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Abstract
Research shows that emotional stimuli can capture attention, and this can benefit or impair performance, depending on the 
characteristics of a task. Additionally, whilst some findings show that attention expands under positive conditions, others show 
that emotion has no influence on the broadening of attention. The current study investigated whether emotional real-world 
scenes influence attention in a visual search task. Participants were asked to identify a target letter embedded in the centre 
or periphery of emotional images. Identification accuracy was lower in positive images compared to neutral images, and 
response times were slower in negative images. This suggests that real-world emotional stimuli have a distracting effect on 
visual attention and search. There was no evidence that emotional images influenced the spatial spread of attention. Instead, 
it is suggested that findings may provide support for the argument that positive emotion encourages a global processing style 
and negative emotion promotes local processing.
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Introduction

Selective visual attention refers to the biasing of atten-
tional resources due to an inability to attend to all items 
and areas of the visual world simultaneously. This biasing 
of resources is dependent upon top-down processing (char-
acterised by goal-directed behaviour, e.g. searching for a 
target item located in a visual display) and bottom-up pro-
cessing (characterised by automatic capture of attention by 
salient information in the environment regardless of task 
demand, e.g. Itti and Koch 2000). When presented with 
emotional information, or during an emotional situation, 
these two competing processing strategies are also evident. 

For instance, emotion influences cognition in a bottom-up 
manner, whilst simultaneously, individuals adopt top-down 
cognitive control strategies to direct resources to emotion 
regulation (Ochsner et al. 2012). Consequently, emotion 
has the potential to influence resources and impact selective 
attention.

It has recently been suggested that emotional stimuli may 
provide an additional type of influence on attentional pro-
cessing and selective attention beyond the traditional top-
down and bottom-up distinctions (Pourtois et al. 2013). This 
influence has been referred to as emotional attention (Vuil-
leumier 2005), and research has suggested that top-down 
processing, bottom-up processing, and emotional processing 
can have a summative impact on selective attention (Brosch 
et al. 2011). It is proposed that these three systems can oper-
ate simultaneously and are able to exert separate influences 
upon visual attention (Pourtois et al. 2013).

A number of recent review articles have demonstrated the 
ability of both negative stimuli (e.g. Carretié 2014; Pourtois 
et al. 2013) and positive stimuli (e.g. Carretié 2014; Pool 
et al. 2016) to impact selective attention. This is evidenced 
by more accurate and faster detection of emotional targets in 
a variety of tasks (e.g. during visual search; Eastwood et al. 
2003; Williams et al. 2005), as well as by the increased abil-
ity of emotional distractors to capture attention compared 
to neutral distractors (Carretié 2014). Initial research in this 
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area has focused on the investigation of the negative emo-
tion fear, which is often operationalised using threat-related 
stimuli (Carretié 2014; Eastwood et al. 2003; Pourtois et al. 
2013; Williams et al. 2005).

The majority of the research in this field has adopted 
stimuli depicting emotional faces or employed tasks using 
stimuli arrays incorporating emotional targets and/or dis-
tracters, and little research has made use of more naturalistic 
stimuli or visual scenes. One study that did employ natural 
scenes demonstrated that search performance was reduced 
for negative stimuli compared to neutral stimuli (Simpson 
et al. 2000). Using natural real-world images from the Inter-
national Affective Picture System (Lang et al. 2008), Simp-
son et al. found that when participants were asked to make a 
judgement regarding the number of humans located within 
a visual scene response times increased when the scene was 
negative compared to neutral. This finding demonstrates that 
the emotional content of natural scenes has an influence on 
visual attention.

A predominant theory to account for the influence of 
emotion on attention is the broaden-and-build theory (Fre-
drickson 2001) which proposes that positive emotions (e.g. 
joy, interest, contentment, love) have the ability to “broaden” 
an individual’s “thought-action repertoires” and “build” an 
individual’s “enduring resources” (Fredrickson 2001, p. 
218). The theory also suggests that negative emotion (e.g. 
anxiety, sadness, anger, despair) has the opposite effect, pre-
venting an individual from thinking broadly and building 
lasting psychological reserves. Initial support for the broad-
ening influence of positive emotion on attention (and there-
fore the broaden-and-build theory) comes from studies that 
have utilised the global–local processing task (Navon 1977). 
These early studies demonstrated that positive emotion pro-
motes a global processing style, whereas negative emotion 
encourages local processing, and researchers argue that this 
shows that positive emotions “expand” attentional resources, 
allowing individuals to process more information (Basso 
et al. 1996; Fredrickson and Branigan 2005). However, 
these initial studies do not specifically measure the spread 
(and capacity) of attention, and rather suggest that emotion 
may influence processing style (a preference towards local or 
global processing) without affecting the attentional resources 
available (Bendall and Thompson 2015; Taylor et al. 2017).

