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Abstract 

The Reward Positivity (RewP) and the Stimulus Preceding Negativity (SPN), two event-

related brain potentials associated with reward delivery and reward anticipation, are 

modulated by motivational intensity. Motivational intensity is the effort organisms would 

make to exert behaviors and it varies with the difficulty of exerting that behavior. If a task is 

perceived as impossible, which means that one does not have control over own outcomes, 

motivational intensity is low. In the current study, we tested the prediction that perceiving 

control over one’s outcomes increases both the RewP to feedback and the SPN prior to 

feedback compared to perceiving no control. We also examined whether P300 and LPP 

amplitudes to reward and nonreward images were similarly modulated. Twenty-five female 

participants completed a gambling task in which correct choices were followed by pictures of 

attractive men and incorrect choices were followed by pictures of rocks. To manipulate 

perceived control, participants were told that in one block of trials, they could learn a mouse-

click-rule in order to see only pictures of men (high perceived control condition), while in the 

other block, the pictures would appear randomly (low perceived control condition). However, 

in both conditions, feedback appeared randomly. Although the RewP was elicited in both 

blocks, the RewP and SPN were higher in the high perceived control condition, i.e., when 

participants thought that they could influence their outcomes. Perceived control did not 

modulate the P300 and LPP to pictures. The results suggest that approach motivation and its 

intensity modulate the processing of performance feedback. 

Keywords: control, reward positivity, stimulus preceding negativity, approach 

motivation
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Introduction 

Much recent research has examined the Reward Positivity (RewP), an event-related 

potential (ERP) component evoked by the processing of response outcomes (Proudfit, 2015). 

Various factors have been found to influence the amplitude of the RewP1. For example, anger 

causes a larger RewP (Angus, Kemkes, Schutter, & Harmon-Jones, 2015) and depressive 

symptoms are related to a smaller RewP (Bress, Meyer, & Proudfit, 2015; Foti & Hajcak, 

2009; Foti, Kotov, Klein, & Hajcak, 2011). One interpretation of these results is that 

motivational direction influences the RewP. That is, approach motivation causes a larger 

RewP, whereas withdrawal motivation causes a smaller RewP. An ERP component preceding 

uncertain feedback about a task is the Stimulus Preceding Negativity (SPN). It has been 

found to be larger for affective-motivational feedback, such as threat- or reward-related 

stimuli (Böcker, Baas, Kenemans, & Verbaten, 2001; Poli, Sarlo, Bortoletto, Buodo, & 

Palomba, 2007). Thus, the SPN reflects the anticipation of motivational feedback stimuli 

(Böcker et al., 2001; Böcker, Brunia, & Van den Berg-Lenssen, 1994). 

Motivational theories consider motivational direction to be one of two fundamental 

dimensions of motivation. The other dimension, motivational intensity, may also alter the 

amplitude of the RewP and the SPN. Some evidence appears consistent with this idea, even 

though these results were not interpreted in this manner. For instance, if individuals receive 

reward feedback after passively observing a computer or another person making the decisions 

that led to the reward, both the RewP (Bellebaum, Kobza, Thiele, & Daum, 2010; Bismark, 

Hajcak, Whitworth, & Allen, 2013; Yeung, Holroyd, & Cohen, 2005) and the SPN are 

smaller than after individuals actively make the decisions (Masaki, Yamazaki, & Hackley, 

2010). These findings suggest that the extent to which individuals actually influence their 

outcomes affects the RewP and the SPN. But does a similar pattern of results emerge when 

individuals’ behavior does not actually influence the outcome but they believe that it did? 
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Some evidence suggesting that such a belief, or perceived control, may influence the 

amplitude of the RewP comes from a recent study by Angus et al. (2015). In this study, 

individuals’ perceived control (i.e., how much they thought their choices affected whether 

they received a reward) was positively correlated with the amplitude of the RewP. In the 

present study, we followed up on the results of Angus et al. (2015) but manipulated 

individuals’ perception of control over their own outcomes. More specifically, we varied 

whether individuals believed or did not believe that they could influence whether they would 

receive rewards. We therefore employed two conditions that required participants to engage 

in exactly the behavior for the same tasks and rewards and the only aspect that differed 

between conditions was the psychological meaning of the task to the participants. 

The Reward Positivity and the Stimulus-Preceding Negativity 

Anticipating and evaluating feedback indicating the success or failure of actions is 

essential for guiding future behavior. To examine the brain activity related to reward 

anticipation and delivery, research makes use of the Stimulus Preceding Negativity (SPN) 

and the Reward Positivity (RewP). The SPN is a negative-going ERP that is elicited during 

the anticipation of an uncertain or a motivationally salient stimulus, including response 

feedback, and is most pronounced in the 200ms prior to stimulus presentation (Brunia, 1988; 

Brunia & Damen, 1988; Catena et al., 2012; Kotani, Hiraku, Suda, & Aihara, 2001; Kotani et 

al., 2003; Poli et al., 2007; van Boxtel & Böcker, 2004). The SPN is thought to represent 

activation in the lateral prefrontal and insular cortex (Böcker et al., 1994; Brunia, de Jong, 

van den Berg-Lenssen, & Paans, 2000; Kotani et al., 2009). The SPN differs from other slow 

negative-going ERPs that occur during the anticipation of a stimulus or movement, such as 

the Contingent Negative Variation (CNV) and the Readiness Potential (RP). Unlike the SPN, 

the CNV is elicited during the anticipation of a stimulus that requires a response (Brunia, 

2003; Leuthold, Sommer, & Ulrich, 2004; Verleger, Wauschkuhn, Van der Lubbe, 
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Jawkowski, & Trillenberg, 2000), and the RP is elicited during the anticipation of a self-

paced movement (Kornhuber & Deecke, 1965). 

The RewP is an early positive-going ERP that is sensitive to outcomes. It peaks at 

frontocentral sites approximately 300ms after individuals receive feedback and is largest 

following positive outcomes, such as monetary gains compared to losses (Foti, Weinberg, 

Dien, & Hajcak, 2011; Hajcak, Moser, Holroyd, & Simons, 2006; Proudfit, 2015). This ERP 

has been known as a negative deflection that is greater for losses than gains. In previous 

research, it has been referred to as the feedback-related negativity or feedback negativity 

(FRN or FN; Hajcak et al., 2006; Yeung et al., 2005), feedback error-related negativity 

(fERN; Holroyd, Hajcak, & Larsen, 2006), or medial frontal negativity (MFN; Gehring & 

Willoughby, 2002). However, Proudfit (2015) argued that the apparent negative deflection 

that is greater for losses than gains actually reflects a positive deflection that is greater for 

gains than losses. He bases his argument on studies showing that both losing and breaking 

even always elicited a negativity whereas winning elicited a positivity (Holroyd et al., 2006; 

Kujawa, Smith, Luhmann, & Hajcak, 2013). Proudfit (2015) argues that the negative 

deflection to nonreward or punishment feedback is a “baseline” response, with rewarding 

feedback producing a positive deflection. 

