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Positive affect has been linked to increased flexibility in disparate
domains, however, conclusionsacrossthesedomainsarestill missing.
Inthisreview, we focus onflexibility studiedinthe contextofcognitive
controlandattention,wherestriking similaritiesareobserved.Positive
affectincreasesflexibilityand broadensattentionatthecostofstability
orgoalmaintenance. Importantly,theseeffectsareassociatedwithlow
levels of approach motivation, whereaswhenapproach motivationis
high, goal maintenance and narrowed attention is enhanced.
Accordingly, this reviewsuggests thateffects of positive affect on
cognition could be domain general, but they depend on levels of
approachmotivation.Moreresearchisneededtoassessifthey couldbe
extrapolatedtootheraspectsofcognition.

Addresses

1 InstituteofPsychology, UniversityofHamburg, Germany

2 Department of Experimental-Clinical and Health
Psychology,Ghent University,Belgium

3 LeidenlInstituteforBrainandCognition, TheNetherlands

4 InstituteofPsychology, LeidenUniversity, TheNetherlands
5 Department of Psychologicaland Brain Sciences, University
of

Delaware, UnitedStates

6 Department of Psychology, University of Regensburg,
Germany

Correspondingauthor:Paul,Katharina(Katharina.Paul@gmx.at)

CurrentOpinioninBehavioralSciences2021,39:136-141
ThisreviewcomesfromathemedissueonPositiveAffect
EditedbyHenkvanSteenbergen,DisaSauter,BlairSaundersand GillesPourtois

ForacompleteoverviewseethelssueandtheEditorial Availableonline

17thApril2021 https://doi.org/10.1016/j.cobeha.2021.03.002

2352-1546/42021ElsevierLtd.Allrightsreserved.

Positiveaffectandthestability—flexibility— balance

Isen[1]wasamongstthefirstto provide empirical evidence for
enhanced flexibility under positive affect, whichisdefined as
the mental ability to smoothly adjust thinking and processing
stylesto contextual demands. While her findings fueled much
research, increased flexibility was found in very different
domains, including problemsolving [2], verbal fluency [3] or
task switching [4]. This list illustrates two problems with the
concept flexibility: The firstone being thatitisill defined and
encompasses very different cognitive operations, such as
creativity ortask switching. Differentforms of flexibility may
co-exist, such as associative flexibility (e.g. creating new
associationsinaverbalfluencytask),regulative flexibility(e.g.
adjusting to changes during task switching) and attentional
flexibility (e.g.switchingattention betweendifferentstimulus
features)[5]. Thelackof clarityinwhatflexibilityactuallyishas
led to a rather lenient use of this term [6], with sometimes
discrepant findings reported for effects of positive affect on it

(3]

The second problem is the notion that flexibility improves
cognition. Although cognitive flexibility enjoys a positive
reputation, thisisnotnecessarily theideal mode of processing
[7]. Theflexibility—stability—balance ofcognitivecontrol[8,9]
emphasizes that antagonistic control demands are at play and
increased flexibility comes at the cost of reduced stability
[7,10]. While flexibility allows adaptive adjustments, this
comesat thecostofincreaseddistractibility[7].Stabilityonthe
otherhandsupportsgoal maintenanceatthecostof overlyrigid
behavior. Therefore, an apparent gain in flexibility is
accompaniedbyadecreaseinstability, whichdependingonthe
context and task demands, could be either beneficial or
detrimentalforperformance [11].”

CurrentOpinioninBehavioralSciences2021,39:136-141

www.sciencedirect.com


http://www.sciencedirect.com/science/journal/23521546
http://www.sciencedirect.com/science/journal/23521546/39
http://www.sciencedirect.com/science/journal/23521546/39
http://www.sciencedirect.com/science/journal/23521546/39
http://www.sciencedirect.com/science/journal/23521546/39
http://www.sciencedirect.com/science/journal/23521546/39
http://www.sciencedirect.com/science/journal/23521546/39
https://doi.org/10.1016/j.cobeha.2021.06.001
https://doi.org/10.1016/j.cobeha.2021.03.002

In this opinion paper, we focus on effects of positive affecton
regulative and attentional flexibility. We discuss this from two
perspectives,acognitivecontroland anattentionalcontrolone.
Eventhoughtheyare strongly intertwined, studies from these
two perspectivesapply differenttasks, whichreveal effectsthat
are described intermsof either attention or cognitive control.
However, as we argue hereafter, despite these different
methodologiesandterminologies,common conclusionscanbe
drawn for them, and their results can be reconciled within a
common framework. From a standard cognitive control
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cognitive flexibility, while positive affect high in approach
motivation decreased flexibility and improved stability
[17,18]. Interestingly, identical effects were found when
reward was used as incentive. When non-contingent rewards
wererandomly presented, presumablyelicitingpositive affect
lowinapproach motivation, flexibility was increased[12,19].
However, when rewards were performance-contingent,
presumably eliciting positive affect high in approach
motivation, flexibility was decreased [12,19]. These and
relatedfindingshavebeen discussed inrecentreviews[7,10].