This argument is consistent with the levels-of-focus 
hypothesis (Clore et al. 2001) which proposes that emo-
tions guide processing whereby positive mood encourages 
a focus on the most accessible information within the mind, 
whereas negative mood will lead to more emphasis on exter-
nal, incoming information. Given that global processing is 
proposed to be the default method of information processing 
(Fiske and Taylor 1991), it is theorised that positive emo-
tions will allow greater focus on internal, accessible infor-
mation, and will therefore be more likely to activate a global 

strategy compared to negative emotions. Gasper and Clore 
(2002) provided evidence to support this theory, showing 
that when induced into a negative mood, participants were 
less likely to focus resources at a global level. They argue 
that the findings provide no support for differences in the 
amount of resources or the amount of processing taking 
place, and instead emotion influences the level at which 
resources are focused.

More recently, different tasks have been used to investi-
gate the influence of emotion on attention. Wadlinger and 
Isaacowitz (2006) presented individuals with three images 
simultaneously and used eye-tracking to measure the alloca-
tion of attention. One image was located in the centre of the 
screen and two were located in the periphery. Participants 
who were induced into a positive emotional state made a 
greater number of fixations on peripheral stimuli than those 
individuals induced into a neutral emotional state. Wadlinger 
and Isaacowitz (2006) suggest that this shows the expan-
sion (or broadening) of visual attention under conditions 
of positive emotion. Rowe, Hirsh, and Anderson (2007) 
also provide findings to support a broadening effect under 
conditions of positive emotion. Using a modified version of 
the Eriksen flanker task (Eriksen and Eriksen 1974), they 
compared the influence of near and far peripheral distrac-
tions under positive, neutral, and negative moods. Partici-
pants induced into positive emotion were more distracted by 
the far flankers, again suggesting that during positive emo-
tion attention expands and allows an individual to process 
additional information. Despite the fact that in these studies 
the manipulation of emotion was the emotional state of the 
observer, rather than the emotional content of the scene, 
these findings are consistent with those from Simpson et al. 
(2000) showing that emotion affects attention and search.

Further studies have failed to show a broadening of visual 
attention as a result of emotion. For example, using a change 
detection task that specifically measured the allocation of 
attention to central and peripheral information (allowing 
comparison of attention to the centre and periphery of a 
natural visual scene), Bendall and Thompson (2015) found 
no influence of emotion on attention using real-world stim-
uli. However, the stimuli in the change detection task were 
controlled so that only those of neutral valence were used 
and this may have influenced the results. Prior to completing 
this task participants were induced into positive, negative, 
and neutral mood states, yet as the change detection trials 
then involved neutral stimuli the mood induced may have 
reverted to neutral.

The research discussed thus far demonstrates two differ-
ent approaches to the investigation of emotional influences 
on visual attention. A number of studies have focused on 
the effect of emotional state on attention (e.g. Basso et al. 
1996; Bendall and Thompson 2015; Bruyneel et al. 2013; 
Fredrickson and Branigan 2005; Gasper and Clore 2002; 
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Rowe et al. 2007; Wadlinger and Isaacowitz 2006), whilst 
other research has investigated the impact of emotional 
stimuli on attention (Carretié 2014; Eastwood et al. 2003; 
Pool et al. 2016; Pourtois et al. 2013; Simpson et al. 2000; 
Vuilleumier 2005; Williams et al. 2005). This study focuses 
on the latter, but rather than measuring attentional capture 
of, or attentional orienting towards emotional stimuli, it 
investigates the effects of emotional scenes on the ability to 
identify neutral targets.

In general, research indicates that when the emotional 
content of stimuli is varied during visual search tasks posi-
tive and negative information can have similar influences on 
attention. However, the majority of these studies have used 
emotional distractors (see Carretié 2014), artificial displays 
(Eastwood et al. 2003), or emotional targets (Eastwood et al. 
2003; Williams et al. 2005). Consequently, it is not currently 
known how positive and negative real-world scenes impact 
visual search towards neutral targets, and this is one of the 
aims of the current study. One advantage of adopting real-
world scenes is that they more closely resemble the every-
day environment and therefore provide increased ecologi-
cal validity. In the current study, a modified version of the 
visual search task designed by Brockmole and Henderson 
(2006) was used to measure the effect of emotional real-
world scenes on visual attention. Participants were asked to 
identify targets embedded in images of varying emotional 
valence (neutral, negative, and positive) from the Nencki 
Affective Picture System (NAPS; Marchewka et al. 2014). 
The NAPS is a large collection of real-world images that 
have each been rated for valence to allow for the precise 
control and manipulation of experimental stimuli. Previous 
literature has focussed on the ability of negative emotional 
stimuli to influence visual attention (see Carretié 2014), and 
it has been argued that research investigating the impact of 
emotional stimuli on visual attention needs to include a 
positive emotion condition to allow more precise conclu-
sions to be reached (Bendall et al. 2016; Carretié 2014). As 
a result, three experimental conditions were included in the 
current experiment: neutral stimuli, negative stimuli, and 
positive stimuli. The study design allowed the investigation 
of whether emotional real-world stimuli impact visual search 
to neutral targets. Research investigating the emotional 
modulation of attention during visual search tasks incorpo-
rating neutral targets is limited and was an additional aim 
of the current investigation. It is important to adopt visual 
search paradigms that include neutral targets as this reflects 
instances in which individuals are required to attend to neu-
tral targets within an emotional situation. It was predicted 
that identification of search targets embedded within posi-
tive and negative stimuli would be less accurate and slower 
compared to targets embedded within neutral stimuli. Addi-
tionally, as the targets were located in the centre or periph-
ery of each image, this also provided a measurement of 

any “broadening” or “narrowing” of attention. If positive 
information does have a broadening effect on visual atten-
tion, this will increase the breadth of attention and there-
fore the amount of information an individual can process. 
Consequently, it is predicted that peripheral targets will be 
identified significantly quicker and more accurately when 
embedded in positive images compared to neutral images.

