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The present research was designed to test whether the subjective experience of more
effort related to more reward valuation as measured by a neural response. This prediction
was derived from the theory of cognitive dissonance and its effort justification paradigm.
Young adult participants (n = 82) engaged in multiple trails of a low or high effort
task that resulted in a loss or reward on each trial. Neural responses to the reward
(loss) cue were measured using EEG so that the event-related potential known as the
Reward Positivity (RewP) could be assessed. Results revealed no significant differences
between low and high effort conditions on the RewP. However, within the high effort
condition, a more subjective experience of effort was associated with a larger RewP.
This research extends past research on the effort justification paradigm of cognitive
dissonance theory by suggesting that effort justification is associated with an implicit
measure of reward valuation. It, therefore, challenges recent perspectives on dissonance
processes that posit that these evaluative changes should only occur on explicit but not
implicit measures.

Keywords: effort, reward, cognitive dissonance, reward positivity, event-related potentials

INTRODUCTION

According to cognitive dissonance theory and its research (Festinger, 1957; Levy et al., 2018), the
more effort one exerts, the more valuable one perceives the reward associated with that effort.
This effect has been referred to as effort justification. Cognitive dissonance theory proposes that
elevating the attractiveness of a reward following the exertion of unpleasant effort is a motivated
process that serves to reduce psychological inconsistency regarding having engaged in the effort
(Festinger, 1957; Harmon-Jones and Mills, 1999, 2019).

In one classic experiment, Aronson and Mills (1959) had female participants undergo an
initiation to gain access to a group discussion. The initiation was designed to be of low or high effort
(and another condition simply listened to and rated the group discussion). The low effort initiation
involved reading sexually-oriented material that was not very embarrassing, whereas the high effort
initiation involved reading sexually-orientedmaterial that was very embarrassing. After undergoing
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the initiation, participants listened to a group discussion about
sexual behavior in animals. Results revealed that participants who
underwent the more embarrassing (effortful) initiation evaluated
the group more positively than participants who underwent the
mildly embarrassing initiation. This classic experiment used the
amount of embarrassment as the manipulation of effort. Other
dissonance experiments have manipulated effort in a variety of
ways, including the difficulty of cognitive tasks (Axsom and
Cooper, 1985; Harmon-Jones et al., 2015b).

According to cognitive dissonance theory, individuals value
that for which they have suffered to reduce the dissonance
from engaging in the effort. The cognition, ‘‘I underwent
embarrassment to gain admission to this group,’’ is in
contradiction with the cognition, ‘‘I would prefer not to undergo
embarrassment.’’ The dissonance from this discrepancy can be
reduced by justifying the effort by adding a cognition that is
consonant with the former cognition, ‘‘The group is interesting
and desirable.’’ The variables of critical importance in dissonance
theory are psychological or subjective (e.g., the perception
of effort).

Past dissonance theory research on effort’s influence on
reward valuation has measured subjective evaluations of rewards.
Indeed, some perspectives posit that dissonance reduction
should not influence implicit measures such as neural responses
(Gawronski and Brannon, 2019). The present research sought
to extend past research by testing whether the effort would
increase reward valuation when it was measured using a neural
response. One such response that has been studied extensively
is an event-related potential referred to as the Reward Positivity
(RewP). This response has also been referred to as the feedback
negativity (Yeung and Sanfey, 2004) and feedback-related
negativity (Gehring and Willoughby, 2002). This response is
often examined by computing the difference between the event-
related potentials (ERP) to gains and losses approximately 300ms
following performance-related feedback. Much research has now
suggested that this ERP difference wave is primarily driven by
responses to receipt of gain and not loss cues (for reviews see
Proudfit, 2015; Krigolson, 2018). However, this position is not
completely accepted (Yaple et al., 2018). The RewP is associated
with the likelihood and magnitude of reward (Sambrook and
Goslin, 2015). The RewP is associated with activity in a
‘‘reward’’ neural circuit involving the ventral striatum, medial
prefrontal cortex, anterior cingulate cortex, orbital frontal
cortex, amygdala, and caudate (Carlson et al., 2011, 2015;
Becker et al., 2014).

Larger RewPs are associated with greater extraversion
(Cooper et al., 2014), trait approach motivation (Lange et al.,
2012), trait reward responsiveness (Bress and Hajcak, 2013), and
greater state and trait anger (Angus et al., 2015; Tsypes et al.,
2019). In contrast, smaller RewPs are associated with greater
state-induced sadness (Foti and Hajcak, 2010) and depressive
symptoms (Foti and Hajcak, 2009). Moreover, a manipulated
increase in perceived control over obtaining rewards causes
an increase in the RewP (Mühlberger et al., 2017). These
results suggest that the RewP is associated with higher approach
motivation and likely to be increased with effort, as effort is often
associated with approach motivation.