The RewP has been associated with multiple neural regions engaged in reward 

processing. Using ERP and fMRI measures simultaneously, Becker, Nitsch, Miltner, and 

Straube (2014) found that the RewP on win but not on loss trials corresponded with BOLD 

activation in the ventral striatum, midcingulate, and midfrontal cortices. Other studies 

localized it to the ventral striatum (Carlson, Foti, Harmon-Jones, & Proudfit, 2015), to the 

anterior cingulate cortex (Bellebaum & Daum, 2008; Gehring & Willoughby, 2002; Hauser et 

al., 2014; Zhou, Yu, & Zhou, 2010), and to a reward circuit encompassing the ventral 
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striatum, medial prefrontal cortex / anterior cingulate cortex, orbital frontal cortex, amygdala, 

and caudate (Carlson, Foti, Mujica-Parodi, Harmon-Jones, & Hajcak, 2011).  

Motivational Direction 

Personality characteristics as well as situational factors have been found to modulate 

the amplitude of the RewP. Larger RewP amplitudes have been observed in participants with 

greater self-reported extraversion (Cooper, Duke, Pickering, & Smillie, 2014; Smillie, 

Cooper, & Pickering, 2011), higher scores on the Behavioral Activation System scale (BAS 

scale, Carver & White, 1994; Boksem, Tops, Wester, Meijman, & Lorist, 2006; Lange, Leue, 

& Beauducel, 2012), and higher scores on the Reward Responsiveness Scale (RR scale, Van 

den Berg, Franken, & Muris, 2010; Bress & Hajcak, 2013). By contrast, smaller RewP 

amplitudes have been linked to greater state-induced sadness (Foti & Hajcak, 2010) and 

depressive symptoms (Bress & Hajcak, 2013; Bress, Smith, Foti, Klein, & Hajcak, 2012; Foti 

& Hajcak, 2009; Foti, Kotov, et al., 2011). These findings could be interpreted to indicate 

that motivational direction (approach or withdrawal) or affective valence (positive or 

negative) influence the amplitude of the RewP, as the studies examined constructs that 

confounded motivational direction with affective valence. That is, approach-positive or 

withdrawal-negative states and traits were examined in this past research, although approach 

and positivity are dissociable. 

While approach motivation is a motivation to move toward something, withdrawal or 

avoidance motivation is a motivation to move away from something (Harmon-Jones, 

Harmon-Jones, & Price, 2013). Although approach motivation is often linked to positive 

affect (Amodio, Shah, Sigelman, Brazy, & Harmon-Jones, 2004; Carver & White, 1994), and 

withdrawal motivation to negative affect (Amodio et al., 2004; Carver & White, 1994; 

Tullett, Harmon-Jones, & Inzlicht, 2012), a large body of evidence has suggested that 

approach motivational direction and positive affective valence do not always co-occur. 
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Anger, a negative affective state, is also associated with approach motivation (e.g. Harmon-

Jones & Allen, 1998; Harmon-Jones, Harmon-Jones, Abramson, & Peterson, 2009; Harmon-

Jones, 2003; Harmon‐Jones, 2004). 

A recent study (Angus et al., 2015) sought to remove this common confound of 

motivational direction with affective valence by examining anger. Angus et al. (2015) first 

induced anger or neutral affect in male participants. Afterwards, participants played a 

gambling task in which correct choices were followed by pictures of attractive women 

(reward) and incorrect choices by pictures of rocks (nonreward). The amplitude of the RewP 

was larger the more participants liked the rewarding pictures, particularly in the anger-

arousing condition. These findings suggest that approach motivational states such as anger 

increase the RewP, and further suggest that motivational direction rather than affective 

valence modulates the RewP. 

Similarly, motivation also influences the SPN. It has been shown to be larger if a 

feedback stimulus has a rewarding character, such as a monetary incentive (Kotani et al., 

2001, 2003; Masaki, Takeuchib, Gehring, Takasawad, & Yamazakia, 2006; Ohgami, Kotani, 

Hiraku, Aihara, & Ishii, 2004). 

Motivational Intensity 

Most theories of motivation, in addition to considering motivational direction as a 

fundamental dimension, consider motivational intensity as a fundamental dimension. 

According to Brehm’s theory of motivation intensity (Brehm & Self, 1989; Wright & Brehm, 

1989), actual motivational intensity varies with the difficulty of exerting behavior (Brehm & 

Self, 1989; Brehm, Wright, Solomon, Silka, & Greenberg, 1983; Wright & Brehm, 1989). As 

difficulty increases, actual motivational intensity increases up to the point where success is 

perceived as impossible. If a task is perceived as impossible, motivational intensity should be 

low. Thus, perceiving a task as impossible or beyond one’s control should lower motivational 
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intensity. Brehm’s theory of motivational intensity and its consideration of perceived control 

followed from previous theories of reactance (Brehm, 1966) and learned helplessness 

(Wortman & Brehm,1975; Seligman,1975). These theories have also been used to better 

understand depression, a condition in which individuals often feel unable to control their 

outcomes. Individuals with depression have low motivational intensity because their lack of 

perceived control may have developed after repeated experiences of control deprivation 

(Baum, Fleming, & Reddy, 1986; Mikulincer, 1988; Pittman & Pittman, 1979; Seligman, 

1975; Wortman & Brehm, 1975). Perceived control means that one believes one is able to 

produce desired outcomes through one’s own actions (e.g., Baumeister, 1999; Pittman & 

D’Agostino, 1989; Skinner, 1995, 1996). In line with predictions derived from Brehm’s 

motivational intensity theory, when individuals do not expect control, their motivational 

intensity should be low. 

How motivational intensity is influenced by perceived control is illustrated in a study 

by Harmon Jones, Sigelman, Bohlig, and Harmon-Jones (2003). In their experiment, 

participants were exposed to an anger-arousing situation. Half of them were given an 

opportunity to cope with the situation, and thus believed that they could take action on the 

anger-arousing situation (action-possible condition). The other half was given no opportunity 

to take action on the anger-arousing situation (action-impossible condition). Results indicated 

that the action-possible group showed greater relative left frontal cortical activity, a correlate 

of approach motivation, than the action-impossible group. This finding was replicated in 

similar studies (Harmon-Jones, Lueck, Fearn, & Harmon-Jones, 2006). 

