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The present study examined the thesis that positive affect may
serve to broaden the scope of attentional filters, reducing their
selectivity. The effect of positive mood states was measured in two
different cognitive domains: semantic search (remote associates
task) and visual selective attention (Eriksen flanker task). In the
conceptual domain, positive affect enhanced access to remote
associates, suggesting an increase in the scope of semantic access.
In the visuospatial domain, positive affect impaired visual selective
attention by increasing processing of spatially adjacent flanking
distractors, suggesting an increase in the scope of visuospatial
attention. During positive states, individual differences in en-
hanced semantic access were correlated with the degree of im-
paired visual selective attention. These findings demonstrate that
positive states, by loosening the reins on inhibitory control, result
in a fundamental change in the breadth of attentional allocation to
both external visual and internal conceptual space.

attention | emotion | creativity | inhibition | problem solving

Viewing the world “through rose-colored glasses” may be less
proverb and more empirical fact. Converging evidence
suggests that affective states are associated with changes in
attention that may affect differentially perception and cognition
(e.g., refs. 1-7). Attentional processes are those aspects of
cognition that allow the control of perception, thought, and
behavior and are generally acknowledged to depend on inhibi-
tory control, such as suppression of irrelevant information and
response inhibition (8). It has been proposed that executive
control (5) and, thereby, the focus of attention may be influenced
by the current affective state of the observer (6). For instance,
it has been long hypothesized that arousal during negative
affective states is associated with a constriction of attentional
focus (7). Evidence for this narrowing of attention (9) sometimes
is referred to as “weapon focus,” where attention is narrowed at
the expense of encoding peripheral details (10). Although the
interaction between negative affect and attention is an active
focus of research, including attentional biases in affective dis-
orders such as anxiety or depression (e.g., ref. 4), much less is
appreciated regarding the role positive affect and well-being may
have on attention.

Within the emerging field of positive psychology, the “broaden-
and-build” theory suggests that a primary function of positive
emotions is to broaden people’s thought-action repertoires (11, 12),
increasing their flexibility and enhancing their global scope. Con-
sistent with such views, a robust and widely confirmed finding is that
positive affect is linked to a creative and more generative mindset
that results in greater cognitive flexibility across diverse situations,
including medical diagnosis (13, 14), industrial negotiations (15),
intuitive judgments (16), decision making (17), and creative
problem-solving tasks (18, 19). For example, on the remote asso-
ciates task (RAT; ref. 20), a test of creative problem solving, people
are more likely to solve unusual word associations when they are in
a positive, compared with negative or neutral, mood (16, 18, 19, 21).
Similarly, positive mood generates more solutions to the Duncker
(22) candle task (18, 19), which can be solved only by using the
elements in an unconventional way. Thus, positive affect has been
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significantly linked with an increased capacity for creativity and
novel thinking.

The present study examined the hypothesis that the increased
cognitive flexibility and creative thinking associated with posi-
tive mood reflects a fundamental change in selective attention
(23-25). In contrast with the proposed tunnel vision of negative
affective states (9), positive affect may serve the opposite
function: to enhance the scope of attention (6). Preliminary
evidence for this assertion comes from studies examining global
precedence, whereby positive mood is associated with greater
global or holistic processing (i.e., seeing the forest before the
trees) versus local processing (i.e., the trees before the forest)
(23, 24). Under positive mood, individuals indicate a square
made of triangles is more similar to a square than a triangle.
Rather than a genuine change in the manner or breadth of how
attention may be allocated, such cognitive biases have been
interpreted within the affect-as-information framework (26),
whereby happy moods increase access to what is in mind during
the task at hand. In the case of global precedence, positive affect
will accentuate further a bias toward global configurations (27).