Method

Participants

Based on previous studies, this experiment aimed for a mini-
mum sample size of 36, and in total 39 female participants 
completed the experiment. Participants were an opportu-
nity sample of students from the University of Salford aged 
between 18 and 37 years (M = 22.69, SD = 4.12). Where 
appropriate, volunteers received course credit for partici-
pating. Ethical approval was obtained from the School of 
Health Sciences & School of Nursing, Midwifery, Social 
Work and Social Science Ethics Approval Committee at the 
University of Salford.

Design

A within-participants design was used with two independent 
variables; location of the search target in the visual search 
task (central or peripheral) and emotional stimuli used dur-
ing this task (positive, neutral, or negative). The dependent 
variables consisted of accuracy (percentage correct) and 
response time (in seconds) to identify the search target.

Materials

The experiment was designed and run using E-Prime (Psy-
chological Software Tools, Inc.) and participants completed 
the study using a Viglen Intel i7 Core computer with a 
60 Hz, 22 in. monitor. Images from the NAPS (Marchewka 
et al. 2014) consisting of objects, landscapes, people, and 
animals were selected on the basis of their affective valence 
ratings, and a total of 192 images were used for the visual 
search task: 64 positive, 64 neutral, and 64 negative images 
(identification numbers are provided in Electronic Supple-
mentary Material 1). The NAPS is a database of real-world 
scenes, and each image has been rated by 204 individuals to 
provide a valence rating. All images in the visual search task 
were presented in colour and measured 1600 × 1200 pixels. 
In each trial, a target (the letter T or the letter L) was pre-
sented over the image. The targets were shown in Arial font 
size 12 in blue and were presented at 0°, 90°, 180°, or 270° 
orientations. Central targets were located within the centre 
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of the image within an area measuring 450 × 342 pixels, and 
peripheral targets were located outside of this area.

The NAPS database provides the physical properties 
of each image including a measure of image complexity 
indexed using image JPEG size, entropy, luminance, and 
contrast. It was important to check that the stimuli sets dif-
fered in valence but were similar in these physical charac-
teristics. All statistical analyses were conducted using JASP 
adopting a Bayesian approach (JASP Team 2017). JASP 
calculates Bayes factors (BF) on distributions of effect size 
to assess the relative probability of observed data between 
two competing statistical hypotheses; the null hypothesis 
(H0) and the alternative hypothesis (H1) (see Jarosz and 
Wiley 2014 for an introduction to Bayesian statistics). BFs 
are reported expressing the probability of the data given 
H1 relative to H0 where values larger than 1 represent evi-
dence for H1. To investigate the evidence for and against 
an effect of valence within our stimuli sets, a Bayesian 
one-way repeated measures analysis of variance (ANOVA) 
with default priors selected was completed. This result sup-
ported the predicted difference in valence scores between the 
three stimuli sets (positive, neutral, and negative). Analysis 
revealed a  BF10 of 4.398e+138 in favour of the alternative 
hypothesis suggesting that the data are 4.398e 138 times 
more likely to be observed under the alternative hypothesis 
(Table 1). A BF of greater than 100 is considered extreme 
evidence for the alternative hypothesis (Jeffreys 1961). Post 
hoc analysis revealed a  BF10 of 1.012e+52 for the com-
parison between positive stimuli (M = 7.70, SD = .34) and 
neutral stimuli (M = 5.01, SD = .20) demonstrating higher 
valence scores in the positive stimuli set compared to the 
neutral stimuli set. The comparison between positive stimuli 
and negative stimuli (M = 2.55, SD = .58) provided a  BF10 
of 5.150e+56 in favour of the alternative hypothesis sug-
gesting that valence scores in the positive stimuli set were 
greater than the negative stimuli set. Finally, the comparison 
between neutral stimuli and negative stimuli revealed a  BF10 
of 9.090e+36 in favour of the alternative hypotheses sug-
gesting that valence scores were greater in the neutral stimuli 
set compared to the negative stimuli set. A series of Bayes-
ian one-way repeated measures ANOVAs with default priors 
selected were also completed to investigate if the experi-
mental stimuli differed across valence conditions for image 
complexity, entropy, luminance, and contrast.  BFs10 of .375, 

.086, .067, and .104 were produced for complexity, entropy, 
contrast, and luminance, respectively, supporting the null 
hypotheses. These findings demonstrate that the stimuli sets 
did not differ in levels of these characteristics (Table 1). It 
should, however, be noted that the stimuli sets differed with 
regard to levels of arousal (Table 1; see “Discussion” section 
for further details). A Bayesian repeated measures ANOVA 
produced a  BF10 of 1.920e+57 providing extreme support 
for the alternative hypothesis. Post hoc analyses for arousal 
revealed  BF10s of 1.609e+19, 7.207e+29, and 1.599e+19 
for negative–neutral, negative–positive, and neutral–positive 
comparisons, respectively.

