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6 Neuroscientific and 
Psychological Approaches to 
Incentives
Commonality and Multifaceted Views

Kou Murayama

Abstract: While research on neuroscience posits that intrinsic and extrinsic 
incentives involve a single, common psychological process based on a reinforce-
ment learning model (forming a “commonality view” on motivation), research 
in psychology has made a strong distinction between these two types of incentives 
(forming a “multifaceted view” on motivation), often even viewing them as com-
petitive. Although they are not necessarily contradictory, I argue that these two 
meta- theoretical views have biased and prevented our comprehensive understand-
ing of motivation and its relation to learning. I suggest ways that these different 
perspectives can inform each other, contributing to our broader understanding of 
human motivation and learning. These examples include the effects of reward on 
learning, the way people can transform one type of motivation to another, and a 
rewarding view for effort, challenge, and negative feedback. The arguments pre-
sented in this chapter underscore the vital importance of cross- disciplinary work 
on motivation and learning in future studies.

Motivation constitutes a fundamental element in human functioning. In fact, 
both in neuroscience and psychology, the topic of motivation has attracted 
considerable attention, and researchers have provided a variety of views and 
theories on motivation that attempt to reveal the nature of human motivated 
behavior. However, when one digs into the literature of motivation, both in psy-
chology and neuroscience, one notices a sobering fact: the way that motivation 
is conceptualized and analyzed is fundamentally different between neuroscience 
and psychology (Braver et al., 2014; reeve & Lee, 2012). Indeed, as you will 
see, motivation research in psychology and in neuroscience has been developed 
relatively independently within the respective disciplines, with little communi-
cation between them. they now seem to have very different, or even, appar-
ently, opposite views and languages on motivation. this is puzzling, because  
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both psychology and neuroscience have attempted to understand the same con-
cepts of motivation (Hidi, 2016).

the aim of this chapter is to highlight and discuss such different meta- 
theoretical views on motivation between psychology and neuroscience, espe-
cially focusing on the distinction between intrinsic and extrinsic incentives. In 
addition, I attempt to accommodate these meta- theoretical views, and discuss 
the implications and importance of being aware of these views to comprehen-
sively understand human motivation and learning.

Motivation in Neuroscience: A Commonality View

Until recently, most research in neuroscience had focused on extrinsic 
rewards or incentives (i.e., tangible incentives such as food, juice, and 
money) to empirically investigate motivation (Berridge, 2004; Niv et al., 
2006). that is, to examine the role of  motivation, researchers manipulated 
the amount of  food, juice, or money for a task and investigated the neural 
correlates associated with such extrinsic incentives. these studies repeat-
edly showed that extrinsic rewards are primarily represented and valued in 
the so- called reward network, especially in the ventral striatum (Haber & 
Knutson, 2010; O’Doherty, 2004; rangel & Hare, 2010; Shohamy, 2011; 
other brain areas of  this network include the ventral tegmental area and 
the orbitofrontal cortex). In fact, using functional magnetic resonance 
imaging (fMrI) and positron emission tomography (PEt), researchers 
revealed that the striatum showed increased activation in response to 
a variety of  extrinsic rewards (Berns et  al., 2001; Delgado et  al., 2005; 
Knutson  & Greer, 2008; McCabe et  al., 2013; O’Doherty et  al., 2001; 
Valentin & O’Doherty, 2009).

Importantly, recent neuroimaging work has also presented evidence that the 
same brain area shows activation in response to intrinsic rewards or incen-
tives1 – that is, incentives that are abstract and do not have tangible entity. For 
example, research observed activation in the ventral striatum in response to 
positive task feedback, even when no tangible reward was provided (Campbell- 
Meiklejohn et  al., 2010; Daniel  & Pollmann, 2010, 2012; Han et  al., 2010; 
Murayama et al., 2015; tricomi et al., 2006). Several studies also indicated that 
the striatum is involved with representing and updating the value of other var-
ious forms of intrinsic rewards. For example, Salimpoor et al., (2011) showed 
that the pleasurable feeling (“chill” experience) participants experienced while 

