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Abstract

Anhedonia presents in various psychiatric disorders and is a core symptom of depression. It
involves disruptions in temporally and anatomically distinct subcomponents of reward
processing, including reward anticipation and consumption. Studies using
electroencephalography (EEG) to examine both anticipatory and consummatory reward
processing components are limited, and study paradigms that incorporate psychological
constructs like decision-making and reinforcement learning often overlap and confound the
electrophysiological markers that are unique to anticipatory and consummatory reward
processing. This study aims to validate an EEG-based Monetary Incentive Delay (MID)
paradigm in a college population to examine relevant anticipatory and consummatory reward-
related event-related potentials (ERPs), P3 and stimulus-preceding negativity (SPN), during
different stages of reward processing. We found that the paradigm successfully elicited reward-
related ERPs. Cue-P3 amplitudes and latency were modulated by reward magnitudes, however,
no significant effect of reward magnitudes and valence was found on SPN and Feedback-P3,
respectively. The paradigm was adjusted following the initial study to eliminate potential
interfering visual effects from the cue and feedback stimuli. Additional data were collected in a
new group of participants, and we found similar results, but without the confounding potentials.
The paradigm also incorporated behavioural measurements of reward anticipation and
consumption, and higher anticipatory and consummatory ratings and shortened response time
towards the target stimuli were elicited as reward magnitudes increased. We concluded that the
validated MID paradigm allows for a precise examination of reward-related ERPs, especially at
early anticipation stage, and offers a valuable tool for investigating reward processing and related

symptoms in clinical populations. Future studies should consider recruiting larger and more



diverse samples besides college populations to investigate symptoms of anhedonia and reward

processing in clinical populations.



Lay Summary

Anhedonia, the inability to experience pleasure, is a defining symptom of major depressive
disorder and can hinder treatment response. In this study, we investigate how the brain responds
to wanting a reward and liking a reward by using electroencephalography (EEG) recordings to
see how the brain responds to a specific event. Participants were instructed to press the spacebar
after a cue was shown to win lottery tickets (the reward) towards a prize. We found higher
reward correlated with enhanced P3, an ERP reflecting early reward anticipation. Reward
magnitudes and outcomes did not affect late reward liking and wanting in this paradigm. This
task was able to elicit greater experience of excitement in specific phases of reward processing,
reflected in changes in brain activity recorded via EEG, and could serve as a valuable tool to
examine anhedonia in individuals with depression and other psychiatric disorders characterized

by anhedonia.
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Introduction

Anhedonia

Anhedonia is broadly defined as a “markedly diminished interest or pleasure in all, or
almost all activities most of the day, nearly every day” (DSM-V; American Psychiatric
Association, 2013). It is observed in many psychiatric disorders such as schizophrenia (Meehl,
1962), substance use disorder (Markou et al., 1998), eating disorders (Davis and Woodside,
2002), and post-traumatic stress disorder (PTSD) (Nawijn et al., 2015). Anhedonia is an
important defining symptom of depressive episodes in mood disorders such as major depressive
disorder (MDD) and bipolar disorder. It is a predictor of poor response to antidepressant
medication (Uher et al., 2012, Vinckier et al., 2017), and is a key feature of treatment-resistant
depression (Kelly et al., 2022). Primary pharmacological treatment for MDD, such as selective
serotonin reuptake inhibitors (SSRIs) fail to effectively alleviate symptoms of anhedonia which
might be accountable for the lack of efficacy and resistance of the treatment (McCabe et al.,
2010, Treadway & Zald, 2013). A fulsome understanding of the neurobiological correlates of
anhedonia is thus critical to advancing effective therapies for mood and other psychiatric

disorders characterized by anhedonia.

Components of Reward Processing and Anhedonia

Anhedonia is believed to be correlated and manifested from dysfunction in the reward
processing system. This dysfunction involves disruption and alteration in the mesolimbic reward
circuitry, including key areas that mediate reward-related information processing like the
prefrontal cortex (PFC), ventral tegmental area (VTA), and nucleus accumbens (NAcc) that

mediate reward processing. Both adults and youth with MDD report reduced reward sensitivity



towards appetitive stimuli and increased anhedonia (Alloy et al., 2016; Luby et al., 2004), and

individuals with blunted reward sensitivity are at risk to develop MDD (Alloy et al., 2016).

Disruption in distinct subcomponents of reward processing may underlie anhedonia.
While reward processing is complex and involves several distinct subcomponents, two of
particular relevance to anhedonia are reward anticipation (motivation to pursue rewards) and
reward consumption (ability to enjoy the reward). Depending on the stages of reward processing
that are affected, the clinical presentation of anhedonia can vary (Borsini et al., 2020; Treadway
& Zald, 2011); for example, impairments in reward anticipation could result in diminished
interest and motivation to pursue rewarding stimuli, while impairments in reward consumption
could lead to the inability to derive enjoyment from a pleasurable event (Treadway & Zald,
2013, Winer et al., 2019). That temporally distinct stages of reward processing relate to clinical
symptoms of anhedonia was first proposed by Dr. Donald Klein in 1984 in the book Anhedonia
and Affect Deficit States. He noted in clinical practice that successful pharmacologic treatment
for depression would restore the consummatory phase of reward first, followed by motivation to

pursue reward (Klein, 1984).

On top of the multifaceted clinical presentation of reward processing deficits, extensive
research also shows that anticipatory and consummatory reward processing involves temporally
and spatially distinct functional networks (Berridge et al., 2009). Anticipatory reward processing
is thought to be controlled by the dopaminergic pathway that activates the ventral striatal
regions, particularly at the nucleus accumbens (NAcc) (Knutson et al., 2001a); whereas
consummatory reward processing is controlled by opioid and serotonergic mechanisms that
activate the ventromedial frontal cortex (Der-Avakian et al., 2016). The explicit neural circuits

involved in each processing stage were first discovered in rodent studies, where researchers



found that dopamine release only mediated the anticipatory stage of reward but not the hedonic
pleasure of reward consumption, and the opioid, endocannabinoid, and GABA-ergic pathways
were shown to contribute to generating pleasure to appetitive stimuli (Berridge et al., 2009;
Robinson & Berridge, 1993). Similar results were seen in human neuroimaging studies, with the
ventral striatum, and specifically the NAcc, active during anticipation of expected positive
reward but not reward consumption, while the orbitofrontal (OFC) and ventromedial prefrontal
(vmPFC) cortical regions and subcallosal cortex were recruited in reward consumption but not
anticipation (Dillon et al., 2007; Knutson et al., 2001b; Oldham et al., 2018). Despite these
distinct neural circuits and functions, anticipatory and consummatory reward processing are still
highly coupled; for instance, increased reward consumption is often correlated with increased
reward anticipation in healthy populations. However, how those connections may be disrupted in
anhedonia, and how to disentangle them into substages to facilitate diagnosis and treatment,

remains unclear (Admon & Pizzagalli, 2015; Eshel & Roiser, 2010).

Distinguishing between anticipatory and consummatory reward processing can further
our understanding of psychiatric diseases since not all disorders present anhedonia similarly. For
example, in schizophrenia patients often present with impaired reward anticipation but relatively
intact consummatory reward (Gard et al., 2007; Wang et al., 2015). MDD patients often report
clinical impairment in both reward anticipation and consumption, however, there also have been
cases where patients present without impairment in reward consumption, suggesting a subtype of
MDD that does not exhibits dysfunction in reward consumption, which might have an impact on

their clinical presentation and treatment response (Rizvi et al., 2016; Sherdell et al., 2012).