The present study was designed to test whether increased
effort would be associated with increased reward valuation as
predicted by dissonance theory. We wanted to assess whether
we could observe this predicted effect using the RewP as a
dependent variable, as most past dissonance/effort justification
studies used self-reported attitudes toward the reward as the
dependent variable. We predicted that individuals who exert
high effort to obtain a reward should have a larger RewP than
individuals who exert low effort to obtain the same reward.
Also, because dissonance theory’s predictions are based on
the subjective variable of perceived effort, we tested whether
individuals who perceive themselves to have engaged in more
effort have a larger RewP.

The present research was designed to test the prediction
derived from cognitive dissonance theory that effort should
increase reward valuation. However, other perspectives have
suggested that effort should decrease reward valuation (e.g.,
Inzlicht et al., 2018). To date, no clear resolution of these
competing predictions has been proposed, but dissonance theory
and its research have suggested that effort should increase
reward valuation primarily when individuals believe the reward
is contingent on the effort (i.e., when they perceive control over
the outcome; Gerard and Mathewson, 1966). Based on this past
research, the present research gave participants perceived control
over the outcome.

MATERIALS AND METHODS

Participants
Participants were 90 right-handed individuals who participated
in exchange for course credit in their first-year psychology
class or monetary compensation ($40 in Australian dollars;
AUD). Of these, eight participants were excluded: one for poor
performance on the number judgment task, three because they
stated they did not believe that receiving a reward was dependent
on their performance, and four because they had fewer than
20 artifact-free trials for either reward or loss feedback, leaving
82 (46 male, M = 20.74, SD = 3.64) for the analyses. Reported
ethnicities were White (31.7%), Northeast Asian (34.1%),
Southeast Asian (28.0%), Southcentral Asian (9.8%), Middle
Eastern (4.9%), and other (3.7%). The UNSW Human Research
Ethics Advisory Panel for Psychology HREAP-C approved the
study, protocol #2948.

Design
The experiment was a two condition (low effort, high effort)
between-subjects design. Effort was manipulated by assigning
participants to an easy (low effort) or difficult (high effort)
version of a number judgment task.

Procedure
Participants were seated at a computer in an individual testing
room where they provided informed consent. A jar containing
money was visible on the table to ensure that participants
believed that they would receive money after the experiment.

After the researcher attached the EEG sensors to the
participant, he explained that they would gain money during the
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task and instructed them to read the instructions presented on
the computer screen. He then left and closed the door to the
participant’s room and started the experiment. The researcher
remained blind to condition throughout the experiment1.

Participants completed demographic questions (see above)
and filler personality questionnaires (these measures were not
analyzed because they were not relevant to the hypothesis; thus,
they are not reported). The completion of these questionnaires
was included so that all participants would be in a similar,
neutral mindset. Participants then completed the number
judgment task while EEG was measured. Then, they completed
self-report measures. After the experiment, participants were
debriefed and given their monetary reward (which was
approximately AUD 7.00).

Materials and Measures
Instructions and Practice for Number Judgment Task
Before beginning the task, participants were informed that
whether they received the reward for each block would depend
on their speed, accuracy, and other variables. However, during
the task, reward feedback was presented almost randomly so
that participants would receive an equal number of rewards and
losses. The only performance criterion during the actual task was
whether the participant failed to respond to any trials within a
block during the 1,500 ms when the numeral was shown; in such
cases, they received loss feedback.

Practice blocks familiarized participants with the procedure.
Participants first completed a parity or magnitude block (low
effort) followed by a switching block (high effort), with no
reward feedback (see below for details of parity, magnitude, and
switching blocks). Then, if they were assigned to the low effort
condition, they completed a parity and a magnitude practice
block, whereas if they were assigned to the high effort condition,
they completed two switching practice blocks. If participants
were correct on less than 80% of trials, they completed two more
practice blocks.

