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ARE LATE POSITIVE POTENTIALS TO EMOTIONAL
PICTURES AFFECTED BY SPATIAL CUES?

Anders Sand

Perceived  distance  between  motivationally  significant  stimuli  and 
observer  has  been  shown  to  affect  arousal.  To  study  effects  of 
perceived motion and distance on affective picture processing, event-
related potentials were recorded in two experiments as neutral and 
unpleasant  pictures  were  presented  with  different  cues  to  induce 
perceptions of changes in spatial distance. The cues were either the 
target picture or independent circles that increased or decreased in 
size, or the target picture presented in a static small or large size. In 
both experiments, late positive potentials at centroparietal electrodes 
were  more  pronounced,  and  self-reports  more  negative,  for 
unpleasant  compared  to  neutral  stimuli.  The  results  of  the 
experiments  do  not,  however,  provide  evidence  that  induced 
perceptions of motion or distance affect late positive potentials.

Event-related  potential  studies  on  affective  picture  processing  have  shown  that 
motivationally significant stimuli are processed differently than neutral stimuli (for a 
review  see  Olofsson,  Nordin,  Sequeira  and  Polich,  2008  or  Schupp,  Flaisch, 
Stockburger  &  Junghöfer,  2006).  Generally,  the  differential  processing  has  been 
interpreted as there being a greater allocation of attentional resources to motivationally 
significant stimuli. In most studies, picture content is used as the sole variable (with 
different levels being unpleasant, pleasant or neutral emotional categories) thought to 
influence this  differential  processing.  However,  as  general  emotional  responses  to  a 
certain stimulus presentation depend on more than stimulus valence, it is important to 
explore if, and how, these other properties also modulate affective processing. There has 
recently been studies on the effects of formal properties of pictures on affective picture 
processing, for example picture composition (Bradley, Hamby, Löw & Lang, 2007) and 
size  (De  Cesarei  &  Codispoti,  2006).  However, contextual  factors in  stimuli 
presentation may also have an effect on affective processing, in similar ways as has 
been found in general physiological studies on emotion (e.g. moving pictures compared 
to static pictures [Simons, Detenber, Reiss & Shults, 2000; Simons, Detenber, Roedema 
& Reiss, 1999]).

Emotion and the influence of perceived spatial distance
From  an  evolutionary  perspective  it  is  important  to  rapidly process  and  react  to 
dangerous  agents  and  objects.  One  theoretical  framework  view  emotions  as  action 
dispositions –  states  of  readiness  that  prepare  and  activate  different  behavioural 
responses. This framework has emphasized that the evolutionary value of the emotional 
subsystems  is  that  they help  to  govern  an  animal’s  actions  by associating  different 
stimuli with unpleasant affective states, and withdrawal behaviour, or pleasant affective 
states, and approaching behaviour (Cacioppo, Gardner & Berntson, 1999; Lang, 1995; 
Lang, Bradley & Cuthbert, 1990). In a given situation, however, the experienced emotion
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may be a function  of  both  the  motivationally  significant  stimuli,  which  may affect 
perceptions of valence, and contextual factors in the situation, which may affect arousal. 
Because an organism experiences unpleasant affective states when confronted to threat 
to  create  withdrawal  behaviour  in  the organism (i.e.  to  increase the spatial  distance 
between the object and the organism), a reasonable prediction would be that as negative 
stimuli  approach an  organism,  the  magnitude  (arousal)  of  the  affective  state  should 
increase.

Research  on  spatial  distance  and  emotional  responses  has  been  sparse.  Using  a 
psychophysical  paradigm  Teghtsoonian  and  Frost  (1982)  showed  how  magnitude 
estimates of fear in snake phobics increased as the distance between snake and observer 
decreased. The same study also reported effects of distance on general physiological 
measures  of  emotion,  such  as  heart  rate  and  skin  conductance.  Because  perceived 
distance is related to retinal size, in the manner that an object that covers a larger retinal 
area  is  generally  perceived  to  be  closer,  studies  on  picture  size  are  also  relevant. 
Research (Codispoti & De Cesarei, 2007; Reeves, Lang, Kim & Tatar, 1999) found that 
general  physiological  responses  (skin  conductance  and  heart  rate)  were  affected  by 
picture size; larger pictures elicited higher arousal. Just as perceived distance may affect 
emotional  responses,  changes  in  spatial  distance  between  observer  and  threatening 
object  may  have  a  similar  influence.  Mühlberger  and  colleagues  (Mühlberger, 
Neumann, Wieser & Pauli, 2008) studied if valence and arousal ratings, together with 
startle  responses,  were  affected  by  static  compared  to  apparent  approaching  and 
withdrawing emotional  stimuli.  They  found  more  negative  valence  ratings  for 
approaching unpleasant stimuli  rather  than static unpleasant  stimuli  and also greater 
arousal ratings for approaching rather than static stimuli.

The ERP method
To study effects of perceived motion and distance on affective picture processing, event-
related  potentials  (ERPs)  were  recorded in  the  present  study.  As  an introduction  to 
ERPs, the following two sections describe the ERP-method and the biophysical activity 
producing the recorded scalp potentials. Readers already familiar with the ERP method 
can skip these sections.

An  electroencephalogram  (EEG)  is  a  recording  of 
voltage changes measured at multiple scalp regions by 
several  electrodes.  Apart  from  artifactual  voltage 
changes generated by, for example, muscle movements 
(e.g.  eye  blinks),  recorded  voltages  originate  from 
electrical  activity  in  the  brain.  The  measured  brain 
potentials  are  probably  brought  about  when 
postsynaptic potentials occur at approximately the same 
time in several pyramidal neurons close to the surface 
of the cortex (Luck, 2005). As positive ions rush into 
the  dendrites,  a  net  negativity  is  created  in  the 
extracellular space at the synapse.  In turn, as the post-

Figure  1.  The  postsynaptic 
potential turn the neuron into a 
dipole.

synaptic potential travels down the dendrite, the region around the soma becomes net 



3

positively charged. Figure 1 schematically illustrates these events. The pair of opposite 
charges in the postsynaptic neuron effectively turns it into a dipole, which means that it 
has  a  electric  field  that  exerts  different  forces  in  the two directions  of  the charges; 
objects with a positive charge will accelerate toward the dendrites but will be pushed 
away from the soma, and the opposite is true for negatively charged objects. A voltage 
measurement between two points, e.g., an active ectrode and the reference electrode, is 
a measurement of the  potential flow of current between the two points (i.e., the work 
that would have to be done to move a charge from one point to the other given the 
electric  field).  Because the skull  and the membranes  surrounding the brain act  as  a 
conductive medium, it is possible to record the voltages arising from the postsynaptic 
neurons at the scalp.