Procedure

After providing written informed consent, participants were 
seated approximately 22 inches from the screen and given 
full instructions about the task. If they were happy to proceed 
with the experiment, they pressed the spacebar and were 
presented with an example negative image for 5 s to allow 
consideration of whether to continue with the experiment. 
Following this, they were shown onscreen instructions as a 
reminder of what the task entailed and were asked to press 
the spacebar when ready to begin. In each trial, a fixation 
cross was presented for 1000 ms following which an image 
was presented with the letter T or L superimposed. The 
image remained on the screen until participants had identi-
fied the target as a T or L by pressing the corresponding key. 
If they were unable to locate or identify the target, they had 
the option of pressing the spacebar to terminate the trial but 
were asked to use this as a last resort. Once a response had 
been made, feedback was provided onscreen for 500 ms and 
following this the next trial began. Participants completed a 
total of 192 trials presented in a random order. There were 
64 images for each condition of valence, half showing the 
letter T and half showing the letter L. In these 32 images, 
the target was presented at a randomly selected central loca-
tion for 16 trials and a randomly selected peripheral location 
for 16 trials. There were 4 trials for each angle of rotation 
for each condition. After completing the visual search task, 
participants were asked to view 10 positive images from the 
NAPS (mean valence 8.20) for 2 s each. This was to ensure 
that they were not adversely affected by the negative images 
when leaving the laboratory.

Table 1  Physical characteristics 
of experimental stimuli

M mean, SD standard deviation, N = 64

Stimuli set Valence Complexity Entropy Contrast Luminance Arousal

M SD M SD M SD M SD M SD M SD

Positive 7.70 .34 331,574 112,027 7.46 .38 62.60 13.14 120.55 30.47 3.96 1.01
Neutral 5.01 .20 333,836 120,486 7.50 .36 65.10 13.92 118.64 33.11 5.19 .60
Negative 2.55 .58 369,031 128,968 7.52 .38 62.82 12.22 117.01 29.60 6.69 .66
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Results

Data collected included accuracy (percentage correct; %) 
and response times (seconds; s) to the visual search task 
(raw data are provided in Electronic Supplementary Material 
2). Overall accuracy was 95.05%, and participants took an 
average of 1.72 s to correctly locate a target. A total of 74 
trials were terminated (0.01% of trials), and the number of 
terminated trials did not differ according to stimuli valence 
(Electronic Supplementary Material 3). A further 116 trials 
(2.48% of total correct trials) were removed at ± 2 standard 
deviations from the mean on the basis of reaction time. Two 
participants were excluded from the analysis due to mean 
accuracy that was ± 2 standard deviations from the mean. A 
further two participants were removed because their mean 
response times were ± 2 standard deviations from the mean.

Two 2 (location; central or peripheral) × 3 (stimuli 
valence; positive, neutral, or negative) Bayesian repeated 
measures ANOVAs with default priors selected were com-
pleted followed by post hoc comparisons. Analysis of 
accuracy revealed that the model including only valence 
outperformed all other models where a  BF10 of 759.763 
was observed in support of H1 suggesting that the data are 
759.763 times more likely to be observed under the alterna-
tive hypothesis. This suggests that there is extreme evidence 
in favour of H1 where the valence of the stimuli had an 
effect on accuracy scores in the visual search task. Post hoc 
analyses for valence revealed  BF10s of 1.822, 3.604, and 
260.585 for negative–neutral, negative–positive, and neu-
tral–positive comparisons, respectively. These observations 
suggest that there was anecdotal evidence for H1 in the nega-
tive–neutral comparison, moderate evidence in support of 
H1 for the negative–positive comparison, and extreme evi-
dence in support of H1 for the neutral–positive comparison. 
These findings suggest that accuracy in the visual search 
task was comparable for negative and neutral stimuli, but 
that accuracy was reduced for positive stimuli compared to 
neutral stimuli. Additionally, there was moderate evidence 
to suggest that accuracy was also reduced for positive stimuli 
compared to negative stimuli (Fig. 1). For location, a  BF10 
of .190 was observed indicating anecdotal evidence in sup-
port of H0 suggesting that location had no impact on accu-
racy in the visual search task. Finally, the interaction effect 
model produced a  BF10 of .107 (15.869/148.189) indicating 
substantial evidence against an interaction between location 
and valence.