Hence, we would predict that if individuals expect no control, they should have 

smaller SPN’s and RewP’s. As noted above, some previous studies have suggested that 

perceived control may influence the amplitudes of the RewP and SPN. For example, in one 

study (Masaki et al., 2010), participants were told that they had control (choice) or did not 
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have control (no choice) over succeeding in winning money in a gambling task. The SPN was 

larger in the choice than in the no-choice condition. However, in this study, perceived control 

was confounded with type of movement and task. That is, in the choice condition, 

participants chose the left or right box by pressing the first or second-finger key, whereas in 

the no-choice condition, participants simply pressed the thumb button. Other RewP studies 

that have manipulated variables similar to choice or perceived control have also had 

confounds. In Bismark et al. (2013), individuals pressed a button in the self-choice condition 

but did not engage in any physical movement in the observation-only conditions. The Yeung 

et al. (2005) study eliminated the confound of physical movement and choice, but it had a 

confound of the choice condition having one of four buttons and the no-choice condition 

having only one button to press. In the Bellebaum et al. (2010) study, individuals in the 

active-learning condition pressed a button but individuals in the observation condition first 

observed a choice of another participant and then confirmed this choice, adding an element of 

social compliance with the choice of the other person. Moreover, observational learners also 

did more than active learners: After each block of trials, they completed 24 active trials to 

assess whether observers had gained insight into the rules. Because of these confounds, it is 

impossible to know whether perceived control per se influences the amplitude of the RewP 

(but see Li, Han, Lei, Holroyd, & Li [2011], for an exception). The present experiment 

eliminates these confounds. Such results will effectively integrate research and theory on the 

RewP with decades of research and theory from the broader field of motivation. 

The Present Study 

In summary, previous research has suggested that the amplitude of the SPN and RewP 

may be modulated by approach motivational intensity. In line with Brehm’s theory of 

motivation intensity, we predicted that compared to a task in which one’s success is 

perceived as controllable (high perceived control condition), a task in which one’s success is 
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perceived as random (low perceived control condition) would lower motivational intensity, 

and thus, the SPN and RewP, because that condition is identical to believing that a task is 

impossible2.  

To manipulate the perception of control, we implemented two conditions. In the low 

perceived control condition, participants were told that the rewards would appear randomly, 

and in the high perceived control condition, they were told that they could learn a mouse-

click rule in order to gain rewards. Unlike previous related studies, we employed a task in 

which both low and high perceived control conditions required participants to engage in 

exactly the same behavior and view the same task stimuli. The two conditions only differed 

in the psychological meaning of the task.  

In addition, we used a reward task similar to that used by Angus et al. (2015) who 

found a heightened RewP in men when they were rewarded with pictures of attractive 

women. We hypothesized that women also show a heightened RewP if they are rewarded 

with pictures of attractive men. We base this hypothesis on literature showing that both men 

and women show reward-related responses to pictures of attractive people (Kampe, Frith, 

Dolan, & Frith, 2001; Kranz & Ishai, 2006). Therefore, we also predicted that the pictures 

would have an effect on the P300 (Donchin & Coles, 1988) and the LPP (late positive 

potential; Hajcak, MacNamara, & Olvet, 2010). The P300 and LPP have been reported to 

reflect increased attention to motivationally significant stimuli (Hajcak et al., 2010). For 

example, arousing pleasant and unpleasant stimuli elicit higher LPPs compared to moderately 

arousing pictures (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Schupp et al., 

2006). Because we are able to examine ERP responses to the appetitive pictures, we can 

examine the relationship between these ERP responses and the RewP and SPN to the stimuli 

that indicate task success, to assess whether these types of neural responses broadly construed 

as “reward responses” will be related to each other. 
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Thus, the present study provides several novel contributions. First, at the theoretical 

level, it provides an integration of previous theories of motivation concerned with perceived 

control with contemporary perspectives on reward processing. Second, at the methodological 

level, it provides a manipulation of perceived control that is not confounded with other 

variables (see Li et al., 2011, for another example). Third, it examines both the SPN and 

RewP to signals indicating successful task performance. Fourth, it examines the P3/LPP to 

the actual reward stimuli, to provide the first test of whether the SPN/RewP to feedback 

stimuli relate to P3/LPP to rewarding stimuli. Finally, it tests whether the RewP and SPN can 

be moderated by perceived control when the rewards are not monetary but are instead 

photographs of attractive opposite sex persons.  

Method 

Participants 

Participants were 25 female volunteers recruited via a University of New South Wales 

(UNSW) paid-participation website. They participated in exchange for monetary 

compensation ($30 Australian dollars). Before coming to the laboratory, participants were 

informed that they would view pictures of men in swimwear or underwear. All were willing 

to view these pictures. As we expected heterosexual women to perceive pictures of the other 

sex as rewarding, we asked them about their sexual orientation. Nineteen participants 

indicated that they were heterosexual, three skipped the question, and three had data lost due 

to a failure in recording. As excluding these six participants did not change the results, we 

included all 25 participants in our analyses. At the laboratory, they received written 

information and provided informed written consent. The study was approved by the UNSW 

Human Research Ethics Advisory Panel for Psychology. 

Procedure 
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Participants came to the laboratory where they were seated at a computer. After 

receiving written information and providing informed written consent, participants were 

fitted with EEG electrodes. The experimenter then explained the gambling task (Angus et al., 

2015; also see Carlson et al., 2011; Foti & Hajcak, 2009) to the participant. She instructed 

participants to choose the correct door out of two doors (on a computer task). She explained 

that the correct door had a reward behind it – a picture of an attractive man, whereas the 

incorrect door had a nonreward behind it – a picture of a rock. Additionally, to induce 

perceived control, the experimenter explained that the task was developed especially for 

studying implicit learning. She explained the concept of implicit learning by saying, “This 

means that people learn a pattern or a rule out of a complex structure without knowing how 

they are doing it. We have found that most people learn the pattern over time even though 

they themselves cannot tell us how they are doing it. Implicit learning has been investigated 

for a long time and has been found in a lot of studies.” Then, the experimenter explained that 

for investigating implicit learning in this experiment, there were two blocks of trials. She 

explained that one block was a “random block” where 70 pictures of men or rocks just 

appeared randomly and did not follow any pattern (low perceived control condition). 

Participants received random positive feedback and reward stimuli on 50% of the 70 trials. 

