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Emotion induction in psychological and neuroscientific research has been mostly done by presenting participants with picture or film material. However, it is debatable whether this passive approach to emotion induction results in an affective state comparable to real-life emotions, and if the neural correlates of emotion processing are ecologically valid. To investigate the appropriateness of pictures for the induction of emotions, we presented 56 participants in a within-subjects design with naturalistic disgusting and neutral stimuli as well as with pictures of said stimulus material while recording continuous EEG data. We calculated asymmetry indices (AIs) for alpha power as an index of emotion processing and emotion regulation at the F3/4, F5/6, F7/8, and O1/2 electrode pairs. Participants reported higher disgust ratings for disgusting naturalistic compared to disgusting pictorial stimuli. Investigating changes in the EEG signal in participants with a pronounced disgust response (n = 38), we found smaller AIs for naturalistic stimuli compared to pictures. Moreover, in this disgusted sub-sample, there were smaller AIs in response to naturalistic disgusting stimuli compared to pictorial disgusting and neutral stimuli at the O1/2 electrode pair indicating stronger activation of the right relative to the left hemisphere by naturalistic stimuli. As the right hemisphere has been shown to display dominance in processing negative and withdrawal-associated emotions, this might indicate that naturalistic stimuli are more appropriate for the induction of emotions than picture stimuli. To improve the validity of results from emotion induction, future research should incorporate stimulus material that is as naturalistic as possible.
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Introduction

Imagine coming home, hungry after a long trip and thus opening the fridge to get a snack. Opening the door, a foul stank hits you and you immediately see that it is coming from the moldy rotten cucumber you forgot to throw out. If this would happen in real life, most people would experience an intense feeling of disgust: an emotion characterized by revulsion and aversion (1).

Disgust is one of the six basic emotions (2) and is present across all cultures (3). More recent research has shifted to a more constructionist approach taking broadly distributed functional networks representing basic psychological operations as a basis for the production of a variety of emotional states (4, 5). The evolutionary benefit of disgust has been proposed to lie in the defense against parasitic diseases and the avoidance of stimuli associated with contamination (6, 7). Disgust can be differentiated in several dimensions, i.e., core disgust of feces, vomit, and vermin, blood-injury disgust, as well as interpersonal and sexual disgust of diseased individuals, and inappropriate sexual contact (8).

Using functional magnetic resonance imaging (fMRI), physical disgust has been identified to be strongly associated with the activation of the insula (9, 10). However, activation in the insular cortex is not specific to the experience of disgust (11), lending evidence to the view that the emergence of different emotions relies on similar brain networks (12). Moreover, the bilateral amygdala, the right inferior occipital and inferior frontal gyrus, left inferior temporal gyrus, as well as the left superior frontal gyrus have been shown to respond to disgusting stimuli (13). Disgust related to pathogens specifically was related to activation of the left amygdala, fusiform gyrus, and inferior frontal gyrus as well as the bilateral orbitofrontal cortex and precuneus (14). A number of studies have also investigated the neural basis of disgust using electroencephalography (EEG). Investigating resting state EEG, Li et al. (15) found that higher disgust sensitivity was associated with EEG microstate activity indicative of activation of the anterior default mode network that is involved in executive control. Task-related designs found increased amplitudes in event-related potentials (ERPs) such as the early posterior negativity (EPN), the anterior P2 component or the late positive potential (LPP) when comparing disgusting to fearful or neutral stimuli (16, 17). A recent study by Revers et al. (18) used differential responses in classically affect-associated components such as the N1, P2, EPN, or LPP, to classify whole-brain EEG patterns of sadness and disgust experiences. They found that amplitudes in the N2 and EPN allowed for an above-chance prediction whether disgust-related or sadness-related stimuli were presented.