A large number of trials in each experimental condition is necessary to separate specific 
potentials related to a certain event, such as stimuli presentation onset, from background 
electrical activity. The first step in the data processing is  to extract a time segment for 
each trial.  All  such time segments of  a certain  condition are  then averaged for one 
participant, and finally each participant's averaged waveform is averaged to a “grand 
average”. This procedure is shown in Figure 2. The grand average will consist of several 
positive and negative waves occurring at different time points. The earliest waves will 
reflect  purely  sensory  processes  and  later  components  reflect  more  modality 
independent  and,  perhaps,  cognitive  processes.  Grand  averages from  different 
experimental  conditions  can  be  compared  regarding  both  the  amplitude  of  different 
components and their latency. Differences in either parameter may reveal information 
about the underlying neural processes. The different topographical voltage distributions 
can also be used, to a certain extent, to estimate the location of the neural generator in 
the brain.

Figure 2.  Left:  For  each condition EEG epochs is  extracted from the waveform and then 
averaged.  Right:  In  the  averaged  waveform  any  activity  unrelated  to  stimulus  onset  will 
average zero.

Finally, a property of voltage fields of great methodological importance, is that they 
summate linearly. This makes it possible to create difference waves between conditions. 
For example, the neutral and unpleasant picture conditions, used in studies on affective 
picture processing, are assumed to only differ in valence and arousal. The waveform for 
the neutral  picture condition can therefore be subtracted from the unpleasant picture 
condition. The amplitudes of this difference wave will reveal the specific responses to 
the  more  arousing  condition.  Difference  waveforms  can  also  be  created  between 
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difference waves which will reflect the interaction between the two original conditions.

The late positive potential
ERP studies has shown that  stimuli  rated as being more emotionally arousing,  both 
pleasant and unpleasant, elicit a stronger positive amplitude in in centroparietal regions 
around 300-500 ms after stimuli presentation than does neutral stimuli (Olofsson, et al., 
2008; Schupp, et al., 2006). This modulation has been dubbed the late positive potential 
(LPP). Within the unpleasant picture category, more arousing pictures has been shown 
to  increase  LPP amplitude  (Cutbhert,  Schupp,  Bradley,  Birbaumer  &  Lang,  2000; 
Schupp,  Cuthbert,  Bradley,  Hillman,  Hamm & Lang,  2004a;  Schupp,  et  al.,  2006). 
Furthermore,  LPP amplitude  has  been  shown  to  be  positively  correlated  with  both 
physiological  (i.e.,  increased  autonomic  responses)  and  behavioral  (e.g.,  reported 
arousal level) measurements of arousal (Palomba, Angrilli & Mini, 1997; Cuthbert, et 
al., 2000). Reports on how long the positive modulation stretches differ between studies, 
some studies report a positive slow wave following LPP (e.g., 500 ms after stimulus 
onset  untill  stimulus  offset)  occuring  at  the  same  regions  and  under  the  same 
circumstances as LPP (Schupp, et al., 2006).

What  function  the  LPP  reflects  has  been  speculated  upon.  In  general  terms, 
motivationally significant pictures seem to intrinsically draw attention and LPP is seen 
to reflect the increased allocation of attentional resources to motivationally significant 
compared  to  neutral  stimuli.  A study by Carretié  and  colleagues  (Carretié,  Martín-
Loeches, Hinojosa & Mercado 2001) tried to localize the neural generator site of LPP 
(in that study called P340post) using source localization procedures. They found it to be 
elicited in the visual association cortex.  Research (Sabatinelli, Lang,  Keil & Bradley, 
2007) that have combined ERP and fMRI methods to localize the generator site of LPP, 
found it to be generated in extrastriate occipital and medial parietal cortex. It seems that 
LPP reflects activity in associative visual areas located downstream from the primary 
visual cortex,  and this  finding seem to be consistent with the general  interpretation. 
Schupp  and  colleagues  (Schupp,  Öhman,  Junghöfer,  Weike  &  Stockburger,  2004b) 
further interpret the LPP modulation as reflecting that emotional pictures receive more 
facilitated perceptual processing. 

Overview of the present study
The purpose of the study was to examine effects of perceived distance and motion on 
affective picture processing. The general hypothesis for the study derived from the line 
of  reasoning  shown  in  Table  1.  Generally,  it  should  be  the  case  that  perceived 
proximate, or approaching, unpleasant stimuli demand faster reactions, more allocation 
of attentional resources and arouses more autonomic activity than unpleasant stimuli 
perceived to be further  away.  To study this  possible  effect,  the hypothesis  was  that 
conditions in which an unpleasant stimuli was perceived to be advancing towards the 
observer would elicit larger LPP amplitudes, than conditions in which the unpleasant 
stimuli was perceived to be advancing away or remain static.

To  test  that  LPP  will  be  affected  by  perceived  changes  in  spatial  distance,  this 
perception had to somehow be brought about in the lab environment. Since it would 
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have been impractical to change actual spatial distance between stimuli and observer 
(because of the large amount of differences in visual processing between conditions), 
the perceptions had to somehow be induced by cues. Both experiments in this study 
tested the same main hypothesis, but differed in the manner they cued the perceptions.