Assessing Anticipatory and Consummatory Reward in Anhedonia

Current clinical tools for assessing anhedonia generally conflate consummatory and
anticipatory reward processing. Commonly used self-report questionnaires such as the Snaith-
Hamilton Pleasure Scale (SHAPS) often fail to disentangle anticipatory and consummatory
phases of reward processing and exclusively focus on the consummatory phase (Rizvi et al.,
2016); although, the more recently developed, newer generations of scales have started to focus
on distinguishing between anticipatory and consummatory pleasures (i.e., Temporal Experience
of Pleasure Scale (TEPS); Gard et al., 2006). That being said, current practices may
overgeneralize anhedonia, and therefore, may miss specific therapeutic targets. It’s been
suggested that instead of a global target of anhedonia symptoms, tailored interventions toward
individuals’ experience in anhedonia would be more effective in both evaluating and addressing
treatment (Treadway & Zald, 2013; Winer et al., 2019) and future research should conceptualize
anhedonia as a multifaceted deficit with distinct clinical phenotype of reward processing
alteration in order to better characterize anhedonia and dissociate its subcomponents in different
disorders (Admon & Pizzagalli, 2015; Borsini et al., 2020). To achieve that, researchers have
been using behavioral measures like self-reported scales (e.g., The Dimensional Anhedonia
Rating Scale (DARS), Behavioral Inhibition/Activation Systems (BIS/BAS), as well as
computer-based behavioral tasks (e.g., probabilistic reinforcement learning paradigms and
gambling paradigms; Berridge et al., 2009; Burkhouse et al., 2018) to study subcomponents of

reward processing.

Electrophysiological studies in reward processing
Because reward processing involves a large brain network and could be modulated by different

stimuli and behaviour, researchers have become more reliant on neuroimaging techniques to gain



a better understanding of the mechanisms involved in reward processing in the human brain.
Among those, functional magnetic resonance imaging (fMRI) and positron emission tomography
(PET) scans have been the most popular methods for investigating the underlying networks and
neuromodulators that are involved during reward processing (Calabro et al., 2023; Knutson et al.,
2001b). Knutson and colleagues have developed the monetary incentive delay (MID) task to
separate activity elicited by reward anticipation and outcome consumption to better dissociate
different stages of reward processing (Knutson et al., 2000). The MID has been widely used to
study the effects of reward and punishments in different conditions in both healthy and clinical
populations, and the development of the MID paradigm for fMRI has enabled investigation of
the heterogeneities and subcomponents of reward processing. However, signals associated with

different stages are often problematically con-founded due to poor temporal resolution in fMRI.

Electroencephalography (EEG), with its fine temporal resolution, has the potential to
parse out the anticipation and consumption of reward in a single task. EEG studies to date have
largely focused on decision-making and reinforcement learning tasks; in a review by Glazer et al
(2018), it was noted that the majority of studies had neglected the “rich temporal heterogeneity
of reward processing” and focused solely on the consumption phase of reward processing.
Distinct temporal patterns of brain activity are represented in EEG via event-related potentials
(ERPs). ERPs can be modulated by experimental manipulations, are time-locked to the onset of
an event and usually elicited by sensory stimuli or motor action (Rugg, 2001). Distinct ERPs can
potentially unpack stages of reward anticipation and consumption processing and those
components down to milliseconds. Historically, the field had extensively investigated feedback-
related and error-learning ERPs seen during reward consumption, such as the feedback-related

negativity (FRN), or reward positivity (RewP) (Sambrook & Goslin, 2015). More recently, the



field has shifted toward exploring other stages of reward processing such as anticipatory reward.
MID tasks may be particularly useful in this regard, as they have demonstrated the ability to

separate stages of reward processing (Meyer et al., 2021).

Different ERPs are identified during three different phases of reward anticipation: cue
evaluation, motor preparation, and feedback anticipation. Similarly, subcomponents of feedback-
related processing during reward consumption include early reward reactivity, updating working
memory, and affective processing of information (Glazer et al., 2018). Processing of reward
informational unfolds sequentially in a few seconds, and multiple cognitive processes, such as
reinforcement learning and decision making, can take place within this brief time. These
processes, although closely related to and potentially involved in reward processing, could yield
inconsistent and complex results due to components overlapping and interference (Glazer et al.,
2018). Therefore, the aim of the task paradigm and the selection of ERPs is to better isolate
unique reward processing components that are independent of decision-making and learning but

include investigation in both reward anticipation and consumption phases.

Reward-related event-related potentials (ERPS)

We selected three relevant ERPs to examine in our study: Cue-P3 which occurs during
early reward anticipation, stimulus-preceding negativity (SPN) which occurs during late reward
anticipation, and lastly, Feedback-P3 which occurs during reward consumption. P3 or P300 is an
ERP component that is visualized as the centroparietal positivity that peaks at around 300-600ms
after cue onset. It was shown to be elicited by salient stimuli resulting in an update in working
memory and especially enhanced by incentive information on rewards (Hughes et al., 2013).
Previous studies also found that reward-specific P3 that was elicited by incentive cues covaried

with activation in the ventral striatum (Pfabigan et al., 2014), which is a region implicated in



motivational reward processing. During feedback processing, P3 had shown to be sensitive to the
motivational salience of the stimuli and updating outcome-related information to optimize future
actions to maximize rewards (Glazer et al., 2018; San Martin, 2012). Another ERP component
during anticipation that has also been overlooked by most outcome-focused studies is SPN which
occurs at a late stage of reward anticipation preceding outcome onset and is presented as a
passive and sustained negativity that grows with anticipation of information (Ohgami et

al., 2006). It serves as a promising index of anticipatory reward processing since it’s shown to be
elevated by highly informative stimuli, especially the anticipation of feedback associated with
monetary rewards, (Glazer et al., 2018; Mattox et al., 2006 Walentowska et al., 2018). Enhanced
SPN is also observed with increased reward magnitudes, greater efforts, and greater
uncertainties, which is not surprising since those components are usually associated together in
most paradigms, with higher reward representing greater uncertainties to getting the reward

(Hackley et al., 2013; Teti Mayer et al., 2021; see Zhao et al., 2017 for alternative).

These ERPs allow for the examination of the neurophysiological features of reward
processing in both anticipatory and consummatory phases, while parsing out the effects of
reinforcement learning and decision-making. This enables a more precise understanding of the
neurophysiological features pertaining to reward processing, which exhibits a more direct

association with reward-related symptoms such as anhedonia (Treadway & Zald, 2013).