Number Judgment Task
The task, adapted from one used by Botvinick et al. (2009),
consisted of individual numbers being shown in yellow or blue

1Following the practice blocks of the number judgment task, participants were
randomly assigned to one of three between-subjects conditions that differed in the
effort and perceived choice. In the high effort/low choice condition, participants
read that they had been randomly assigned to engage in the task with blocks
that consist of alternating blue and yellow numerals; in the low effort/high choice
condition, participants read, ‘‘. . . although it is your choice, we would appreciate
it if you would perform the task with blocks that consist of only blue or yellow
numerals; and for the high effort/high choice condition they read,’’ ‘‘. . . although
it is your choice, we would appreciate it if you would perform the task with
blocks consisting of alternating blue and yellow numerals.’’ After the number
judgment task, the perceived choice was measured by asking participants, ‘‘How
much choice did you feel you had over engaging in the blocks that consist of
only blue or yellow numerals, vs. the block that consists of alternating blue and
yellow numerals?’’ (1 = no choice at all to 7 = a lot of choice). The perceived
choice manipulation check question revealed that the choice manipulation was
unsuccessful, F(2,78) = 2.04, p = 0.137. Also, perceived effort correlated positively
with the RewP in each of the two high effort conditions (both r’s around 0.30),
but perceived effort correlated negatively with the RewP in the low effort (i.e., low
effort/high choice) condition. As a result, the two high effort conditions are
combined.

font; the numbers ranged from 1 to 9, excluding 5. If the
number was in yellow font, participants were instructed to judge
whether it was greater or less than 5 (magnitude judgment).
If the number was in blue font, participants were instructed
to judge whether it was odd or even (parity judgment). The
numbers were presented one at a time and shown in blocks
of 10. Each number was presented until participants made a
response using one of the response keys or for a maximum of
1,500 ms. If participants did not respond within 1,500 ms, an
incorrect response was registered for that number. A 500 ms
inter stimulus interval occurred between the presentation of
each number.

Each block of 10 number presentations was preceded by a
cue that indicated the type of block. In the low effort condition,
a solid blue or yellow circle cue was presented (2,000 ms). A
blue circle indicated that all numbers would be blue and thus
all judgments would be based on parity (odd, even). A yellow
circle indicated that all numbers would be yellow and thus
all judgments would be based on magnitude (greater or less
than 5). In the high effort condition, a half-blue, half-yellow
circle cue was presented (2,000 ms), and this indicated that
participants would have to alternate between making parity
and magnitude judgments. Because this block required task
switching, it was more difficult and effortful than the parity or
magnitude block.

Following each block of 10 trials, participants viewed the
message, ‘‘Evaluating your performance . . .’’ for 1,400, 1,500, or
1,600 ms. This was followed by a fixation cross for 1,000 ms,
followed by the green up-arrow reward cue (indicating that they
would receive $0.40) or red down-arrow loss cue (indicating
that they would lose $0.20) for 1,000 ms. Then, 1,900, 2,000,
or 2,100 ms interblock intervals occurred before the next
block. These reward and loss amounts of money were chosen
because they proved effective in evoking psychophysiological
responses in previous research (Angus and Harmon-Jones,
2019). Moreover, because losses are approximately twice as
subjectively impactful as gains, rewards were twice as large in
magnitude as losses. Participants completed 80 blocks of the
number judgment task. See Figure 1.

Self-report Measures
After the number judgment task, participants were asked, ‘‘How
difficult did you find the task?’’ Responses were on a scale
from 1 = not very difficult to 7 = very difficult. We chose to
use a simple, direct, face-valid measure of self-reported task
difficulty, as has been used in previous research (Wright et al.,
1990, 1995). This perceived task difficulty measure was used to
assess perceived effort. We used self-reported task difficulty to
measure perceived effort because: (1) effort is defined as ‘‘an
attempt to do something that is difficult or that involves hard
work’’ (Effort, 2009); (2) we suspected that self-reported effort
might be contaminated by self-presentational concerns, as when
participants might report engaging in high levels of effort on
most tasks because they want to appear as though they are
doing what is expected of them; and (3) our experience using
self-reported effort in other lines of research taught us that it was
an insensitive index (Wright et al., 1990, 1995).

Frontiers in Human Neuroscience | www.frontiersin.org 3 May 2020 | Volume 14 | Article 157

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/human-neuroscience#articles


Harmon-Jones et al. Perceived Effort and Reward Valuation

FIGURE 1 | Low1 effort (left) and high effort (right) blocks for the number judgment task. Each block included 10 numerals and ended with either reward or loss
feedback.

EEG Recording
EEG was recorded using a BioSemi Active Two AD-box with
24-bit resolution and was received using Actiview version
7.07 software, with a sampling rate of 512 Hz and a 50 Hz
notch filter.