Table 1. The line of reasoning behind the general hypothesis for the study.

a) Arousal is a  eligible construct reflecting the magnitude of an experienced emotion, 
independent of its affective valence. Furthermore, arousal can be suitably measured 
by general physiological activity (i.e., autonomic responses) or by behavioral reports.

b) Studies have shown that arousal proportionally increases as perceived distance to a 
motivationally  significant  stimuli  decreases,  and  that  approaching  stimuli  elicits 
higher levels of arousal than static or withdrawing stimuli (Mühlberger, et al., 2008; 
Teghtsoonian & Frost, 1982).

c) In this study, LPP refers to the greater amplitudes at centroparietal regions elicited by 
emotional pictures compared to neutral pictures. Moreover, it is assumed that LPP 
reflects a difference in affective processing between neutral and emotional pictures 
that exists because of the difference in arousal.

d) Level of arousal is positively correlated with LPP amplitude; within the unpleasant 
picture  category,  pictures  that  are  rated  as  more  arousing  also  elicits  larger 
amplitudes in LPP (Cuthbert, et al., 2000; Schupp, et al., 2006).

e) Given a-d, it is reasonable to suppose that LPP amplitude will be greater as perceived 
distance to an unpleasant stimuli decreases and that LPP amplitude for approaching 
stimuli will be greater than for static stimuli.

E x p e r i m e n t  1

The purpose of  the  first  experiment  was  to  determine  if  perceived  distance  had  an 
influence  on  LPP amplitude.  However,  it  is  not  methodologically  unproblematic  to 
bring about the perception of changes in spatial distance within a lab environment and 
this experiment also tried to approach this problem. The most apparent way to induce 
these perceptions would probably be to first present a picture in small format and then 
dynamically increase it in size (this type of cue was used, for example, in the study by 
Mühlberger and colleagues [Mühlberger, et al., 2008]). But this cue, and more generally 
relating  picture  size  directly  to  perceived  spatial  distance,  may  have  inherent 
confounders;  that  is,  all  possible differences in emotional responses between a large 
compared to a small picture can probably not be explained by differences in perceived 
distance.  For  example,  a  larger  picture  includes  finer  detail  and  more  contrasts  in 
brightness and colour than a small picture.

In my practice thesis I therefore tried to develop a more methodological unproblematic 
cue to induce the desired perceptions. The result of that thesis did not, however, support 
that  the  newly  developed  cue  affected  perceived  distance.  Therefore  further 
development was carried out before the cue was used in this experiment. The rationale 
behind the cue was to create a context of approaching or withdrawing motion by using 
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optical  flow  around  a  focus  of  expansion.  The  optical  flow  was  created  by  two 
concentric circles around a scrambled picture, the focus of expansion. Figure 3 shows 
three sample slides of this cue. In the increasing condition, the cue was first presented in 
a small size and increased to medium size, while the circles gradually expanded, and in 
the decreasing condition, the cue was first presented in a large size and decreased to a 
medium size, as the circles gradually contracted. As such, the size of the final frame of 
the cue and the later  presented target  picture  was the same in  both conditions.  The 
scrambled picture was also gradually increased or decreased in scale in each condition. 
After cue presentation the target picture was presented in the centre of the screen and 
was associated with the scrambled picture. Changing the size of the scrambled picture 
was thought not to be a confounder, because no meaningful details could be more easily 
accessed  in  the  increasing  condition  than  in  the  decreasing,  also  any  differences 
between the increasing and decreasing condition would be the same for both picture 
categories. The notion was that even though this cue may induce weaker perceptions of
approaching  or  withdrawing  motion  than 
rescaling  the  target  picture  itself,  it  may 
answer  some  of  the  methodological 
problems that  exist  in  rescaling  the  target 
pictures.  Because the  target  picture  would 
only  be  presented  in  one  size  for  both 
increasing and decreasing condition, there
could be no difference in details or contrasts 
between conditions.

Figure 3. Sample slides of the developed 
cue.

To both determine the possible influence of perceived distance on LPP amplitude and to 
assess  the  effects  of  the  newly  developed  cue,  this  study  used  four  different 
experimental conditions; 1) dynamically increasing the new type of cue, 2) dynamically 
decreasing  the  new  type  of  cue,  3)  dynamically  increasing  target  picture,  and  4) 
dynamically decreasing target picture. The rescaling of pictures cue type was included 
to compare the possible effects of this cue on LPP amplitude and the possible effects of 
the newly developed cue.

The  general  hypothesis  would  be  strengthened  if  the  LPP amplitude  for  increasing 
conditions would be greater than LPP amplitudes for decreasing conditions. If the new 
cue elicited a similar EEG waveform and LPP amplitudes as the rescaling cue,  this 
would be interpreted as a success of the new cue.

Method

Participants
Seventeen  psychology  students  (11  female  and  6  males)  at Stockholm  University 
participated in this experiment. Age ranged from 20 to 38 (average = 25.7, SD = 5.24). 
Fifteen of the participants were right-handed. The participants were recruited through 
advertisement and received class credit or  movie vouchers for participating. EEG data 
from one participant was excluded due to excessive ocular or other motor activity.
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Stimuli and design
A total of 120 pictures were selected from different internet sources; of these, half were 
selected on the basis of having  a priori unpleasant content and half to have  a priori 
neutral content. All pictures were in colour and were selected to depict a central object, 
having  as  clear  figure-ground composition  as  possible.  Both  neutral  and  unpleasant 
pictures  mainly  depicted  animals,  fear-relevant  or  fear-irrelevant  respectively.  The 
rationale  behind  this  choice  of  picture  content  was  that  the  depicted  objects  could 
reasonably be seen as objects that could potentially approach or advance away from the 
participants. The pictures were all of the same size, had the same height/width ratio, and 
were presented pasted at the centre of a black background. The scrambled picture used 
in the cue using optical flow was created by dividing a picture (not further used in this 
study) in to 2704 squares which were then randomly shuffled. 

Two different types of cues were used to induce the perceptions that the pictures were 
approaching or withdrawing. The first type of cue was to dynamically rescale the target 
picture during presentation. In the increasing condition, using this type of cue, the target 
pictures width was increased from 10 pixels to 460 pixels and height from 76 to 345 
pixels; in the decreasing condition the pictures width was reduced from 1024 pixels to 
564 pixels and height from 768 to 422 pixels. The second type of cue was the newly 
developed cue earlier described. In full size the cue covered the whole screen area. In 
the increasing  condition  it  was  increased from 10% to  100%, and decreased in  the 
opposite direction in the decreasing condition. The scrambled picture presented in the 
centre of the circles was simultaneously rescaled. The presentation of both cues lasted 
500 ms and the cues were updated at 20 Hz.