In the current study, our goal is to validate a MID EEG paradigm as a tool to investigate
reward magnitudes and valence effects of reward-related ERP (i.e., Cue-P3, Feedback-P3, and
SPN). To ensure the elicited ERPs are relatively pure to reward anticipation and reward
consumption, we specifically eliminated reward learning, punishment, or neutral conditions in

the task. We hypothesized that as reward magnitudes increase, we will see an increase in both


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6794449/#B59

behavioural and physiological responses (i.e., higher ratings in excitement and higher P3 and
SPN amplitudes). The effect of reward valence is difficult to predict since some studies showed
enhanced Feedback-P3 amplitudes in reward gain versus reward loss (Mei et al., 2018; Sato et
al., 2005; Wu & Zhou, 2009), and some studies showed the opposite or insensitive to reward
valence and performance evaluation (Foti et al., 2011; Hajcak et al., 2005; Yeung & Sanfey,
2004). The involvement of reinforcement learning and error updates might contribute to the
mixed results in Feedback-P3, however as our paradigm does not contain those components, we
might be able to observe a more precise relationship between reward valence and Feedback-P3.
We developed two study paradigms: an EEG-adapted MID paradigm followed by a revised
paradigm with stimuli modifications to better capture the ERP components based on the results
observed from the initial experiment. This study will explore whether the current MID paradigm
would serve as a reliable tool to investigate electrophysiological changes associated with the
anticipatory and consummatory stages of reward processing and serve as an exploratory study on

how anhedonia-related symptoms would correlate with ERP changes.



Experiment 1
Methods
Participants

A total of 33 participants (12 males, 1 non-binary, mean age = 22.55 years, SD = 5.88)
were recruited through the Human Subject Pool system from the University of British Columbia
and received course credit for their participation. 1 participant was excluded due to technical
failure, 2 were excluded from EEG analysis due to medication history, leaving N = 32 in the
behavioral analysis (11 males, 1 non-binary, mean age = 22.63 years, SD = 6.00), and N =30 in
the EEG analysis (11 males, 1 non-binary, mean age = 22.90 years, SD = 6.04). The sample size
was predetermined by power analysis based on an observed effect size in a similar reward
processing task in previous studies (Meadows et al., 2016) (n=20). With a partial n2 of 0.256,
significance criterion of a = .05, and power = .80, the minimum sample size needed with this

effect size is N = 30 for a within-effect repeated measure ANOVA test.

Table 1. Participant demographics in Experiment 1

Variables Mean = SD
Age 22.55 £5.88
% Female 21 (63.36%)
BDI 10.44 + 8.98
GAD 4.75 +£4.63
HCL 14.13 £6.38
STAI-S 3991 £ 11.16
STAI-T 4738 £10.43
DARS 51.72 £ 11.53
BIS 12.38 +3.52
BAS 9.13£2.46




Procedure

Each participant was contacted approximately 24 hours before the study via email for
instructions to prepare for the EEG recording, including cleaning their hair and avoiding spray,
lotion, or oil products, avoiding wearing make-up and contact lenses during testing, avoiding
caffeine intake before testing, avoiding sleep-deprivation, and assessing possible COVID-19
related exposure. Consent to participate in the study and reward lottery draw was obtained upon
participants’ arrival in the lab through a Qualtrics survey form. Demographic and Daily
Evaluation questionnaires, which record information on self-report food intake, sleeping hours
and quality, caffeine, tobacco, alcohol, and medication intake, were given after consent was
obtained. When participants arrived at the lab, EEG data were collected while they completed a
Monetary Incentive Delay task. After EEG recording, participants were asked to complete
additional validated self-reported scales including the Beck's Depression Inventory (BDI) (Beck
et al, 1960), Generalized Anxiety Disorder 7-item (GAD-7) (Spitzer et al., 2006), Hypomania
Check List (HCL-32) (Angst et al., 2005), BIS/BAS (Carver & White, 1994), State-Trait Anxiety
Inventory (STAI) (Spielberger et al., 1983), and the Dimensional Anhedonia Rating Scale
(DARS) (Rizvi et al., 2015) to assess their clinical symptoms of depression, anxiety,
hypomania/mania, and anhedonia. A lottery draw was conducted at the end of the study in

August 2023 to reward one participant with $100.

Monetary Incentive Delay Task

The Monetary Incentive Delay Task was first developed by Knutson and colleagues in
2000 (Knutson et al., 2000), and the current incentive delay paradigm was an adaptation of the
task. In the present study, participants were instructed that they are playing for tickets that will be

entered into a lottery draw of $100 at the end of the study. During the task, participants were first

10



presented with an incentive cue for 1000ms. The incentive cue was an image of one, three, or
five lottery tickets, indicating the magnitude of the reward they were playing for in the current
trial. Following the cue participants were asked to rate their anticipatory excitement in response
to the question “How excited do you feel?” on a number scale from 1 to 7, where 1 indicated
“neutral” or minimal excitement, and 7 indicated “very excited”. The rating was presented for
2000ms, followed by a fixation cross that was jittered between 500 and 750ms. Then a smiley
face icon was presented in the middle of the screen for 100ms. When the face appeared, the
participants were instructed to press the spacebar as quickly as they could to win the tickets. If
the participant failed to make a response within one second, the trial was automatically looped
back to restart. After participants made a response, there was a delay of 1250, 1500, or 1750ms
before feedback. Feedback indicating either a win, shown as a green thumb up, or a non-win,
shown as a red thumb down, for 1000ms. Finally, another rating scale assessing consummatory
reward rating appeared for 2000ms asking “How excited do you feel” if the feedback was
positive, and “How disappointment do you feel” if the feedback was negative. Unbeknown to
participants, each result (win vs. non-win) was pre-set and appeared in a pseudo-randomized
order such that in each round, there were equal numbers of reward magnitudes in the win and

non-win conditions.

11
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Figure 1. Schematic representation of the monetary incentive delay task and related ERP and

beahviroual measurements captured.

Self-Report Questionnaires
Beck's Depression Inventory (BDI)

BDI is a 21-item, self-report inventory that measures depressive symptoms (Beck et al.,
1960). It’s widely used in clinical and research practice as a well-established scale with high
internal consistency in both psychiatric and nonpsychiatric samples, high content, and

convergent validity with depression rating scales (Richter et al., 1998).

Generalized Anxiety Disorder 7-item (GAD-7)

GAD-7 is a 7-item, self-report scale assessing anxiety symptoms over the past two weeks
on a 4-point scale. The scores can range from 0 to 21, with higher scores indicating severe
generalized anxiety disorder (GAD) symptoms. The scale has shown good criterion, construct,
factorial, and procedural validity, and is an efficient tool to assess GAD in clinical and research

settings (Spitzer et al., 2006).

12



State-Trait Anxiety Inventory (STAI)

The State-Trait Anxiety Inventory (STAI) form Y consists of two parts: Y-1 and Y-2,
each has 20 statements on a 4-point scale to measure a person’s state anxiety (i.e., how anxious
they are feeling right now) and trait anxiety (i.e., how anxious they feel in general) (Spielberger
et al., 1983). Each part’s scoring varies from 20 to 80 points, where a higher score indicating
higher anxiety with a suggested clinical cut of 39-40 detecting clinically significant symptoms.
The scale shows high internal consistency, and STAI S-Anxiety (Y1) showed a high correlation
with depression since it was derived from testing situations with highly stressed states (Julian,

2011).

Hypomania Check List (HCL-32)

The Hypomania Checklist-32 (HCL-32) is a 32-item measure of hypomanic thoughts and
behaviors that is sensitive to sub-clinical traits (Angst et al., 2005). The scale includes
preliminary items regarding current feelings compared to respondents’ usual state and how
respondents are usually compared to other people, followed by 32 yes-or-no hypomania-related
statements. For the current study, only respondents’ responses to the 32 yes-0r-no questions were

used.

