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Affective brain processing of emotional pictures varies in regards to 
emotional dimensions of valence and arousal, but little research has 
studied effects of semantic content. To study the effects of semantic 
picture content on the late positive potential, event-related potentials 
were recorded from forty participants while they viewed 375 standard 
emotional pictures that were grouped into categories of semantic 
content. Results showed that semantic content had a significant effect 
on the amplitude of the late positive potential even after controlling 
for valence and arousal. However, a significant effect from any 
specific category could not be isolated. These findings suggest that 
semantic picture content is an important variable to consider in studies 
investigating the late positive potential in affective picture brain 
processing.

An organism that is able to quickly identify  and categorize potentially  dangerous and 
profitable objects, events or situations in its environment has evolutionary benefits 
(Cacioppo & Gardner, 1999). This notion has led scientists to propose that affective 
responses developed to help guide the organism to approaching or withdrawing 
behavior (Cacioppo & Gardner, 1999). So, when exposed to stimuli with high 
evolutionary  significance, that is, stimuli related to threat or survival, an affective and 
physiological response is provoked in human subjects (Bradley, Codispoti, Cuthbert & 
Lang, 2001). This response serves different functions in regards to attention, 
mobilization for action, and social communication (Bradley et al., 2001). Varied 
affective stimuli result in different physiological responses (e.g. Bradley et  al., 2001; 
Schupp, Flaisch, Stockburger & Junghöfer, 2006). Affective stimuli elicit different brain 
processing compared to neutral pictures. This differential brain processing has been 
interpreted as support for a proposition that greater allocation of attentional resources 
takes place when subjects are watching affective stimuli (Olofsson, Nordin, Sequeira & 
Polich, 2007; Schupp et al., 2006). 

A biphasic view on emotion 
Even though theorists have suggested several models for discrete emotions (e.g. Ekman, 
1992; Mikels et al., 2005), a dominating model suggests a biphasic view on emotion 
(Lang et al., 1997; Schupp, et al., 2006). In this view, emotion is proposed to be 
organized through two underlying systems; the appetitive and the aversive. The 
appetitive system is associated with foraging, ingestion, copulation and nurture of 



progeny and elicits positive emotion and approaching behavior. The aversive system 
elicits negative emotion and withdrawal behavior from threatening events through 
nociceptive agents (Schupp et al., 2006). This model for emotion has been dubbed 
”motivational attention”. In the motivated attention framework, all emotional reactions 
can be placed on a two-dimensional plane of pleasure (valence) and arousal. On this two 
dimensional plane, valence is suggested to indicate which of the two systems that is 
activated and arousal is suggested to reflect how much motivational attention that is 
mobilized in either of the systems (Cacioppo, Gardner & Berntson, 1999; Lang et al., 
1997). 

This model has been given support by studies using picture stimuli to study emotional 
reactions in participants (e.g. Bradley  et al., 2001). To study participants responses to 
picture stimuli, the International Affective Picture System (IAPS) has been used in 
several studies (Lang, Bradley & Cuthbert, 2008; Olofsson et al., 2007). In this 
standardized picture database, the pictures are categorized in self-reported valence and 
arousal dimensions. The valence dimension is indicating how pleasant or unpleasant 
participants judge their reaction to the stimuli and the arousal dimension is indicating 
how much arousal participants felt during stimuli presentation. Participants’ self-
reported valence and arousal vary reliably with the emotional content of the presented 
stimuli (Lang et al., 2008).

Participants’ valence and arousal ratings for emotional pictures also vary  with 
physiological measures. Responses to pictures with affective content compared with 
neutral pictures are distinguishable through startle blink reflexes, skin conductance, 
muscle electromyographic (EMG) activity, and heart rate (Bernat, Patrick, Benning & 
Tellegen, 2006; Bradley et al., 2001; Bradley, Codispoti, Sabatinelli & Lang, 2001; 
Yartz & Hawk, 2002).