$Given their role as Guest Editor, Gilles Pourtois and Henk van Steenbergen had no involvement in the peer-review of the three articles where he is
co-author, and hasnoaccesstoinformation regarding their peer-reviews. Full responsibility for the editorial process for these articles was delegated to
BlairSaunders. 7 Importantly, this framework entails that flexibility and stability operate on the same level of goal hierarchy.

perspective, flexibility is operationalized as improved
performance to unexpected or new stimuli. In comparison,
studies on attentional control focus on the ability to attend to
specific information while resisting distraction. Hence, while
the cognitive control perspective allows exploration of the
flexibility—stability—balance, the attentional  control
perspective mostly addressestheimpactondistractibility, and
therefore reduced stability. In the following sections, we first
reviewthemodulatoryeffectsofpositive affectandmotivation
within each of these two research areas separately. Following
this, we considersome common principlesandsuggestthatan
integrative approach could not only lead to a better
conceptualizationoftheflexibility—stability—balance,butalsoa
better understanding of positive affect on the one hand, and of
thecommonmechanismsunderlyingattentionaland cognitive
controlontheotherhand.

Positiveaffectandcognitivecontrol
Withinthedomainofcognitivecontrol,thereisample evidence
that positive affect biases the flexibility— stability—balance
towards increased flexibility and reduced stability. In a
perceptual switching task [7], participants in positive affect
were better in switching towards novel colors (thus increased
flexibility),while theywereworseinignoringnovelcolors(thus
decreased stability). These findings were (conceptually)
replicated severaltimesbyindependentresearchers,including
a recent neuroimaging study showing that the dorsal anterior
cingulatecortex,whichisanimportanthubfor cognitivecontrol
inthebrain,wasimplicatedinthe flexibleselectionofnewaction
rules[4].Similarly,using the AXcontinuousperformancetask
(AX-CPT), ithas been found that positive affect reduced cue
maintenance (thus stability) but increased the processing of
unexpectedrareevents(thusflexibility)[12—14].

Importantly,thisgaininflexibilityhasbeenshownto dependon
motivational factors, in particular the intensity of approach
motivation, whichisdefinedas ‘the impetustomovetowards’
[15,16]. Positive affect lowin approach motivation improved

However,animportantelement,whichhasnotbeen addressedyet
explicitly, is that findings from the AX-CPT are very often
discussedwithinthedualmechanismsofcognitivecontrol(DCM)
framework [20,21]. The DCM framework distinguishes
proactive andreactivecontrolmodes. Inaproactivecontrolmode,
goal-relevant information drives perception and actions in an
anticipatory manner, thatis, beforeaneventoccurs. In areactive
control mode, corrective measures are triggered when goals are
not met, that is, after an interference is detected. Increased
flexibility,astheabilitytoadjust accordingtotaskdemands,could
therefore result from either decreased proactive control (i.e.
action selection is not guided by cue information) or increased
reactive control (i.e. new information triggersalarger orienting
response). Accordingly, there is no precise mapping between
either of these two different control modes and flexibility.
Moreover, as these control modes could act more or less
independently, the interpretation of these results in terms of the
flexibility—stability—balancehasto bedonewithcaution(seealso
Ref. [22]). However, changes in proactive control have been
linkedtopositive affect. Forexample, positive mood induced by
an imagery technique led to decreased proactive control (but
increasedreactivecontrol) inastandardanti-saccadetask, thatis,
where participants had to inhibit automatic eye movements
towards a lateralized target location [23]. Complementary, a
computational modelling account [24] showed that task-
irrelevantpositiveaffectledto decreasedproactivecontrol,while
performancecontingentrewardledtoincreasedproactivecontrol.
Similarly, by combining the AX-CPT with task-irrelevant
pictures, neurophysiological studiesreportedthatpositiveaffect
decreased proactive control [25]. Again, this modulation was
affected by motivational factors, as positive affect high in
approachmaotivation(inducedbypictures[26,27] orperformance
contingent reward [28,29]) led to increased proactive control.
Thissuggeststhateven thoughthere isno clear correspondence
between the DCM framework and the flexibility—stability—
balance, both are similarly influenced by positive affect and
approach motivation, which points to a possible shared
underlying mechanism. In summary, positive affect does not
unconditionally increase flexibility while reducing stability, as
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cognitiveflexibility under positiveaffect canbecounteractedby
highapproachmaotivationand rewardprospect.