Consistent with attention as having a measurable “breadth” or
scope, research has suggested attentional focus can vary in its spatial
extent, which has led to the use of different metaphors in charac-
terizing the nature of attention. For example, attention has been
compared with the beam from a spotlight (28, 29) or to the zoom
lens of a camera (30, 31), suggesting that attention can be either
narrowly focused or more widely distributed to include surrounding
stimuli. Although attention can act in ways unlike a spotlight (e.g.,
refs. 32-34), more than just a metaphor, convergent physiological
evidence from the extent of activation in primary visual cortex
suggests that attention does have a measurable spatial scope (35).
We hypothesize that positive affect may result in a relaxation of
attentional selection, thus increasing the breadth of the proverbial
spotlight of spatial attention.

As selective attention is associated with the inhibitory filtering
of task-irrelevant distraction (36), increased attentional breadth
would be reflected in a decreased capacity to inhibit processing
of spatially adjacent irrelevant information. Our operational
definition of broader attention in the visuospatial domain is thus
an impairment of spatial selective attention, resulting in a more
leaky filtering of unattended information, whereby ignored
information is more fully processed (37, 38). To this end, we used
the Eriksen flanker task (39) in which observers are asked to
selectively attend to a central target and ignore irrelevant
flanking distractors. Failure of selective attention is demon-
strated when the to-be-ignored flankers influence performance,
indicated by a slowing in response to the central target when
flanked by response-incompatible letters. Also consistent with
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Fig. 1. Effect of mood manipulations. Participants rated degree of mood
valence after neutral, happy, and sad mood manipulations (from 1 extremely
unpleasant to 9 extremely pleasant). Dotted line, initial mood.

the spatially limited scope of attentional focus, previous research
has found that flanker interference decreases with increasing
distance from the central target, despite response competition
demands remaining constant (39, 40). The present study ma-
nipulated distractor eccentricity to allow a more fine-grained
analysis of the influence of positive affective state on the scope
of visual selective attention.

If positive affect results in a more fundamental broadening of
the scope of attentional selection, then it may have a common
influence on processing of external visual stimulation and in-
ternal conceptual representations. Attentional state has been
shown to influence the scope of semantic access (41, 42).
Reduced capacity for attentional selection during positive affect
then may facilitate access to a greater diversity of semantic
information (21). To index increased scope of semantic access,
we used the RAT (20), where participants are asked to override
typical semantic associations to find semantically distant or
remote associations. If positive mood is associated with an
underlying broadening of attention, from perceptual to concep-
tual processing, then impaired selective attention, as indexed by
the Eriksen flanker task, would be associated with facilitated
access to remote semantic associations, as indexed by perfor-
mance on the RAT.

Results

Mood Induction. Positive and sad music induction increased and
decreased positive affect, respectively (Fig. 1). Mood valence and
overall arousal ratings were submitted to separate one-way
ANOVAs with four levels of the mood induction factor: initial/
preinduction and after neutral, positive, and negative mood
inductions. Valence ratings differed significantly depending on
induction phase [F(3, 66) = 28.22, P < 0.001]. The initial mood
of participants before mood induction and task performance was
slightly positive and was nonsignificantly decreased during neu-
tral mood induction, ¢ (66) = 1.57, P > 0.12. Positive [t (66) =
4.81, P < 0.001] and negative [t (66) = —4.23, P < 0.001] mood
inductions resulted in a similar magnitude of increased and
decreased positive affect relative to neutral conditions. By
contrast, the overall level of subjective arousal of participants
was consistent with a moderate level of alertness that did not
differ across mood induction phase [F(3, 66) < 1].

RAT. Consistent with a broader spread of semantic activation,
positive mood was associated with increased access to remote
semantic associations (Fig. 2a). The number of completed
remote associate items was submitted to a repeated measures
ANOVA with mood (happy, sad, and neutral) as a within-subject
variable. A main effect of mood [F(2, 46) = 3.56, P = 0.04]
revealed that RAT performance depended on mood. Signifi-
cantly more RAT problems were correctly solved when partic-
ipants were in a happy [mean (M) = 6.08, SD = 3.16] compared
with sad (M = 5.17, SD = 3.40, t = 2.16, P = 0.04) or neutral
(M = 4.75,SD = 2.64, ¢t = 2.30, P = 0.031) mood. The sad vs.
neutral difference was not reliable (P = 0.50).