All stimuli were presented on a 21-inch monitor at 1024 x 768 resolution at a refresh 
rate of 100 Hz.  The experimental  presentation was programmed and executed using 
Presentation software (Neurobehavioral Systems, www.neurobs.com).

Procedure
Participants were first informed about the duration of the experiment, the experimental 
material and that they could withdraw at any time. Electrodes were then attached and 
participants seated approximately 0.75 m from the computer screen,  with their  head 
supported  in  a  chin  rest.  They  were  instructed  that  a  series  of  pictures  would  be 
presented on a computer monitor and that their task would be to rate  their emotional 
response to each picture.  Eight practice trials  were presented for each participant to 
ensure they were comfortable with the procedure (the pictures presented in the practice 
trials were not later presented in the experiment).

The experimental presentation was divided into two blocks with a short break between 
them. For each participant, each picture was randomly paired with one cue condition 
and  was  presented  in  that  condition  once  in  each  block.  Thus,  each  condition  was 
presented in 30 trials (15 neutral and 15 unpleasant) in each block for a total of 120 
trials per block. All trial types were presented in random order. Each trial began with the 
presentation of a central fixation point (a plus sign) for a random interval between 600-
800 ms. Then the randomly assigned cue for that trial was presented (500 ms), followed 

http://www.neurobs.com/
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by  the  stimulus  picture  for  500  ms.  After  each  trial,  participants  had  to  rate their 
emotional response to the picture presentation using a mouse wheel, on a scale from -10 
(maximally negative) through 0 (neutral) to +10 (maximal positive) under 3000 ms. The 
scale indicator started at zero in each trial.

After both blocks the participants answered some questionnaires (data not presented) 
and the rationale of the experiment was explained. The experiment lasted approximately 
25 minutes.

Physiological Recording
EEG  activity  was  recorded  from 128  active  sites  at  512  Hz  sampling  rate  (online 
bandpass filtered from 0.16 to 100 Hz). The silver/silver-chloride (AgAgCl) sinistered 
electrodes  were  mounted  in  an  elastic  cap  and  arranged  in  concentric  rings  with 
positions being at equiradial distance from the vertex. The EEG signal was digitized 
with BioSemi's system ActiveTwo and was recorded, with the built-in references (CML/
DRS), using the dedicated software ActiViev 604-Lores (www.biosemi.com).

Data reduction and analysis
Brain Electrical Source Analysis (BESA) 5.0 was used for all offline processing of the 
EEG-data (www.besa.de).  An  ocular  artifact-detection  and  correction  algorithm was 
applied to the raw EEG signal. EEG epochs were created for each trial, extending from 
800  ms  before  to  1000  ms  after  stimulus  picture  onset.  Single  trials  containing 
remaining  ocular  or  motion  artifacts  were  excluded  prior  to  averaging  the  EEG 
waveforms of each condition. These rejections were based on thresholds of excessive 
amplitude ranges within a single trial or excessive gradient changes between two time 
points, and led to a a maximum of 20% rejected trials for each condition. Eight different 
EEG waveforms  were  created  by separately averaging  trials  in  each  condition:  two 
different cue types x two directions x two emotional categories. The trials were then off-
line highpass filtered of 35 Hz and baseline corrected for the 200 ms before cue onset. 
The data was re-referenced offline to the recorded average.  Based on findings from 
earlier studies (e.g., Cuthbert, et al., 2000; Olofsson, et al., 2008), LPP was scored as the 
mean amplitude from 300 to 500 ms after stimulus picture onset relative to the baseline 
and were obtained as the average of the electrode sites A01 (vertex) and A19 (Pz in the 
International 10/20 system).

The main analysis  of all  data (behavioral  ratings and ERPs) was carried out with a 
2x2x2x2 mixed measures ANOVA with Cue (rescaling pictures, circle cue), Direction 
(increasing, decreasing) and Emotional content (unpleasant, neutral) as within-subjects 
factors,  and  Gender  as  between-subjects  factor.1 Gender  was  included  as  a  factor 
because the pictures had not been standardized and could therefore differ in responses 
for men and women. When a significant main effect was found, pairwise comparisons 
(e.g.,  unpleasant  vs.  neutral)  were used to confirm the effect  within each condition. 
Interaction effects were subjected to additional tests to yield better understanding.  For 
all statistical tests the alpha-values was set to 0.05.

1A preliminary ANOVA with the factors of Block, Cue, Direction, Emotion and Gender was performed to 
control for repetition effects. There was no significant effects involving Block factor in this analysis.

http://www.besa.de/
http://www.biosemi.com/
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Results

Behavioral data
Figure 4 shows the self-report ratings for each condition (collapsed over gender). As 
confirmed by the ANOVA, there was a main effect of emotional content, F1,15 = 188.20, 
p < .001 (η2 = .926) and post hoc paired samples t-test for the neutral and unpleasant 
ratings  in  each  condition  confirmed  that  unpleasant  pictures  elicited  more  negative 
responses than neutral pictures in all conditions (p < .001). There was no interaction 
effect  between  Cue,  Direction  and 
Emotionality (p = .9). A main effect 
of  gender  showed  that  men  rated 
unpleasant  and  neutral  pictures  as 
more positive than did women,   F1,15 

=  18.215,  p <  .001  (η2 =  .548). 
Finally,  a  three  way  interaction 
between  Cue,  Direction  and  Gender 
was significant,  F1,15 = 4.89,  p < .05. 
Figure  5  illustrates  this  interaction. 
Because women showed no apparent 
effect,  a  follow  up  2x2  repeated 
measures  ANOVA  with  Cue  and 
Direction as within-subject factors on 
only the men's ratings showed a trend 
for  an  interaction  (p  =  .057).  But 
follow  up  paired-samples  t-tests 
between  each  condition  were  not 
significant.

Figure 4. Average ratings of emotional responses 
for all conditions collapsed over gender. Negative 
values  reflects  a  negative  emotional  response. 
Error bars represent the SE.