BioSemi 32 set Ag-AgCl Pin-Type Active electrodes were
used (model number P32-1020-32Acms), applied using the 10-20
system. A head cap made from an elastic fabric with 32 electrode
holders was used to mount the electrodes; eight additional
BioSemi Ag-AgCl FLAT Active electrodes were used as external
electrodes. Electrode collars were used to attach the external
electrodes. To act as reference electrodes, two external electrodes
were placed on the right and left mastoids. To measure eye
movements, four external electrodes were placed above and
below the right eye in line with the pupil, and on the outer
side of the right and left eye in line with the pupil. To measure
electrocardiography, two external electrodes were placed on the
right and left side of the chest (this measure was not relevant to
the present hypothesis and was therefore not analyzed). Parker
SignaGel was used for electroconductivity between the skin and
the electrodes.

EEG Data Processing and Analysis
EEG data were analyzed off-line using Brain Vision Analyser
2.1. Poor performance trials (<80% correct) were excluded from
the analysis for each participant. This was done to address
interpretational issues associated with the meaning of ERP
responses following poor performance, including the possibility
that participants did not exert effort or were not paying attention
and thus did not attend to the feedback stimuli. Electrode sites
FP1, FP2, T7, and T8 were also excluded for all participants

as these sites contained muscle artifacts for the majority of
participants and are not relevant to the RewP.

The remaining continuous raw data for all channels were
re-referenced to the average of themastoid sites and filtered using
a band-pass filter with 0.1 and 30 Hz cut-offs (Bress and Hajcak,
2013). The data were then segmented into 1,000 ms segments,
starting 200 ms before the feedback presentation (baseline)
and ending 800 ms after the onset of the feedback (Bress and
Hajcak, 2013). Eye movement was corrected using the method
of Gratton et al. (1983) and a baseline correction was applied to
account for any inter-trial differences. Artifacts were removed
with an automated procedure. The following criteria were used
to determine artifacts: 1) maximal allowed absolute difference of
300 µV across the entire interval (−200 to 800 ms); 2) maximal
allowed voltage step of 50 µV (the maximal difference in voltage
between two data points); and 3) a minimum allowed activity of
0.50 µV in a 100 ms interval (Bress and Hajcak, 2013).

The segments were then separated by feedback type and
condition (e.g., high effort, reward; high effort, loss) and the
data were averaged for each of these groups. The mean values
for electrodes Fz and Cz from 220 ms to 320 ms were exported
and used for the statistical analysis. These sites are implicated
in the RewP (Proudfit, 2015). This is in line with previous ERP
research which analyses a 100 ms window around the peak of the
difference wave (Proudfit, 2015).

RESULTS

Task Difficulty Manipulation Check
To test whether the difficult task was perceived as more difficult
than the easy task, participants’ self-reported task difficulty was
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FIGURE 2 | The left-most panel shows the feedback-locked ERPs at Fz for rewards (black) and losses (red). The RewP occurs 220–320 ms after feedback onset
(0 on the horizontal axis). The middle panel shows the same event-related potentials (ERP) at Cz. The right-most panel displays the topographic maps of the RewP
difference wave, showing that it peaked over frontal-central regions.

compared between conditions. Participants in the high effort
condition rated the task as more difficult (M = 4.56, SD = 1.62)
than those in the low effort condition (M = 3.70, SD = 1.41),
t(80) = 2.36, p = 0.021, Cohen’s d = 0.54.

RewP
The RewP to the reward cue (M = 11.94 µV, SD = 6.95
µV) was larger than the RewP to the loss cue (M = 10.39
µV, SD = 6.68 µV), t(81) = 3.58, p < 0.001 (this is
a dependent t-test; below, independent t-tests are used to
compare between-subjects conditions), Cohen’s d = 0.39,
replicating much past research (see Figure 2). Following
recommendations of other ERP/RewP researchers (Luck, 2014;
Krigolson, 2018), we created a difference wave by subtracting
the RewP in the loss condition from that in the reward
condition and used this difference wave as our primary
dependent variable.

FIGURE 3 | Scatterplot of the relationship between self-reported effort and
the reward positivity difference wave, within the high effort condition.

No difference was found between effort conditions on the
RewP difference wave, t(80) = 0.09, p = 0.930, Cohen’s d = 0.02.
The amplitude of the RewP was similar in the two conditions
(high effort:M = 1.53, SD = 4.25; low effortM = 1.61, SD = 3.27).

Within Condition Correlations
Within-condition correlations, using Pearson’s correlation,
were conducted to examine whether perceived effort was
related to the RewP. Within the high effort condition,
self-reported effort related positively with the RewP difference
wave r(53) = 0.31, p = 0.023, whereas within the low effort
condition, a non-significant negative relationship occurred
between self-reported effort and the RewP difference wave,
r(25) = −0.29, p = 0.148. See Figures 3, 4.