1  Incentives often refer to motivational properties of a stimulus and are distinguished from 
rewards (e.g., Berridge, 2001). In this chapter, however, I use the terms rather interchangeably.
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listening to their favorite choice of music was associated with activation in 
the ventral striatum (the nucleus accumbens). Koepp et al. (1998) found that 
playing enjoyable video games is associated with dopaminergic activation in 
the ventral striatum (see also Klasen et al., 2012). In fact, the ventral striatum 
is one of the brain areas implicated in the hedonic hotspot, which is respon-
sible for so- called “liking” responses or subjective feelings of pleasantness 
(Kringelbach  & Berridge, 2016). the reward network has also been shown 
to be related to other various types of intrinsic incentives, such as curiosity 
(Gruber et al., 2014; Jepma et al., 2012; Kang et al., 2009), aesthetic experience 
(aharon et al., 2001; Pearce et al., 2016), and social value (Davey et al., 2010; 
Izuma, 2012; Izuma et al., 2008; Jones et al., 2011; Lin et al., 2011). Some 
other researchers also took the activation in the reward network as evidence 
that a certain type of behavior acts as an intrinsic reward. For example, Leotti 
and Delgado (2011) showed that the opportunity of making a choice activates 
the reward network in the brain, indicating that personal choice serves as an 
intrinsic reward or incentive (for reviews, see Leotti et al., 2010; Murayama, 
Izuma, et al., 2016).

these studies together led researchers to an important observation 
about the neural process of  human motivation that I shall call a com-
monality view: all types of  rewards, including both extrinsic and intrinsic 
rewards, are processed in the common brain network, indicating a com-
mon single mechanism to produce motivated behavior (Figure  6.1). In 
fact, based on the empirical studies discussed above, researchers have con-
sidered the ventral striatum as the hub of  the human valuation process, 
converting and integrating different types of  incentives onto a common 
scale (Dayan & Niv, 2008; Montague & Berns, 2002; Seymour & McClure, 
2008). a theoretical background underpinning the commonality view is 
reinforcement learning (rL), which has dominated the neuroscience lit-
erature on motivational decision- making behavior over the past decade 
(Daw & Doya, 2006; Dayan & Niv, 2008; rushworth, et al., 2009; Schultz 
et al., 1997). the rL was a computational framework that was originally 
developed to enable reward- guided decision- making in artificial systems 
(Sutton  & Barto, 1998), but gained considerable attention from neuro-
science because accumulating evidence suggested that rL algorithms 
appeared to be instantiated in neural mechanisms (Daw  & Doya, 2006; 
Dayan & Niv, 2008; Kakade & Dayan, 2002). In (so- called “model free”) 
rL, agents are supposed to learn the values of  different actions in differ-
ent states through trial and error. thus, rewards are treated as the events 
that update the values of  actions and states. Importantly, because rL rep-
resents the values as abstract entities on an arbitrary metric (i.e., “com-
mon currency”; Montague & Berns, 2002), specific identities of  rewards 
(e.g., “can I get a juice or a chocolate if  I make an action?”) do not need 
to be encoded. In other words, rL concerns the outcome- general value 
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that integrated different types of  rewards (e.g., food, juice, intrinsic pleas-
antness; Daw et  al., 2005; Niv et  al., 2006; Niv  & Schoenbaum, 2008). 
reinforcement learning fits nicely with the empirical findings that the 
ventral striatum is similarly responsive to different types of  incentives, 
presumably the common currency; the neuroscientific findings and rL 
have jointly shaped the commonality view of  motivation in neuroscience.