Behavioral Inhibition/Activation Systems (BIS/BAS)

The BIS/BAS Scale is a 24-item, self-report inventory, to measure the behavioral
inhibition system (BIS), which activates inhibition and avoidance responses, and the behavioral
activation system (BAS), which facilitates goal-motivated approaching behavior on a 4-point
scale (Carver & White, 1994). Epidemiological study has shown that BIS/BAS is a reliable
factor for detecting vulnerability to psychiatric disorders such as depression, anxiety, and drug

and non-comorbid alcohol abuse (Johnson et al., 2003).
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Dimensional Anhedonia Rating Scale (DARS)

The DARS is a self-report inventory that measures anhedonia levels across four domains:
hobbies, food and drinks, social activities, and sensory experiences. Within each domain,
participants are required to provide two or three of their own examples that they enjoy doing.
The scale was developed specifically to target four different facets of anhedonia: interest,
motivation, effort, and pleasure, and had shown high reliability and convergent and divergent

validity (Rizvi et al., 2015).

Analysis
EEG Recording and Analysis

EEG recording was obtained from a 64-channel Biosemi Actiview system. Common
mode sense (CMS) and driven right leg (DRL) ground electrodes and Electrooculogram (EOG)
electrodes were placed over medial-parietal cortex. Continuous EEG data were recorded at a
sample rate of 256 Hz. All EEG data were processed offline using MATLAB R2022a (The
MathWorks Inc., 2022), EEGLAB v2022.1 (Delorme & Makeig, 2004), and ERPLAB 9.0
(Lopez-Calderon & Luck, 2014). Offline data preprocessing was completed using the PREP
pipeline 0.55.4 (Bigdely-Shamlo et al., 2015) to high-pass-flite with 0.01 Hz, remove line noise,
and re-reference all EEG channels to an average reference. An additional low-pass-filter of 30
Hz was added after PREP pipeline. P3 ERPs were epoched from -200ms to +800ms, time-locked
to stimulus onset, and baseline corrected to 200 ms prestimulus. SPN ERPs were epoched from -
1200ms to +200ms, time-locked to feedback stimulus onset, and baseline corrected to a window
-1200ms to -1000ms from the stimulus. Epoched data was processed automatically for artifact
rejection using a peak-to-peak detection with a 100ms window, then data were visually inspected

for additional eye movement and blinks. 5 participants had less than 20 available trials in a
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condition where their data were marked too noisy and not included in further processing, leaving

25 participants each had more than 20 trials available in each condition in further ERP analysis.

Finally, each participant’s data were averaged for each condition (cue-P3 and SPN: reward

magnitudes, feedback-P3: reward valance).

Table 2. Mean and standard deviation of the number of trials averaged in each condition in

Experiment 1.

Condition Mean SD
Cue one ticket 66.52 17.63
Cue three tickets 62.72 18.94
Cue five tickets 63.84 16.61
Feedback win 79.84 29.56
Feedback non-win  76.92 29.86
SPN one ticket 58.80 15.47
SPN three tickets 58.48 17.39
SPN five tickets 59.28 15.84

Upon visually examining the averaged ERPs, we observed differences between

conditions for a negative peak at around 150ms, which could be caused by visual inconsistency

in our stimulus sets that could potentially carry over into and confound P3 amplitude differences.

To control for potential carryover effects, we performed a peak-to-peak analysis from the
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negative peak prior to P3 to the positive peak at P3, so that the preceding negativities caused by
visual effects are not contributing to the amplitudes. The Cue-P3 and Feedback-P3 and the
preceding negativities were measured at Oz where the largest amplitudes were observed in the
grand mean data. To measure the Cue-P3, the negative peak prior to the P3 was extracted
between 150-250ms and the positive peak and peak latency for the cue-P3 was extracted between
230-400ms at midline central and parietal sites: Cz, CPz, Pz, POz, CP1, and CP2 (Mathalon,
2009; Salisbury et al., 2001). The Feedback-P3 was measured between 150-300ms (negative
peak) and between 250-400ms (positive peak and peak latency) (Hajcak et al., 2007) at the same
sites. SPN amplitudes were examined from 200-0ms preceding feedback stimuli at centroparietal

sites: CPz, Pz, CP1, and CP2 (Guyer et al., 2019).

Task Behavioural Analysis

We performed a repeated measure analysis of variance (ANOVA) to assess participants’
excitement ratings during reward anticipation and reward consumption, using reward magnitudes
(1, 3 and 5 tickets) and rating type (anticipatory ratings and consummatory ratings) as factors.
The test analyzed whether ratings increased on average as the number of tickets played for and
won increased, as well as whether anticipatory and consummatory ratings differed when played
and won the same number of tickets. Repeated measure ANOVA was also used to compare mean
response times to target stimuli as the number of tickets increased. We did not conduct any
analysis on the non-win condition since the reward consumption implies the acquisition of a

reward, and in the non-win scenario, rewards were omitted.

Exploratory Analysis
Participants’ responses to the questionnaires were collected and scored based on the

survey instructions. We do not have enough data to have enough power in correlational analysis
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or control for multiple comparisons, therefore the regressions that were performed on the
correlation between each questionnaire score and ERPs amplitudes, and score and reward
sensitivity ratings were exploratory on the current dataset, and no conclusion was drawn from the

results.

Results

Task behaviour

We conducted a repeated-measure analysis of variance (ANOVA) on excitement ratings
using levels of reward magnitudes (1, 3, and 5) and incentive type (anticipatory and
consummatory). We found main effects of reward magnitudes, [F(1.10, 34.15) = 59.47, p <.001,
partial N2 = .66], incentive type, [F(1.00, 31.00) = 38.42, p <.001, partial n2 =.55] and an
interaction effect of reward magnitudes and incentive type, [F(5.64, 8.06) = 21.70, p <.001,
partial n2 = .41]. Separate repeated-measure ANOVAs and post-hoc pairwise t-tests showed that
both anticipatory and consummatory ratings increased with the number of tickets (1 vs. 3 vs. 5),
with all p < .001.Post-hoct-test revealed that, for 1 and 3 tickets, anticipatory ratings were
significantly lower than consummatory ratings, [t(31)=-7.36, p < .001], and [t(31) = -6.38, p
<.001]. For 5 tickets, the disparities between anticipatory ratings (M = 4.15, SD = 0.28) and
consummatory ratings (M = 4.48, SD = 0.28) progressively decreased, t(31) = -2.30, p = 0.01.
There was also a significant decrease in response times as the number of tickets played for
increased, [F(2, 40) = 28.93, p <.001, partial n2 =.59], and pairwise t-test showed a significant
decrease in reaction time when playing for 3 tickets (M = .37, SD = .02) compared to 1 ticket (M
=.38, SD =.02), [t(20) = 3.07, p = 0.01], and when playing for 5 tickets (M = .35, SD =.02),

[t(20) = 4.44, p < .001].
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Table 3. Repeated-measure ANOVA results of the behvaioural ratings to assess the effects of

reward magnitudes and types of ratings in Experiment 1.