Analysis of reaction time revealed that the model includ-
ing valence and location outperformed all other models 
where a  BF10 of 1.573e+11 was observed providing extreme 
support for H1. A  BF10 of 19.949 was observed for valence 
indicating strong evidence for H1. Post hoc analyses for 
valence revealed  BF10s of 502.520, 2.004, and .501 for 

negative–neutral, negative–positive, and neutral–positive 
comparisons, respectively. These observations suggest that 
there was extreme evidence for H1 in the negative–neutral 
comparison where reaction time in the visual search task 
was quicker for neutral trials compared to negative trials. 
Anecdotal evidence was observed in support of H1 for the 
negative–positive comparison, whilst there was anecdotal 
evidence in support of H0 for the neutral–positive com-
parison, suggesting that reaction time in the visual search 
task did not differ between negative and positive trials and 
between neutral and positive trials (Fig. 2). For location, 
a  BF10 of 1.375e+9 was observed indicting extreme evi-
dence for H1 suggesting that central targets were identified 
quicker than peripheral targets. Finally, the interaction model 
produced a  BF10 of .118 (1.849e+10/1.573e+11) indicating 
substantial evidence against an interaction between location 
and valence.

Fig. 1  Mean percentage accuracy in the visual search task. Error 
bars = standard error mean

Fig. 2  Mean response time to correctly detect search targets. Error 
bars = standard error mean
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Discussion

The aim of the current study was to investigate the alloca-
tion of attention to neutral targets within emotional real-
world scenes. The experiment was designed to measure 
whether emotional stimuli affect visual search task perfor-
mance. Additionally, the study investigated whether posi-
tive emotional stimuli have the potential to broaden visual 
attention and whether negative emotional stimuli can nar-
row attention. This was investigated by adopting a simple 
visual search task in which neutral targets were situated in 
the centre or periphery of positive, negative, and neutral 
images and participants had to identify each target as quickly 
and as accurately as possible.

Participants were quicker to detect visual search targets 
when they were presented centrally compared to in the 
periphery. This main effect is important as it endorses the 
design of the visual search task. To establish any influence 
of emotional stimuli on the allocation of visual attention 
to central and peripheral locations, it was important to ini-
tially demonstrate that visual attention and search followed 
the expected pattern, with resources located to the centre 
of a scene before the periphery during control conditions 
(neutral stimuli). Differences in response times to detect 
central and peripheral targets have been reported previ-
ously in studies investigating visual attention (Bendall 
and Thompson 2015; Tatler 2007). For instance, during a 
change detection flicker task, where participants are pre-
sented with two images separated by a brief inter-stimulus-
interval and are required to identify a change in one of the 
images, Bendall and Thompson (2015) found that changes 
made to the centre of a visual scene were located faster 
than changes made in the periphery of a visual scene. The 
current findings support this past research.

In addition to showing that attention is allocated to infor-
mation at the centre of a scene before being allocated to 
the periphery, there was also evidence that attention varied 
according to the emotional valence of the stimuli. Partici-
pants were less accurate at identifying the target when it 
was presented in a positive image compared to a neutral 
image. It also took participants longer to correctly identify 
a target when it appeared on a negative image compared 
to a neutral image. These findings demonstrate that both 
positive real-world stimuli and negative real-world stimuli 
can influence visual attention, but suggests that they may 
do so in different ways. In accordance with the levels-of-
focus hypothesis proposed by Clore et al. (2001), we sug-
gest that emotional information may influence processing 
style whereby positive stimuli promotes a global processing 
style, and negative stimuli encourages a local processing 
style. This theory proposes that positive moods encourage 
greater focus on internal, accessible information (with a 

global processing strategy being the most “usual” and there-
fore accessible method of processing) and negative moods 
prevent this internal focus and instead lead to more local 
processing of external, incoming information. In the current 
study, the reduced accuracy to identify targets in positive 
images (with no impact on response times) is indicative of 
impaired identification of the search target. This suggests 
that participants were allocating attention to the wider scene 
(global processing) so could locate the target, but could not 
accurately identify this due to a lack of attention at the local 
level. Conversely, longer response times to identify targets 
in negative images (with no impact on accuracy) suggest 
that localisation of the target may be impaired. It may be 
argued that it took participants longer to find the target in 
negative images due to a lack of attention at the global level, 
but when they did find the target they could identify it with 
a high level of accuracy.

Whilst it is proposed that the findings provide support 
for the levels-of-processing hypothesis, this interpretation 
cannot be tested with the current experimental design. The 
dependent variables measured the ability to identify the tar-
get, and future work should attempt to separate out detection 
(localisation) and identification. In addition, the experimen-
tal design is substantially different from other studies intend-
ing to test this hypothesis. For instance, Gasper and Clore 
(2002) induced participants into positive or negative mood 
states and asked them to try and interpret a drawing before 
reproducing it from memory. They found that participants 
in a positive mood were more likely to reproduce the global 
features within the drawing compared to those in a negative 
mood. The accuracy and extent of recall did not vary across 
the mood conditions, again offering no support for the pro-
posal that mood affects the amount of resources available 
for processing. It should be noted that the levels-of-focus 
hypothesis posits that mood affects attention and processing 
when it is relevant to the task as the emotional cues are pro-
cessed as information pertaining to the task and this biases 
the individual to a global or local focus. In the current study, 
the valence of the scene has no relevance to the task itself 
and the targets are neutral, yet an effect of valence is still 
apparent. By using real-world scenes, it is possible to show 
that even when individuals are not experiencing a particular 
mood and they are not required to attend to the emotional 
content of a situation, their attention may still be influenced 
by that content and the information within the situation may 
cue a particular processing style.