Figure 5. The interaction effect between men and women's ratings of 
emotional response to the increasing and decreasing rescaling target 
picture  and  circle  condition.  Negative  values  reflects  a  negative 
emotional response.
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Figure  6.  The  averaged  waveforms  of  the  neutral  conditions  (black)  and  unpleasant 
conditions (blue), collapsed over other conditions, at A01 (vertex) and A19 (Pz).

Electrophysiology
Figure  6  shows  the  averaged  waveforms  at  centroparietal  sites  for  neutral  and 
unpleasant  emotional  content.  Between 300-500 ms after  picture  onset,  there  was a 
strong positive amplitude for unpleasant pictures compared to neutral,  F1,14 = 60.69,  p 
< .001 (η2 = .648). Post hoc paired samples t-tests confirmed a significant LPP effect for 
the increasing picture, decreasing picture and increasing circle condition (p < .05) and a 
trend for an LPP effect in the decreasing circle condition (p = .055). Figure 7 illustrates 
the topography of the LPP. There was no interaction effect between Cue, Direction and 
Emotion (p = .8). A three way interaction between Direction, Emotional content and
Gender reached significance,  F1,14 = 4.77, p < .05. 
Because no apparent effect could be found within 
the  approaching  condition,  a  follow  up  analysis 
using  a  mixed measures  ANOVA, with Emotion 
and  Gender  as  factors,  for  only  the  receding 
condition revealed both a significant main effect of 
emotion  (p  <  .05)  and  a  interaction  between 
emotion  and gender  (p  < .05),  negative  pictures 
elicited more positive amplitudes. However, paired 
samples  t-testing  for  men's  and  women's 
amplitudes  for  both  emotion  conditions  did  not 
reveal  any  significant  differences.   The  general 
ANOVA revealed a main effect of direction,  F1,14 

= 7.62,  p < .05, the increasing condition elicited 
higher  amplitudes  than  did  the  decreasing 
condition.  However,  follow up paired-samples  t-
tests  between  the  increasing  and  receding 
condition for 
both cues revealed that it was only for the picture 
cue this difference was significant (p < .01).  No 
other effects reached significance.

Figure 7. The topographical 
distribution of the difference between 
the neutral and unpleasant waveforms 
between 300-500 ms after stimulus 
onset, i.e., LPP.
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Discussion

In  this  experiment,  both  behavioral  ratings  of  emotional  responses  and  ERPs  were 
modulated by emotional  category.  In  line with  earlier  studies  (e.g.,  Cuthbert,  et  al., 
2000;  Sabatineli,  et  al.,  2007)  a  pronounced  late  positivity  over  centreoparietal 
electrodes  were  found  for  unpleasant  compared  to  neutral  stimuli.  However,  the 
hypothesis  for  the  study –  that  the  amplitude  of  the  LPP would  be  greater  for  the 
increasing compared to the decreasing conditions – could not be supported. In fact, the 
cuing conditions did not affect LPP in any significant manner. Men generally rated their 
response to all pictures as more positive than did women. Although this could be an 
effect of the specific pictures selected for the experiment, a similar trend exists within 
the  IAPS-library.2 Also,  gender  had  no  effect  for  the  ERP data;  if  this  reflects  a 
mismatch between reported responses and ERPs or simply an effect of the small number 
of male participants is hard to assess. The three-way interaction between Cue, Direction 
and Gender for the behavioral ratings is similarly hard to evaluate and could well be 
completely spurious.

Regarding the EEG data the experiment suffered from methodological problems. Most 
importantly, the presentation histories of the different conditions differed. Across cues, 
the most fatal difference was that for the circle cue the target picture was first presented 
at its onset (time zero in the EEG epochs) while for the rescaling picture cue, the picture 
had already been presented prior to this (during the rescaling time window). Within 
cues, the direction of the rescaling picture cue could possibly differ at when the target 
picture  first  could be perceived (the first  frame for the increasing condition was 10 
pixels, the first frame for the decreasing condition was 1024 pixels) and for the circle 
cue the different directions (increasing circles, decreasing circles) could affect purely 
visual processing in different manners.  This means that,  if  stimuli  onset  were to be 
constructed as the time point were the picture first could be perceived rather than the 
time point  of the first  actual  picture  frame,  stimuli  onset  could well  differ  between 
conditions.  This  has  grave  consequences  when  comparing  EEG  averages  between 
conditions. For example, if the LPP onset is 300 ms after first perceiving a stimuli and 
the stimuli is perceived at different time points in different conditions, differences at 
specific latencies could actually reflect different stages in processing. Additionally, the 
different  presentation  histories  across  cues  may affect  visual  processing  in  different 
manners,  or  at  different  latencies,  and  this  creates  difficulties  when  comparing 
waveforms between cues. Methodological problems such as these probably explain the 
effect of Direction and the three way interaction effect for the EEG data.

A more method-independent problem of the experiment is the possible failure of the 
circle  cue.  Although,  considerate  labor  was  invested  in  creating  a  cue  capable  of 
affecting perceptions of spatial changes through optical flow, one has to consider the 
possibility that cue failed at this as real. If this were the case, it could possible devaluate 
the data for the other conditions as well.  The bottom line is that  it  is hard to draw 

2 For example, the average of the standardized valence ratings for all pictures in the IAPS-library is for 
women 4.93 and men 5.15. A independent samples t-test revealed that this difference is significant (p < .
01).
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conclusions  from a null  finding from a single  experiment,  especially in  a  high  risk 
experiment such as this. A second experiment to further assess the hypothesis of the 
study was therefore conducted.

E x p e r i m e n t  2

As discussed, the first experiment suffered from several  ERP-related methodological 
issues. Additionally, because of the possible failure of the newly developed cue, it had 
to be recognized that the main hypothesis of the study had not been properly assessed. 
Therefore,  a  new  experiment  with  a  more  simple  design  and  using  a  more 
straightforward cue to induce perceptions of changes in spatial distance was conducted. 
This experiment only rescaled target picture to cue perceptions of changes in spatial 
distance.  Although methodological issues inherent  in  this  type of cue still  exist,  the 
experiment was partly a manipulation check to see if any changes in picture size affect 
LPP.

