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Peripheral vision and preferential emotion processing
Andrea De Cesareia, Maurizio Codispotia and Harald T. Schuppb
This study investigated the preferential processing of
emotional scenes, which were presented in the periphery
of the visual field. Building on well-established affective
modulations of event-rela ed potentials, which were
observed for foveal stimuli, emotional and neutral images
were presented at severallocations in the visual field, while
participants either viewed the pictures or were engaged by
a distractor task. The findings clearly show that emotional
processing varied with picture eccentricity, with emotional
effects being maximal in the center and absent in the far
periphery. Moreover, near-peripheral emotional stimuli
modulated event-related potentials only when participants
were passively viewing them. These results suggest that

lntroduction
The preferential processing of high-priority 's timuli is
an essential function of selective attention [ 1- 4]. Studies
investigating eve nt-related potentials (ERPs) in response
to pleasant, ne utral, and unpleasan t pictures are particularly informative with regard to the temporal dynamics of
e motion processing. Among the ERP components modulated by picture emotionality is a late positive pote n t ial
(LPP) measured over centro-parietal scalp regions that is
e nhanced when viewing e motionally arousing compared
with ne utral pictures [5,6]. Pierure e motionality is also
reflected in a negative ERP diffe re nce between e motional
(pleasant and unpleasant) and ne utral Stimuli, whic h
is observed in an earlier time window (approximately
150-300 ms) over occipito-temporal scalp regions [5,6].
The selective processing of pleasant and unpleasant
cues has been suggested to reflect the inhe re nt salie nce
of life- threate ning or life-sustaining stimuli [ 1,4].
Building on the pre ferential processing of affective
stimuli, previous studies explored e motional processing
under challe nging conditions. Presenting unmas ked emotional pictures as short as 24 ms was sufficie nt to elicit
early and late ERP modulations, whe reas in the presence
of a masking pattern a Ionger exposure time (approximate ly 80 ms) was necessary to achieve affective ERP
modulation [7,8] and Stimulus identifi cation [9]. Furthermore, a reduction in picture size was shown to dampe n
early, but not late, e motional ERP modulation [10] .
Overall, these studies suggest a re markable efficie ncy for
t he decoding of e motional stimuli and specify boundary
conditions. Howeve r, unde r natural condi tions, e motionally significant stimuli may often arise in t he peripheral
visual fie ld , ra the r than in the fovea. H e re we investigate
whethe r the position of a n e motional picture in the visual
fie ld, whe the r central or pe riphe ral, is reflected 111
affec tive modulation of earl y and late ERPs.

perceptual processing resources are needed for
identification and emotional processing of peripheral
stimuli. NeuraReport 20:1439-1443 © 2009 Wolters
Kluwer Health I Lippincott Will iams & Wilkins.
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In addition, we investigate the effects of task set on
peripheral e motion processing. Varying processing demands of a distractor task, previous studies showed
that the prefe re ntial processing of emotional pictures is
influe nced by the availability of processing resources
[11 ,12]. Extending these findin gs, we examined whether
the effects of task set on e motion processing vary fo r
pictures presenred at centrat or peripheral locations.

Methods
Participants

Thirty-two stude nts (16 fe males, mean age = 25.33,
SD = 4.46) from the Unive rsity of Konstanz participated
in the study for e ither course credits or money reward.
The study was approved by the local ethical committee,
and participants signed an informe d consent form. H alf
of participants (e ight fem ales) passively viewed t he
pic tures, while the re maining 16 participants performed
an active discrimination task.
Stimulus materials and procedure