A common denominator in research studying the neural basis of disgust is that it mostly relies on pictures from for example the International Affective Picture System (IAPS) or on movie clips to induce the aversive and repulsive response in participants (19, 20). Although it is conceivable that participants over-report successful emotion induction as a form of obsequiousness bias (21, 22), using pictures and videos for emotion induction has been shown to reliably trigger affective states (23). Nonetheless, there is still a marked difference in experiencing a threatening or disgusting stimulus only as a visual experience vs. experiencing said stimulus in real life, where the interaction with stimuli from the environment is usually involving multimodal sensory inputs. Furthermore, the emotional state is largely decoupled from behavioral and motivational states when the stimulus is presented on a computer screen. Emotions are multi-dimensional entailing not only an affective response but also physiological changes as well as behavioral tendencies (24). Experiencing fearful or disgusting stimuli would normally trigger a motivational state of avoidance to prevent harm (25) or contamination to oneself (26). These components of the emotional response are, however, unlikely to manifest both on the behavioral as well as neurophysiological level when participants passively perceive stimuli on a computer screen. Since this method of emotion induction is ubiquitous in neuroscience due to its advantage for event-related designs as well as constrained environments such as stationary EEGs or MRIs, the validity of these approaches to measure emotions as experienced in real-life remains is still debated.

To address this issue, there has been a call to increase ecological validity in affective neuroscience (27), which has already been implemented in several studies. For positive emotions, romantic partner interactions such as exchanging kisses or emotional and fond memories as well as compliments have been investigated using both EEG and fMRI (3, 28). Regarding negative emotions, fMRI studies have incorporated real human interactions such as insults by the experimenter to invoke feelings of anger in the participants (29, 30). A mobile EEG study has investigated the neural correlates of fear comparing a virtual plank-walking task eliciting strong and immersive fear reactions compared to the presentation of IAPS pictures in a within-subject design (31). Here, only the plank task was related to stronger relative frontal alpha power associated with stronger right-hemispheric activation (32). Recently, an EEG study by our group investigated frontal alpha asymmetries during a realistic stressful situation (33). We found a marked difference during acute stress on frontal and occipital electrodes with respect to asymmetry patterns whereas there was no difference in the following resting state measure.

Opposed to anger, fear and negative affect induced via stress, no study has, however, studied the neuronal correlates of disgust in ecologically valid settings. Aim of the present study is to fill this gap in the literature by investigating the influence of pictorial and naturalistic nauseating stimulus material as well as neutral control stimuli on alpha asymmetries as an indicator of emotional processing. Here, we specifically focused on frontal and occipital electrode sites in line with findings of Berretz et al. (33) who found effects in these regions during the induction of acute psychosocial stress. On the behavioral level, we predicted that nauseating stimuli would be perceived as more disgusting compared to neutral control stimuli. Furthermore, we expected that a naturalistic presentation of nauseating stimuli should lead to a stronger disgust response compared to a pictorial presentation. For the EEG data, we hypothesized that nauseating stimuli would lead to a stronger activation of the right frontal and occipital cortices reflected in higher left-hemispheric alpha power (34) compared to neutral control stimuli as negative and avoidance-related emotions are predominantly processed in the right hemisphere (35, 36). Finally, we hypothesized that naturalistic nauseating stimulus material would lead to a stronger increase in right-hemispheric activation compared to pictorial nauseating stimuli due to the multimodal and more realistic disgust experience.



Materials and methods


Participants

We gathered data from 56 participants (34 female, 22 male) at the Ruhr University Bochum, Germany. The sample size was based on previous results by Berretz et al. (33) who investigated the role of negative effect during acute psychosocial stress using a similar within-subjects protocol and the same analysis. To ensure that power was sufficient, we computed a sensitivity analysis at 80% power in a 2 × 2 ANOVA. With 56 participants, we would have been able to detect effect sizes of d = 0.38 which would correspond to small to medium effects. All participants were between 18 and 33 years old (mean = 23.9, SD = 3.7). 49 participants were right-handed and 7 were left-handed according to self-report. Participants were included if they had no history of previous or current mental or neurological disorders. Due to the nature of the stimulus material, we excluded participants with very high self-reported disgust sensitivity in a prescreening questionnaire using the German scale for disgust sensitivity [SADS (37)]. This was done to ensure that no participants would have an overwhelming visceral reaction to the stimulus material, which could compromise the participants’ well-being. The study was approved by the local ethics committee of the Faculty of Psychology at the Ruhr University Bochum. All participants were treated in accordance with the Declaration of Helsinki. Before the beginning of the testing session, participants were informed about the nature of the stimulus material in detail. All participants gave written informed consent and received a compensation of 20€ or course credit.