Event-Related Potentials
Responses to affective compared to neutral pictures are also distinguishable through 
event-related brain potentials (ERPs) (see Olofsson et al., 2007 or Schupp  et al., 2006  
for a review). To study event-related potentials, an electroencephalogram (EEG) is used 
which is a recording of voltage changes on the scalp of the head. These voltage changes 
originate from electrical activity in the brain but are also affected by artifacts generated 
by muscle movement (e.g. eye blinks) (Luck, 2005). Because artifacts and background 
electrical activity is distorting the EEG recording, each experimental condition has to be 
repeated in many trials. By creating an average waveform for each condition in every 
participant, this method separates the potentials that  are related to the experimental 
condition from background noise. The average waveforms from every participant are 
then averaged into a ”grand average” for each experimental condition to study group 
effects. This procedure is shown in Figure 1. The grand averages can then be used to 
study how different experimental conditions modulate specific ERP components. 
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Figure 1. Left: EEG data from each trial. Right: In the averaged waveform, any activity 
from unrelated noise or movement artifacts will average to zero

Modulations of specific ERP components has been proposed to indicate perceptual 
encoding, working memory, and motor preparation processes (Olofsson et al, 2007). 
There are several ERP components that has been shown to vary  with self-reports of both 
valence and arousal, and thus be related to motivational attention. The early and  
middle-range ERP components, e.g. P1 and Early  Posterior Negativity (EPN), are 
proposed to vary with reported valence (both for positive and negative stimuli compared 
to neutral). The middle-range and later components, e.g. P3 and the Positive Slow Wave 
(PSW), have been proposed to vary with reported arousal (Olofsson et al., 2007).

Late Positive Potential
When researchers describe ERPs in relation to affective stimuli, the Late Positive 
Potential (LPP) is frequently mentioned (Olofsson et al., 2007). LPP is an ERP 
component that  consists of a combination of the P3 component and the following PSW 
that can be sustained for several seconds after picture onset (Cuthbert, Schupp, Bradley, 
Birbaumer & Lang, 2000). Research has shown that stimuli rated as highly arousing 
elicits a more distinct positive amplitude over centro-parietal regions (see Figure 2) at 
approximately 300-600 ms after stimuli onset compared to neutral stimuli (Cuthbert et 
al., 2000; Schupp  et al., 2004; Schupp, et al., 2006). This finding makes the LPP 
component a useful tool for studying reactions to pictures with varied emotional 
content.

Figure 2 shows the typical topography for the late positive potential (LPP) from a recent 
study in our lab (unpublished data). Note that data are average referenced and show the 
mean amplitude between 300-500 ms after picture onset.
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LPP amplitudes have been studied in both passive and active picture viewing. Research 
using active picture viewing (e.g. when participants are asked to look for certain 
objects) has shown greater LPPs to task-relevant than to task-irrelevant stimuli. The 
elicited LPPs in response to task-relevant stimuli have been suggested to reflect that 
more attentional resources are allocated. This finding has therefore been interpreted that 
LPP is associated with conscious recognition (Schupp et al., 2006). From the findings 
that enlarged LPP amplitudes occur for both highly emotional and task-relevant stimuli, 
LPP modulations in affective stimuli are suggested to support the notion that some 
stimuli have an intrinsic significance to humans (Schupp et al., 2006). The enlarged 
LPP amplitudes related to emotional stimuli is proposed to reflect a general 
motivational attention towards emotionally significant stimuli. The LPP can therefore be 
seen as an indicator that a presented stimulus is containing evolutionary significant 
events (Schupp et al., 2006).