There was four conditions in the second experiment, gradually rescaling target picture 
to induce both approaching and withdrawing motion, and presenting the target picture in 
static small and large format. The last two conditions were included for methodological 
reasons. The rationale was that because the increasing and decreasing condition differ in 
picture size in the final frame, part of the possible differences in LPP amplitude may be 
caused by this difference, not by perceived motion. By capitalizing on the responses to 
the static pictures, first it could be seen if large pictures elicited greater LPP amplitudes 
than small pictures, but more importantly this effect could be compared with the effect 
from  increasing  condition.  It  seems  reasonable  that  if  the  LPP  amplitudes  to  the 
increasing  condition  would  be  greater  than  the  LPP amplitudes  to  the  static  large 
condition, this difference must be induced by the perceived approaching motion.

The hypothesis for the experiment is that the LPP difference wave from the increasing 
minus  decreasing  condition  is  greater  than  the  LPP difference  wave from the  large 
minus static condition. Also, conditions in which unpleasant stimuli appear static but is 
perceived to be closer should elicit higher amplitudes in LPP than unpleasant stimuli 
that is perceived to be further away, i.e., the LPP for the static small condition should be 
weaker than the LPP for the static large condition.

Method
Participants
Eleven individuals (three males, age ranged from 21 to 27 [average = 23.6, SD = 2.24]) 
participated in this experiment.  They were drawn from the same population used in 
Experiment 1. One participant was left-handed. All had normal or corrected-to-normal 
acuity and were neurologically normal.

Stimuli and design
Sixty unpleasant pictures and sixty neutral pictures were selected from the IAPS-library 
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(Lang et al., 1997).3 All pictures were in colour and were selected to depict a central 
object, having as clear figure-ground composition as possible. As part of a forthcoming 
study (Olofsson, Gospic & Wiens, forthcoming) the pictures were also rated concerning 
complexity by three independent raters, ranging from 1 (clear figure-ground) to 9 (a 
complex scene). Table 2 lists mean valence, arousal and complexity ratings of the two 
categories. The neutral and unpleasant pictures differed significantly from each other in 
the IAPS libraries normative ratings of both valence t118 = 24.151, p > .001 and arousal 
t118 = -29.361, p > .001, unpleasant pictures were rated as both more negative and more 
arousing  than  were  neutral.  But  the  categories  did  not  differ  regarding  complexity 
ratings,  t118= -.882, p = .380. 

Table 2. Mean normative valence and arousal ratings from the IAPS for neutral and unpleasant 
pictures, and mean complexity ratings, on a scale from 1 (clear figure-ground) to 9 (complex 
scene), from three independent raters. Standard deviations are in parentheses.

Valence Arousal Complexity Rating
Neutral 5,08 (0,63) 3,31 (0,63) 3,69 (1,51)

Unpleasant 2,23 (0,78) 6,47 (0,54) 3,96 (1,79)

The pictures were presented in four different conditions. In the increasing condition, the 
pictures were presented in 256 x 192 pixels and gradually enlarged to 1024 x 768 pixels. 
Pictures was decreased in size in the opposite direction in the decreasing condition. The 
pictures was also presented in a static small size, 256 x 192 pixels, and static large size, 
1024  x  768  pixels.  Because  the  pictures  were  continuously  updated  in  the  motion 
conditions,  the  static  pictures  were  similarly  updated  but  with  no  change  in  size. 
Pictures were presented for 500 ms in all conditions and the change rate was 40 Hz. 
Stimuli were presented on the same monitor as in Experiment 1, but with a  refresh rate 
of 120 Hz.

Procedure
After providing written informed consent, participants received the same information 
and instructions as in Experiment 1. After electrode attachment eight practice trials were 
presented.

The experimental presentation was divided into three blocks with a short break between 
each. For each participant, each picture was randomly paired with one condition and 
was presented in that condition once in each of the blocks.  Thus, each condition was 
presented in 30 trials (15 neutral and 15 unpleasant) in each block for a total of 120 
trials in each block. Each trial began with the presentation of a central fixation point (a 

3 IAPS pictures used in this study were: Neutral: 1670, 2002, 2025, 2032, 2101, 2102, 2104, 2122, 2190, 
2191, 2210, 2221, 2279, 2280, 2305, 2309, 2359, 2372, 2382, 2383, 2385, 2393, 2397, 2435, 2484, 2487, 
2488, 2491, 2495, 2499, 2513, 2520, 2570, 2575, 2580, 2600, 2620, 2636, 2830, 2840, 2850, 2890, 2980, 
5040, 5534, 6150, 7002, 7010, 7026, 7030, 7032, 7050, 7060, 7100, 7130, 7140, 7175, 7705, 7950, 9210. 
Unpleasant: 1050, 1052, 1090, 1120, 1200, 1202, 1300, 1301, 1525, 1930, 2120, 2352.2, 2800, 2811, 
3000, 3001, 3010, 3015, 3030, 3053, 3059, 3060, 3063, 3064, 3068, 3069, 3080, 3100, 3102, 3110, 3120, 
3130, 3131, 3150, 3168, 3170, 3225, 3261, 3266, 3301, 3400, 3550, 6230, 6243, 6260, 6300, 6313, 6350, 
6370, 6550, 9040, 9183, 9300, 9405, 9410, 9433, 9570, 9921.
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plus  sign)  for  a  random interval  between  800-1200  ms,  followed  by the  randomly 
assigned picture condition for that trial (500 ms). After each trial,  the participant rated 
their emotional response in the same manner as in Experiment 1.  After the task was 
completed and the electrodes removed, the participants answered a short questionnaire 
regarding demographic information and the rationale of the experiment was explained. 
The experiment lasted approximately 35 minutes.