Stimulus material

We used 10 different nauseating and corresponding neutral stimuli in the present study. The neutral stimuli were chosen to resemble the nauseating stimuli on both a visual and haptic level to exclude that changes in EEG signaling were due to low level perceptual rather than affective differences. For example, a non-inflated balloon (neutral) corresponded to a used condom (nauseating). Some stimuli were artificially created for the purpose of the study (see Supplementary Figures 1–10 for all stimuli). This information was however not given to the participants prior to the study to induce a strong feeling of disgust.


1.Disgust: Sheep eyes/Neutral: Candy eyeballs

2.Disgust: Sheep lung/Neutral: Sponge

3.Disgust: Sheep intestine/Neutral: Plastic tubes

4.Disgust: Used condom (filled with soap)/Neutral: Airless balloon

5.Disgust: (Fake) vomit/Neutral: Oatmeal

6.Disgust: (Fake) blood/Neutral: Tomato sauce

7.Disgust: Used tampon (soaked in venous blood)/Neutral: Unused tampon

8.Disgust: Rotten sandwich and yogurt/Neutral: Fresh sandwich and yogurt

9.Disgust: Hair pulled from the shower drain/Neutral: cord

10.Disgust: Dead mealworms/Neutral: Candy worms



These stimuli were chosen to cover a large variety of disgust eliciting stimuli that can be encountered in everyday life. Core disgust was elicited by vomit and mealworms, blood-injury disgust was elicited by sheep lungs, eyes, and intestine as well as blood. Interpersonal and sexual disgust of diseased individuals and inappropriate sexual contact were evoked by the used condom, used hygiene products and hair pulled from the drain.

The stimuli were kept in a refrigerator at four degrees Celsius in the experimental room to maintain their status over duration of the study. Stimuli were exchanged for new ones in case of notable differences in integrity, smell, or rottenness. Glass containers for keeping and presentation of some stimuli (see Supplementary material) were acquired at IKEA (Korken, 1l) and sealed with glue and parafilm. All other stimuli were kept and presented in air sealed plastic bags used for vacuum sealing food. Participants were able to see and handle all naturalistic stimuli but were not able to smell or directly touch the stimuli to avoid contamination with potential germs that could compromise participants’ health.



Procedure

After giving consent, participants were outfitted with a 64-channel EEG cap and underwent a 5-min resting-state measure to ensure high data quality from all channels. Afterward, participants were presented with four different blocks of stimuli: 10 naturalistic disgusting stimuli, 10 corresponding naturalistic neutral stimuli as well as 10 pictures of disgusting stimuli, and 10 pictures of neutral stimuli. The order of blocks as well as the order of stimuli within each block was counterbalanced across participants to minimize any sequential effects in the data. The naturalistic stimuli were presented in either a plastic bag or a glass jar. The pictorial stimuli were photographs of their real counterparts to match the visual sensation. Each trial started with a fixation cross in the middle of the screen for 30 s after which a word corresponding to the following stimulus was shown for 10 s. In naturalistic conditions, an experimenter would bring the stimuli to the participants during this period and remove the previous stimulus. Stimuli were placed on the desk between the head rest and the computer monitor. Stimuli were presented for 60 s and removed from the room by the experimenter or replaced with a fixation cross on the screen after this time period (see Figure 1 for the trial procedure). During the presentation of the stimuli, the experimenter left the room and closed the door so that participants were alone during the examination of naturalistic and pictorial stimuli. Participants were instructed to inspect all stimuli intently and to touch the naturalistic stimulus material. After each block of stimulus type, participants were asked to rate how disgusting each stimulus was and how uncomfortable they imagined handling each stimulus would be on a 0 (not disgusting/uncomfortable) to 10 (extremely disgusting/uncomfortable) scale. Triggering stimulus on- and offset in the EEG data in the pictorial conditions was automatic. In the naturalistic conditions, a second experimenter manually set triggers for stimulus onset waiting for the exact moment, the naturalistic stimuli were placed in front of the participants. Stimulus offset was set automatically after 60 s.
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FIGURE 1
Procedure of each individual trial in the (A) nauseating and (B) neutral condition. Before each trial, the participants were asked to fixate on a fixation cross for 30 s. Then, the next item to be presented was shown for 10 s on the screen. In a pictorial block, this item was then presented on the screen for 60 s (illustrated here). In a naturalistic block, the experimenter brought this item to the participant and took it away as soon as the 60 s ended.