The experimenter explained that the other block was a “learning block” where participants 

could learn a mouse-click pattern in order to see only rewarding pictures (high perceived 

control condition). Participants were instructed to figure out what the pattern was in the 

learning block. As we were interested in perceived and not actual control, only the last ten 

trials of the “learning block” followed a mouse-click pattern. The first 60 pictures did not 

follow any pattern but appeared randomly (positive feedback and reward stimuli on 50% of 

the 60 trials). Analyses thus focused on the first 60 trials of both conditions.  
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Once the participant understood the task, the experimenter placed stereo headphones 

over the participant’s ears, left the room, and started the experiment.  They were familiarized 

with the gambling task again by presenting them with one practice trial leading to a 

nonrewarding picture and one practice trial leading to a rewarding picture. After the practice 

trials, the first block of the gambling task (random or learning block) was introduced by 

giving short information on the screen. In the random block, they read: “The following trials 

are random trials. This means that the trials do not follow any pattern but are random. Please 

try to select the correct door.” In the learning block, they read: “The following trials are 

learning rule trials. This means that the trials follow a mouse-click pattern that predicts which 

door contains the picture of a man. Please try to figure out the pattern.” The order of the 

random and learning blocks was counterbalanced across the sample. To ensure participants’ 

attention during the 140 trials of the gambling task, we added a short break between the first 

and the second block, where participants answered questionnaires. After the second block of 

the gambling task, participants completed the post-task questions. Details to these 

questionnaires can be viewed online in the supplementary materials. The experiment was 

presented using E-prime (E-Prime 2.0, 2.0.10.353). At the end of the experiment, EEG 

sensors were removed and participants were debriefed and thanked for their participation. 

Materials and Design 

Gambling task. Participants played a modified gambling task (Angus et al., 2015; 

Carlson et al., 2011; Foti & Hajcak, 2009). In this task, participants were shown two doors on 

the computer screen. In the beginning of each trial, participants saw a black screen with the 

word “click” on it. On each trial, participants pressed any of the two mouse buttons three 

times to make the doors appear. We included this task of pressing the button three times to 

make sure that participants believed that it was their own behavior and not the computer that 

led to a choice. For this, they could take as much time they wanted. Then they could choose 
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either the right or left door by pressing the right or left mouse button. Following each choice, 

a fixation cross was presented for 1000 ms. Subsequently, participants received feedback 

whether they made the “correct” choice (upward-pointing green arrow) or an “incorrect” 

choice (downward-pointing red arrow), presented for 2000 ms. Following the feedback 

arrow, a fixation cross was presented for between 1000 and 2050 ms. Lastly, if participants 

made the “correct” choice, they were presented with the reward stimuli: color photos of 

attractive men in underwear or swimwear. If participants made the “incorrect” choice they 

were presented with nonreward stimuli: Color photos of rocks or minerals (Gable & Harmon-

Jones, 2010). The photos were presented for 1000 ms. Each of the 70 reward and 70 

nonreward photos had a dimension of 420 x 720 pixels and was presented only once each 

during the gambling task. Trials were separated by an intertrial interval of between 1000 and 

2050 ms, during which a fixation cross was presented. The doors and all other stimuli were 

presented against a black background. 

The two blocks of trials (random and learning) were presented in counter-balanced 

order. Feedback was completely predictive of the reward or nonreward picture and the order 

of feedback and the pictures was randomized for all participants. During the last 10 trials of 

the “learning block”, participants could learn a mouse-click pattern (right-right-left) in order 

to receive only positive feedback and reward stimuli.  

Questionnaires. After the two blocks of the gambling task, participants answered the 

post-task questions concerning their liking of the attractive men and the rocks (see Angus et 

al., 2015; liking men: 3 items, α = .76, “How attractive did you find the pictures of the 

people?”, “How interested are you in viewing pictures of the people?”, “How arousing did 

you find the pictures of the people?”; liking rocks: 2 items, r = .37, “How attractive did you 

find the pictures of rocks?”, “How arousing did you find the pictures of rocks?”). These 

questions were answered on a scale from 1 = not at all to 7 = extremely. Participants liked the 
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pictures of the men significantly more than the pictures of the rocks (M = 4.02, SD = 1.15 vs. 

M = 2.11, SD = 0.94), F(1, 21) = 68.08, p < .001, 2

pη  = .76. They also completed other self-

report measures which are not relevant to the present manuscript but are described in detail in 

the supplementary material. 

Physiological Recording and Data Reduction 

EEG recordings were taken from 64 locations based on the 10-10 EEG system, and 

from two electrodes placed on the left and right earlobes for offline rereferencing. The 

vertical electrooculogram (VEOG) was recorded from electrodes placed at 10% of the inion-

nasion distance above and below the right pupil. Signals were recorded using a BioSemi 

Active Two System (BioSemi, Amsterdam, The Netherlands) with ActiView software 

(version 7.06 BioSemi). EEG was sampled at 2048 Hz and referenced to the common mode 

sense (CMS). The ground electrode was formed by the CMS active and passive Driven Right 

Leg (DRL) electrode. Offline analyses were performed using Brain Vision Analyzer software 

(version 2.0, Brain Products, Munich, Germany). Raw data were re-referenced to the average 

of the earlobes, downsampled to 256 Hz, and band-pass filtered with cutoffs of 0.1 and 30Hz, 

a 50 Hz notch filter, and a 24dB/oct roll-off.  

For the RewP, the EEG was segmented beginning 200ms prior to feedback onset and 

continuing for 1000 ms. The segmented epochs were DC detrended (Hennighausen, Heil, & 

Rösler, 1993). For the SPN, the EEG was segmented 200 ms before motor response (pressing 

the left or right mouse button) and continuing for 1000 ms (until the feedback, e.g., green or 

red arrow, was presented). Both the epochs for the RewP and for the SPN were corrected for 

blinks and eye movements (Gratton, Coles, & Donchin, 1983). Artifacts were rejected 

automatically. Epochs in which a voltage shift of more than 10 µV per millisecond occurred 

were rejected. Epochs in which the difference between two values within an interval of 800 

ms exceeded 100 µV were also rejected. The data were baseline corrected (for the RewP, the 
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200 ms before feedback onset served as the baseline; for the SPN, the 200 ms window before 

the motor response served as the baseline).  

For the RewP, stimulus-locked ERPs were averaged for each type of feedback 

(reward or nonreward) and condition (low perceived control or high perceived control). The 

RewP to the feedback was quantified as the mean amplitude over FCz between 250 and 350 

ms after feedback onset (green or red arrow) for reward and nonreward trials in each 

condition .For the learning block (high perceived control), because the first 60 pictures 

appeared randomly and the last 10 trials truly contained a pattern, we analyzed only the first 

60 trials in both conditions4. By subtracting the amplitude of the nonreward from the 

amplitude of the reward feedback, difference waves were also calculated (Horan, Foti, 

Hajcak, Wynn, & Green, 2012). 