Physiological Recording, data reduction and analysis 
EEG activity was recorded identical to Experiment 1, except that in this experiment 64 
electrodes  were  used.  These  were  arranged  in  the  International  10/20  system.  The 
offline processing of EEG data was also performed in the same manner as in the first 
experiment. In this experiment, however, epochs extended from 300 ms before to 800 
ms after stimulus onset. Artifacts led to a rejection of a maximum of 20% trials for each 
condition. Different EEG waveforms was created for each condition, resulting in eight 
grand  averages  (condition  x  emotion).  Data  was  baseline  corrected  for  the  200  ms 
prestimulus of the epochs. The data was re-referenced offline to virtual linked ears. The 
LPP was scored in two parts, one part from 300 – 500 ms and a positive slow potential 
part from 500 – 700 ms after stimulus onset, and were obtained at Cz. All data (ERPs 
and ratings) were analyzed with a 4x2 repeated measures ANOVA with Cue (increasing, 
decreasing, small, big picture) and Emotion (neutral, unpleasant) as between-subjects 
factors.4 As in the first experiment significant effect were followed up by additional 
analyses. The ERPs were analyzed in two parts, the earlier part of the LPP (300-500 ms 
after stimulus onset) and the positive slow wave (500-700 after stimulus onset).  The 
alpha-values were set  to 0.05 and all probability values reported were adjusted with 
Greenhouse-Geisser epsilon correction for nonsphericity.

Results

Figure 8 shows the mean ratings of all conditions. Self-reported emotional responses 
were more negative after unpleasant picture presentation compared to neutral,  F1,10 = 
82.364, p < .001 (η2 = .892). Table 3 shows the mean ratings for neutral and unpleasant 
pictures.  Post hoc paired samples  t-test  for neutral  versus unpleasant picture  ratings 
confirmed that these differed significantly in all conditions (p < .001). There was no 
interaction effect between Cue and Emotion (p = .17) and no other significant effect was 
found.

Table 3. Mean ratings and amplitudes for neutral and unpleasant pictures. Standard deviations 
are in parentheses.
Dependent measure Neutral Unpleasant
Emotional response rating (-10-10 scale) 1.56 (1.22) -5.05 (1.51)
Onset ERP, Avr Cz, 300-500 ms (μV) 4.02 (5.57) 7.68 (5.81)
Onset ERP, Avr Cz, 500-700 ms (μV) 6.72 (4.87) 9.69 (5.70)

4 As in the first experiment, a preliminary ANOVA including Block (3 levels) as a factor to reveal possible 
repetition effects did not result in any significant effects including Block. Gender was not included as a 
factor  in  the  ANOVAs  because  the  small  number  of  male  participants  (three)  would  not  result  in 
meaningful results.
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Figure  8.  Mean  ratings  of  emotional  response  for  all 
conditions.  Negative  values  reflects  a  negative  emotional 
response. Error bars represent the SE.

For the EEG data, one outlier was rejected for the rest of the analysis. Table 3 displays 
mean ERP amplitudes for both the earlier and later part of the waveform for both picture 
categories, and Figure 9 illustrates the difference waveform between unpleasant minus 
neutral pictures for all conditions. At 300-500 ms after picture presentation there was a 
pronounced  positive  amplitude  for  unpleasant  compared  to  neutral  pictures,  F1,10 = 
21.208,  p < .001 (η2 = .702).  Post  hoc paired samples  t-test  for the amplitudes  for 
neutral and unpleasant pictures in the increasing, decreasing and large picture condition 
was significant (p < .05) but not in the small picture condition (p = .14). The analysis of 
the positive slow wave (500-700 ms) also revealed a main effect of emotional content, 
F1,10 = 9.526, p < .05 (η2 = .514). Identical post hoc paired samples t-tests as the ones for 
the earlier part of LPP showed that in the decreasing and large picture condition there 
was  a  significant  difference  (p  <  .05),  in  the  approaching  condition  the  difference 
approached significance (p = .051) and there was no difference in the small  picture 
condition (p = .7). Figure 10 illustrates the topography of the earlier and later part of 
LPP respectively. There was no interaction between Cue and Emotion for neither the 
earlier part of LPP (p = .8) nor the later part (p = .46). No other effects were found for 
the EEG data.

Discussion

The hypothesis for the experiment was primarily that the increasing condition would 
elicit  greater  LPP  amplitudes  than  both  the  decreasing  condition  or  either  static 
condition and secondly; the larger static picture would elicit a more positive LPP than 
smaller static pictures. The first hypothesis would be assessed by comparing the LPP 
amplitude to the static large condition with the increasing condition. However, as no 
effects of cue condition on LPP amplitudes were found, no further comparisons were 
meaningful.  As  in  Experiment  1,  emotional  content  modulated  both  self  reports  of 
emotional  responses  and  ERPs.  Furthermore,  even  though  picture  presentation  was 
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comparably short, a slow positive wave with a latency later than the common scoring of 
LPP was elicited by unpleasant compared to neutral pictures. The predominance of LPP 
to the right hemisphere (as seen in Figure 10) has been found in other studies (e.g., Keil, 
Bradley, Hauk, Rockstroh, Elbert & Lang, 2002; Sabatineli, et al., 2007), but if it is an 
effect of a lateralization of LPP or of visual processing has not been properly assessed. 

Figure 9. LPP at Cz and Pz for the different conditions. Pink lines: increasing 
condition; blue lines: decreasing condition; green lines: static small condition; red 
lines: static large condition.

Figure 10. Left: The topography of the earlier part of the LPP, 300-500 ms after 
stimulus onset. Right: The topography of the positive slow wave, 500-700 ms after 
stimulus onset. Note that the voltage scale is different in the two illustrations.

A problem with differences in presentation histories across conditions, similar to the one 
discussed in Experiment 1, existed in the experiment, albeit to a smaller degree, namely; 
in  the  increasing  condition  the  first  frame  was  smaller  than  the  first  frame  of  the 
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decreasing  condition  (256  versus  1024  pixels),  therefore  the  time  points  that  the 
participants  first  perceived  the  stimulus  picture  may  differ  between  conditions. 
However,  the  effect  of  this  difference  would  not  have  been  as  large  as  in  the  first 
experiment and it is unlikely that it affected the EEG data in any significant manner. 
This is so, partly because of the much smaller difference in size between the frames first 
presented in each condition, and partly because the much smaller time window in which 
the conditions differed in size.