EEG recording and analysis

We recorded EEG data with a 64 Ag–Ag Cl electrode system (actiCAP ControlBox and QuickAmp 72, Brain Products GmbH, Gilching, Germany). Electrodes were positioned according to the international 10–20 system (FCz, FP1, FP2, F7, F3, F4, F8, FC5, FC1, FC2, FC6, T7, C3, Cz, C4, T8, TP9, CP5, CP1, CP2, CP6, TP10, P7, P3, Pz, P4, P8, PO9, O1,Oz, O2, PO10, AF7, AF3, AF4, AF8, F5, F1, F2, F6, FT9, FT7, FC3, FC4, FT8, FT10,C5, C1, C2, C6, TP7, CP3, CPz, CP4, TP8, P5, P1, P2, P6, PO7, PO3, POz, PO4, PO8). The sampling rate during recording was 1 kHz. The reference electrode was located at the FCz position. Data analysis was performed offline using the Brain Vision Analyzer software (Brain Products GmbH). In a first step, data were down-sampled to 500 Hz and visually inspected for motion artifacts as well as faulty channels. Subsequently, data were filtered with a low cutoff filter of 0.5 Hz and a high cutoff filter of 30 Hz, and an additional notch filter of 50 Hz. After that, we applied a semiautomatic independent component analysis (ICA) with Infomax rotation to eliminate reoccurring artifacts like pulse, blinks, and eye movements from the data. Following this, data were epoched into 60-s segments corresponding to each stimulus. Data were baseline corrected across the whole segment length before cutting each segment into epochs of 1,024 ms. Lastly, we performed an automatic artifact rejection, which excluded segments with voltage steps of more than 50 μV/ms, a maximum value difference of outside the range of 200 μV within a 200 ms interval or amplitudes below 0.1 μV. For the naturalistic disgusting and the naturalistic neutral conditions, 2.6% of segments were rejected each. For the pictorial disgusting and the pictorial neutral condition, 1 and 1.7% of segments were rejected, respectively.



Statistical analysis

For analysis, we focused on two primary outcomes measures. First, we looked at behavioral responses to the questionnaires as these are the most informative to assess the participants’ individual emotional responses to the stimuli. As a second outcome measure, we focused on alpha asymmetries as these have been reliably shown to be associated with emotional processing in humans [for review, see Reznik and Allen (32)].

To analyze the behavioral data, we performed a repeated-measures ANOVA with the factor condition (pictorial vs. naturalistic) and the factor emotion (neutral vs. nauseating) on the ratings of disgust and imagined discomfort. For the analysis of the EEG data, we focused on asymmetries in the alpha frequency band (8–13 Hz) at the electrode pairs F3/4, F5/6, F7/8, and O1/2. Electrodes were chosen identically to the study of Berretz et al. (33) as both frontal and occipital electrodes showed changes in asymmetry patterns during acute psychosocial stress. Asymmetries on these frontal electrodes have been suggested to be involved in emotional regulation (38, 39). The occipital electrodes were chosen as they map onto the alpha frequency generators in the brain (34). We extracted alpha power as an average across all stimulus presentations per electrode and then calculated asymmetry indices (AIs) for the alpha power for each electrode pair following the formula by Reznik and Allen (32):
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Asymmetry indices are most easily interpreted as follows: a relatively smaller AI is indicative of relatively higher alpha power in the left hemisphere. Since alpha power is negatively correlated with activation (34), this is indicative of stronger right-hemispheric activation. A relatively higher AI is therefore indicative of stronger relative left-hemispheric activation.

We performed one repeated-measures ANOVA on the AIs with the factor condition (pictorial vs. naturalistic), and the factor emotion (neutral vs. nauseating) for each electrode pair (F3/4, F5/6, F7/8, O1/2). All post-hoc tests were Bonferroni corrected. To assess the evidence not only for the alternative but also the null hypothesis, we complemented all analyses with their Bayesian analogues to obtain Bayes factors (BFs). The BF represents the amount of evidence for the null or alternative. For example, a BF of 2 indicates that there is twice as much evidence for the alternative compared to the null hypothesis. While BFs provide continuous measures of evidence, common thresholds to mark moderate evidence are a BF > 3 for the alternative hypothesis and a BF < 1/3 for the null hypothesis (40). The BFincl will be used for the results of ANOVAs and the BF10 will be used for relevant post-hoc tests. Bayesian analyses were computed in JASP (v 16.4.0) using default priors.