Sum of Mean Partial
Effects Square 4 square r P n2
Magnitudes  80.887 1.10 73.41 59.47 <.001 .66
Error(Magnitudes) 42.15 34.15 1.23
IncentiveType  28.57 1.00 28.57 38.42 <.001 .55
Error(IncentiveType)  23.05 31.00 0.74
1 *
Magnitudes * = 5 1.15 4.92 2170 <.001 41
IncentiveType
1 *
Error(Magnitudes® ¢ ¢ 35.53 0.23
IncentiveType)
450 RatingType
= Anticipatory
= Consummatory
g 350
g
é 3.00
1.00 3.00 500

Tickets

Figure 2. Averaged anticipatory and consummatory ratings in three reward magnitudes levels in

Experiment 1.
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Table 4. Repeated-measure ANOVA results of reaction time to targets to assess effects of reward

magnitudes in Experiment 1.

Sum of Mean Partial
Effects Square df square F p n2
Magnitudes .01 2 .01 28.93 <.001 .59
Error(tickets) .01 40 .00
E
g 36
&
1 2 3

Tickets

Figure 3. Averaged reaction time to targets in three reward magnitudes levels in Experiment 1.

EEG
Repeated measure ANOVA for the Cue-P3

Cue-P3 amplitudes were extracted from eight different scalp channels of interest (COIl),
Cz, CPz, Pz, POz, CP1, and CP2 using the peak-to-peak approach described above. A repeated
measure ANOVA was calculated on Cue-P3 amplitudes using the levels reward valence (1, 3,
and 5) and channel location (Oz, POz, Pz, CPz, Cz, CP1 and CP2). Main effects and interactions
were corrected using the Greenhouse-Geisser correction if sphericity is violated. Results showed

main effects of both reward magnitudes, [F(1.83, 43.89) = 13.93, p <.001, partial n2 =.37], and
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COI [F(1.86, 44.75) = 42.40, p <.001, partial n2 = .64]. Furthermore, there was also a
significant interaction between reward magnitudes and COI, [F(4.21, 101.14) =5.09, p < .001,
partial n2 = .18]. Separate repeated measure ANOVASs were conducted on individual COI and
reward magnitudes as factors to explore the interaction effects. As shown in Table 5, there was a
highly significant difference in ERP amplitudes between reward magnitudes at channel Oz
[F(1.51,36.21) =13.29, p <.001, partial n2 = 0.36], and that amplitude in 1 ticket condition was
significantly lower than 3 tickets and 5 tickets (p < .001); at channel POz [F(2, 48) =7.90, p =
0.001, partial n2 = 0.25], P3 amplitudes in 1 ticket condition were significantly lower than 3
tickets (p <.001), and there was no significant difference in 1 and 3 tickets conditions in
comparison with 5 tickets conditions; and finally at channel Pz, [F(2, 48) = 3.98, p < 0.05, partial
n2 = 0.14], and at channel CP1, [F(2, 48) = 3.67, p < 0.05, partial n2 = 0.13], P3 amplitudes in 1
ticket condition were significantly lower than 5 tickets condition (p = 0.01).Pairwise
comparisons using LSD correction showed that overall Cue-P3 amplitudes were significantly
higher for 3 tickets (M = 4.98, SD = 0.44) and 5 tickets (M = 5.31, SD = 0.45) compared to 1
ticket (M = 3.99, SD = 0.35) (ps < .001), and we did not find a significant difference between 3
tickets and 5 tickets (p = .23). Peak latency was also analyzed using repeated measure ANOVA
with the same factors and levels which showed a significant main effect on magnitudes, [F(1.93,
46.21) =5.15, p=.01, partial n2 = .18], and COlI, [F(3.85, 92.47) = 8.25, p < .001, partial n2

= .26]. There was also an interaction effect on magnitudes and COI, [F(6.36, 152.64) =2.84, p =
0.01, partial n2 = .11]. Additional ANOVA revealed significant effects at channel CPz, [F(2, 48)
=5.75, p=0.01, partial n2 = 0.19], where peak latency in 1 ticket condition was shorter than 3
tickets condition (p < 0.05) and 5 tickets condition (p < .001); at channel Cz, [F(2, 48) =5.83, p

= (.01, partial n2 = 0.20], where similarly, peak latency was shorter in 1 ticket condition in
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comparison with 3 tickets condition (p < 0.05), and 5 tickets condition (p < 0.01); and finally at

channel CP1, [F(2, 48) = 3.16, p = 0.05, partial 2 = 0.12], where peak latency was significantly
shorter in 1 ticket condition in comparison with 5 tickets condition (p < 0.01). Peak latency for 1
ticket (M = 310.07, SD = 6.04) was significantly shorter than 3 tickets (M = 326.94, SD = 5.89, p

=0.01), and 5 tickets (M = 325.20, SD = 6.27, p = 0.01).
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Repeated measure ANOVA in Feedback-P3

We also analyzed ERP amplitudes for feedback-P3 against the same COls and between
the win and not win conditions. A repeated measures ANOVA was calculated on Feedback-P3
amplitudes using the levels reward valence (1, 3 and 5) x channel location (Oz, POz, Pz, CPz,
Cz, CP1 and CP2). Results showed a significant main effect for COI, [F(1.92, 46.00) =99.18, p
<.001, partial n2 = .28]. We did not find any significant effects for reward valence, [F(1, 24.00)
= 1.05, p = 0.32, partial n2 = .04], nor reward valence and COI interaction, [F(2.54, 148.56) =
0.41, p = 0.80, partial n2 = .02]. Latency analysis only found a main effect in COI, [F(3.84,

92.21) = 15.30, p <.001, partial n2 = .39].
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Repeated measure ANOVA in SPN

In the current task, we did not find any significant effect of reward magnitudes on the
SPN, [F(1.85, 44.27) = 0.78, p = 0.54, partial n2 = 0.03], and COI, [F(2.07, 49.68) = 1.37, p =
0.39, partial n2 = 0.04], and no significant interaction effect between reward magnitudes and
COl, [F(4.26, 102.23) = 0.12, p = 0.69, partial n2 = 0.02].

CP1 ‘ CP2

05 05

— 1 ticket ——— 5 tickets
— 3 tickets ——— Difference 5-1 tickets

I ticket -200-Oms 3 ticket -200-Oms 5 ticket -200-Oms

Figure 6. Stimulus-preceding negativity (SPN) grand average ERP waveforms from -1200ms to

200ms and averaged topography from -200ms to Oms in Experiment 1.
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Table 5. Summary of repeated-measure ANOVA results for the ERPs amplitude and latency to assess effects of magnitudes in Cue-P3

and SPN and the effects of reward valence in Feedback-P3 in Experiment 1

Cue-P3 Feedback-P3 SPN

Amplitude Latency Amplitude Latency Amplitude

F P n2 F p n2 F p n2 F p n2 F p 52

Magnitudes ~ 13.93 <.001 .37 5.15 0.01 0.18 60 .54 .03
Valence 1.05 32 .04 66 42 .03

