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It was widely believed that incentives could effectively

enhance the motivation of both students and employees.

However, psychologists reported that extrinsic reward

actually could undermine individuals’ intrinsic motivation to

a given interesting task, which challenged viewpoints from

traditional incentive theories. Numerous studies have been

carried out to test and explain the undermining effect;

however, the neural basis of this effect is still elusive. Here,

we carried out an electrophysiological study with a simple

but interesting stopwatch task to explore to what extent

the performance-based monetary reward undermines

individuals’ intrinsic motivation toward the task.

The electrophysiological data showed that the

differentiated feedback-related negativity amplitude toward

intrinsic success failure divergence was prominently

reduced once the extrinsic reward was imposed

beforehand. However, such a difference was not observed

in the control group, in which no extrinsic reward was

provided throughout the experiment. Furthermore, such a

pattern was not observed for P300 amplitude. Therefore,

the current results indicate that extrinsic reward

demotivates the intrinsic response of individuals toward

success–failure outcome, which was reflected in the

corresponding reduced motivational-related differentiated

feedback-related negativity, but not in amplitude of

P300. NeuroReport 25:194–198 �c 2014 Wolters Kluwer

Health | Lippincott Williams & Wilkins.
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Introduction
In contemporary society, performance-based incentive,

especially monetary reward systems, has been applied

broadly to motivate employees and students in manufac-

tories and schools, respectively. Many researchers believe

that such a strategy is a practical and valid guidance of

human behavior [1]. They deem that rewards can increase

the likelihood that the same behavior would be repeatedly

performed, which is an effect that sustains, provided that

the reward contingency is operative. However, psycholo-

gical studies showed an alternative kind of motivation

named intrinsic reward, which was independent of

external rewards, and was gained from the task

per se [2]. Moreover, if applied improperly, the external

rewards could be detrimental to the intrinsic motiva-

tion [2–4]. For example, when the monetary reward was

removed, individuals’ intrinsic motivation toward an

interesting task would be reduced considerably compared

with that in a condition without external reward.

Because of its great significance both for academic

research and for practical application, the undermining

effect has gained considerable attention from scientists of

a broad range of disciplines including psychology and

economics for decades. However, the exact mechanism

for the undermining effect is still not well understood as

intrinsic motivation is difficult to measure and observe

directly at the behavioral level. Recently, with the rapid

development of the neuroimaging techniques, a potential

step toward further probing this effect is to measure brain

activation at the stage of reward perception and outcome

evaluation, which makes it possible for us to open the

‘black box’ and directly observe individuals’ neural

response to the intrinsic and extrinsic motivation. In a

recent pioneering study, Murayama and colleagues used

functional MRI to investigate the neural evidence of the

motivation undermining at the spatial level. Intriguingly,

they found that the BOLD signal was prominently

decreased in the ventral striatum at the feedback stage

when the extra reward for performance was removed at a

later session of the task. Such a marked decrease in the

reward valuation was not observed in the control group,

where no performance-based monetary reward was

provided for both sessions [5]. This suggested that the

undermining effect could be reflected in the human

brain’s response to the success and failure of an

interesting task at the feedback stage. Nevertheless, this

study did not compare the dynamic changes of the neural

response to the intrinsic reward valuation in a direct

manner. Moreover, to the best of our knowledge, so far no

study has attempted to examine the temporal dynamic

mechanism of motivation undermining. Therefore, apply-

ing a between-participant design, we extended their

study into a three-stage paradigm and aimed to explore

the electrophysiological dynamics of the undermining

effect through electroencephalography (EEG) recordings.
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According to previous electrophysiological studies on

motivation, feedback-related negativity (FRN) is the key

candidate component that was found to be related to the

motivation at the feedback stage in various tasks [6–8]. In

Gehring and Willoughby’s seminal work [9], they found a

prominent differentiated FRN (d-FRN) toward the

divergence of the loss gain feedback, which was

considered to reflect the subjective motivational and

affective evaluation of the outcome revealed. In addition,

in Yeung and his colleagues’ work, they also observed the

FRN divergence in no active choices and no overt actions

conditions, although its magnitude was reduced relative

to executed ones, which further confirmed that the

evaluative process indexed by FRN is sensitive to the

motivational significance of an ongoing event.