Results


Behavioral results

The ANOVA on mean disgust ratings (see Supplementary Table 1 for descriptive data) with the factors condition and emotion revealed a significant main effect of emotion [F(1,55) = 108.93, p < 0.001, ηp2 = 0.66, BFincl > 100; Supplementary Table 2] with higher disgust ratings for nauseating compared to neutral stimuli. Here, both nauseating naturalistic (p < 0.001, BF10 > 100) and pictorial stimuli (p < 0.001, BF10 > 100) were perceived as more disgusting compared to their neutral counterparts. Moreover, the interaction between condition and emotion also reached significance [F(1,55) = 5.13, p = 0.027, ηp2 = 0.09, BFincl = 9.26]. Here, we found higher disgust ratings for nauseating naturalistic compared to nauseating pictorial stimuli (p = 0.005, BF10 = 6.80). The ANOVA on mean imagined discomfort ratings (see Supplementary Table 1 for descriptive data) with the factors condition and emotion resulted only in a significant main effect of emotion [F(1,55) = 112.23, p < 0.001, ηp2 = 0.67, BFincl > 100; Supplementary Table 3] with higher discomfort ratings for nauseating compared to neutral stimuli (see Figure 2). Again, both nauseating naturalistic (p < 0.001, BF10 > 100) and pictorial stimuli (p < 0.001, BF10 > 100) were associated with higher discomfort relative to their neutral counterpart.
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FIGURE 2
Behavioral results for the experienced disgust and imagined discomfort ratings. Experienced disgust was more pronounced for nauseating stimuli, especially in naturalistic conditions. Imagined discomfort only differed between nauseating and neutral stimuli.




EEG results

The ANOVA on AIs at the F3/4 electrode pair (see Supplementary Table 4 for descriptive data) with the factors condition and emotions resulted in no significant main effect of condition [F(1,55) = 3.72, p = 0.059, ηp2 = 0.06, BFincl = 0.52], nor a significant main effect of emotion [F(1,55) = 1.00, p = 0.321, ηp2 = 0.02, BFincl = 0.20]. The interaction between both factors also failed to reach significance [F(1,55) = 0.25, p = 0.622, ηp2 < 0.01, BFincl = 0.08]. Similarly, the ANOVA on AIs at the F5/6 electrode pair with the same factors showed no main effect of condition [F(1,55) = 0.30, p = 0.584, ηp2 < 0.01, BFincl = 0.16], no main effect of emotion [F(1,55) = 0.01, p = 0.944, ηp2 < 0.01, BFincl = 0.12] and no significant interaction between both factors [F(1,55) = 0.59, p = 0.448, ηp2 < 0.01, BFincl = 0.03]. The ANOVA on AIs at the F7/8 electrode pair showed no significant main effect of condition [F(1,55) = 1.94, p = 0.170, ηp2 = 0.03, BFincl = 0.37], nor a significant main effect of emotion [F(1,55) = 2.45, p = 0.123, ηp2 = 0.04, BFincl = 0.36], and no significant interaction between condition and emotion [F(1,55) = 2.76, p = 0.102, ηp2 = 0.05, BFincl = 0.35]. While the ANOVA on AIs at the O1/2 electrode pair also showed no significant main effect of condition [F(1,55) = 1.66, p = 0.203, ηp2 = 0.03, BFincl = 0.35], there was a significant main effect of emotion [F(1,55) = 5.73, p = 0.020, ηp2 = 0.09, BFincl = 1.22] with smaller AIs in the disgust compared to the neutral condition suggesting stronger right-hemispheric activation. The interaction between the factors condition and emotion was not significant [F(1,55) = 2.41, p = 0.126, ηp2 = 0.04, BFincl = 0.46; see Figure 3].
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FIGURE 3
EEG results for the F3/4, F5/6, F7/8, and O1/2 electrodes for all participants. No significant differences in activity patterns were observed on frontal electrodes between any experimental block. For the O1/2 electrode, smaller AIs could be detected for nauseating compared to neutral stimuli.