For the SPN, response-locked ERPs were averaged for each type of feedback (reward 

or nonreward) and condition (low perceived control or high perceived control). The SPN was 

quantified as the mean amplitude between 800 and 1000 ms after the motor response (left or 

right mouse button) for reward and nonreward trials in each condition at electrode sites C3, 

C4, C5, C6, T7, and T8
5 

(see Foti & Hajcak, 2012). 

We also measured the P300 (Donchin & Coles, 1988), a positive event-related 

component peaking around 300 ms after stimulus onset mainly at parietal sites, and the LPP 

(Hajcak et al., 2010), a late positive potential starting about 300 ms after stimulus onset 

mainly at posterior-superior sites. For the P300 to feedback, the EEG was segmented 

beginning 200ms prior to feedback onset and continuing for 1000 ms. For the P300 and LPP 

to pictures, the EEG was segmented beginning 200ms prior to picture onset and continuing 

for 2200 ms. We used the same processing steps as for the RewP.   

The P300 to feedback and pictures was quantified as the most positive point over Pz 

between 200 and 600 ms after feedback and picture onset for reward and nonreward trials in 
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each condition (Hajcak, Holroyd, Moser, & Simons, 2005). The LPP was defined as the 

average activity in an early (300-600 ms), middle (600-1000 ms), and late (1000-2000 ms) 

time window following picture onset for reward and nonreward trials in each condition at Cz, 

CP1, CPz, CP2, and Pz (Hajcak, Dunning, & Foti, 2009). All statistical analyses were 

performed using SPSS (version 20, IBM, Armonk, NY). 

Results 

Reward positivity 

Reward vs. nonreward. To compare the RewP in the two perceived control 

conditions and to determine if the order of conditions had any effects, we conducted a 2 

(Condition: low perceived control vs. high perceived control) x 2 (Feedback: reward vs. 

nonreward) x 2 (Order: random first, then learning vs. learning first, then random) repeated 

measures analysis of variance (ANOVA). The analysis revealed a significant main effect of 

feedback, (1, 236) = 32.19, p < .001, 2

pη  = .58, and a significant main effect of condition, 

F(1, 23) = 5.51, p = .028, 2

pη  = .19. These results suggested that more positive amplitudes 

were observed following reward feedback than following nonreward feedback (M = 11.94, 

SD = 7.80 vs. M = 6.78, SD = 7.94), and that more positive amplitudes were observed in the 

high perceived control condition than in the low perceived control condition (M = 10.69, SD 

= 8.76 vs. M = 8.03, SD = 7.25). There was also an interaction between feedback and 

condition, F(1, 23) = 9.72, p = .005, 2

pη  = .30. Simple effects analyses revealed that 

amplitudes were more positive when receiving rewarding feedback in the high perceived 

control condition than in the low perceived control condition (M = 14.08, SD = 9.48 vs. M = 

9.80, SD = 7.36), p = .005. There was no significant difference between these two conditions 

in the amplitude following nonreward feedback (M = 7.29, SD = 8.99 vs. M = 6.26, SD = 

7.75), p = .361. Moreover, in the high perceived control condition, the amplitudes were more 

positive to reward feedback than nonreward feedback (M = 14.08, SD = 9.48 vs. M = 7.29, 
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SD = 8.99), p < .001. In the low perceived control condition, amplitudes were also more 

positive to reward feedback than nonreward feedback (M = 9.80, SD = 7.36 vs. M = 6.26, SD 

= 7.75, p = .001. There was no main effect for order, or significant interactions with order 

(order: F(1, 23) < 1, p = .386, 2

pη = .03; order x feedback: F(1, 23) = 2.21, p = .151, 2

pη =

.09; order x condition: F(1, 23) = 1.84, p = .189, 2

pη = .07; order x feedback x condition: F(1,

23) < 1, p = .739, 2

pη = .01).7

Difference wave RewP. A one-sample t-test revealed the difference between reward 

and nonreward to be significantly greater than zero, in both the low perceived control (M = 

3.60, SD= 4.57), t(24) = 3.93, p = .001, d = 1.60, and the high perceived control condition, 

(M = 6.83, SD= 5.96), t(24) = 5.73, p < .001, d = 2.34. This result confirmed that the 

gambling task elicited an enhanced RewP for rewards compared to nonrewards. A 2 

(Condition: low perceived control vs. high perceived control) x 2 (Order: random first, then 

learning vs. learning first, then random) repeated measures ANOVA with the difference wave 

RewP revealed identical results as above, indicating that the RewP in the high perceived 

control condition had larger positive amplitudes than the RewP in the low perceived control 

condition (Figure 1). 

Stimulus preceding negativity 

To examine the SPN, we conducted a 2 (Condition: low perceived control vs. high 

perceived control) x 2 (Feedback: reward vs. nonreward) x 2 (Order: random first, then 

learning vs. learning first, then random) repeated measures ANOVA. The analysis revealed a 

significant main effect of condition, F(1, 23) = 6.90, p = .015, 2

pη = .23. This effect indicated 

that more negative amplitudes were observed in the high perceived control condition than in 

the low perceived control condition (M = -1.35, SD = 2.75 vs. M = 0.00, SD = 3.00). There 

was no main effect of feedback, F(1, 23) < 1, p = .714, 2

pη = .01, and no interaction between
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feedback and condition, F(1, 23) < 1, p = .932, 2

pη  < .01. There was no main effect of order, 

F(1, 23) < 1, p = .539, 2

pη  = .02; but a marginally significant interaction occurred between 

order and feedback, F(1, 23) = 2.98, p = .098, 2

pη  = .12. The interaction between order, 

feedback, and condition was not significant, F(1, 23) = 2.85, p = .105, 2

pη  = .11 (Figure 2). 

A one-sample t-test revealed that the mean of the reward and nonreward trials was 

significantly greater than zero in the high perceived control (M = -1.38, SD= 2.84), t(24) = -

2.43, p = .023, d = 0.99, but not in the low perceived control condition, (M = 0.01, SD= 2.99), 

t(24) < 1, p = .994, d < 0.01. This result confirmed that the gambling task elicited an 

enhanced SPN for the high perceived control condition. 

Correlations between RewP and SPN 

To examine whether individuals who had a large RewP also had a large SPN, we 

correlated the four RewP amplitudes with the four SPN amplitudes (high perceived control 

reward feedback, high perceived control nonreward feedback, low perceived control reward 

feedback, low perceived control nonreward feedback). Although the correlations were not all 

p < .05, they were in the predicted direction: high perceived control reward feedback: r(24) = 

-.39, p = .052; high perceived control nonreward feedback: r(24) = -.34, p = .101; low 

perceived control reward feedback: r(24) = -.53, p = .006; low perceived control nonreward 

feedback: r(24) = -.28, p = .176. 