Two models of motivated attention
Enlarged amplitudes in LPP found for affective stimuli occur on both ends of the 
positive/negative valence scale, i.e. both negative and positive stimuli elicit larger LPPs 
than do neutral stimuli (Cuthbert et al., 2000; Keil et al., 2002; Schupp, Junghöfer, 
Weike & Hamm, 2003). The amount of motivated attention and LPP elicitation for 
positive and negative stimuli is however debated upon. Some research has proposed that 
positive and negative stimuli evoke similar amounts of motivated attention and LPP 
amplitudes (Cuthbert al., 2000; Schupp et al., 2000; Schupp et al., 2003). Other studies 
propose a negativity  bias; negative stimuli elicit  larger LPP amplitudes and motivational 
attention (Carretie, Mercado, Tapia & Hinojosa, 2001; Delplanque, Silvert, Hot, 
Rigoulot & Sequeira, 2005; Ito, Larsen, Smith & Cacioppo, 1998). 

In a model proposed by Lang et al. (1997), the amount of motivated attention mobilized 
in the appetitive or the aversive systems are suggested to elicit similar motivated 
attention and LPP amplitudes, for both positive and negative stimuli. Thus, similar 
amount of arousal in either of the two systems, are proposed to elicits equal amount of 
motivational attention. Rated arousal levels therefore form a symmetric U-shaped 
function in physiological responses such as LPP. In support of this view, Cuthbert  et al. 
(2000) has shown that more arousing picture stimuli elicits gradually  larger LPPs 
regardless of valence category. This finding supports the idea that strong stimuli elicit 
similar amounts of motivational attention irrespective of their valence (Cuthbert et al., 
2000; Schupp et al., 2003).

In the negativity bias model, a bias for negative stimuli is suggested. In this view, the 
amount of motivated attention mobilized in the aversive system, even for identical 
levels of arousal, elicits more attentional resources and larger LPP amplitudes compared 
to activation in the appetitive system (Rozin & Royzman, 2001). This model has been 
given support  by research showing that pictures of negative valence elicited enhanced 
LPP amplitudes for negative pictures compared to both neutral and positive pictures, 
even though rated arousal levels were held constant (Delplanque et al., 2005; Ito et  al., 
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1998). Research supporting the negativity  bias model has also proposed that negative 
pictures elicit more rapid and more prominent responses compared to neutral and 
positive stimuli. In a study performed by Carretie et  al. (2001), results showed that early 
ERP components (e.g. P2) were enlarged in response to negative compared to non-
negative pictures. This finding has been interpreted that more attentional resources are 
allocated to negative stimuli.

Emotional responses to semantic content categories 
In the present study, we were interested in modulations of LPP not only  from the coarse 
neutral/emotional categories, but different types of semantic categories of pictures. As 
seen above, often when emotional reactions to affective pictures have been studied, 
researchers made a coarse categorization of neutral, positive and negative pictures. 
However, emotional responses to more specific divisions of pictures have been studied.

Studies researching what effects emotional pictures categorized by  content provoke in 
different physiological responses have shown significant effects of startle blink and 
EMG muscle reactions even within the coarse valence categories (Bernat et al., 2006). 
A study by Yartz and Hawk (2002) showed opposing effects on muscle EMG activity 
within the coarse negative valence category. Both corrugator and levator EMG 
responses were larger to pictures of disgust compared to pictures depicting fearful 
events. Bernat  et al. (2006) showed that opposing effects were found within the positive 
stimuli category. Startle blink was inhibited for arousing erotic pictures while it was 
potentiated for pictures of adventure scenes. This interaction was interpreted as that the 
erotic pictures are more directly  tied to the appetitive system while the adventure 
scenes, even though they were rated as positive, may engage the aversive system 
because they depicted potentially risky activities.

Similar proposals have been made from studies using the ERP method. Briggs and 
Martin (2009) showed that LPP amplitudes were larger for highly arousing erotic 
pictures compared with highly arousing adventure scenes. It is argued that  the pictures 
of adventure did not activate the appetitive system to the same extent as the erotic 
pictures. Schupp et al. (2004) studied the effects of semantic picture categories on 
ERPs. This study showed that LPP amplitudes were largest in response to erotic, 
mutilation, and threat categories. The authors suggested that this result could reflect that 
more attentional resources are allocated to pictures that are presumed to strongly 
activate the appetitive or the aversive motivational systems.

