value of studying interference of such mini-
mal behavioral conseguence. A grealer conlri-
bution might be made by developing tasks that
evince more robust effects.

Our primary goal in writing this chapter
was to provide the first comprehensive review
af emotional Stroop tasks. The valuahle con-
tributioms these Stroop wariants already have
made to the study of emotional interference
and control, testifies to the wisdom of adapting
robnst and versatile paradigms from nonemo-
tional work, A second goal of this chapter was
lo leverape the detailed theoretical accounts of
the broader Stroop lileralure in assessing cur-
renl ematicnal Stroop research. In doing so,
we have emphasized the dislinction belween
conflict- and distraction-based interference, a
prereguisite for meaningful review of this work.
We have also drawn novel connections between
recent emotional variants and the more exten-
sive corpus of nonemotional Strocp rescarch,
These connections suggest important alternative
explanations and offer compelling paradigms to
test them, We hope that in highlighting just a
handiul of these passibilities we have revealed
sufficient promise to inspire deeper integration
Between future emelional and nencmetional
Stroop research,
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NOTES

I Maote that the translational medel assumes

verbal  representations  mediate  response
stlection, not just when a spoken answer is
given: in line with ather perspectives, il the
task requires o motor act such as a bution
press be made to indicate the response, Jt is
believed that the appropriate verbal represen-
tation is first selected, and then mapped to
the motor response according o task-specific
rules, Thus, whether button presses or speech
sre used to indicate the response, it does ot
change the prediction of the translational
madel.
First developed by the prominent cognitive
peychalogist David Meyer, lexical decision
tasks compare performance when determining
whether letter-steings constitute words (Meyer
& Schvaneweldt, 19710,

3 Waters and colleagoues do not appear to dis-
tinguish carry-ever and slow ellects, Thus,

in experiment 2 of Waters et al. (2003), they
describe a subsequent trial latency increase
for amoking words as a carrvover effect in
the absence of a fast-effect. According to our
nomenclature this effect would be a slow

(3

elfect.

4 Inastriking demonstration of this, the avthors
comstrained trial order such that trials follow-
ing a particular rype were more likely to be of
the opposite type, and the sequential effects
of negative trials preferentially impacted neu-
tral trials. Using words that had produced a
I0ms emotional latency difference in an earlier
blocked study (McKenna & Sharma, 1995), the
constrained trial order now produced a reverse
interference effect of 18 ms,

¥ Similar o the ppACC activity elicited by the
emotional scene-word conllict Stroop ask we
discussed carlier (Park et al, 2008), rdACC
activity in this distraction counting Stroop
task was lower in both the neutral and eme-
tienal conditions, than in the task baseline.
Greater activity in the emotionsl blocks might
therefore be more accurately described as less
negative than that of the neutral condition.
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6 As noted above, bascline activity was higher
in both the congruent and incongruent condi-
tions in this task.

7 The ll-l“‘hl-!'g r:Lph:L" ||L']E|'||,'Itlr|'|-:lt1|:! al 2 targel
waork is the number of other words that the tar-
get word can be transformed into by changing
just one of its letbers,
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