To examine whether the increase in SPN in the perceived control condition was 

associated with the corresponding increase in RewP, we correlated the difference ERPs 

(RewP in high perceived control minus low perceived control condition with SPN in high 

perceived control minus low perceived control condition). The correlation was not 

significant, r(24) = .01, p = .950. 

P300 and LPP 
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P300 to feedback. The peak amplitudes of the P300 were entered into a 2 (Condition: 

low perceived control vs. high perceived control) x 2 (Feedback: reward vs. nonreward) x 2 

(Order: random first, then learning vs. learning first, then random) repeated measures 

ANOVA. The main effects of condition, F(1, 23) = 8.93, p = .007, 2

pη = .28, and feedback

were significant, F(1, 23) = 9.31, p = .006, 2

pη  = .29. These results suggested that more 

positive amplitudes were observed in the high perceived control condition than in the low 

perceived control condition (M = 19.78, SD = 7.18 vs. M = 16.33, SD = 6.89), and that more 

positive amplitudes were observed following reward feedback than following nonreward 

feedback (M = 19.05, SD = 6.66 vs. M = 17.07, SD = 6.61). There was no interaction between 

condition and feedback, F(1, 23) < 1, p = .517, 2

pη  = .02, no main effect for order, or 

significant interactions with order (order: F(1, 23) < 1, p = .966, 2

pη  < .01; order x feedback: 

F(1, 23) < 1, p = .400, 2

pη  = .03; order x condition: F(1, 23) = 3.16, p = .089, 2

pη = .12; order

x feedback x condition: F(1, 23) < 1, p = .487, 2

pη  = .02). 

P300 to pictures. The peak amplitudes of the P300 were entered into a 2 (Condition: 

low perceived control vs. high perceived control) x 2 (Picture: rewarding pictures vs. 

nonrewarding pictures) repeated measures ANOVA. The main effect of type of picture was 

significant, F(1, 24) = 56.60, p < .001, 2

pη  = .70, indicating higher amplitudes for the 

rewarding than for the nonrewarding pictures (M = 12.10, SD = 4.53 vs. M = 6.15, SD = 

4.54). The main effect for condition and the interaction were not significant, Fs(1, 24) < 1, ps 

≥ .616, 2

pη s ≤ .01 (Figure 3).

LPP to pictures. For the LPP to the pictures, a 2 (Condition: low perceived control 

vs. high perceived control) x 2 (Picture: rewarding pictures vs. nonrewarding picture) x 3 

(Time window: early vs. middle vs. late) repeated measures ANOVA revealed a significant 
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main effect for type of picture, F(1, 24) = 44.69, p < .001, 2

pη  = .65, and a significant 

interaction between picture and time window, F(2, 48) = 8.31, p = .001, 2

pη  = .26 (Figure 3). 

Post-hoc comparisons indicated higher amplitudes for the rewarding than for the 

nonrewarding pictures (M = 4.83, SD = 4.50 vs. M = 0.38, SD = 3.05). Simple-effects 

analyses for the interaction indicated that in all time windows, the differences between 

rewarding and nonrewarding pictures were significant, p’s ≤ .02 (early: M = 4.87, SD = 4.99 

vs. M = -1.06, SD = 4.41; middle: M = 5.96, SD = 5.73 vs. M = 0.84, SD = 3.71; late: M = 

3.66, SD = 4.93 vs. M = 1.37, SD = 1.80). For the rewarding pictures, the amplitude was more 

positive for the middle compared to the late time window, p = .003, and for the nonrewarding 

pictures, the amplitude was more negative for the early compared to the middle, p = .003, and 

late time window, p = .002. Moreover, the main effect for time window was marginally 

significant, F(2, 48) = 2.80, p = .070, 2

pη  = .11, indicating a higher LPP in the middle 

compared to the early time window, p = .021 (early: M = 1.90, SD = 4.28; middle: M = 3.40, 

SD = 4.37, late: M = 2.51, SD = 2.94). 

Correlations between RewP/SPN and P300/LPP to pictures 

To examine whether the ERPs to reward/nonreward feedback relates to the ERPs to 

pictures, we correlated the difference ERPs to feedback (RewP in high perceived control 

minus low perceived control condition; SPN in high perceived control minus low perceived 

control condition) with the difference ERPs to pictures (P300 to rewarding minus 

nonrewarding pictures; LPP to rewarding minus nonrewarding pictures). The correlation 

between the RewP and P300 was not significant but in the predicted direction, r(24) = .30, p 

= .142, such that a larger RewP in the high vs. low perceived control condition correlated 

positively with a larger P300 to rewarding vs. nonrewarding pictures. We found significant or 

marginally significant correlations of the RewP with the early LPP, r(24) = .45, p = .025, and 

middle LPP, r(24) = .37, p = .066 but we did not find a significant correlation of the RewP 
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with the late LPP, r(24) = .03, p = .903. The results indicate that a larger RewP in the high vs. 

low perceived control condition correlated positively with a larger LPP to rewarding vs. 

nonrewarding pictures. 

For the correlations of the SPN with the P300, the result was in the predicted 

direction, r(24) = -.33, p = .102, such that the SPN in the high vs. low perceived control 

condition correlated negatively with the P300 to rewarding vs. nonrewarding pictures. 

However, the SPN did not correlate significantly with the LPP, rs(24) ≤ .27, ps ≥ .197. 

Discussion 

The present study tested the prediction that having a perception that one could control 

one’s outcomes increases the RewP, an event-related brain potential that appears following 

rewarding feedback, as well as the SPN, an event-related brain potential preceding feedback. 

Participants played a gambling task in which they believed (or did not believe) they were able 

to influence whether they received rewarding feedback. When participants were induced to 

believe they were able to actively influence their outcomes, they had larger amplitude 

RewP’s and SPN’s than when they believed they could not influence their outcomes. These 

results are consistent with previous research that has suggested that the extent to which 

individuals can actively influence their outcomes affects the RewP (Angus et al., 2015; 

Bellebaum et al., 2010; Bismark et al., 2013; Yeung et al., 2005). However, the current 

results provide an important extension over past research by showing that the amplitude of 

the RewP is affected by a simple perception of being able to influence the outcomes. In 

previous studies (Bellebaum et al., 2010; Bismark et al., 2013; Masaki et al., 2010; Yeung et 

al., 2005), the control manipulation was confounded with several other condition differences. 