A notable result in the behavioral ratings was that a subset of participants was not disgusted by any stimuli at all (average disgust score for naturalistic nauseating stimuli ≤ 2; N = 18). Since we pre-selected our participants before the study to not be overly sensitive to disgust, a possible side effect could have been that the sample was skewed toward people who are not easily disgusted. We decided to exclude these participants in an exploratory analysis to only evaluate the neuronal signals of participants with an overall self-report of a disgusting experience in the most disgusting condition. Removing these 18 participants resulted in a sample of 38 participants (24 women, mean age = 23.1 years).

We thus repeated the analyses mentioned above with participants that displayed an emotional reaction to the stimulus material. The ANOVA on AIs at the F3/4 electrode revealed a significant main effect of condition [F(1,37) = 5.46, p = 0.025, ηp2 = 0.13; see Supplementary Table 5 for descriptive data] with smaller AIs in the naturalistic condition suggesting stronger right-hemispheric activation when naturalistic stimuli were presented. Of note is that the Bayesian ANOVA tentatively suggested absence of evidence (BFincl = 0.73). No other main effect or interaction was significant (ps > 0.635, all BFincl < 0.18). The ANOVA on AIs at the F5/6 electrode pair showed no significant main effect of condition [F(1,37) = 1.50, p = 0.229, ηp2 = 0.04, BFincl = 0.31], nor a significant main effect of emotion [F(1,37) = 0.21, p = 0.652, ηp2 < 0.01, BFincl = 0.16] and no significant interaction between condition and emotion [F(1,37) = 0.10, p = 0.750, ηp2 < 0.01, BFincl = 0.05]. The ANOVA on AIs at the F7/8 electrode pair revealed no significant main effect of condition [F(1,37) = 1.98, p = 0.168, ηp2 = 0.02, BFincl = 0.42], nor a significant main effect of emotion [F(1,37) = 2.94, p = 0.095, ηp2 = 0.07, BFincl = 0.50], and no significant interaction between condition and emotion [F(1,37) = 1.79, p = 0.189, ηp2 = 0.05, BFincl = 0.30]. Finally, the ANOVA on AIs at the O1/2 electrode pair with the same factors demonstrated a significant main effect of emotion [F(1,37) = 5.53, p = 0.024, ηp2 = 0.17, BFincl = 3.49] with smaller AIs in response to nauseating stimuli. Furthermore, the interaction between condition and emotion also reached significance [F(1,37) = 5.03, p = 0.031, ηp2 = 0.12, BFincl = 5.24]. Here, we found smaller AIs in response to naturalistic nauseating stimuli compared to pictorial nauseating and neutral stimuli (p = 0.002, BF10 = 17.09, see Figure 4) suggesting that naturalistic nauseating stimuli evoked stronger right-hemispheric activation compared to a pictorial presentation. A scalp view of the result pattern is shown in Figure 5.
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FIGURE 4
EEG results for the F3/4, F5/6, F7/8, and O1/2 electrodes for the participants with a disgust response. On the F3/4 electrode, pictorial stimuli were associated with higher AIs. On the O1/2 electrode, disgusting stimuli were related to smaller AIs compared to neutral stimuli. Furthermore, naturalistic disgust stimuli elicited more negative AIs compared to pictorial disgust stimuli.
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FIGURE 5
Scalp topography for alpha power across the four experimental conditions.





Discussion

In the present study, we investigated whether pictorial and naturalistic nauseating stimuli elicit differential responses in terms of perceived disgust and in the EEG signal. To this end, participants were presented with naturalistic and pictorial nauseating stimuli. Each stimulus also had a neutral counterpart similar in haptic and visual features to control for sensory differences in the objects. On the behavioral level, participants rated the nauseating stimuli as more disgusting compared to the neutral stimuli. Furthermore, naturalistic nauseating stimuli were perceived as more disgusting than their pictorial counterparts. On the neurophysiological level, we found that naturalistic nauseating stimuli lead to a stronger relative activation of the right hemisphere compared to pictorial stimuli at the alpha oscillation generators at occipital sites. When we only analyzed individuals with a disgust response to the nauseating stimuli, we furthermore found an interaction between the valence of the stimuli and their presentation type. Here, naturalistic nauseating stimuli were associated with stronger relative right-hemispheric activation compared to pictorial nauseating stimuli. No such effect was observed for neutral stimuli.