Col 4240 <.001 .64 825 <.001 .26 9.8 <.001 .28 1530 <.00l .39 .96 .39 .04

lé/[g%“imdes* 509 <.001 .18 2.84 .01 .11 58 .69 .02
Xglince * 41 80 .02 137 25 .05
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Table 6. Post-hoc pairwise comparison of Cue-P3 amplitudes and latency in different reward magnitudes conditions in channels with

significant interaction effects observed in Experiment 1

COls 1 Ticket 3 Tickets 5 Tickets Overall p Pairwise p

1vs.3 3vs.5 1vs.5
Amplitudes
Oz 6.66(2.84) 9.40(4.57) 10.62(6.34) <.001 <.001 0.07 <.001
POz 6.05(2.60) 8.17(3.34) 7.92(3.19) 0.001 <.001 0.67 0.10
Pz 4.38(2.49) 5.13(3.10) 5.54(3.19) 0.03 0.06 0.40 0.01
CP1 2.97(1.72) 3.08(2.02) 3.81(2.09) 0.03 0.71 0.08 0.01
Latency
CPz 303.59(48.42) 334.53(53.54) 335.47(51.33) 0.01 0.02 0.93 <.001
Cz 305.94(53.32) 337.50(60.74) 350.94(54.17) 0.01 0.04 0.29 0.004
CP1 314.22(48.86) 333.75(53.00) 337.34(47.30) 0.05 0.07 0.76 0.004
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Exploratory analysis
Correlation between ERP amplitudes and anticipatory and consummatory rating

Exploratory correlation analyses were conducted on ERP amplitudes at the channels with
the largest effects and anticipatory and consummatory excitement ratings. There was a small
positive correlation between Cue-P3 amplitudes at channel Oz and anticipatory ratings (r = 0.24,

p <0.05).

Feedback-P3 amplitudes at channel Oz were analyzed with consummatory ratings. We
found a small positive correlation in ERP amplitudes in the win condition and consummatory
ratings (r = 0.26, p < 0.05). Again, there is no significant conclusion since we are underpowered,

and we will need a larger sample size to determine if the correlation holds true.

No significant correlation was found between SPN amplitudes at channel CP2 and either

anticipatory or consummatory ratings.

Correlation between ERP amplitudes and questionnaire scores

Correlation analyses were also conducted on ERP amplitudes at the channels mentioned
above and the questionnaire scores. Trends of the correlations are shown below in Figure 7.
There was a small correlation between the winning Feedback-P3 amplitudes at channel Oz and
the BIS scores (r = -.442, p < 0.05). No significant correlation was found between the other

ERPs and questionnaire scores.
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Conclusion

The current study used an adapted MID task to measure electrophysiological responses to
anticipatory and consummatory reward stimuli. The behavioural component of the task showed
increased anticipatory and consummatory reward sensitivity and faster response times as reward
magnitudes increased. In general, excitement ratings were higher during the consumption phase
than the anticipation phase, but the difference became smaller as reward magnitudes increased.
ERPs following reward cues (i.e., cue-P3), response (i.e., SPN), and feedback (i.e., feedback-P3)
were evaluated. During the anticipatory phase, larger reward magnitudes increased P3
amplitudes compared with smaller reward magnitudes, but didn’t show effects on the SPN. This
demonstrates the motivational salience effects of rewards across the cue-evaluation stage (Sato et
al., 2005; Yeung & Sanfey, 2004; Zheng et al., 2017). In the anticipatory phase, high reward
magnitudes (3 and 5 lottery tickets) elicited larger P3 in comparison with low reward magnitudes
(1 lottery ticket), whereas there was no significant difference between 3 and 5 tickets. Low
reward magnitude also had shorter peak latency than high reward magnitudes in the
centroparietal regions. In conclusion, the task’s results partially confirmed the hypothesized
changes, indicating that as reward magnitudes escalated during the anticipatory phase, there were
corresponding increases in cue-P3 amplitudes. However, no significant changes were observed

in the late anticipatory SPN and consummatory feedback-P3 components.

We observed a negative sink of amplitudes in the 5 tickets condition around 150-170ms
after cue onset which was more obvious around the occipital region (channel Oz and POz). We
hypothesized that the asymmetric arrangement of 5 tickets on the screen exposed the left visual
field to more visual stimuli than the right visual field, whereas 1 and 3 tickets were

symmetrically arranged. In feedback evaluation, we also found a similar dampening around 150-
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170ms after the non-win feedback stimuli onset. The feedback was visualized using a green
thumbs-up as win and a red thumbs-down as non-win. We suspected the effect was caused by an
inversion effect of the thumbs-down compared with the thumbs-up which is more commonly
observed and familiar in life. Accordingly, in Experiment 2, we attempted to adjust the stimulus
and eliminate the early visual effect that could have contaminated the adjacent ERPs such as cue
and feedback-P3, and possibly contributed to the lack of effect in Feedback-P3 in the initial

paradigm.
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Experiment 2

Methods

Modified MID Task Paradigm

Two stimuli were adjusted aiming to eliminate the confounding visual effects, the reward

cue stimuli, and the feedback stimuli. In the original paradigm, reward cues for five tickets were

asymmetrically presented in the left and right visual fields, resulted in a dampened potentiation

in the five-tickets condition prior to P3 onset in comparison to other conditions. In the new

paradigm, we adjusted the stimuli to be presented as a single ticket printed with numbers (1, 3,

and 5) as indicators of reward magnitudes. Pilot behaviour data from 7 participants indicated

good salient effects of these new cue stimuli (p = 0.03). The other stimuli we modified were the

feedback stimuli, in which the thumb down had resulted in a possible inversion effect also prior

to P3. To adjust, we used a checkmark “\” and a cross “x” mark as the new win and non-win

feedback stimuli. The rest of the task remained unchanged (Figure. 8).

(1500/1750/2000ms)

+

Cued-P3

(1000ms) (1, 3, 5 tickets)

T TN

L Zail

Anticipatory rating

How excited do you feel?

1 4 7
Nevtral Very Excited

Time

(500/750ms)

+

(1250/1500/1750ms)

+

(1000ms) (win or not win)
a -9
\V 4

SPN

How excited do you feel?

Feedback-P3

Consummatory rating

Figure 7. Schematic of the adjusted MID task. Both the cue stimuli and feedback stimuli were

changed from the previous paradigm.
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Participants

A total of 23 participants (6 males, 2 non-binaries, mean age = 21.30, SD = 5.21) were
recruited through the human subject pool system from the University of British Columbia and
received course credit for their participation. 2 participants were excluded from EEG analysis
due to medication history and their EEG data were not analyzed. 1 participant’s data was too
noisy with less than 20 good trials in at least one condition, leaving 20 participants’ EEG data,

which had more than 20 trials in all conditions, in the ERP analysis.

Table 7. Participant demographic in Experiment 2

Variables Mean + SD
Age 21.30+5.21
% Female 15 (73.91%)
BDI 13.61 +£14.43
GAD 522+5.24
HCL 17.09 +4.80
STAI-S 38.17 £ 8.55
STAI-T 44.48 £9.01
DARS 56.22 +13.17
BIS 12.96 +2.85
BAS 7.35+£1.61

Table 8. Mean and standard deviation of the number of trials averaged in each condition in

Experiment 2.