Two hund red and sixteen pictures were c hosen fro m
the JAPS [ 13], de picting pleasant (e .g. e rotica, sports),
unpleasant (threat, mutilations) and ne utral (people in
ne utral conrexts, household objects) contents. In data
analysis, household objects were not include d to avoid
confound s with features specific to this particular picture
category (e.g. red uced pe rceptual complexity, nonliving
i te ms) and to focus on biologically re levant Stimuli [ 14].
Pie rures were selected to vary according to normative
ratings (valence mean = 6.9, 5.0, and 2.3; arousal mean = 6.2,
3.3, and 6.3, for pleasant, ne utral, and unpleasant images,
respectively).
In each trial, a picture measuring 7.67 (horizontal) X 5.95°
(ve rtical) was presented e ithe r 16.4° left of the moni to r
cente r (far left, 16.5% of trials), 8.2° left (near left, 16.5%
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of trials), 0° (center, 33% of trials), 8.2° right (near right,
16.5% of trials), or 16.4° right of the center (far right,
16.5% of trials). Distances are taken from the center
of the monitor to the horizontal center of the picture.
Tagether with the picture, a gray box subtending 8.8
(horizontal) x 6.9° (vertical) was presented in the center
of the screen. The box was either closed or could contain
a gap in the middle upper or lowe r side, measuring 0.6°.
Participants in the active task condition were asked to
indicate, as fast and as a'ccurate as possible, whether the
box contained a gap or not. Response hand was balanced
across participants. Panicipants were told that the picture
presented with the box was irrelevant to the task.
Each trial began with a blank screen Iasting 1 s. Then,
the picture was prese nted for 24 ms, followed by a
black screen, which Iasted on average 1.25 s before the
next trial began. The experiment consisted of 1296
trials, delivered in four blocks, which were separated by
a short break.
Apparatus and data analysis

ßrain activity was measured using a 256 channels sensor
net (EGI, Eugene, Oregon, USA). Signal was online
referenced to the vertex sensor and sampled at 250Hz,
with high-pass and low-pass filters set at 0.1 and 100Hz.
Off-line analyses were performed using EMEGS [15]
and included low-pass fittering at 30Hz, artifact detection, sensor interpolation, baseline correction (100 ms) , and
conversion to an average reference. Time windows and
scalp regions of interest were determined for emotion
sensitive ERP compone.nts based on previous research
and visual inspection. The early ERP component was
scored betwee n 200 and 280 ms at occipito-temporal
sensors (left: 93-95, 102-107, 11 2-117, 121-126, 134-1 37,
146, 147; center: 138, 148; right: 139, 149- 151, 157- 161,
166-171, 175- 179, 188- 191 , 200, 201 , 209). The late
ERP component wasscoredas mean activity between 400
and 800 ms at centro-parietal sensors (left: 9, 17, 42-44,
51, 52, 59, 78, 79, 88; center: 8, 80, 89, 100, 257; right:
131- 133, 144, 145, 185-187, 198, 199).
Accuracy and latency of be havioral response were
measured in the active task condition. To correct for
very fast or slow responses, response times wirhin each
participant and condition were analyzed using the median
as index of centrat tendency.
Data were submitred to repeated measures analyses of
variances (ANOVA) including the factor valence (pleasant, neutral, unpleasant) and position (far left, near left,
central, near right, far right) . Quadratic contrasts were
carrie d out to characte rize significant effects of vale nce
(pleasant > neutral < unpleasant) and position (far left
< near left < center > near right > far right) . A
Huynh-Feldt correction was applied to the degrees of
freedom whe n appropriate.

Results
Early emotional event-related potential modulation
(200-280 ms)