As explained in detail earlier, in these past studies, in addition to the conditions varying in 

perceived control, they also varied in terms of types and number of physical movements as 

well as in terms of stimuli presented to participants. Consequently, any of these confounding 
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variables could explain the differences in RewP/SPN that were posited to occur because of 

differences in perceived control.  Unlike these studies, our study used exactly the same 

procedure in the high- and low-perceived control conditions. Participants engaged in exactly 

the same behavior, made the same number of button presses, and viewed the same stimuli. 

We simply varied the instructions between the two conditions such that they only differed in 

the psychological meaning. In the high perceived control condition, participants believed that 

their outcomes depended on their correct or incorrect choice; in the low perceived control 

condition, they believed that their outcomes were determined randomly. We found that this 

simple variation in the meaning of a task affected the RewP and SPN. This finding extends 

previous research as it shows that it is not only actual control but perception of control that 

influences the RewP and SPN. Moreover, it shows that the cognitive interpretation of a task 

influences reward processing.  

Research indicates that the RewP is affected by motivational direction. Thus, states 

and traits associated with approach motivation correlate with larger RewPs (e.g., Bress & 

Hajcak, 2013; Cooper et al., 2014; Smillie et al., 2011). Situations that motivate a person to 

move toward ( e.g., anger-arousing situations; Carver & Harmon-Jones, 2009) increase the 

RewP and situations that motivate a person to withdraw (e.g., depressive states; Davidson, 

1998) decrease the RewP. Moreover, the present results suggest that the RewP is influenced 

by the intensity of approach motivation. According to Brehm’s theory of motivation intensity 

(Brehm & Self, 1989; Wright & Brehm, 1989), actual motivational intensity depends on the 

perceived difficulty of being successful in a task. If a person believes that she or he can 

successfully alter a situation, motivation should be high. If this person believes that she or he 

cannot alter the situation, motivation should be low. In line with this theory, our study shows 

that that the belief that one is able to cause a rewarding outcome increases the RewP. 
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Research also suggests that the SPN is associated with the motivational character of 

anticipated feedback (Böcker et al., 1994, 2001; Poli et al., 2007), and is thought to reflect 

preparation for attending to and processing motivationally significant stimuli (Poli et al., 

2007; van Boxtel & Böcker, 2004). Thus, the amplitude of the SPN may also reflect the level 

of task engagement (Donkers & van Boxtel, 2005). In our experiment, when participants 

believed they had control, they had a larger SPN. This enhancement of the SPN may reflect 

participants’ greater motivational engagement in the task. 

Considering Other Explanations and Theories 

The current research hypothesis about perceived control was derived from past theory 

and research on prominent motivational variables and how they might impact the RewP. A 

related interpretation could posit that when individuals are aware that there is nothing that 

they can learn from an individual trial (i.e., they're told it is random; low control condition), 

the feedback stimulus may not hold as much motivational impact because it does not provide 

the individual with any information about how they can improve their performance on 

subsequent trials. In these cases, the RewP will be less pronounced (e.g., Gehring & 

Willoughby 2002; Yeung et al., 2005).  

The reward prediction error interpretation of the RewP could have a similar 

interpretation of the present results (Holroyd & Coles, 2002; Holroyd, Krigolson, Baker, Lee, 

& Gibson, 2009; Holroyd, Krigolson, & Lee, 2011). In low perceived control trials, there is 

nothing in the environment that allows for consistent action-outcome predictions to be made, 

and therefore violated. In this circumstance, the RewP will be smaller because there are: a) 

fewer trials in which a prediction error is actually made, and b) the prediction errors may, in 

general, be smaller. In the high perceived control trials, the prediction error itself may be 

larger because the motivation to learn is higher (as noted by one reviewer).  
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In sum, we believe that the various theoretical interpretations of the RewP are all 

relevant to the present results and they are quite similar in their emphasis on motivational 

processes. Importantly, however, the hypothesis about perceived control, which was derived 

from decades of theorizing in motivational science, led to a design that avoided motor and 

stimulus confounds that were present in past research. 

Other ERPs Influenced by Feedback 

We also found that the P300 to feedback was larger to rewarding than to 

nonrewarding feedback and larger in the high- than in the low perceived control condition. 

The valence effect is consistent with several other studies (Hajcak et al., 2005; Hajcak, 

Moser, Holroyd, & Simons, 2007; Wu & Zhou, 2009; Yeung et al., 2005), and the perceived 

control effect is in accordance with Yeung et al. (2005) who also found that P300 amplitudes 

were greater in a choice than in a no-choice condition.  

ERPs to Rewarding and Nonrewarding Pictures 

For the P300 and the LPP to pictures, we found more positive amplitudes following 

rewarding than nonrewarding pictures. These results are consistent with past research that has 

found that motivationally significant stimuli increase the amplitude of the P300 and LPP 

(e.g., Gable & Harmon-Jones, 2010, 2013; Hajcak et al., 2010; Price, Dieckman, & Harmon-

Jones, 2012). Thus, our findings suggest that the pictures of attractive men were more 

motivationally significant and more rewarding than pictures of rocks to the women 

participants. It might be considered puzzling, however, that the perceived control 

manipulation that influenced the RewP to the win/loss stimuli did not also influence the 

P300/LPP to the pictures. Perhaps this result occurred because the pictures of the men did not 

convey any new information about the behavior that led to the outcome. In addition, the 

pictures of men likely evoked an appetitive response independent of the motivation to 

successfully choose the correct door (the task influenced by the perceived choice 

Page 26 of 46Psychophysiology

This is the peer reviewed version of the following article: Mühlberger, C., Angus, D. J., Jonas, E., Harmon-Jones, C., & Harmon-Jones, E. (2017). 
Perceived control increases the reward positivity and stimulus preceding negativity. Psychophysiology, 54(2), 310-322,  

which has been published in final form at https://doi.org/10.1111/psyp.12786 
This article may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-Archived Versions. 



Running head: PERCEIVED CONTROL INCREASES THE REWP AND SPN 27 

manipulation). In other words, individuals would likely respond “appetitively” to the pictures 

of men during a passive viewing task, and this response would likely differ between 

individuals. Variance from these sources would need to be carefully taken into account in 

order to perhaps find an influence of the perceived control manipulation on the P300/LPP 

response to the pictures. 

Although the perceived control manipulation did not influence the P300/LPP 

responses to the rewarding pictures, the neural responses to the rewarding feedback (RewP) 

when control was perceived (vs. not perceived) correlated in expected directions with the 

neural responses to the rewarding pictures. That is, individuals who had larger RewP 

responses to the rewarding feedback signals in the high vs. low perceived control conditions 

also had larger P300 and LPP responses to the actual rewards, the pictures of attractive men 

(minus the responses to the nonrewards). To our knowledge, this study provides the first 

evidence showing that RewP responses to feedback stimuli correlate with P3/LPP to the 

rewarding stimuli themselves. 