Simpson et al. (2000) also used real-world scenes to 
investigate the influence of emotional stimuli on visual 
search. In their experimental task, participants had to count 
the number of individuals present in a scene and this could 
either be one person or two. Findings showed that response 
times in the visual search task were slower for negative 
stimuli compared to neutral stimuli. These findings are 
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replicated in the current work, with slower response times to 
targets presented in negative scenes. Additionally, Simpson 
et al. (2000) found a significant interaction between stimuli 
valence and trial type for response accuracy. Increased accu-
racy was evident for negative trials compared to neutral trials 
when the correct target response was “two”, whereas accu-
racy was reduced for negative trials compared to neutral tri-
als when the correct response was “one”. Whilst our findings 
showed no effect of negative stimuli on accuracy, it may be 
argued that the findings of Simpson et al. lend support to the 
proposal that negative information encourages a local style 
of processing. In that study, participants knew there was a 
maximum of two possible targets, and when two targets have 
been located the search has been exhausted. At this point, the 
use of local processing (in the negative condition) means the 
target is identified more accurately. However, when there is 
only one search target it is possible that participants continue 
to search and accuracy suffers as a result because partici-
pants do not benefit from this bias towards local processing.

Whilst showing that attention is allocated to informa-
tion in the centre of the scene before being allocated to the 
periphery, the lack of any interaction between target loca-
tion and emotion shows no evidence of a broadening or nar-
rowing of visual attention due to emotion. This provides no 
support for the broaden-and-build theory, which suggests 
that emotion has the ability to affect processing resources 
and modulate the scope of attention. The research utilising 
tasks that measure the spatial allocation of attention (e.g. 
Bendall and Thompson 2015) show limited evidence for 
any narrowing or broadening of attention due to emotion. 
The current findings suggest that whilst emotional stimuli 
can influence the manner in which an individual will pro-
cess visual information, it does not necessarily influence the 
amount of resources available to process this information. 
We argue that because many previous studies adopt tasks 
such as the global–local processing task, they are unable to 
directly measure the spatial allocation of visual attention. 
Instead of measuring the breadth of visual attention, a num-
ber of paradigms have measured processing strategy. Further 
research is needed to explicitly test this argument, and this 
is an avenue for future work.

Two limitations of the current study are worthy of note, 
and these could be rectified in future experiments. Firstly, 
our sample was entirely female, and so it is plausible that 
the current findings may not be generalisable to males. For 
instance, sex differences have been observed in self-report 
ratings of negative affect and fronto-limbic connectivity dur-
ing emotional processing (Lungu et al. 2015) when attend-
ing to disgust facial expressions (Kraines et al. 2017) and 
during response inhibition in emotional contexts (Ramos-
Loyo et al. 2016). Further research is needed to investi-
gate if the observed effects of emotional stimuli reported 
here in females are also evident for males. Secondly, our 

experimental stimuli sets, whilst controlled for image com-
plexity, entropy, contrast, and luminance, differed in levels 
of arousal. Valence is often linked to arousal where nega-
tively valenced stimuli are highly arousing whilst positively 
valenced images are rated as low in arousal. Therefore, we 
cannot reject the assertion that the observed effects were 
due to alterations in stimuli arousal rather than manipula-
tions in valence. Whilst this is an avenue for future research, 
the current findings still demonstrate that emotional stimuli 
(whether in terms of valence or arousal) have an impact on 
visual search performance.

Studies show differing effects of emotion on attention, 
and this is influenced by a range of factors such as the 
nature of the task and the characteristics of the emotions 
themselves. The current study used a visual search task 
incorporating real-world stimuli to investigate the effect of 
emotion and found that emotional stimuli distracted atten-
tion during visual search. This finding adds to the literature 
suggesting that emotional stimuli capture attention in visual 
search tasks using abstract arrays and/or emotional targets 
and provides evidence that this finding extends to visual 
search tasks using emotional real-world images and neutral 
targets. Additionally, due to the different effects of positive 
emotional stimuli and negative emotional stimuli on reac-
tion time and response accuracy, there is some evidence to 
support the concept that positive information encourages a 
more global processing style, and negative information pro-
motes a more local processing style. However, there was no 
evidence for a broadening of attention for positive emotional 
images or a narrowing of attention for negative emotional 
images. The current results provide further evidence for the 
complex relationship between emotion and visual attention. 
The research supports empirical findings in the literature 
and indicates that emotion does have an impact on the way 
in which attentional resources are allocated.

Authors’ contributions AM conducted data collection. RB completed 
data analysis. RB, AM, and CT designed the study. RB and CT drafted 
the manuscript. All authors gave final approval for publication.

Funding Research was conducted in the absence of any funding.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Data accessibility The datasets supporting this article have been 
uploaded as part of the Electronic Supplementary Material.