Flanker Task. Response time data were submitted to a repeated
measures ANOVA, with mood (positive, negative, and neutral),
flanker compatibility (compatible vs. incompatible), and spacing
(near, medium, and far levels) as within subject variables. Trials
with response times >1,000 ms were considered incorrect and
excluded from response time analysis. Analysis of response times
was restricted to correct trials only. There was a high level of task
accuracy (93.6%).

A highly reliable main effect of flanker compatibility [F(1,
23) = 410.91, P < 0.0001] revealed that responses to incompat-
ible trials (M = 487.56, SD = 15.75) were slower than compatible
(M = 457.68, SD = 14.62) flanker trials. There was also a main
effect of spacing [F(2, 46) = 54.75, P < 0.0001] with response
times at near (M = 491.25, SD = 16.12) significantly slower than
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RAT (# correct)

Effect of mood manipulation on task performance. (a) Correct RAT responses. (b) Magnitude of flanker task incompatibility effects in milliseconds

(incompatible minus compatible). (c) Correlation between RAT (number correctly identified) and flanker compatibility (incompatible minus compatible) under

positive mood.
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Effect of mood manipulation and flanker distance on compatibility effects. (a) Compatibility collapsed across flanker distances. (b-d) Neutral (b), sad

(c), and happy (d) mood at near, medium, and far flanker eccentricities. Comp, compatible flanking distractors; Incomp, incompatible flanking distractors.

both medium [M = 462.07, SD = 13.92, F(1, 23) = 89.00, P <
0.0001] and far [M = 464.54, SD = 15.61, F(1, 23) = 74.60, P <
0.0001] levels of spacing. The effect of flanker spacing interacted
with flanker compatibility [F(2, 46) = 4.69, P < 0.02] such that
compatibility effects were reduced with greater flanker distance,
with near versus far spacing revealing a 45% reduction in the
effect of flanker compatibility.

Consistent with the hypothesized influence of positive affect
on visual selective attention, positive moods resulted in greater
flanker interference relative to both sad and neutral moods (Fig.
2b). There was a marginal overall slowing on positive relative to
both sad and neutral moods [F(2, 23) = 3.09, P < 0.06], which
was largely due to an interaction between mood and compati-
bility [F(2, 46) = 3.86, P < 0.03], with a disproportionate slowing
to incompatible flankers under positive mood (Fig. 3a). A
focused test on the interaction revealed that positive moods
resulted in greater incompatibility effects relative to neutral
[F(1, 46) = 6.56, P < 0.02] and sad moods [F(1, 46) = 4.90, P <
0.04]. Sad and neutral moods did not differ (F < 1). Focused
analyses on incompatible distractor trials demonstrated that
positive moods resulted in pronounced slowing relative to both
sad [F(1, 46) = 30.37, P < 0.0001] and neutral mood [F(1, 46) =
39.41, P < 0.0001]. Sad mood did not result in additional slowing
relative to neutral moods on incompatible trials (F < 1).

Even as flanker eccentricity increased, positive mood resulted
in pronounced slowing relative to negative and neutral moods
(Fig. 3 b—d). A significant three-way interaction revealed that the
effect of spacing on flanker compatibility was influenced by
mood [F(4, 92) = 3.43, P < 0.02]. Critically, under neutral mood,
the effect of flanker compatibility at the far distance was no
longer significant [F(1, 92) < 1], consistent with abolished
processing of flanker content (Fig. 3b). By contrast, under
positive mood, far incompatible flankers maintained pro-
nounced and greatest interference relative to compatible flank-
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ers [F(1, 92) = 31.12, P < 0.0001; Fig. 3d]. Although flanker
compatibility effects still were found during negative mood [Fig.
3c; F(1,92) = 10.93, P < 0.002], focused analyses of incompatible
flanker trials demonstrated that positive mood resulted in highly
robust interference relative to both negative [F(1, 46) = 31.12,
P < 0.0001] and neutral moods [F(1, 46) = 40.07, P < 0.0001].
Further illustrative of the importance of mood relative to flanker
distance, during positive mood, incompatible distractors at far
distances (M = 498 ms) resulted in statistically equivalent
response times to near distractors during neutral (M = 491) and
negative (M = 501) mood (P > 0.3).