Motivation in Psychology: A Multifaceted View

In some theories of behaviorism in psychology, the concept of motivation 
was incorporated with the aim to better explain behavior (Berridge, 2004; 
Dickinson & Balleine, 2002). Different early theories have somewhat differ-
ent ideas of motivation, such as drive (Hull, 1943) and incentive motivation 
(Bindra, 1974; Bolles, 1972), but one commonality is that they tend to assume 
a single motivational system in learning models, bearing resemblance to the 
commonality view in neuroscience. a big paradigmatic change, however, 
came in the 1970s and 1980s, when cognitive revolution and humanistic psy-
chology dethroned behaviorism and operant learning theory, and a number 
of “contemporary” theories of motivation were proposed. these theories 
initially focused on documenting motivational phenomena that cannot be 
reduced to a single learning mechanism, emphasizing the qualitative differ-
ence among different types of motivation. this historical background shaped 
a meta- theoretical perspective on motivation that I shall call a multifaceted 
view, which is in marked contrast to the commonality view in neuroscience. 
the multifaceted view presumes that different motivation elicits behavior 
through different processes. In other words, the multifaceted view supposes 
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Figure 6.1. Schematic picture of the commonality view on motivation
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that human motivated behavior is not governed by a unitary process (such as 
rL), but is a function of several unique motivational processes that interact 
with each other (Figure 6.2).

One hallmark of  the multifaceted view is the distinction between extrinsic 
motivation and intrinsic motivation. Extrinsic motivation refers to the motiva-
tion driven by extrinsic incentives such as money, whereas intrinsic motiva-
tion is motivation activated by intrinsic incentives such as task pleasure and 
curiosity (Deci & ryan, 1985). Unlike the neuroscientific literature, research-
ers in psychology have argued that they are qualitatively different types of 
motivation and should involve different psychological processes. Of course, 
this is not the only distinction that is made in psychology – indeed, contem-
porary theories of  motivation in psychology propose myriad types of  moti-
vation in human behavior (which commonly correspond to different types 
of  intrinsic incentives). For example, in the literature of  social psychology, 
Baumeister and Leary (1995) argued that the need to belong (i.e., the moti-
vation to form and maintain interpersonal relationships) is one of  the funda-
mental motivations in human functioning, playing a unique role to regulate 
human behavior. In educational psychology, researchers have posited that 
learners have qualitatively different types of  goals and motives, such as the 
distinction between mastery goals (i.e., motivation to develop one’s own com-
petence) and performance goals (i.e., motivation to compete with other peo-
ple; ames, 1992; Murayama et al., 2012). the list of  motivational constructs 
in psychology is too long to name here, but other popular motivation- relevant 
constructs commonly discussed in textbooks include self- enhancement 
motive (Sedikides  & Strube, 1997); achievement motive (McClelland 
et  al., 1989); self- efficacy (Bandura, 1997); approach- avoidance motiva-
tion (Elliot, 2008); locus of  control or control belief  (rotter, 1966; Skinner,  
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Figure 6.2. Schematic picture of the multifaceted view on motivation
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1996); mind- sets (or theory of  intelligence; Dweck, 1999); and needs for com-
petence, relatedness, and autonomy (which are often called basic psychologi-
cal needs; ryan & Deci, 2000).

One of  the most provocative examples supporting the multifaceted view 
of  motivation is the undermining effect (Deci, 1971; Deci et al., 1999; ryan 
et al., 1983) – also called the “motivation crowding- out effect” (Camerer & 
Hogarth, 1999; Frey & Jegen, 2001) or the “over justification effect” (Lepper 
et  al., 1973) – a phenomenon in which people’s intrinsic motivation is 
decreased after receiving performance- contingent extrinsic rewards. In a typ-
ical experiment of  the undermining effect, participants are randomly divided 
into an extrinsic reward group and a control group, and both groups work on 
an interesting (i.e., intrinsically motivating) task. Participants in the extrin-
sic reward group obtain (or expect) extrinsic rewards contingent on their 
performance, whereas participants in the control group do not. after the 
session, participants are left to engage in any activity, including more of  the 
target task if  they wish, for a brief  period in which they believe they are no 
longer being observed (the “free- choice period”). a number of  studies found 
that the extrinsic reward group spent significantly less time than the control 
group engaging in the target activity during the free- choice period, providing 
evidence that extrinsic rewards undermine intrinsic motivation for the task 
(Deci et  al., 1999; tang & Hall, 1995; Wiersma, 1992). this is a counter- 
intuitive phenomenon (Murayama et al., 2016) and seems to support the idea 
that intrinsic motivation and extrinsic motivation are qualitatively different, 
or even competitive. In fact, rL presumes that performance- based extrin-
sic rewards monotonically increase the value of  behavior, making people 
motivated to perform that behavior again. However, the undermining effect 
shows that this does not seem to apply to intrinsically motivated behavior, 
indicating a unique motivational mechanism associated with intrinsic moti-
vation. Such special mechanisms pose an inconsistency with the common-
ality view.