Ethical standard Ethical approval was obtained from the School of 
Health Sciences & School of Nursing, Midwifery, Social Work and 
Social Science Ethics Panel at the University of Salford.



 Cognitive Processing

1 3

Informed consent Informed consent was obtained from each partici-
pant prior to completion of the experiment.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Basso MR, Schefft BK, Ris MD, Dember WN (1996) Mood and 
global-local visual processing. J Int Neuropsychol Soc (JINS) 
2(3):249–255

Bendall RCA, Thompson C (2015) Emotion has no impact on attention 
in a change detection flicker task. Front Psychol 6:1592. https ://
doi.org/10.3389/fpsyg .2015.01592 

Bendall RCA, Eachus P, Thompson C (2016) A brief review of research 
using near-infrared spectroscopy to measure activation of the 
prefrontal cortex during emotional processing: the importance 
of experimental design. Front Hum Neurosci 10:529. https ://doi.
org/10.3389/fnhum .2016.00529 

Brockmole JR, Henderson JM (2006) Using real-world scenes as 
contextual cues for search. Vis Cogn 13(1):99–108. https ://doi.
org/10.1080/13506 28050 01651 88

Brosch T, Pourtois G, Sander D, Vuilleumier P (2011) Additive effects 
of emotional, endogenous, and exogenous attention: behavioral 
and electrophysiological evidence. Neuropsychologia 49(7):1779–
1787. https ://doi.org/10.1016/j.neuro psych ologi a.2011.02.056

Bruyneel L, van Steenbergen H, Hommel B, Band GPH, De Raedt R, 
Koster EHW (2013) Happy but still focused: failures to find evi-
dence for a mood-induced widening of visual attention. Psychol 
Res 77(3):320–332. https ://doi.org/10.1007/s0042 6-012-0432-1

Carretié L (2014) Exogenous (automatic) attention to emotional stim-
uli: a review. Cogn Affect Behav Neurosci 14(4):1228–1258. https 
://doi.org/10.3758/s1341 5-014-0270-2

Clore GL, Wyer RS, Dienes B, Gasper K, Gohm C, Isbell L (2001) 
Affective feelings as feedback: some cognitive consequences. In: 
Martin LL, Clore GL (eds) Theories of mood and cognition: a 
users’s guide. Erlbaum, Mahwah, pp 27–62

Eastwood JD, Smilek D, Merikle PM (2003) Negative facial expression 
captures attention and disrupts performance. Percept Psychophys 
65(3):352–358

Eriksen BA, Eriksen CW (1974) Effects of noise letters upon the iden-
tification of a target letter in a nonsearch task. Percept Psychophys 
16(1):143–149. https ://doi.org/10.3758/BF032 03267 

Fiske ST, Taylor SE (1991) Social cognition. McGraw-Hill, New York
Fredrickson BL (2001) The role of positive emotions in positive psy-

chology. The broaden-and-build theory of positive emotions. Am 
Psychol 56(3):218–226

Fredrickson BL, Branigan C (2005) Positive emotions broaden the 
scope of attention and thought-action repertoires. Cogn Emot 
19(3):313–332. https ://doi.org/10.1080/02699 93044 10002 38

Gasper K, Clore GL (2002) Attending to the big picture: mood and 
global versus local processing of visual information. Psychol Sci 
13(1):34–40. https ://doi.org/10.1111/1467-9280.00406 

Itti L, Koch C (2000) A saliency-based search mechanism for overt and 
covert shifts of visual attention. Vis Res 40(10–12):1489–1506

Jarosz AF, Wiley J (2014) What are the odds? A practical guide to 
computing and reporting Bayes factors. J Probl Solving 7(1):2. 
https ://doi.org/10.7771/1932-6246.1167

JASP (2017) JASP (Version 0.8.4). JASP Team. Retrieved from https 
://jasp-stats .org/

Jeffreys H (1961) Theory of probability, 3rd edn. Oxford University 
Press, Oxford

Kraines MA, Kelberer LJA, Wells TT (2017) Sex differences in atten-
tion to disgust facial expressions. Cogn Emot 31(8):1692–1697. 
https ://doi.org/10.1080/02699 931.2016.12440 44

Lang P, Bradley M, Cuthbert B (2008) International affective picture 
system (IAPS): affective ratings of pictures and instruction man-
ual. Technical Report A-8. Retrieved from http://www.citeu like.
org/group /13427 /artic le/72084 96

Lungu O, Potvin S, Tikàsz A, Mendrek A (2015) Sex differences in 
effective fronto-limbic connectivity during negative emotion 
processing. Psychoneuroendocrinology 62:180–188. https ://doi.
org/10.1016/j.psyne uen.2015.08.012

Marchewka A, Zurawski Ł, Jednoróg K, Grabowska A (2014) The Nencki 
Affective Picture System (NAPS): introduction to a novel, standard-
ized, wide-range, high-quality, realistic picture database. Behav Res 
Methods 46(2):596–610. https ://doi.org/10.3758/s1342 8-013-0379-1