Relation Between RAT and Flanker Performance. We next examined
individual differences in enhanced access to remote associates and
impaired visuospatial selective attention associated with positive
mood. Although these tasks tap putatively different domains of
cognitive function, individual differences in performance during
positive mood may reveal a common underlying influence on
information processing. After removal of 2 response time outliers
(>4 SDs), a significant correlation was found between the number
of remote associates correctly identified and slowed response times
associated with flanker incompatibility (incompatible minus com-
patible) (r = 0.49, P < 0.02; Fig. 2c). As such, during positive mood,
individuals with the greatest breadth in semantic access (indexed by
number of remote associates accessed) demonstrated the most
pronounced visuospatial attentional breadth (indexed by increased
flanker incompatibility effect). This finding did not reflect a more
general association between RAT and flanker performance, or
generalization to negative affective states, as indicated by the lack
of significant correlation under neutral (» = —0.09) and negative
moods (r = 0.10).

Discussion

Relative to both neutral and sad mood, positive mood was
associated with increased capacity to generate remote associates
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for familiar words (16, 18). This finding is consistent with a
proposed broadening function of positive affect (11, 12). We
show here this broadening in informational access is not re-
stricted to its beneficial search for semantically distant associa-
tions. It extends to a detrimental influence on visuospatial
selective attention. Positive affect impaired the ability to selec-
tively focus on a target and thereby increased processing of
spatially distant flanking distractors, consistent with expanded
scope of the proverbial attentional “spotlight.” Positive moods
thus facilitate tasks requiring a more global (24) and encom-
passing style of information processing, such as in the RAT, but
impair those calling for a narrow, focused style, such as selective
visual attention. A buoyant mood may represent a fundamental
shift in the breadth of information processing, the result of which
would be to cultivate a more open and exploratory mode of
attention to both exteroceptive and interoceptive sources of
information. We did not, however, observe that sad mood
resulted in the opposite influence of positive mood (6). This may
reflect that mild melancholic states evoked by music are not
exclusively aversive, reflecting mixed-feeling states (43). The
evocation of anxiety or fear-related states may be necessary for
the proposed attentional narrowing of negative affect (9, 10).

In addition to the hypothesized increased breadth of atten-
tional selection during positive mood, it has been suggested that
affective states selectively modulate task-related neural activity
within the prefrontal cortex (e.g., ref. 44), paralleling the ante-
rior hemispheric asymmetries thought to support positive and
negative affect (45). Gray er al. (44) found negative states
facilitated tasks supported by the right hemisphere, such as
visual working memory, whereas positive states benefited verbal
working memory, supported by the left hemisphere. Evidence
for enhanced semantic search and impaired visuospatial selec-
tive attention shown here may be interpreted within this hemi-
spheric lateralization framework. However, positive affect has
been linked with facilitating a broader, more generative mindset
(11, 12, 18, 46) across diverse situations that include verbal and
visual materials (13, 14). As such, the pattern of facilitation and
interference in the present results is unlikely related to material
specificity (verbal vs. visual) but rather is indicative of a shift in
mode of attentional selection that operates on these visual and
verbal materials.

An analysis of individual differences revealed that Flanker
interference during positive mood was correlated with enhanced
RAT performance, suggesting a common origin. Such an un-
derlying increase in breadth of processing, extending from
external perceptual to internal conceptual processing, may be
derived from a central origin in cognitive or inhibitory control.
Cognitive control is thought to limit the amount of information
entering the focus of attention (8, 36) and, thereby, influences
the capacity for selective attention (47). Similar to the effect of
positive mood, individual differences in cognitive control are
associated with the capacity for selective attention, as indexed by
susceptibility to the “cocktail party effect,” where observers
report hearing their own name on an unattended ear during
dichotic listening (47). We suggest that positive mood reflects a
global relaxation of inhibitory control (8, 36), resulting in an
altered capacity for selective attention from early perceptual to
later postsemantic levels of analysis.