To address how the external reward would impair the

internal motivation and spontaneously respond toward

the interesting task itself, we intended to compare

electrophysiological response toward the outcome re-

vealed before and after the imposition of extrinsic

monetary reward. According to the FRN literature

mentioned above, we expected that there would be a

diminished FRN discrepancy after external pecuniary

manipulation, reflecting the undermined subjective

motivation to the intrinsic reward gained from the task.

Methods
Participants

A total of 36 healthy graduate and undergraduate

students (20 men), ranging in age from 18 to 25 years

(mean age = 22.30; SD = 1.83) were enrolled. They were

students from Zhejiang University who did not major in

psychology, business, or economics. They were all native

Chinese speakers, with self-reported right-handedness.

They had normal or corrected-to-normal vision, and did

not have any history of neurological disorder or mental

disease. The participants were assigned randomly to two

groups before the event-related potential (ERP) experi-

ment started according to the different reward scheme in

the second session of the experiment. Informed consent

was obtained from all participants before the commence-

ment of the experiment and the study was approved by

the Internal Review Board of Zhejiang University

Neuromanagement Lab.

Stimuli

The experiment included three separate sessions for both

groups. There were two blocks in each session, and each

block included 45 trials, which consisted of 30 stop-watch

(SW) trials and 15 watch-stop (WS) trials. The two tasks

were adapted from the work by Murayama et al. [5]. In

the SW task, a watch started automatically, and the

participants were asked to stop the watch by button press

and make the time fall within 70 ms deviation from the

5 s time point that was determined by a pilot study before

the formal experiment, which aims to ensure that the

participants can succeed in approximately half of the

trials on average. In contrast, in the WS task,

the participants were only asked to passively view a

watch and simply press the button when it automatically

stopped. The timing of the stop for a WS trial is varied

between 4.2 and 5.8 s to match the time duration of SW

trials in general. The trials were presented randomly in

each block and the interval across trials was varied

between 600 and 1000 ms. Stimuli were presented

sequentially in the center of the CRT computer screen

(6.21� 6.21). Each trial began with a cue presented for

2000 ms indicating which task would be performed. The

task started 600–1000 ms after the cue onset and

outcome of the performance was revealed for 2 s

and randomized a blank interval between trials that

lasted 800–1200 ms.

Procedure

Participants were comfortably seated in a shield room 1 m

away from a computer-controlled CRT monitor. Stimuli,

recording triggers, and response were presented and

recorded using E-Prime 2.0 software package (Psychology

Software Tools, Pittsburgh, Pennsylvania, USA). Before

the start of each session, participants were informed

about the incentives of the following session. Participants

from both the reward and the control groups were given a

fixed 20 RMB payment immediately after they accom-

plished the task in sessions 1 and 3. In the second stage,

however, the participants in the reward group were

instructed to win monetary income on the basis of their

performance, to be more specific, they would receive 1

Yuan for each successful hit during the session. The

participants in the control group were incentivized in

the same way as in sessions 1 and 3. Therefore, the

control groups received a fixed amount of reward whereas

the reward group was paid on the basis of their own

performance in the second stage. The formal experiment

started after a pilot practice.

Electroencephalographic recordings and analyses

The EEG was recorded (band-pass = 0.05–70 Hz;

sampling rate = 500 Hz) with a Neuroscan Synamp2

Amplifier (Scan 4.3.1; Neurosoft Labs Inc., Sterling,

Virginia, USA) using an electrode elastic cap with 64 Ag/

AgCl electrodes according to the standard international

10–20 system. A frontal electrode site between FPz and

Fz was used for ground and the left mastoid was chosen

for reference. Data were transferred to the average of the

left and right mastoids reference offline. Electrooculo-

gram (EOG) was recorded from electrodes placed at

10 mm from the lateral canthi of both eyes (horizontal

EOG) as well as above and below the left eye (vertical

EOG). The EOG artifacts were corrected off-line for all

participants during preprocessing. The experiment

started only when the electrode impedances were

maintained below 5 kO. The data were analyzed using

Neuroscan 4.3.1. The EOG artifacts were corrected using
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the method initially proposed by Semlitsch et al. [10]. Trials

containing amplifier clipping, bursts of electromyography

activity, or peak-to-peak deflection exceeding ±100mV were

excluded from the final analysis. ERPs were digitally filtered

with a low-pass filter at 30 Hz (24 dB/octave).