From this body  of research it may  be proposed that the coarsely divided categories of 
neutral, positive, and negative stimuli used in most emotional reaction studies, are an 
intermixture of more discrete emotional responses within each category. However, 
previous research studying the LPP component has not aimed to obtain categories of 
pictures depending on their semantic content that were equated in valence and arousal 
ratings. This method of isolating the effects of stimuli content has been advocated by 
Bernat et al. (2006).
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The purpose of the present study was to investigate whether affective picture processing 
is affected by  the semantic content  of the pictures. Affective processing was 
operationalized by modulations on the LPP component. The hypothesis was that the 
semantic picture content is related to LPP amplitudes in response to affective stimuli 
independent of valence and arousal. Thus, a model that  combines valence, arousal, and 
semantic category  will be a better predictor of LPP than a model merely  considering 
valence and arousal.

Method

Subjects
Forty students (20 male and 20 female) from Stockholm University  participated in the 
experiment. Age ranged from 19 to 39 (M = 25.45, SD = 4.93). Subjects were recruited 
though advertisement or were asked by  the experimenters to participate and received 
either class credit or movie vouchers. Thirty-seven of the participants were right handed 
and all participants had normal or corrected-to-normal vision.

Stimulus and design
Pictures from the International Affective Picture System (IAPS; Lang et al., 2008) were 
selected (N = 375) and grouped with respect to both valence and arousal dimensions. 
For the valence dimension, pictures were selected so that the positive, negative and 
neutral pictures differed in mean valence ratings. For the arousal dimension, the neutral 
pictures were selected as being rated low in arousal and to differ from the positive and 
negative pictures. Pictures in the positive and negative categories were selected to have 
as similar as possible mean standardized arousal ratings. Mean valence and arousal 
ratings for selected pictures within the coarsely  divided valence categories are shown in 
Table 1.

Table 1. Means (and standard deviations) for standardized valence and arousal ratings in 
Neutral, Positive and Negative picture categories.

          Standardized ratings          Standardized ratings
Neutral Positive Negative

Valence 5.44 (.90) 6.76 (.74) 2.83 (.88)
Arousal 3.32 (.71) 5.12 (.79) 5.62 (.71)
N 114 144 117

Within each of these coarse valence categories, the pictures were divided into 
subcategories depending on their semantic content. The categories were Neutral, Victim, 
Disgust, Threat, Mutilation, Family, Cute, Adventure, Erotic Couple, Erotic Male and 
Erotic Female. Pictures in each valence category  were selected to be similar in both 
mean valence and arousal ratings. The rationale for this selection was to make sure that 
the semantic categories in a particular valence level were homogenous on all traits 
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besides their semantic content. Approximately 30 pictures were selected for each 
category (except for Erotic Male and Erotic Female where 15 pictures were selected in 
each). In the selection process, some pictures were excluded due to extreme 
standardized ratings on either valence or arousal. Figure 3 shows mean valence and 
arousal ratings and distributions for selected pictures divided into semantic categories. 

Figure 3. Left: Means and confidence intervals (95%) for standardized valence and 
arousal ratings in picture categories of Neutral, Victim, Disgust, Threat, Mutilation, 
Family, Cute, Adventure, Erotic Couple, Erotic Male and Erotic Female. Right: 
Distribution of standardized valence and arousal in selected pictures, valence scale went 
from 1 (very unpleasant) to 9 (very pleasant).  

All the pictures were in color and had a height/width ratio of 1024 x 768 pixels in a 
landscape orientation. All stimuli were presented in fullscreen on a 21-inch computer 
monitor at 1024 x 768 resolution at a refresh rate of 100 Hz. The monitor distance, 80 
cm from the participants, was held constant with a chin rest. The experimental 
presentation was programmed and executed in Presentation software (Neurobehavioral 
Systems, www.neurobs.com).