G e n e r a l  d i s c u s s i o n

The purpose of the present study was to determine if induced perceptions of changes in 
spatial  distance  could  influence  affective  picture  processing,  in  this  study 
operationalized  as  LPP amplitudes.  ERPs  were  recorded  as  unpleasant  and  neutral 
pictures were presented together with different cues to induce either motion or distance 
between  stimuli  and  observer.  In  both  experiments  in  the  study,  picture  category 
modulated amplitudes at  centroparietal  region 300 ms after  picture  presentation and 
afterwards. In respect to amplitudes, latency and topography this  modulation is highly 
consistent with earlier reports on LPP (e.g., Cuthbert, et al., 2000; Keil, et al., 2002; 
Olofsson, et al., 2006; Schupp, et al., 2006). The present research did not, however, find 
any evidence that induced perceptions of motion or distance influences LPP amplitude. 
No interaction effect between cue condition and picture category on ERPs or behavioral 
ratings was found in either of the experiments.

In Experiment 1, the cues were either a newly developed cue using optical  flow or 
gradually rescaling target picture.  The most  central  methodological  question for this 
experiment  is  whether  the  cues  successfully  affected  perceived  spatial  distance. 
Regrettably, there is no independent evidence that this was the case.  Using a simpler 
version of the cue using optical flow, the result of my practice thesis did not support that 
the cue affected perceived distance. Due to a lack of time no pilot study was conducted 
to independently assess the further developed cue. But, since neither self-reports nor 
LPP were affected by the cue conditions, it cannot be ruled out that the null finding of 
the first experiment was due to methodological flaws (i.e.,  no perception of change in 
spatial distance was actually induced). The cue type used in Experiment 2 was either to 
increase or decrease target picture, or presenting the target picture in a static small or 
large format. Earlier research (Codispoti & De Cesarei, 2007; De Cesarei & Codispoti, 
2006; Mühlberger, et al., 2008) on spatial distance and emotional responses, suggest that 
these type of cues affect both general physiological measures and ERPs. In contrast with 
earlier  findings,  there  was  no  effect  of  picture  size  on  self-reports  or  ERPs  in  this 
experiment. There are two possible explanations for this inconsistency.

The first explanation is that in both experiments in this study, the participants' task was 
to  report  their  emotional  responses  to  each  picture.  This  instruction  to  focus  on 
emotional content, may have made it difficult to affect their processing with different 
picture sizes. If the emotional content in the pictures instead would have been task-
irrelevant (e.g., with a task such as “Does the picture depict an animal or human?”), this 
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could perhaps have enhanced possible effect sizes in the following manner; in the static 
small  condition,  participants would have had to  allocate  more attention to  the task-
relevant  details  than in  the larger  condition,  leaving less attentional  resources  to  be 
bottom-up allocated to the emotional details (depending on the attentional load of the 
given task).

The second explanation is that the earlier, reported effects of picture size (Codispoti & 
De Cesarei, 2007; De Cesarei & Codispoti, 2006;  Mühlberger, et al., 2008), is not as 
robust as previously assumed. For example,  De Cesarei and Codispoti (De Cesarei & 
Codispoti,  2006) reported that perceived spatial  distance (induced by different static 
picture sizes) modulated affective picture processing.  However,  in that  study picture 
size  only  interacted  with  emotional  picture  category  at  earlier  latencies  than  the 
difference waves  studied here,  that  is  at  150-300 ms after  stimuli  presentation (this 
component have been dubbed the early posterior negativity, or EPN). Consistent with 
the present study, no interaction effect between picture size and emotional content were 
found for the 300-500 ms time window. The difference in amplitudes between 150-300 
ms for rated arousing compared to neutral pictures, has been interpreted as reflecting 
differential allocation of attentional resources (Schupp, et al., 2006). However, research 
has also found the waveforms at these early latency ranges to be sensitive to purely 
formal properties of pictures (Bradley, et al., 2007, see also the discussion of EPN in 
Schupp, et al., 2006) and, as discussed in the study by De Cesarei and Codispoti (De 
Cesarei & Codispoti, 2006), it is possible that the reported interaction effect were driven 
by  differences in discriminability of the smaller pictures.

Notably, it is unlikely that the failure to find any modulations of LPP by the motion cues 
can be attributable to a lack of power or an insensitive method. Regarding power, the 
experiments in the present study had a similar sample size and trials as is traditional in 
ERP-studies.  Furthermore,  both  experiments  yielded  convincing  evidence  of  a 
pronounced LPP to  unpleasant  pictures  in  all  conditions.  These  findings  are  highly 
inconsistent  with  explaining  the  lack  of  cue  effects  on  LPP because  of  insensitive 
methods.

It is difficult, and generally unwise, to base conclusions simply on null findings, even 
more so if methodological aspects regarding the findings can be called into question. 
Notwithstanding, the result of this study indicates that LPP is not affected by perceived 
distances.  One possible interpretation of this result would be that perceived distance 
does not influence affective processing. However, given our current understanding of 
the evolutionary value of the emotional subsystems (e.g.,  Cacioppo, et al., 1999), this 
does  not  seem  like  a  sound  conclusion.  Another,  and  perhaps  more  reasonable, 
interpretation would be that the effects of perceived distance on affective processing is, 
for some reason or other, not measurable in LPP amplitudes.

To address methodological issues in the present study, the most important suggestion for 
future research would be to enhance the ecological validity of how the perceptions of 
distance and motion is brought about. Two main directions are possible: (I) using more 
refined cues to induce these perceptions. For example, presenting stimuli at different 
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distances  within  a  virtual  environment,  or  (II)  presenting  stimuli  at  different  actual 
distances.  Within  ERP-paradigms,  however,  both  of  these  directions  include 
methodological  issues  that  needs  to  first  be  properly  dealt  with.  As  soon  as  more 
complex conditions or greater number of differences between conditions are introduced, 
signal degrading noise is necessarily introduced as well. 

The main result of the present study was that there was no effect of spatial cues on 
affective processing, scored as self-reports and LPP amplitudes. However, reasonable 
interpretations of this result is not clear cut; it may be that is is brought about by purely 
methodological flaws, or perhaps it is not possible to measure influences by perceived 
distance on affective processing using LPP amplitudes.
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