The EEG recordings were segmented for the epoch from

200 ms before the onset of target to 800 ms after the onset,

with the first pretargets of 200 ms as the baseline. Because

of the fact that the key purpose of the current study was to

investigate the influence of external reward on intrinsic

motivation, we mainly focused on the ERP differences

between session 1 and session 3 in the rewarded group

compared with that in the control group. Therefore, in

further EEG analysis, the data were collapsed on the basis

of outcome of the SW task in session 1 and session 3

separately for both groups. On the basis of visual

observation of grand-average waveforms and previous ERPs

reports on feedback processing [11,12], two ERP compo-

nents, FRN and P3, were analyzed. According to the scalp

distribution of FRN and the previous studies [7,8], we

chose the time range of 180–220 ms and selected nine

electrode sites, namely, F1/z/2, FC1/z/2, and C1/z/2

in frontal and central areas, where it elicited the largest

FRN amplitude for statistical analysis. Mixed-design

analyses of variance (ANOVAs) were used to examine the

effect of FRN difference of session 1 and session 3

between groups. For the analysis of P3, nine electrode sites,

C1/z/2, CP1/z/2, and P1/z/2 in central and parietal areas

were chosen. A similar mixed-design ANOVA was also used

for P3 analysis between groups in the time window of

250–350 ms. Simple-effect analysis was carried out when

there was any significant interaction effect among factors.

The Greenhouse–Geisser [13] correction was applied in all

statistic analyses when necessary.

Results
As shown in Fig. 1, mixed-design ANOVA results of FRN

showed a significant main effect of outcome valence

[F(1,34) = 34.66, P < 0.001, Z2 = 0.51], interaction effect

between sessions and valence [F(1,34) = 4.55, P = 0.04,

Z2 = 0.12] as well as an interaction effect among session,

valence, and participant group [F(1,34) = 4.82,

P = 0.035, Z2 = 0.12]. For the significant interaction

effect among the three factors, simple-effect analysis

was carried out in both groups separately. In the reward

group, there was a significant main effect of valence

[F(1,17) = 41.69, P < 0.001, Z2 = 0.71] and interaction

effect over valence and session [F(1,17) = 8.36, P = 0.01,

Z2 = 0.33], whereas the main effect of session was not

significant [F(1,17) < 0.1]. Similarly, simple-effect analy-

sis was also carried out in each session in the reward

group. In session 1, a main effect of valence

[F(1,17) = 50.57, P < 0.001, Z2 = 0.75] was observed. It

elicited a larger FRN amplitude for loss trials than that of

win trials. In the after-reward session 3, a main effect of

outcome valence [F(1,17) = 7.65, P = 0.01, Z2 = 0.31]

Fig. 1
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ERP results. For illustrative purpose, grand-average ERP waveforms
of FRN from three frontal midline electrodes (Fz, FCz, Cz) and
P300 from two parietal electrodes (Cz, CPz, Pz) were plotted as
a function of session (first and third) and outcome (success and
failure). In addition to this, the d-FRN was also plotted. d-FRN,
differentiated feedback-related negativity; ERP, event-related
potential.
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was also observed. Furthermore, loss trials also induced

larger FRN amplitude than win trials. For the control

group, we only observed a main effect of valence

[F(1,17) = 7.41, P = 0.02, Z2 = 0.30], whereas the main

effect of session [F(1,17) < 0.1] and interaction effect

[F(1,17) < 0.1] was not significant. In other words, the

control group only showed a larger FRN amplitude toward

loss trials compared with win trials, whereas the

amplitude was not significantly different across sessions.

A 2� 2� 9 mixed-design ANOVA analysis of d-FRN also

showed a significant main effect for session [F(1,34) = 4.55,

P = 0.04, Z2 = 0.12]; session 1 induced larger d-FRN

(negative polarity: smaller voltage value means larger

amplitude) than that of session 3. Interaction effect over

sessions and participant groups was observed [F(1,34) =

4.82, P = 0.035, Z2 = 0.12]. Further simple-effect analysis

indicated that, in the reward group, session 1 induced

a significantly larger d-FRN than that of session 3 [F(1,17) =

8.36, P = 0.01, Z2 = 0.33], but there were no d-FRN

differences between sessions 1 and 3 [F(1,17) < 0.1] in

the control group.