Procedure
Participants signed a consent form that explained the general procedure of the 
experiment, that participation was optional, and that they could withdraw at any time. 
They  also filled out a short questionnaire about occupation, age, sex and if they  were 
left or right handed. The EEG-electrodes were attached and participants were seated in 
front of the monitor. 

Participants were informed that they would rate their emotional response in both 
pleasure (valence) and arousal after each picture. This rating task was included in the 
experiment for two reasons. First, the standardized ratings from IAPS can differ from 
the ratings in the selected sample. Therefore it can be good to be able to show if, and 
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how much the sample differs from the norm (Olofsson et al., 2007). Second, research 
has shown that LPP amplitudes are boosted (become more distinguishable) when 
subjects are asked to focus their attention on their emotional reactions while viewing 
emotional stimuli (Schupp et  al., 2006). To collect valence and arousal ratings, a 
computerized version of the Self-Assessment Manikin (SAM) was used. SAM is a 9-
point rating scale for valence and arousal in affective pictures (Lang, Bradley & 
Cuthbert, 2008). In the SAM, valence is a bipolar scale with unpleasant on one end 
(score = 1) and pleasant on the other end (score = 9), whereas arousal ranges from low 
(score = 1) to high (score = 9). Participants made their ratings by  highlighting and 
clicking on one of the nine alternatives; first for valence and then for arousal. Before 
each picture, a fixation cross was shown for a random interval of 1.5 to 1.8 seconds and 
then the picture was shown for 1.5 seconds. Participants were asked to try not to blink 
and to focus on the fixation cross while the picture was shown. After the two ratings, the 
next trial started. 

Picture order was randomized for each participant and for the ratings scales, orientation 
of the anchor points was flipped left and right for half of the participants. Six practice 
trials were presented to familiarize participants with the task. Results of the practice 
trials were not recorded and the pictures were not re-used in the actual experiment. 

The experiment consisted of five blocks with 75 pictures in each block. There was no 
time limit on how fast each picture were to be rated so the time for each block and the 
experiment as a whole differed among subjects. After the experiment, participants were 
informed about the purpose of the study and were given a recompense for participating.

Physiological Recording
EEG activity was recorded from 128 sites at 512 Hz sampling rate (online bandpass 
filtered from 0.16 to 100 Hz). Electrodes were mounted in an elastic cap  and arranged in 
concentric rings with positions being at equal distances from the vertex. The  EEG 
signal was digitized with the  ActiveTwo system (BioSemi; www.biosemi.com) and was 
referenced to built-in references (CML/DRS). The software used was ActiViev 604-
Lores.

Data reduction and analysis
In the offline processing of the EEG-data, Brain Electrical Source Analysis (BESA) was 
used (www.besa.de). A notch-filter (50 Hz) and ocular artifact-detection and correction 
algorithms were applied to the raw EEG signal. EEG epochs were created for each 
picture extending from 300 ms before and 1000 ms after stimulus onset. Single trials 
containing large artifacts from muscle or ocular movement were excluded prior to the 
averaging of the waveforms. All EEG data were average referenced.

In this experiment, each individual picture was seen as a specific experimental condition 
and each participant was seen as a single trial or observation. This method was used to 
create, for each picture, an average waveform (as well as reported arousal and valence 
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rating) across all participants. Because of technical failure, EEG data were excluded for 
nine participants. This left 31 participants to create an averaged waveform for every 
picture. LPP was extracted as the mean amplitude from 300 to 1000 ms after stimulus 
picture onset from each of the 375 (one for each picture) averaged waveforms. 
Electrode positions were A01, A02, A03, and A04. These intervals and electrodes 
correspond to findings from earlier studies (e.g. Cuthbert, et al., 2000; Olofsson, et al., 
2008). 