Positiveaffectandattentionalcontrol

Attentional controlenablestheselectionofrelevant information
and the suppression of irrelevant distractor information.
Accordingtothebroadenandbuildtheory [30,31],positiveaffect
can change this information selection through a gain in the
attentional scope, thatis, broadened attention, whereby a larger
portionofthevisual fieldisattended[32—36]. Interestingly,there
seems to be a trade-off whereby this gain is compensated by
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increased distractibility. Thiseffecthasbeenstudiedwithvarying
experimentalparadigms.

Initially,thebroadeningofattentionunderpositiveaffect hasbeen
demonstrated using interference paradigms, where a larger
distractionwasobservedinpositiveaffect [37].However,studies
vastly differed in their methodological approaches and revealed
mixedfindings[38](fora reviewseeRef.[33]). Toreconcilethese
discrepant findings, it has been proposed that the link between
positive affectandattentionalcontroliscomplex,anditsstrength
and direction depend on methodological factors [39].
Accordingly, positive affect does not necessarily trigger
attentional broadening, butit couldenhancethe(currently)
dominantscopeofattention,possiblythroughabrain-wide gainin
neural communication [40,41]. This variability has
alsobeenrelated tospecificmotivational effects:while high
approach motivation fosters narrowing of attention, low
approach motivation fosters broadening instead [15]. Similar
results have been reported when contrasting performance-
contingentrewardtorandomlypresentedreward

Figurel

[42], where only the first led to less interference (thus
narrowing). By contrast, randomly presentedrewardscan lead
to opposite effects in the following trials [41 versus 42],
whichwereexplainedbylocalaffectivechangesinducedby
reward perception: Reward pursuit can increase approach
motivation,therebyincreasingfocusandattentionalnarrowing.
Alternatively, reward attainment can signal a
comfortabletaskperformance,increasingexplorationandatten
tional broadening [43-45]. Nevertheless, the temporal
dynamicsand conditions of how reward pursuitand attainment
interactwitheachotherremainopenquestions.
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However, these complexinteraction effectsdrivenby positive
affectandapproachmotivationfromthecurrent tothenexttrial
highlight the fact that these interference tasks likely tap into
cognitive control states, besides attentional control.
Consequently, the usefulness of these paradigms to study
attentionhasbeenquestioned[33]. Toovercomethislimitation,
attentional control hasbeen explored using the load theory of
attention [46], which predicts that the extent to which
unattendedstimuliare
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COGNITIVE CONTROL
Perceptual Switching: AX-CP:
Participants have to Participants have to
“n respond to certain colors. respond to X only when
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ATTENTIONAL CONTROL

Spatial Encoding
Participants have to
respond to central and
peripheral targets.

Classical Interference:
Participants have to respond to central
letter, while not reacting to the available
distractors.

Interference x Load:
Distractors vary in their
complexity (load)

Broad Scope = more Broad Scope = increased
interference from processing of peripheral
distractors targets

Stability = benefitsin
ignoring distractors

Flexibility = benefitsin
processing wider
perceptual field
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Thestudiesonpositiveaffectdiscussedinthispapercanroughlybeorganizedaccordingtoadivisionbetweencognitivecontrolandattentional control.However, thisdivision
isratherarbitrary,andmostly stemsfromdifferenttasksandmethodologiesused.Interestingly,theycanbeunified wheninterpretedwithintheflexibility—stability—

balance.
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Figure2

Positive Affect
Low Approach Motivation

Positive Affect
High Approach Motivation

* narrowed attention
* goal maintenance
* increased proactive control

* broadened attention
* shifting towards new material
* reduced proactive control
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Theinfluence of positive affect/approach motivation on the flexibility— stability—
balance.