Condition Mean SD

Cue one ticket 60.15 17.50
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Cue three tickets 58.90 19.37

Cue five tickets 58.80 18.65

Feedback win 72.40 26.52

Feedback non-win  70.15 25.94

SPN one ticket 61.70 18.18

SPN three tickets 59.80 16.80

SPN five tickets 59.10 15.92

Procedure

The new task procedures remained the same as the previous task. Participants read and
confirmed consent to participate in the study and the reward lottery draw followed by completing
the Demographic and Daily Evaluation questionnaire mentioned above. EEG data were collected
while completing the new MID paradigm. Finally, participants completed additional self-
reported scales mentioned above. Additional information about participants’ assumptions of the
task was also collected (i.e., whether they believe the reward results were not related to their

reaction time to the target cue).

Results

Behavioural Task

A 2 (Incentive type) x 3 (levels of reward magnitudes) repeated-measure ANOVA
showed main effects of reward magnitudes, [F(1.19, 26.09) = 42.63, p <.001, partial n2 = .66],
incentive type, [F(1.00, 22.00) = 46.27, p <.001, partial n2 = .68], and an interaction effect of
reward magnitudes and incentive type, [F(1.19, 26.11) = 16.57, p <.001, partial n2 = .43]. Post-

hoc t-test revealed that anticipatory ratings were significantly lower than consummatory ratings
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in all three magnitudes, [t(22)=-7.20, p <.001, t(22) = -6.12, p < .001], and [t(22) = -3.90, p

<.001] for 1, 3 and 5 tickets respectively. Similar to the previous paradigm, anticipatory

excitement ratings for 1, 3, and 5 tickets were all significantly lower than consummatory ratings

(p <.001). Response time was also lower when the number of tickets played for increased, [F(2,

44) = 16.71, p <.001, partial n2 = .43]. Although the post-hoc t-test didn’t show a significant

change in reaction time when playing for 1 ticket (M = 0.39, SD = 0.10) compared to 3 tickets

(M =0.39, SD =0.10), [t(22) = 0.92, p = 0.18], there was a significant decrease when playing for

3 tickets and 5 tickets (M = 0.37, SD = 0.10), [t(22) = 4.68, p <.001], and for 1 ticket and 5

tickets [t(22) = 4.68, p < .001].

Table 9. Repeated-measure ANOVA results of the behvaioural ratings to assess the effects of

reward magnitudes and types of ratings in Experiment 2.

Effects nga?ef df i\é[lf:fe F p Pﬁgal
Magnitudes  53.41 1.19 45.04 42.63 <.001 .66
Error(Magnitudes) 27.56 26.09 1.06
IncentiveType  40.62 1.00 40.62 46.27 <.001 .68
Error(IncentiveType)  19.31 22.00 .88
Ill\l’iaei‘::i‘;‘,}‘;sp: 5.22 1.19 440 1657  <.001 43
Error(Magnitudes* 6.93 26.11 97
IncentiveType)
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Figure 8. Averaged anticipatory and consummatory ratings in three reward magnitudes levels in

Experiment 2.

Table 10. Repeated-measure ANOVA results of reaction time to targets to assess effects of

reward magnitudes in Experiment 2.

Effects Sum of df Mean r Partial
Square square n2
Tickets .01 2 .00 16.71 <.001 43
Error(tickets) .01 44 .00
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Figure 9. Averaged reaction time to targets in three reward magnitudes levels in Experiment 2.

EEG
Repeated measure ANOVA for the Cue-P3

We conducted the same test for ERP results as the previous paradigm. Repeated measure
ANOVA showed main effects on COI, [F(1.76, 33.47) = 27.46, p <.001, partial n2 =.59], and a
significant interaction between reward magnitudes and COl, [F(4.58, 87.05) = 4.60, p = .001,
partial n2 = .19]. Additional ANOVA on reward magnitudes and COls revealed a significant
difference in peak amplitudes at channel Oz, [F(2, 38) = 15.22, p <0.001, partial n2 = 0.45],
where Cue-P3 amplitudes were significantly smaller in 1 ticket condition than 3 tickets (p
<.001) and 5 tickets (p <.001); and at channel POz, [F(2, 38) = 3.70, p < 0.05, partial 2 =
0.16], where amplitudes in 1 ticket condition were significantly smaller than 5 tickets condition
(p < 0.05). The main effect for overall reward magnitude, however, was not significant, [F(1.76,
33.37) =1.37, p=0.27, partial n2 = 0.07]. Peak latency analysis only revealed a main effect in

COl, [F(3.23, 61.30) = 4.53, p = .01, partial 12 = .19].
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Figure 10. Cue-P3 grand average ERP waveforms from -200ms to 800ms and topography at

400ms in Experiment 2.



Repeated measure ANOVA in Feedback-P3

Results for feedback-P3 showed a significant main effect for COI, [F(1.69, 32.11) =
12.13, p <.001, partial n2 = .39]. We did not find any significant effects for reward valence,
[F(1, 19.00) = 0.00, p = 0.99, partial n2 = .00], nor reward valence and COI interaction, [F(2.81,
53.40) = 1.24, p = 0.32, partial n2 = .06]. Latency analysis only showed a main effect for COI as

well, [F(3.30, 62.72) = 11.45, p <.001, partial n2 = .38].
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Repeated measure ANOVA in SPN

In the current task, we did not find any significant effect of reward magnitudes on the
SPN, [F(1.67, 31.69) = 0.25, p = 0.78, partial n2 = 0.01], and COI, [F(2.90, 55.01) = 2.22, p =
0.10, partial n2 = 0.10], and no significant interaction effect between reward magnitudes and

COl, [F(4.19, 79.55) = 2.14, p = 0.08, partial n2 = 0.10].

cP1 cP2

— 1 ticket —— 5 tickets
—— 3 tickets Difference 5-1 tickets

1 ticket -200-Oms 3 ticket -200-Oms 5 ticket  -200-Oms

Figure 12. Stimulus-preceding negativity (SPN) grand average ERP waveforms from -1200ms
to 200ms and averaged topography from -200ms to Oms in Experiment 2.

40



Table 11. Summary of repeated-measure ANOVA results for the ERPs amplitude and latency to assess effects of magnitudes in Cue-

P3 and SPN and the effects of reward valence in Feedback-P3 in Experiment 2.

Cue-P3 Feedback-P3 SPN

Amplitude Latency Amplitude Latency Amplitude

F P n2 F p n2 F p n2 F p n2 F p 5

Magnitudes 137 027 007 155 022 0.08 25 78 .01
IncentiveType 0.00 099 .00 0.78 .39 .04

COI 2746 <.001 0.59 4.53 <.001 .19 12.13 <.001 .39 1145 <.001 .38 222 .10 .10

lgg%“itudes* 460 0001 0.19 1.75 .12 .08 2.14 .08 .10
i“ée(l;f"eType 124 32 .06 083 55 .04

Table 12. Post-hoc pairwise comparison of Cue-P3 amplitudes in different reward magnitudes conditions in channels with significant

interaction effects observed in Experiment 2

COls 1 Ticket 3 Tickets 5 Tickets Overall p Pairwise p
1vs.3 3vs. 5 1vs.5
Oz 6.81(4.39) 8.96(4.84) 8.82(4.50) <.001 <.001 0.75 <.001
POz 6.37(4.16) 7.30(3.95) 7.49(4.10) 0.03 0.06 0.60 0.03
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In the second paradigm, we also wanted to explore whether participants were aware, or became
aware of the experimental manipulation, that is the outcomes of task were independent of their
actions and efforts, therefore, we included the following question at the end of the experiment
questionnaire asking, “How likely did you think you would win the tickets if you pressed the
spacebar fast enough?”. Among 23 participants, 6 (26.09%) responded “Likely”, 6 (26.09%)

responded “Not likely” and 11 (47.83%) responded “Maybe”.