Resul ts

Behavioral data
In a first analysis, mean arousal and valence ratings across subjects in the present study 
were correlated with the IAPS standardized ratings for each picture. This analysis was 
made to study  whether subjects in our sample gave ratings that matched the IAPS 
norms. Pearson’s r showed that self-report ratings correlated with standardized ratings 
from IAPS (2008), both for valence (r = .96) and arousal (r = .83) (p < .001). To control 
for possible outlier effects, additional correlations with Spearmans ρ were made. 
Correlations were similar as for Pearson’s r; indicating the absence of outlier effects. 
Taken together, these results confirmed that observed ratings matched the IAPS norms.

To study how subjects rated the pictures in each of the coarsely divided valence 
categories (i.e., neutral, positive, and negative), an ANOVA and post hoc tests (Scheffé) 
were made. This analysis made it  possible to compare mean ratings of valence and 
arousal among the categories. Table 2 shows the mean self-report ratings for valence 
and arousal for the categories. Confirmed by  the ANOVA, ratings for both valence, 
F2,372 = 816.56, p < .001 (η2 = .81) and arousal, F2,372 = 310.51, p < .001 (η2 = .63) were 
significantly different  between the categories. Post hoc paired samples t-test confirmed 
that all categories were rated differently from each other on both valence and arousal (p 
< .001). These results support the a priori selection of pictures into coarsely valence 
categories of neutral, positive and negative pictures; that is, there were differences 
among the categories on self-report ratings in both valence and arousal.
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Table 2. Means (and standard deviations) for subjects rated valence and arousal in 
Neutral, Positive and Negative picture categories.

          Subjects ratings          Subjects ratings
Neutral Positive Negative

Valence 5.24 (.59) 6.25 (.51) 3.05 (.82)
Arousal 2.78 (.64) 3.91 (.65) 5.30 (.99)
N 114 144 117

To study how subjects rated the pictures in each of the semantic categories, an ANOVA 
and post hoc tests (Scheffé) were conducted. This analysis made it possible to compare 
mean self-report ratings of valence and arousal between the semantic categories. Figure 
4 shows self-report ratings for valence and arousal in the semantic categories. As 
confirmed by  the ANOVA, ratings for both valence, F10,364 = 228.85, p < .001 (η2 = .86) 
and arousal, F10,364 = 107.57, p < .001 (η2 = .75) were significantly differently rated 
between the categories.

Further, post hoc paired samples tests (Scheffé) showed that (1) Mean ratings for the 
Mutilation pictures differed from all other categories in both valence and arousal 
ratings, and (2) Mean valence ratings for Neutral pictures were not significantly 
different from Erotic male pictures. These findings suggest that mean self-report ratings 
were consistent with the a priori selection of semantic categories.  

Figure 4. Left: Means and confidence intervals (95%) for subjects (SB) rated valence 
and arousal in Neutral, Victim, Disgust, Threat, Mutilation, Family, Cute, Adventure, 
Erotic Couple, Erotic Male and Erotic Female picture categories. Right: Distribution of 
rated valence and arousal in pictures, valence scale went from 1 (very unpleasant) to 9 
(very pleasant).
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Electrophysiology
An ANOVA and post hoc tests (Scheffé) were conducted to study  differences in LPP 
over the coarsely divided valence categories. The purpose of this analysis was to study 
if the frequently shown larger positive potentials over centro-parietal sites for affective 
stimuli were also present in this study. Figure 5 shows that there were significantly 
larger positive potentials over centro-parietal sites for affective stimuli compared to 
neutral stimuli. This was confirmed by  the ANOVA, F2,372 = 13.15, p < .001 (η2 = .066) 
and post  hoc paired samples tests which showed that the pictures in the neutral valence 
category elicited lower LPP amplitudes compared to both positive and negative pictures 
(p < .001). The post hoc tests also showed that enlarged LPP amplitudes for the positive 
and the negative pictures were not significantly different from each other.

Figure 5. Means and confidence intervals (95%) for LPP (µV) amplitudes in Neutral, 
Positive, and Negative picture categories.