In accordance with our hypotheses, participants perceived nauseating stimuli as significantly more disgusting than control stimuli, which were not evaluated as disgusting at all. This indicates a reasonable choice of stimulus material as neutral stimuli were rated as neutral while still providing similar visual and haptic features. Among the nauseating stimuli, naturalistic ones were perceived as significantly more disgusting than pictures of the stimulus material. This suggests that real-life stimuli elicit a stronger emotional reaction than merely looking at pictures of the same content. Previous studies have demonstrated that pictures are generally inferior to other methods of emotional induction. For example, movie clips show a stronger effect for emotion induction compared to pictures (41, 42). Moreover, emotion regulation in response to pictures is easier for participants than in response to movies (43, 44) indicating that movies have a longer lasting and more severe impact on acute affect. Recent studies also made use of virtual reality (VR) to increase the effectiveness of emotion induction (45). In a study by Li et al. (46), the authors utilized an interactive VR environment for induction of emotions. The authors found that VR not only increased the emotional arousal of the participants but also only VR stimulus material induced asymmetries in the alpha power band. This suggests that the more naturalistic and engaging the stimulus material is, the better it is suited for the induction of affective states.

Future research on emotion processing and regulation may benefit from incorporating naturalistic stimuli. In the case of disgust, studies examining the visual exploration of emotion inducing stimuli have typically used pictorial stimuli (47). In addition, visual inspection and behavioral approach and avoidance tendencies in response to naturalistic stimuli could strengthen the interpretation of results. Especially the evaluation of emotion regulation strategies for disgust related disorders like Obsessive Compulsive Disorder (48) may profit from the use of naturalistic stimuli as patients encounter these stimuli outside of the therapy setting.

An interesting finding was observed in the difference between the perceived disgust and imagined discomfort scale that the participants had to report following their engagement with the stimulus material. While participants displayed increased experienced disgust in response to naturalistic compared to pictorial nauseating stimuli, there was no significant difference in imagined discomfort between naturalistic and pictorial stimuli. Since they were specifically asked to picture themselves interacting with the stimuli, this difference in results could be explained by the fact that participants were similarly good in imagining an interaction with the stimulus material regardless of mode of presentation thus leading to no difference in imagined discomfort (49).

On the neurophysiological level, we could partly confirm our hypothesis that the processing of disgusting stimuli is associated with a stronger recruitment of the right hemisphere as we found stronger right-hemispheric activation in response to nauseating compared to neutral stimuli at the O1/2 electrode pair. This is in line with previous work proposing that the right hemisphere is dominant for eliciting and processing negative and withdrawal-related emotions (50, 51). Contrasting our prediction and the behavioral findings however, there was no difference between the presentation of naturalistic and pictorial stimuli when the whole sample was investigated. This discrepancy could be explained by differences in signal-to-noise ratio in the data. Participants without any reported disgust response were likely to contribute noise, as they did not experience any negative affect. Thus, although the power was effectively reduced by decreasing the sample size, we could find an interaction effect in a sub-sample of individuals who reported an overall disgust experience throughout the task. As hypothesized, we found stronger relative right-hemispheric activation in response to naturalistic compared to pictorial nauseating stimuli indicating that the method of presentation not only affects behavioral but also cerebral responses associated with avoidance and negative affect. These findings suggest that naturalistic stimuli are superior in emotion research and that pictures are suboptimal to induce affective states in line with other studies that failed to find changes in asymmetry using pictorial stimuli (31, 52–54). It could be argued that these results could be attributed to higher arousal resulting from the presentation of naturalistic stimuli. Indeed, higher arousal has been associated with lower alpha power (55). However, alpha asymmetries are a relative measure, comparing left-hemispheric to right-hemispheric EEG activity. This suggests that the overall level of arousal and thus activation is irrelevant unless arousal states activate one hemisphere more strongly than the other. Since there is a wide body of evidence supporting the notion that differences in emotional valence elicit asymmetrical activation patterns, but evidence for lateralization of arousal is sparse (56), we do not believe that arousal played a major role in our observed results.