Reaction Times and Percent Correct
Participants’ average reaction times to make judgements and the
percent of trials correct were calculated. Overall, participants

FIGURE 4 | Scatterplot of the relationship between self-reported effort and
the reward positivity difference wave, within the low effort condition.
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performed well on the task, with the percent of trials correct
hovering around 90% and reaction times averaging about 600ms.
However, as expected, the high effort task caused participants to
respond more slowly (M = 759.39, SD = 115.37) and have fewer
correct trials (M = 88.12, SD = 0.056) than the low-effort task
(reaction timeM = 500.24, SD = 52.91; percent correctM = 92.49,
SD = 0.048); reaction time t(80) = 11.08, p< 0.001; percent correct
t(80) = 3.46, p < 0.001.

Based on dissonance theory, we predicted that perceived effort
would correlate with RewP, which the above analyses supported.
We also analyzed the correlations of perceived effort and RewP
with average reaction times and percent correct. Results revealed
that within the high-effort condition, RewP did not correlate
significantly with percent correct (r =−0.16, p = 0.24) or reaction
time (r =−0.01, p = 0.93). Perceived effort, however, did correlate
significantly with percent correct (r = −0.51, p < 0.001) but not
reaction time (r = 0.03, p = 0.82).

DISCUSSION

Results from the present study partially supported the prediction
that individuals who believe they have exerted more effort will
value the rewards received more. Perceived effort and the RewP
were positively correlated within the high effort condition but not
within the low effort condition.

Contrary to predictions, the manipulated effort did not exert
a significant effect on the RewP. The manipulation of perceived
effort may have not been sufficiently strong as evidenced by the
results on the self-reported task difficulty manipulation check.
That is, the high effort condition reported a mean of 4.56 and
the low effort condition reported a mean of 3.70. Although these
means differed significantly (p = 0.021), the Cohen’s d of 0.54 was
not large for a manipulation check. A recent meta-analysis of
the effect size of manipulation checks (Ejelöv and Luke, 2020)
indicated that they tend to be much larger, with a weighted mean
effect of Cohen’s d = 1.52.

Within the high effort condition, self-reported effort
correlated significantly and positively with the RewP, whereas
within the low effort condition, no significant correlation
occurred between self-report effort and the RewP. This pattern of
results may have occurred because participants in the high effort
condition were more likely to perceive a contingency between
their effort and obtaining the reward, whereas participants in the
low effort condition did not. Past dissonance theory research has
revealed that effort justification only occurs when individuals
perceive a contingency between their effort and obtaining the
reward (Gerard and Mathewson, 1966). During the debriefing,
three participants reported that they did not believe that their
effort would lead to rewards, even though they were not
directly asked about this contingency. Thus, perhaps, even more
participants doubted a contingency between effort and reward.
Moreover, the participants in the low effort condition may have
this doubt more than participants in the high effort condition,
because participants may have expected to be successful more
often in the easier, low effort task. Consequently, the difference
in the correlation of effort and RewPs between high and low
effort conditions may have been due to the inadvertent result of

differences in perceived control between the low and high effort
tasks. That is, high effort condition participants perceived more
control between their effortful behavior and the rewards than
low effort condition participants perceived.

Future research could extend the current research
by examining other methods of assessing subjective
task difficulty (Hart and Staveland, 1988). Also, future
research could extend the present research by assessing
ERPs associated with psychological variables that relate to
dissonance reduction (e.g., attitudes) in other dissonance-
evoking situations (Vanderhaegen et al., 2019), such as
the dissonance between positive and negative feelings
(Vanderhaegen and Carsten, 2017).

The current study was conducted under the broader
perspective of the action-based model of dissonance (Harmon-
Jones et al., 2009, 2015a; Harmon-Jones and Harmon-Jones,
2019). Thismodel accepts Festinger (1957) original theory, which
proposed that when individuals hold cognitions that conflict
with one another they experience a negative affective state
(dissonance) which motivates them to alter their cognitions to
bring them more into an agreement. The action-based model
goes further to propose why cognitive conflict is unpleasant.
Because cognitions often have action tendencies, conflicting
cognitions are likely to motivate incompatible actions, and thus
to interfere with effective behavior. The action-based model
proposes that reducing the discrepancy between cognitions will,
therefore, facilitate effective action, because it brings action
tendencies more into alignment. In the case of effort justification,
the action-based model proposes that if one has worked hard
to obtain a reward, it is generally functional to appreciate that
reward and fully utilize its benefits.
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