Figure 6 shows mean LPPs over the semantic categories. The main hypothesis of this 
study was that semantic categories will predict some of the variation in LPP amplitudes 
that is not explained by valence and arousal. To test this hypothesis, a hierarchical 
regression analysis of LPP with two models was conducted. First, valence and arousal 
were the only  predictors of LPP, and second, valence, arousal, and the semantic 
categories were predictors of LPP amplitudes. The second model tested whether the 
semantic categories could predict LPP amplitudes over and above valence and arousal 
as predictors. Note that because valence was a bipolar scale, a median split was 
performed to group pictures as either negative or positive valence. Also, because a 
nominal variable such as semantic category  cannot be entered directly into the 
regression (e.g., codes such as 0 for neutral, 1 for victim, 2 for disgust etc. do not  make 
sense), semantic categories were dummy coded (with neutral as the internal baseline) 
and entered as a complete set.
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Both models were significant: model 1, F2,372 = 23.25, p < .001 and model 2, F12,362 = 
25.16, p < .001. Model 1 explained 11.1% of the variance in LPP and model 2 explained 
6.1% more of the variance in LPP that was not explained by model 1 (R2 Change = .
061). Table 3 gives information for the predictor variables entered into the two models. 
As a predictor of LPP amplitude, valence and arousal levels were significant predictors 
in both models. In model 2, which was a significantly better predictor compared with 
model 1, none of the semantic categories were significant as sole predictors of LPP. 
Thus, semantic categories affected LPP over and above valence and arousal, although it 
was not possible to separate the effects of individual semantic categories. 

Figure 6. Means and confidence intervals (95%) for mean LPP (µV) amplitudes for the 
semantic categories.

12



Table 3. The unstandardized and standardized regression coefficients for the variables 
entered into the two models.

Variable B SE B β

Model 1
R2 = .111 IAPS Arousal .54** .09 .30**

IAPS Valence .33* .11 .15*

Model 2
R2 = .172 IAPS Arousal .40* .17 .22*

IAPS Valence .43* .18 .20*
Victim -.07 .54 -.01
Disgust .94 .58 .11
Threat .10 .64 .01
Mutilation .89 .64 .11
Family -.98 .53 -.11
Cute .39 .49 .05
Adventure -.71 .57 -.09
Erotic Couple .92 .61 .12
Erotic Male .70 .63 .06
Erotic Female .89 .66 .08

*p = .01, **p < .001

Discussion

The purpose of the study was to investigate whether affective picture processing is 
influenced by  the semantic content of pictures. Affective processing was operationalized 
as modulations of the LPP component. The findings of greater LPP to emotional 
(negative and positive) pictures than neutral pictures replicate findings of ERP studies 
showing larger positive potentials over centro-parietal sites in response to affective 
stimuli (Olofsson et al., 2007; Schupp et al., 2006).

The main hypothesis of this study was that semantic categories would predict additional 
variance in LPP amplitudes that valence or arousal could not explain by themselves. 
This hypothesis was given support by the results, showing that a model where semantic 
categories were taken into account better predicted LPPs than a model excluding them. 
This analysis also showed that both valence and arousal can be used as independent 
predictors of LPP, replicating findings from previous studies (e.g. Cuthbert et al., 2000) 

As shown in Figure 5, mean LPPs suggested a tendency  that some semantic categories 
elicited differentiated LPPs. However, results of the multiple regression (Table 3) 
showed that  none of the semantic categories had a unique effect on LPP. So, with the 
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neutral category  as a baseline, no particular category had an effect on LPP that was 
independent from the other categories and valence and arousal. 

This finding of nonsignificant effects of specific semantic categories is not consistent 
with previous research that has shown enhanced LPP amplitudes in response to pictures 
depicting erotic, mutilation, and threat scenes (Briggs & Martin, 2009, Schupp et al., 
2004). The inconsistency between the present result and the results presented by Schupp 
et al. could be due to the fact that the present study controlled for valence and arousal 
effects whereas the Schupp et al. study did not. So, results of enhanced LPP by Schupp 
et al. could be due to  confounding differences in arousal between the categories. By 
looking at the distribution of pictures on arousal in IAPS, this possibility becomes a 
plausible explanation because pictures of erotic, mutilation, and threat scenes are over 
represented among the highly arousing pictures.

