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Beyond the Undermining Effect: Extrinsic Rewards Preserve Neural Intrinsic Reward

I conducted this study to resolve a long-standing problem in motivation research:

previous studies assumed that /iking (intrinsic value, a proxy for hedonic experience)

and wanting (behavioral action, a proxy for motivational drive) always varied together,

which obscured why extrinsic reward withdrawal could either undermine or preserve

intrinsic motivation. The Self-Determination Theory posits that withdrawing extrinsic

rewards often diminishes intrinsic motivation, yet this undermining effect varies by

reward category, such as monetary incentives versus social praise. The mechanism of

this variability has remained unclear, largely because intrinsic motivation was

conceptualized as a single construct without separating its value (/iking) and action

(wanting) components. I hypothesized that extrinsic reward withdrawal would

differentially affect /iking and wanting depending on reward category.

To examine this hypothesis, I conducted a two-phase experiment combining

functional magnetic resonance imaging (fMRI) with a behavioral free-choice measure.

Fifty-four participants were randomly assigned to one of three groups: control (no

rewards), monetary reward, or social reward. During Experiment phase 1, participants



in the reward groups received contingent monetary or social feedback while performing

a stopwatch task, a timing task requiring an exact 5.0-second stop, known to generate

high intrinsic reward, whereas the control group performed without extrinsic rewards.

In Experiment phase 2, all groups repeated the task with no extrinsic rewards. I

operationalized /iking as intrinsic value, indexed by activation in predefined reward-

related regions—the ventral tegmental area, nucleus accumbens, caudate nucleus,

putamen, and the internal and external segments of the globus pallidus. Wanting was

separately assessed as behavioral action during a subsequent free-choice interval (the

task intermission), measured by the frequency of self-initiated task selections.

The results supported the hypothesis. First, /iking declined in the control

group across Experiment phases, consistent with repetition suppression, but it was

preserved in both the monetary and social reward groups after withdrawal. I define this

phenomenon as the preserving effect: the maintenance of liking after extrinsic rewards

are removed, which constitutes the central finding of this study. Second, wanting

decreased in the monetary reward group after withdrawal, replicating the classic

undermining effect at the behavioral level. In contrast, wanting remained stable in the

social reward group, demonstrating that social rewards can sustain both /iking and

wanting. Third, in the control group, participants sometimes continued to engage

behaviorally without extrinsic rewards, yet neural /iking declined, showing that liking

and wanting can diverge. Together, these findings reveal that reward categories
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produced distinct post-withdrawal trajectories of /iking and wanting, and they directly

challenge the assumption that the two always change together.

These patterns can be described as value—action (VA) dynamics. In the

control group, liking (intrinsic value) decreased while wanting (behavioral action) was

sustained. In the monetary reward group, l/iking was preserved, but wanting declined.

In the social group, both value and action were preserved. This framework clarifies why

prior research relying on a single index, typically free choice, produced inconsistent

conclusions: wanting alone cannot fully represent intrinsic motivation.

By employing a dual-index framework, this study demonstrated that

distinguishing /liking from wanting provides a coherent account of reward-category

differences. Methodologically, the two-phase fMRI design allowed real-time

observation of liking during task execution, while a temporally separate wanting

captured motivational drive. This approach revealed dissociations undetectable by

single-index studies. Theoretically, distinguishing /iking from wanting explains the

variability of the undermining effect and grounds reward-category effects in

component-specific processes. Practically, the findings suggest that monetary rewards

may preserve liking even while undermining wanting, whereas social rewards can

maintain both. Thus, incentive evaluation requires specifying not only whether rewards

are present, but which category they are and which motivational component they

influence. More broadly, the results show that behavior alone cannot represent the full
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dynamics of motivation: /iking may persist even when wanting declines, or engagement

may continue despite fading value. This underscores the limitation of relying solely on

wanting when assessing intrinsic motivation.

In conclusion, by separating liking and wanting with a two-phase fMRI

design, I showed that extrinsic reward withdrawal produces distinct category-dependent

trajectories. Liking was preserved in both reward groups, wanting fell only after

monetary withdrawal, and in the absence of extrinsic rewards, /iking declined even when

wanting persisted. These results clarify the variability of the undermining effect,

establish the preserving effect as a novel phenomenon, and advance a VA-dynamics

account of intrinsic motivation under reward withdrawal.
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