A significan t main effect of picture vale nce was observed,
F(2,30) = 5.72, P < 0.01, 11~ = 0.28. The early positivity
was smaller for pleasant and unpleasant compared wi th
neutral pictures, that is, a negative ERP difference to
emotional Stimuli (Fig. 1), F 4 uad(1,15) = 6.88, P < 0.05,
11~ = 0.32. However, this effect was qualified by a
significant quadratic interaction of valence by position,
Fquad( 1, 15) = 9.9, P < 0.01, 11~ = 0.40. Separate follow-up
tests for each of the five locations reveale d significant
emotional modulation at the centrat and near-left
position, main effect valence F(2 ,30) = 10.2 1 and 5.2,
all Ps < 0.05, 11~s = 0.41 and 0.26, Fquad(1,15) = 11.99 and
6.7, all Ps < 0.01, 11~s = 0.44 and 0.31, and a close to
significant effect at near-right location, F(2,30) = 3.33,
P = 0.06, 11~ = 0.18, Fqu:ul ( 1,15) = 4.07, P = 0.06, 11~ = 0.21.
In contrast, no reliable emotional modulation was seen
at far-lateral locations. Furthermore, a significant effect
of position was observed, F(4,60) = 30.81, P < 0.001,
11~ = 0.67 , indicating that early ERP positivity was
reduced by picture eccentricity, Fquad(1,15) = 54.47,
p < 0.001, 11~ = 0.78.
Similar effects were observed while participants performed the active task condition. The main difference to
the passive viewing condition was that significant effects
of valence were only observed forcentrat stimuli, vale nce
F(2,30) = 9.69, P < 0.01, 11~ = 0.39, Fquad(1,15) = 12.9,
P < 0.01, 11~ = 0.46. Similar to the passive viewing
condition, positivity of early ERP was reduced by
picture eccenrricity, position F(4,60) = 35.55, P < 0.001,
11~ = 0.7, Fquad (1,15) = 51.62, P < 0.001, 11~ = 0.78, and
by picture valence, F(2,30) = 5.84, P < 0.01, 11~ = 0.28,
F 4 uad(1,15) = 8.45, P < 0.05, 11~ = 0.36, and these effects
were qualified by a significant quadratic interaction of
valence by position, Fquad(1,15) = 7.73, P < 0.05, 11~ = 0.34.
A between-conditions comparison indicated a more
negative ERP between 200 and 280 ms in the active
task compared with the passive viewing condition,
F(1,30) = 9.8, P < 0.01, 11~ = 0.25. No other main effects
or inte raction reached significance.
Late emotional event-related potential modulation
(400-800 ms)

Pieasant and unpleasant as compared with neutral pictures elicited a more positive LPP amplitude (Fig. 1),
F(4,60) = 9.22, P < 0.001 , 17 ~ = 0.38, Fquad(l,l5) = 14.16,
P < 0.01, 11~ = 0.49. However, this e ffect was qualified by
a significant quadratic interaction of valence by position,
Fquact0,15) = 17.9, P < O.OOl , 11~= 0. 54. Follow-up tes ts
indicate a sign ificant e motional modulation at the cen tral,
near-left, and near-right posi tions, main effect valence
F (2,30) > 4.56, P < 0.05, 11~ values > 0.23, Fsquau0, 15)
> 9.8, P < 0.01, 11~ > 0.4. In contrast, no re liable
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Event-related potential waveforms and topography of the effects of picture valence and eccentricity, in the passive viewing and the active task
condition. Waveforms are shown at occipito·temporal (early) and centro·parietal (late) scalp regions. Negative is plotted upwards. Topographies
display the arousing·neutral differential, from a back head view (early) and a top head view (late).

e motional modulation was seen at far-late ral locations.
Furthe rmore, a significant effect of positionwas observed ,
F ( 4,60) = 4.59, P < 0.01 , 11 ~ = 0.23, indicating least positive LPP amplitudes for near- lateral pictures.

significance, F(2,30) = 2. 1, not significant. A significan t
effect of position was also observed, F(4,60) = 3.15,
P < 0.05, 11~ = 0.17, indicating least positive LPP amplitudes for near-lateral stimuli .

In the active task condition, similar effects were
observed. The main diffe re nce to the passive viewi ng
condition was that e motional effects were only obse rved
for central pictures, as indicated by the significant quad ratic inte raction of vale nce by position, Fquad(1, 15) =
3.32, P < 0.05, 11~ = 0.37, and by the e ffect of vale nce
for cen tra t Stimuli, F(2,30) = 5.66, P < 0.05, 11~ = 0.27,
~quad( 1 , 1 5) = 7.36, P < 0.05, 17~ = 0.33. No re liable e motiOnal modulation was see n at near or far-late ral locations, and the overall e ffect of vale nce fail e d to reach

A !arge task-related LPP was observecl in the active task
compare d with the passive viewi ng, e ffect condi t ion
F(1,30) = 34.98, P < 0.001, 17~ = 0.54. Moreover, affective
LPP modulation was atten uated at near-late ral as weil as
centrat picture positions during the active task compared
with t he passive viewing condition. A 3 (position: nearle ft, cen tral, and near-righ t) x 3 (valence) x 2 (condition)
Supports t his observation by revealing a significan t
vale nce x condition inte rac tion, F(2,60) = 5.4, P < 0.05,
11~ = 0.1 5.
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Behavioral responses

Overall, pe rformance in the gap de tection task was good
(mean correct responses = 95%, responsetime = 427 ms).
Howe ver, position of the picrures modulated response
times and acc uracy with slower and less accurate responses for central compared with lateral positions, effect
position on accuracy F(4,60) = 5.33, P < 0.01, 17 ~ = 0.26,
Fquad(1,15) = 10.94, P < 0.01, 17~ = 0.42, effect position
on response times F(4,60) = 16.5, P < 0.001, 17~ = 0.52,
Fquad(1, 15) = 21.1, P < 0.001, 17~ = 0.59.