Briggs and Martin (2009) did control for arousal effects; however, they did not select 
pictures to create categories of semantic content. Instead, they created categories of 
pictures that were either high or low in arousal, and they only  had a few pictures in each 
category. To create semantic categories, there ought to be many pictures in each 
category where the content varies to some degree but the semantic meaning of the 
pictures is consistent. Because the present study aimed to create semantic categories, 
there were many pictures in each category  with variations in valence and arousal 
ratings. This could provide an explanation to why the findings of the present study 
differs from Briggs and Martin (2009). The results of Briggs and Martin could be 
because they only compared the highly arousing erotic pictures with the highly  arousing 
pleasant (adventure) pictures. Therefore, their finding is limited to pictures of extreme 
arousal and will not be able to discover the effects of semantic content on affective 
picture brain processing. Because they used relatively  few pictures, the shown effects 
could also be due to specific features of the selected pictures.

Regarding the two dominating models of motivated attention, the model proposed by 
Lang (1997), predicting that similarly arousing positive and negative stimuli would 
elicit  equal LPPs, seems to have been given support by the results. There were no 
differences between the positive and the negative coarse categories in LPP amplitudes. 
However, it could be argued that the positive and the negative in fact, were not 
perceived as equally arousing by  the participants. Subjects in the present sample rated 
the negative pictures as more arousing than the positive pictures (Figure 3). Even so, the 
tendency was that the positive pictures evoked larger LPP amplitudes compared to 
negative pictures. 

Briggs and Martin (2008, 2009) have shown enlarged LPPs for positive compared with 
negative pictures. In their studies, highly arousing erotic pictures elicited largest LPPs 
compared to all other categories of pictures. Even though the present study could only 
show a tendency  of elicited LPPs for erotic pictures, it could be argued that the 
motivational relevance of picture content could influence activation of the appetitive 
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system that is only loosely connected to rated arousal levels. Briggs and Martin (2009) 
speculated that sexually arousing stimuli may exert an independent effect on the 
motivational system because they  convey information that is of relevance for survival. 
In their study, participants were asked to rate not only valence and arousal, but also how 
readily they would like to participate in the events depicted. Results showed that 
participants did not report  that they would like to participate in the erotic scenes 
compared to other, even less arousing positive events. This could be interpreted that the 
erotic scenes were not seen as positively arousing for all participants. 

In the current  findings participants did not report feeling aroused in response to erotic 
pictures. However, it could be argued that  participants in fact felt aroused by the erotic 
pictures but did not report this because it could be misinterpreted as sexual arousal. 
Understandably, being in a laboratory with electrodes attached to the head watching 
pictures of erotic content, participants could have felt uncomfortable, and therefore 
aroused. This might propose an explanation to the elicited LPPs found in previous, and, 
as indicated by a tendency in the present study, in response to erotic stimuli. LPP 
amplitudes have been shown to vary with arousal levels achieved from using other 
measurements than self-report, e.g. skin conductance (Schupp  et al., 2004). The LPPs 
for the erotic stimuli could  therefore be proposed to be elicited because these pictures  
are highly arousing, not only in a sexual sense, but because they evoke 
uncomfortableness within the experimental setting.

The results from the current study showed that semantic content is a predictor of LPP 
amplitudes. Therefore, the intermixture of e.g. erotic pictures and pictures of cute 
animals into one coarse positive valence category is crude and may  potentially confound 
studies that do not consider semantic content. Future studies need to consider and 
further investigate the effects of semantic content in affective picture processing, 
especially for erotic stimuli. This research might need to look further than the IAPS-
database (Lang et al., 2008) to find pictures that can be categorized into more discrete 
categories of semantic meaning.
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