Positiveaffecttipstheflexibility—stability—balancedependingon motivational
intensity:Whilepositiveaffectlowinapproachmotivation (onesideofthebalance,
greencolor)leadstomoreflexibilityand consequentlylessstability, positiveaffect
highinapproachmotivation
(theothersideofthebalance,redcolor)fostersstabilityoverflexibility.

suppressed depends on the amount of resources available.
Therefore, in subsequent experiments, attentional scope was
testedinconditionsvaryinginperceptual (orworking memory)
load.Usingthisframework,ithasbeenfound thatpositiveaffect
led to broadened attention: Irrespective of whether these
unattended stimuli were task relevant or not, performance and
neurophysiologicalindices showedadecreasedfilteringaswell
as reduced differentiation of them [32,47]. All in all, positive
affect can broaden attention, but this gain likely reflects a
complex anddynamicchangeinhowtheincominginformation
is eventuallysampled[48].

Conclusionandoutlook
This short review suggests that effects of positive affect on
cognitive controlandattention couldeventuallysharesome
similarities. In the case of cognitive control, positive affect
increasesthe ability to shift to newinformation at the cost of
reduced goal maintenance. When attentional control is
considered,positiveaffectleadstoabroaderattentional focusat
thecostofdistractibility. Howeverandimportantly,asshownin
Figure2,theseeffectsarefoundonlyif approachmotivationis
low. Ifapproach motivationishigh, opposite effectsare found
with increased stabilityand narrowed attention. Based on this
striking analogy, it is tempting to assume that a similar
mechanismisatplayfor bothofthem.However,whetherornot
attentional scope goes hand in hand with the stability—
flexibility—balance, stillneedstobedemonstratedempirically.
In this closing section, we suggest three complementing
140

avenues for future research in this area that hold promise to
elucidate thisimportantquestion.

First, future studies should assess effects of positive affect and
motivation on cognitive control and attentional control using
well-controlledandwell-poweredwithinsubjectsdesigns. While
some findings presented here above were (conceptually)
replicated, the presented studies hardly addressed issues of
statistical power. Therefore, conclusions have to be made
cautiously, in particular when they are derived from between-
subjectsorneuroscientificmethods. Directreplicationsaswellas
welldesigned experiments with larger sample sizes are highly
desirabletoachieveacorrectandvalidunderstandingof positive
affect, and its role in attention as well as cognitive control. In
particular, toestablishifacommonmechanism couldundergird
them as we propose here, it appears essential to quantify the
amount of variance shared within the same participants. In this
context, it would be useful to supplement standard behavioral
indices with neurophysiological markers informing about the
needforcognitivecontrol[49]orpreparationstoact[50,51].

Second, differenttaskshave beenusedtostudy cognitive control
andattentionalcontrol(seeFigurel),which inevitablyhindersthe
possibility to compare them easily. Accordingly, it would be
highly beneficial to devise and validate novel experimental
paradigmswherethesetwo couldbemeasuredconcurrently.

Last,theapproachmotivationhasalmostexclusively beenstudied
usingthedichotomybetweenlowandhigh motivationalintensity.
Likewise, positive affect is often compared to a non-positive or
neutral state. Despite methodological advantages, it appears
important to depart from this simple categorization, and to
consider morefine-grainedvariationsalongbothmotivationand
affect [15]. When doing so, different manipulations of
motivational and affective states should be validated and
systematically comparedto each other. Forexample, whatexact
positive affective state (also intermsof approach motivation) is
elicitedwhenrewardismade contingentonperformanceremains
currentlyuntested. Likewise,itappearsimportanttobettermodel
theinfluence of arousal asthisdimension mightalsointeract with
approach motivation (see Ref. [41]). Hence, aricher and more
systematic exploration of the variety of possible positive affect
statesinrelationtoapproach motivation wouldnotonlyenhance
ecological validity, but could also shed some new light on their
differentialeffectson cognition,brainandbehavior.

Weconcludethatitisimportanttostudy effectsof positive affect
on cognition in relation to approach motivation, since they are
neitherinterchangeablenororthogonaltoeachother (see Figure2
and Ref. [16] for a similar discussion). Even though in some
situations motivation might outweigh positive affect or vice
versa, we propose that in many cases, their joint contribution
accountsfor morevariancethantheirindependenteffects. Aswe
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have proposed here, this framework turns out to be valuable to
accountforthechangesseenacrossvarioustasksand contextsin
attentional control or cognitive control resulting from positive
affect. Theirintegrationintoacommon frameworkcould(1)help
refineand improvethe concepts of flexibility and stability inthe
existing literature and (2) help assess the amount of possible
overlap between them in terms of shared cognitive architecture
andneural mechanisms.
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