Navon D (1977) Forest before trees: the precedence of global features 
in visual perception. Cogn Psychol 9(3):353–383. https ://doi.
org/10.1016/0010-0285(77)90012 -3

Ochsner KN, Silvers JA, Buhle JT (2012) Functional imaging studies of 
emotion regulation: a synthetic review and evolving model of the 
cognitive control of emotion. Ann N Y Acad Sci 1251:E1–E24. 
https ://doi.org/10.1111/j.1749-6632.2012.06751 .x

Pool E, Brosch T, Delplanque S, Sander D (2016) Attentional bias for 
positive emotional stimuli: a meta-analytic investigation. Psychol 
Bull 142(1):79–106. https ://doi.org/10.1037/bul00 00026 

Pourtois G, Schettino A, Vuilleumier P (2013) Brain mechanisms 
for emotional influences on perception and attention: what is 
magic and what is not. Biol Psychol 92(3):492–512. https ://doi.
org/10.1016/j.biops ycho.2012.02.007

Ramos-Loyo J, Angulo-Chavira A, Llamas-Alonso LA, González-Gar-
rido AA (2016) Sex differences in emotional contexts modulation 
on response inhibition. Neuropsychologia 91:290–298. https ://doi.
org/10.1016/j.neuro psych ologi a.2016.08.023

Rowe G, Hirsh JB, Anderson AK (2007) Positive affect increases 
the breadth of attentional selection. Proc Natl Acad Sci USA 
104(1):383–388. https ://doi.org/10.1073/pnas.06051 98104 

Simpson JR, Öngür D, Akbudak E, Conturo TE, Ollinger JM, Snyder 
AZ, Gusnard DA, Raichle ME (2000) The emotional modulation 
of cognitive processing: an fMRI study. J Cogn Neurosci 12(sup-
plement 2):157–170. https ://doi.org/10.1162/08989 29005 64019 

Tatler BW (2007) The central fixation bias in scene viewing: select-
ing an optimal viewing position independently of motor biases 
and image feature distributions. J Vis 7(14):4. https ://doi.
org/10.1167/7.14.4

Taylor AJ, Bendall RCA, Thompson C (2017) Positive emotion 
expands visual attention… or maybe not. Cogn Psychol Bull 
2:33–37

Vuilleumier P (2005) How brains beware: neural mechanisms of emo-
tional attention. Trends Cogn Sci 9(12):585–594. https ://doi.
org/10.1016/j.tics.2005.10.011

Wadlinger HA, Isaacowitz DM (2006) Positive mood broadens visual 
attention to positive stimuli. Motiv Emot 30(1):87–99. https ://doi.
org/10.1007/s1103 1-006-9021-1

Williams M, Moss S, Bradshaw J, Mattingley J (2005) Look at me, I’m 
smiling: visual search for threatening and nonthreatening facial 
expressions. Vis Cogn 12(1):29–50. https ://doi.org/10.1080/13506 
28044 40001 93

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2015.01592
https://doi.org/10.3389/fpsyg.2015.01592
https://doi.org/10.3389/fnhum.2016.00529
https://doi.org/10.3389/fnhum.2016.00529
https://doi.org/10.1080/13506280500165188
https://doi.org/10.1080/13506280500165188
https://doi.org/10.1016/j.neuropsychologia.2011.02.056
https://doi.org/10.1007/s00426-012-0432-1
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.3758/BF03203267
https://doi.org/10.1080/02699930441000238
https://doi.org/10.1111/1467-9280.00406
https://doi.org/10.7771/1932-6246.1167
https://jasp-stats.org/
https://jasp-stats.org/
https://doi.org/10.1080/02699931.2016.1244044
http://www.citeulike.org/group/13427/article/7208496
http://www.citeulike.org/group/13427/article/7208496
https://doi.org/10.1016/j.psyneuen.2015.08.012
https://doi.org/10.1016/j.psyneuen.2015.08.012
https://doi.org/10.3758/s13428-013-0379-1
https://doi.org/10.1016/0010-0285(77)90012-3
https://doi.org/10.1016/0010-0285(77)90012-3
https://doi.org/10.1111/j.1749-6632.2012.06751.x
https://doi.org/10.1037/bul0000026
https://doi.org/10.1016/j.biopsycho.2012.02.007
https://doi.org/10.1016/j.biopsycho.2012.02.007
https://doi.org/10.1016/j.neuropsychologia.2016.08.023
https://doi.org/10.1016/j.neuropsychologia.2016.08.023
https://doi.org/10.1073/pnas.0605198104
https://doi.org/10.1162/089892900564019
https://doi.org/10.1167/7.14.4
https://doi.org/10.1167/7.14.4
https://doi.org/10.1016/j.tics.2005.10.011
https://doi.org/10.1016/j.tics.2005.10.011
https://doi.org/10.1007/s11031-006-9021-1
https://doi.org/10.1007/s11031-006-9021-1
https://doi.org/10.1080/13506280444000193
https://doi.org/10.1080/13506280444000193

	Emotional real-world scenes impact visual search
	Abstract
	Introduction
	Method
	Participants
	Design
	Materials
	Procedure

	Results
	Discussion
	References