Conclusion

From the grand average ERPs waveforms, we did not observe any significant differences
between conditions at around 150-170ms at the occipital regions, therefore, we concluded that
the revised paradigm had showed cleaner ERPs compared with the previous paradigm after we
had removed the asymmetric and inverted stimuli. We still saw behavioural differences in
anticipatory and consummatory excitement ratings, in that ratings increased with reward
magnitudes, and similarly to the previous paradigm, differences between anticipatory and
consummatory ratings became smaller as reward magnitudes went up. Higher reward magnitudes
also caused quicker motor response to the targets which showed that our new paradigm still
created different salient effects even though the stimuli were not dramatically different from each
other. We observed a significant enhancement in Cue-P3 amplitudes at the occipital regions, Oz
and POz, as reward magnitudes increase. However, we did not see a significant difference in the
ERP amplitudes and latencies in the new paradigm which could also be because we had less

power compared to the previous paradigm.
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Discussion

In this study, we aimed to validate an adapted MID paradigm that included monetary gain
and no gain in different reward magnitudes to study the temporal dynamics of anticipatory and
consummatory reward processing by extracting reward-related ERPs, including Cue-P3 and SPN
at the early and late anticipatory stage, and Feedback-P3 at the reward consumption stage. This
paradigm was designed to specifically eliminate decision-making and reinforcement learning
which are two common psychological constructs that are included in other tasks that are used to
investigate reward processing, and the adapted MID paradigm is able to more precisely capture
ERP responses responsible for reward anticipation and consumption and disentangle the
temporal overlaps of various reward-related ERPs. In the initial experiment, we found that the
task elicited enhanced Cue-P3 as reward magnitudes increased, demonstrating the motivational
salience effects of rewards and reward magnitudes across the cue-evaluation stage (Sato et al.,
2005; Yeung & Sanfey, 2004; Zheng et al., 2017). We did not find a significant effect of reward
valences (i.e., win vs. non-win) which supports previous findings that Feedback-P3 is not
modulated by reward valence. As mentioned in the introduction, the results of Feedback-P3 and
its sensitivity to performance evaluation have been mixed. The high temporal overlap between
P3 and another feedback-related ERP, reward positivity (RewP), may have contributed to the
inconsistency in the literature. It’s been shown that RewP is most commonly investigated within
the reinforcement learning paradigm, and that RewP is associated with prediction violation and is
considered an index for reward prediction error (Glazer et al., 2018; Sambrook & Goslin, 2014).
Since our paradigm did not incorporate reward learning and prediction, the Feedback-P3 results
were temporally distinct from other ERP components, and we concluded that Feedback-P3 was

not sensitive to reward valences of win and non-win conditions. We also observed that our P3
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had a tendency to shift back close to occipital instead of centroparietal where P3 is most
commonly observed. This could be due to human error during experiment setup or because both
our reward cues and reward feedback stimuli are visually salient, therefore we observed
heightened neural response carried to later P3 component. The task had elevated negativity at
late-stage anticipation before feedback onset but there was no effect of reward magnitudes in
SPN as previous literature has suggested (Kotani et al., 2003; Zheng et al., 2015, 2017). Previous
research also noted that enhanced SPN is associated with higher uncertainties in outcomes
(Catena et al., 2012; Megias et al., 2018) which is more commonly manipulated as risk levels in
decision-making or probabilistic tasks, which was lacking in our paradigm. With purely reward
evaluation without fluctuation in reward probabilities to create levels of uncertainties, there

might not be enough sensitivity to evoke SPN differences in low and high reward magnitudes.

In the revised paradigm (Experiment 2), we identified and substituted two visual stimuli
that had caused incongruent early visual processing between conditions in the first experiment.
The 5 tickets cue stimulus was asymmetrically organized and resulted in a negative potential at
early visual processing. Our non-win feedback stimulus (i.e., thumb-down) also showed an
inversion processing effect that caused enhanced negativity around N170 which is an ERP best
known for face recognition and the face inversion effects. We used a different set of stimuli that
contained the same visual incentive information and conducted the experiment with a different
group of participants. From the grand average waveforms, we confirmed our suspicions that the
early 150ms — 170ms differences between conditions were purely caused by early visual
processing of the visual stimuli, and not related to the processing of reward information. For
future experiments, we need to pay more attention to the paradigm and stimuli design and ensure

that undesired effects are not evoked which could contaminate ERP results.
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One of the limitations of the study is the salience of our reward. We used chances to win
lottery tickets towards monetary gain instead of direct monetary rewards. Even though we
observed sensitivity from behavioural responses of anticipatory and consummatory ratings, ERPs
might not be most sensitive to the current reward condition. The task was also manipulated by
researchers so that we acquired the same number of trials in win and non-win in each reward
magnitude, and participants were blinded to this setup. However, by the end of the task, a
number of participants had suspected that their response to the target would not influence task
outcomes. From the results of the questionnaire conducted at the end of the second experiment,
about half of the participants (47.83%) speculated that their actions did not influence experiment
outcome, and some (26.09%) believed outcomes were not affected at all. It’s reasonable to
suspect that motivation would decrease as participants had come to terms that their actions did
not cause changes in outcomes. However, a number of fMRI studies on passive reward
expectancy and outcome processing showed activation at the ventral striatum and medial
orbitofrontal cortex (Chumbley et al., 2014; Diekhof et al., 2012; Van Leijenhorst et al., 2010).
It’s reasonable to assume anticipation and consumption reward processing would evoke neural

responses just by the visual presentation of salient stimuli.

In both experiments, we had relatively small sample sizes which precluded an adequately
powered correlation analysis between the self-reported scales, behavioural ratings, and ERP
amplitudes, and possibly contributed to low power in the main analysis of Experiment 2. We also
recruited from a college population of young adults rather than a clinical setting, so the majority
of the sample had low to medium symptom levels and only a few had high symptom levels. In

future studies, a greater sample size, and greater variance in depression/anxiety symptoms should
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be recruited to better investigate symptoms of anhedonia in relation to anticipatory and

consummatory reward processing.

In summary, we assessed the use of an altered MID paradigm as a means to measure
electrophysiological responses to anticipatory and consummatory reward processing. The
paradigms demonstrated the ability to evaluate early reward anticipation in different reward
magnitudes as reflected by Cue-P3, but did not have an effect on late anticipation (SPN) and
feedback evaluation (Feedback-P3). Since the paradigm omitted reward learning and decision-
making, which are psychological constructs outside of reward anticipation and consumption, it
allows a refined examination of the reward-related ERP components and the effects of reward
magnitudes and valences. This makes our task a potentially useful paradigm to investigate
reward-related symptoms such as subtypes of anhedonia, especially deficits in early reward
anticipation, that are observed in various clinical disorders. Given the dearth of research on
reward anticipation in clinical populations, this paradigm could be used in studies as an index to
early anticipation toward monetary reward, and future studies could use it to investigate reward
processing-related symptoms and their neurophysiological markers in patients with mental health

disorders.
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