How altered inhibitory control may alter the extent of visuo-
spatial and semantic processing may be best understood with
respect to the “attentional-load” theory of selective attention
(37), which attempts to integrate early (perceptual) and late
(postsemantic) models of attention. Attentional-load theory
suggests that inhibitory suppression of ignored events is related
to the degree (48) and type (37) of cognitive resources allocated
to a primary task. To the extent that attentional resources are
more available, inhibition of ignored events will be decreased,
resulting in leaky and ineffective filtering of unattended infor-
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mation (37, 48). In addition, compared with perceptual load
(e.g., difficult perceptual discrimination), manipulating cogni-
tive load (e.g., working memory) results in late relative to early
attentional filtering (37, 38). With regard to performance on the
Flanker task, central target processing difficulty was manipu-
lated through perceptual load via perceptual crowding (i.e., near
versus far flankers), which is known to impair perceptual en-
coding (49-51). Paralleling the present results, such perceptual
interference effects are suppressed by focal attention (52, 53)
and exacerbated by more diffuse spatial attention (50). It is
important to note that this attentional-load account need not
suggest that decreased effort is applied under positive mood.
Enhanced RAT performance indicates positive affect did not
decrease effort or primary task engagement. Rather, we suggest
the easing of inhibitory control alters the quality of attention,
resulting in a shift from a narrow focused state to a more broad
and diffuse attentional focus.

In parallel with influences on perceptual resources, positive
affect may influence the allocation of cognitive resources (5, 21)
to postsemantic levels of analysis. As such, attentional-load
theory also may account for the effect of positive mood on
semantic processing. Similar to studies examining the role of
attention on perceptual encoding, examinations of semantic
memory have demonstrated that attention plays a prominent
role in semantic encoding. Attention to specific semantic fea-
tures has been shown to bias semantic retrieval toward the
attended dimension, inhibiting access to unattended associations
(42). Also, studies examining semantic priming under different
arousal-related attentional states show that focal attention in-
creases priming for strong associates, whereas diffuse attentional
focus results in increased priming for weak associates (41). With
regard to performance on the RAT, greater attention toward a
narrow set of semantic features will inhibit retrieval of more
remote/weak semantic associations. For example, biased atten-
tion to the most strongly associated semantic features of the cue
“widow” (i.e., the death of one’s husband) would inhibit access
to more remote associations (i.e., spider) in common with the
cue’s “bite” and “monkey.” More diffuse attentional focus under
positive affect would attenuate such biases, broadening the scope
of cognitive resources to include more semantically remote
associations on which creative solutions depend.

In summation, the present results suggest a unifying frame-
work in which to understand the interaction between positive
affect, attention, and creativity. Mirroring the broad attentional
focus and enhanced creative problem solving during positive
mood, individual differences in creative intelligence have been
associated with decreased attentional filtering. For instance,
creative individuals have been shown to exhibit less latent
inhibition, a measurement of attentional decrements to stimuli
deemed irrelevant (54). As such, positive affect may represent a
fundamental shift in information processing style, reflecting a
relaxation of inhibitory control and, thereby, reducing the ten-
dency to narrowly focus attention across disparate informational
domains. The result of this altered capacity for attentional
selection is a broadening of thought-action routines (11), en-
gendering a broad exploratory (11, 18, 55) rather than narrow
vigilant processing mode (25, 56). Donning the proverbial rose-
colored glasses of positive mood then may be less about the color
and more the expansiveness of the view.

Materials and Methods

Participants and Design. Twenty-four university students (12 fe-
male) participated in a multipart experiment for either course
credit or monetary remuneration. All participants were tested
between 11 am. and 1 p.m., in the middle of the peak and
off-peak periods of their circadian cycle (for a review of circa-
dian arousal patterns, see ref. 57).

Rowe et al.