Discussion
Previous srud ies revealed the preferen tial processing of
pleasant and unpleasant pictures, shown in the center of
the visual field. Here we investigated emotion processing
when picrures are presented in the periphe ry of the visual
field . The findings revealed a grad ient of emotional
processing from the center to the periphery of the vis ual
field: while affective modulation of ea rly and late ERPs
was observed up to 8.2° eccentricity, no emotional effects
were observed at higher eccentricities. As processing
efficacy decreases with increasing eccentricity, Stim ulus
iden tification seems to be critical for the preferential
emotion processing of peripheral stimuli.
A !arge body of ERP studies revealed that foveally
presen ted affective pictures modulare early and late
processing Stages, even under chatlenging conditions such
as brief exposure time or small image size [5-8, 10,11] .
ßriefly presenting small pictures, this study fully replicated these findings. Specifically, emotional compared
with neutral pictures presented at 0° eccentricity e licited
a negative differential ERP over occipito-temporal sca lp
regions, and a later positive differential LPP over centroparietal scalp areas. Establishing these findings provided
the foundation to investigate the preferential emotional
processing of pictures presented in the pe riphet-y of the
visua l field.
The novel finding of this srudy is that peripheral vision
supports preferential emotional processing of natural
scenes. While participants fixared the center of the
scree n, and short exposure times prevented saccadic eye
movements, pictures presented at 8.2° eccentricity were
associated with ea rly and late emotional ERP modulations. However, no significant ERP affective modulation
was observed for pictures presented at 16.4° eccent ricity.
This pattern of findings presumably reflects a decrease
in visual processing efficiency in the periphe ral visua l
fie ld compared with the fovea, which might be due to a
decrease in receptor density and contour linking [1 6 ].
The prese nt res ults are at odds with a previous srudy,
which showed that the prese ntation of natural scenes
at 15° supported visual categorization [17] . Specificatly,
participants could indicate with high accuracy whethe r a
natural scene contained an anima l or not. However,
cletection of a specific target categot-y (e.g. anima ls vs. atl

other contents) relies on the matehing of a top-down
template with bottom-up information, which maximizes
the categorization efficiency [ 18]. In contrast, a topdown template does not usually guide the understanding
of natural scenes, ancl, accorclingly, content identification may require a greater amount of processing to be
achieved. In add ition, efficie nt categorization of peripheral stimul i was eiemonstrared using pictures, wh ich
were almost three tim es !arger than in this srudy [ 17]. As
Stimulu s size seems critical for recognizing peripheral
pictures [19], future stud ies shou ld explore the preferential emotion processing in the periphery at various
picture sizes.
The finding that peripheral picrures supported preferential emotion processing was further assessecl in an
active task context. While passive viewing allows revealing the spontaneaus nature of the preferential processing
of emotional picrures, an explicit distractor task introduced an exp licit processing goal, taxed perceptual
resources, and ass urecl that atte ntion was focused at
central locations. Results clearly showed that ERP
affective modulation to Stimuli presented up to 8.2°
eccentricity was reduced compared with the passive
viewing condition . These results are consistent with
previous stud ies suggesting that a demancling visual
distractor task may interfere with preferential emotion
processing [11 ,12], and extend them by showing that,
under more demanding conditions, emotional processing
was limited to the center of the visual field.

Conclusion
In this srudy, affective ERP modulation in response to
emotional pictures was reduced by picture eccentricity,
and no effects were observed for far-peripheral pictures.
Moreover, near-peripheral emotional pictures moclulated
brain activity only when participants were passively
viewing the pictures. These finclings suggest that emotional response to pe ripheral stimu li relies on the
avai lability of processing resources, which allow to identify
picture contents and to e ngage motivational systems.
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