Conclusion

Following up on Proudfit’s (2015) proposal of the “exciting possibility that 

experiences that shape responses to reward can alter the RewP” (p.455), our study 

demonstrates that an experience of perceived control alters the RewP and the SPN. We found 

that when individuals believe they are able to cause rewarding outcomes, the amplitudes of 

the RewP and the SPN are increased. The RewP has been found to be a useful biomarker, for 

example, for predicting the development of depressive symptoms (e.g., Bress, Foti, Kotov, 

Klein, & Hajcak, 2013; Kujawa, Proudfit, & Klein, 2014). As a sense of control is an 

important psychological need, we hope that the current finding that it modifies the RewP and 

the SPN will inspire future basic as well as applied research. 
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Footnotes 

1 In previous research, the RewP has been referred to as the feedback-related 

negativity (FRN), feedback negativity (FN), feedback error-related negativity (fERN), or 

medial frontal negativity (MFN). 

2 It is also possible that learning, expectations, and other motivational processes 

contribute to perceived control. We return to these possibilities in the discussion. 

3For the RewP, two participants had fewer than 20 artifact-free trials. The remaining 

participants had a minimum of 21 trials for each feedback outcome within each feedback 

condition (random block nonreward: 24-30; random block reward: 28-30; learning block 

nonreward: 21-30; learning block reward: 22-30). However, as excluding those participants 

did not lead to any difference in the results, we decided to include them. 

4 For the last 10 trials of the high perceived control condition, the correct mouse-click 

pattern was "right-right-left". When asking participants at the end of the questionnaire to 

write down the correct mouse-click pattern, only one person typed in the correct pattern but 

three persons pressed the correct mouse button pattern in 9 of 10 trials. Although it might 

have been more guessing than real learning because people only had 10 tries to discover the 

pattern, we analyzed the RewP to these last 10 trials in both conditions. We found a 

significant main effect for reward vs. nonreward trials, F(1, 21) = 11.03, p = .003, 2

pη = .34 

(M = 10.85, SD = 9.53  vs. M = 6.36, SD = 9.85) but no main effect for high- vs. low-

perceived control, F(1, 21) = 1.68, p = .209, 2

pη = .07, and no interaction, F(1, 21) < 1, p =

.623, 2

pη = .01.

5 For the SPN, one participant had only 16 artifact-free trials. The remaining 

participants had a minimum of 20 trials for each feedback outcome within each feedback 

condition (random block nonreward: 23-30; random block reward: 20-30; learning block 

nonreward: 23-30; learning block reward: 24-30). However, as excluding the participant did 
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not lead to any difference in the results, we decided to include the participant. 

6 To detect outliers, we used Grubbs test (Grubbs, 1969) of GraphPad Prism version 

6.0 (GraphPad, San Diego, CA). The ERP data of one participant were identified as being a 

significant outlier. However, excluding or including this participant in the analyses did not 

lead to any differences in the results. Thus, we decided to include the participant. 

7
To see if the pictures also elicit a RewP, we also analyzed the RewP to images. A 2 

(Condition: low perceived control vs. high perceived control) x 2 (Picture: rewarding pictures 

vs. nonrewarding picture) ANOVA revealed a significant main effect of pictures F(1, 23) = 

75.07, p = .001, 2

pη = .77, indicating more positive amplitudes following rewarding than 

following nonrewarding pictures (M = 0.79, SD = 5.63 vs. M = -7.17, SD = 5.42). There was 

no main effect of condition, F(1, 23) < 1, p = .873, 2

pη < .01, and no interaction, F(1, 23) < 1,

p = .594, 2

pη = .01. 
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Figure captions 

Figure 1. Top: Event-related potentials to reward and nonreward feedback stimuli in the 

high- and low-perceived control conditions. The reward positivity (RewP) is the difference 

between reward and nonreward trials. Bottom: Scalp distribution of the RewP (left: high 

perceived control; middle: low perceived control; right: high perceived control minus low 

perceived control). 

Figure 2. Top: Stimulus-Preceding Negativity (SPN) to reward and nonreward feedback 

stimuli in the high- and low perceived control conditions. Bottom: Scalp distribution of the 

SPN (left: high perceived control; middle: low perceived control; right: high perceived 

control minus low perceived control). 

Figure 3. On the Time axis for the Top and Middle portions of the figure, 0 ms marks the 

onset of the picture (rewarding attractive men or nonrewarding rocks). The picture was 

displayed for 1000 ms, and then an intertrial interval of between 1000 and 2050 ms occurred, 

during which a fixation cross was presented. Top: P300 to reward and nonreward pictures in 

the high- and low perceived control conditions (at electrode Pz). Middle: LPP to reward and 

nonreward pictures in the high- and low perceived control conditions (averaged over 

electrodes Cz, CP1, CPz, CP2, and Pz). Bottom: Scalp distribution of the LPP (shown as the 

difference between reward and nonreward pictures across the high- and low perceived control 

conditions) in the early, middle, and late time windows. 
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Supplementary material 

Questionnaires 

In the beginning of the experiment, participants completed the Behavioral Inhibition 

System/Behavioral Activation System (BIS/BAS) scales by Carver & White (1994), followed 

by the Positive Affect Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) 

mixed with additional items. To ensure participants’ attention during the 140 trials of the 

gambling task, we added a short break between the first and the second block, where 

participants answered filler questionnaires – the Attitudes toward Emotions Scale (Harmon-

Jones, Harmon-Jones, Amodio, & Gable, 2011), the anger subscale of the Buss-Perry 

Aggression Questionnaire (Buss & Perry, 1992), and the Differential Emotions Scale 

questionnaire (Izard et al., 1993). After the gambling task had been completed, participants 

answered the post-task questions concerning their liking of the attractive men and the rocks 

(see Angus et al., 2015) and their perceived agency (“How much did you think your door 

choices affected whether you got to see pictures of persons or rocks?”; see Angus et al., 

2015). They also completed a shortened version of the subscale Dyadic Sexual Desire of the 

Sexual Desire Inventory (Spector, Carey, & Steinberg, 1996) and answered questions 

regarding their emotions (frustrated, sad, angry) elicited by the gambling task and their 

rumination about succeeding or failing in choosing the correct door. In the end of the 

questionnaire, we asked participants to describe the rule of the learning rule trials. 

Resting EEG 

Before the gambling task started, a resting EEG was recorded for six minutes while 

participants sat either with their eyes open and looking at a fixation cross or with their eyes 

closed (one 2-minute recording with eyes closed, one 2-minute recording with eyes open, one 

1-minute recording with eyes closed, one 1-minute recording with eyes open).
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