The usefulness of naturalistic stimulus material compared to pictures may be especially pronounced when investigating disgust specifically. Pictorial stimuli can be viewed indefinitely without any real risk and thus do not require a fast reaction. Previous studies have shown that pictorial disgust stimuli are viewed longer than fear-inducing stimuli while not being processed better (47, 57). Pictures of disgusting stimuli could trigger a form of morbid curiosity, paradoxically leading to the seeking out of these pictures (58). Naturalistic stimuli on the other hand offer the direct threat of contamination necessitating a quick and decisive reaction. In an experimental setting without the possibility to avoid the stimulus material, this could lead to the induction of stronger emotions.

A similar effect could be induced by selecting maximally negatively rated pictures. However, this may run into a sort of ceiling effect, as the maximal disgust strength induced by pictures is still likely lower than the disgust induced by disgusting naturalistic stimuli. Nevertheless, using pictures for emotion induction is still useful, especially when investigating sensitive populations like strongly-affected patients or children since outcomes like emotion regulation can also be investigated with pictures (59).

Interestingly, only for this sub-sample of participants, we found an effect on frontal electrodes. Although we predicted the same pattern for frontal and occipital sites, no difference between the presentation of nauseating and neutral stimuli was observed at frontal electrode sites. Rather, frontal electrodes showed differences in asymmetry between the presentation of naturalistic and pictorial stimuli. A possible explanation for these results could relate to frontal alpha asymmetry being associated with the processing of salience as shown for example in studies using salient erotic stimuli (60, 61). The differential pattern between frontal and occipital electrodes resembles findings observed by Berretz et al. (33) during the measurement of acute psychosocial stress as increases in right hemispheric activation were also selective for occipital sites. Frontal sites however showed signal changes associated with emotional challenge in line with the capability model of emotions (62, 63). These findings suggest that asymmetry patterns are not uniform across the scalp as observed in several other EEG studies studying both negative and positive affect [e.g., (28, 64)]. It could be speculated that affective patterns are most strongly represented at the origin of alpha power oscillations as alpha rhythms are generated at the occipital cortex (65). Frontal alpha asymmetries might however represent not exclusively affect, but also salience or signals of emotional challenge as well as emotional regulation (38, 39) and are thus more complex in nature. Since our significant result on frontal electrodes was not supported by a Bayes factor in favor of the alternative hypothesis, this result should be treated with caution, however.


Limitations and future directions

As already pointed out, a possible limitation of the current study can be found in the selection of participants. To ensure that no participants had a severe aversive reaction toward the stimulus material, we specifically recruited participants that reported a high tolerance for disgust during prescreening. This could have obscured more nuanced effects and overall limited the generalizability of our results to the population at large. Moreover, applying naturalistic stimuli in research might come with its own caveats. Using real fear or sadness-inducing stimulus material may constitute a serious burden to participants and might not always be ethically achievable. This may be specifically problematic when working with vulnerable populations like children or patient cohorts. Nevertheless, we believe that introducing more naturalistic stimuli into neuroscientific research can help understand inconsistencies in results between studies and lead to more valid interpretations of the literature, especially in the heterogeneous field of emotional lateralization.

Another potential limitation pertains to the differences in modality between conditions. In the naturalistic task, there was both haptic and visual input whereas the pictorial condition was exclusively visual. Thus, it cannot be definitively ruled out that our obtained results were due to haptic differences. As pointed out, however, the computation of asymmetry indices should remove any bilateral activation patterns. Since the participants explored the objects with both hands, haptic input should have been the same between both conditions. We thus do not believe that modality was of major influence.

Finally, our experimental design unfortunately does not allow us to look at ERP components that had been previously associated with the processing of disgust (e.g., N1 or EPN). The computation of ERPs requires block designs with millisecond accuracy trigger events. This was not possible for the naturalistic presentation since the onset of the trial was manually triggered by the experimenters. Furthermore, the number of trials was too low to look at ERPs reliably.




Conclusion

In summary, we found that naturalistic nauseating stimuli are more effective to induce disgust on the subjective level. These results were supported by stronger right-hemispheric occipital brain activity. Future studies should therefore aim to increase the ecological validity of the emotional situation and the stimulus material to increase the odds of inducing realistic affective states in laboratory settings.
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