Mood Induction and Assessment. For the happy mood induction,
participants listened to a jazzed-up version of Bach’s Branden-
berg Concerto No. 3 (played by Hubert Laws). The sad mood was
induced by listening to Prokofiev’s Alexander Nevsky: Russia
under the Mongolian Yoke played at half speed. These selections
have been validated in previous mood research (e.g., refs. 58 and
59). The neutral mood was induced by reading a collection of
basic facts about Canada, e.g., population size, land mass, gross
national product, etc. Participants rated the valence of their
moods and overall arousal at four time points throughout the
experiment by using a nine-point scale, anchored by end points
“extremely unpleasant” and “extremely pleasant.” The first time
point was before mood induction and task performance. The
remaining time points followed each of the neutral, positive, and
negative mood induction phases.

RAT. Three lists of 16 moderately difficult word problems were
chosen from Mednick et al.’s (20) RAT task and counterbal-
anced between mood manipulations. Each problem consisted of
aword triad (e.g., MOWER, ATOMIC, and FOREIGN), and a
one-word solution related to all of the words (the solution to the
above example is POWER).

Flanker Task. This task was based on Eriksen and Eriksen’s (39)
classic flanker task, in which centrally presented targets are
flanked on either side by response-compatible or response-
incompatible letters. Processing of irrelevant flankers is typically
indicated by a slowing in response to the central target when
flanked by incompatible distractors. Because previous research
has found that flanker interference decreases with increasing
distance from the central target (39, 40), we also manipulated
target/distractor distance to allow a more fine-grained analysis of
attentional scope/breadth. We expected that if positive affect
impairs visual selective attention through increasing the scope of
attention, distant flankers would have a more pronounced effect,
reflecting greater processing of unattended information (37, 38).
Spacing between the central and flanker letters was manipu-
lated, divided equally between near, medium, and far distances
(0, 1, or 2 letter widths) for each of the compatible and
incompatible target/flanker combinations. Examples of a com-
patible “near” space trial and incompatible “far” space trial are
NNNNN and H H N H H, respectively. Each letter appeared in
uppercase in Times New Roman 12-point font, measuring 0.5 cm
high on the screen. Participants viewed the stimuli from ~60 cm.

Procedure Overview. The experiment was conducted in one ses-
sion, and participants were tested individually on a computer by
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using E-Prime stimulus presentation software. All participants
performed both tasks during each of the three induced affective
states. Thus, an example of one experimental session would be
the following: Sad mood induction was followed by the RAT and
Flanker tasks, happy mood induction was followed by the RAT
and Flanker tasks, and neutral mood induction was followed by
the RAT and Flanker tasks. The order of task presentation
(RAT first or Flanker first) was counterbalanced between moods
that, in turn, were counterbalanced between participants. Par-
ticipants rated their mood at the beginning of the experiment
and after each mood manipulation.

Mood Induction. Participants were instructed to listen to the
designated music and generate matching thoughts for a period of
10 min; e.g., think about something happy while listening to the
happy music. A shorter version of this procedure was repeated
for a 2-min “booster” between the two tasks in each mood
condition. The relevant music was played softly during the
remainder of the testing period.

RAT Procedure. For each of the three mood manipulations, word
triads from one of the lists were presented individually on a
computer screen for a maximum of 30 sec, and participants were
instructed to provide the answer out loud. If they generated a
solution (correct or incorrect) during that time, the experi-
menter pressed the spacebar to continue to the next problem,
otherwise the computer automatically proceeded to the next trial
after 30 sec. Responses were recorded by the experimenter.
There were 16 word triad trials after each mood manipulation.
All words were neutral.

Flanker Procedure. Participants were given 36 practice trials on the
first of the three flanker blocks. Other than these practice trials,
each task block consisted of 96 randomly presented trials,
presented at varying interstimulus intervals (500, 700, and 800
ms). Participants were instructed to identify the central letter in
the display as quickly as possible by making an assigned key press.
The computer then proceeded to the next trial. At the end of the
testing session, participants were debriefed and completed a
basic health questionnaire and a vocabulary test (60).
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