For the analysis of P3, as also indicated in Fig. 1, there were

main effects for session [F(1,34) = 6.06, P = 0.02, Z2 =

0.15], valence [F(1,34) = 45.12, P < 0.001, Z2 = 0.57], and

electrode [F(8,272) = 7.08, P < 0.001, Z2 = 0.17], and there

was also an interaction effect between session and valence

[F(1,34) = 10.91, P < 0.01, Z2 = 0.24]. This indicated that

session 1 had a larger P3 amplitude than that of session 3

and the outcome of successful hits in the SW task also

induced a larger P3 amplitude than that of failed ones.

Further analysis indicated a main effect of valence both

in session 1 [F(1,34) = 50.25, P < 0.001, Z2 = 0.60] and in

session 3 [F(1,34) = 8.70, P < 0.01, Z2 = 0.20].

Discussion
This study was carried out to explore the temporal dynamics

of the undermining effect, investigating how the extrinsic

monetary reward affects individuals’ intrinsic motivation to

a given SW task with intrinsic fun. Our data showed a

prominent d-FRN discrepancy between the sessions before

and after the extrinsic reward session, where the monetary

incentives were awarded for good performance, whereas such

a divergence was not observed in the control group, in which

no extrinsic reward was provided in the midterm session.

This indicates that subjective valuation toward the gain–loss

outcome revealed was decreased in the third session in the

reward group because of the fact that performance-based

incentive was provided in the second session but was

removed in the last session. This result is inconsistent with

the traditional viewpoint that the external incentive can

always exert a positive effect to reinforce participants’

motivation to continue their work. Rather, it is in line with

what we mentioned in the introduction that the extrinsic

reward could, to some extent, crowd out the intrinsic

motivation derived from the task per se.

In the current study, the incentives given in the first and

third periods of the experiment were not performance based

in both groups. The reduction of d-FRN in the reward group

can only be attributed to the modulation effect during the

second period in which participants received performance-

contingent reward compared with the control group. A

potential mechanism is that higher motivation leads to

higher affective evaluation toward outcome information.

When the intrinsic motivation was impaired, the outcome of

the following task was of less affective significance, and the

FRN effect decreased accordingly. This explanation is in

accordance with the cognitive evaluation theory, which

suggests that the undermining effect occurs because

extrinsic reward ruined participants’ self-determination and

competency of the task [4]. When the extrinsic reward was

imposed, the participants considered that they were

requested to complete the task to gain a reward instead of

playing for fun. Their original incentive obtained from the

task itself gradually diverted to the extrinsic monetary

reward. Therefore, when such an external reward was

removed, they attached less importance to the outcome of

task than that at the first stage, becoming less affective to

the outcome at the feedback stage, resulting in the reduced

amplitude of d-FRN accordingly. Moreover, recent studies

also indicated that amplitude of the FRN is correlated

positively with the activation of reward-related regions

including the ventral striatum [14,15], which is in

accordance with the recent findings of the involvement of

the ventral striatum in the undermining effect using the

functional MRI approach [5]. Therefore, such an observation

concurs with the theory that d-FRN reflects motivational

significance of the feedback outcome [9,16], which can be

considered as an index of intrinsic motivation toward the

given task in the current study.

Meanwhile, for the P3 component, we observed a general

stage effect both for the experimental and for the control

group. These findings indicate that, as the task

proceeded throughout the experiment, the salience of

the outcome to the participants or the attention

allocation to the stimuli was reduced gradually, which is

consistent with the general knowledge on P3 that it

embodies the salience of the stimuli by and large [17]. In

addition to this, there is a prominent effect for gain–loss

discrepancy; P3 deflection loomed larger in the win

condition than in the nonwin condition, which is in

accordance with the recent findings that the P3 could

also reflect the valence of the stimuli [6]. However,

compared with the FRN, we failed to observe a

prominent P3 discrepancy across groups, which might

suggest that although both FRN and P3 could reflect the

salience and valence of the stimuli [6,17–19], they might

still play dissociated roles in the outcome evaluation

process [20].

To sum up, this study investigated the neural mechanism

of the undermining effect in a simple but interesting SW
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task. The participants in the reward group showed

reduced d-FRN divergence in the third session than that

of the first session between which a performance-based

monetary incentive was administered, whereas this

d-FRN discrepancy effect did not appear in the control

group. Our results provide evidence for the existence of

the undermining effect through electrophysiological

activity, which was reflected in the FRN pattern,

confirming that FRN was sensitive to motivational/

affective processing. This finding has empirical and

theoretical significance and represents a further step

toward better understanding how the interplay

of extrinsic and intrinsic reward drives motivation.
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