another line of  evidence that supports the multifaceted view is outcome 
discrimination, where researchers claim that two motivational constructs 
are qualitatively different if  these types of  motivation lead to different 
outcomes. For example, using a longitudinal survey study that tracks 
students’ mathematics achievement over years, Murayama et  al. (2013) 
showed that extrinsic motivation (as assessed by self- reported questions) 
predicts the concurrent math achievement but not the growth of  achieve-
ment, whereas intrinsic motivation predicts long- term growth but not the 
concurrent achievement (see also Murayama & Elliot, 2011; Vansteenkiste 
et al., 2005). a recent meta- analysis also showed that intrinsic motivation 
predicts the quality (e.g., creativity) of  performance more than the quan-
tity (e.g., the number of  tasks solved) of  performance, whereas extrinsic 
motivation mostly predicts the quantity of  performance (Cerasoli et  al., 
2014). these double- dissociations of  the outcome variables predicted by 
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respective motivation suggest that these types of motivation work differently 
in learning. Even beyond the distinction of intrinsic motivation and extrinsic 
motivation, outcome differentiation (using either behavioral experiments or 
survey methods) is the gold standard in the literature of psychology to claim 
that one type of motivation is qualitatively different from the other. For exam-
ple, to claim that implicit and self- attributed motives represent different moti-
vational constructs, McClelland et al. (1989) presented evidence that implicit 
motives predict spontaneous and automatic behavior patterns, whereas self- 
attributed motives predict deliberate choice and behavior (for other examples, 
see Burton et al., 2006; Elliot & Harackiewicz, 1996).

Opposing Views?

I have pointed out that there have been seemingly opposing views on how 
to conceptualize motivation – the commonality view in neuroscience and the 
multifaceted view in psychology. I would like, however, to point out that this is 
a meta- theoretical difference, and at the level of implementation, these views 
are not contradictory. the commonality view concerns people’s decision- 
making processes, and in our daily life, we frequently face different decision 
options that are incommensurable. Sometimes we may need to compare the 
values of different types of incentives, such as extrinsic incentives and intrinsic 
incentives (e.g., “should I work for money or take a break for leisure?”). One 
potential solution to such a situation is to transform the qualitatively different 
values of these options onto a common value metric (common currency) so 
that we can easily compare them and make a decision (e.g., “I currently feel 
that the value of taking a break is more precious than the value of working 
to obtain extra money”). Given the number of decisions (at different levels) 
we have to make every moment, it is reasonable that humans are equipped 
with the capacity to align incommensurable values, however idiosyncratically 
and imperfectly, onto a common metric (Levy & Glimcher, 2012; Seymour & 
McClure, 2008). From this perspective, the idea that extrinsic and intrinsic 
incentives share common reward processing is essential to understanding the 
human decision- making process in complex environments.

However, this is only the downstream of the entire decision- making pro-
cess. Intrinsic and extrinsic incentives are obviously different in many facets. 
at a surface level, extrinsic incentives have tangible sensory properties, whereas 
intrinsic incentives are not visible and do not have specific sensory properties. 
Many extrinsic incentives can physically be consumed, but intrinsic incentives 
are basically subjective, making it difficult to define the consumption. Intrinsic 
and extrinsic incentives also evoke different emotional and memory processes. 
For example, intrinsic incentives often involve the process of self- concept and, 
thus, may be related more to the self- evaluative emotions (e.g., self- esteem). 
Given these various differences between intrinsic and extrinsic incentives in the 
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pre- decision processes, it is not surprising that these incentives have different 
behavioral and psychological consequences. Motivation is not a single entity but 
a process by which activities are instigated and sustained (Pintrich & Schunk, 
2002), and when we consider motivation as a process in our behavioral regu-
lation, the commonality and multifaceted views are no longer incompatible.

In fact, more recent models in neuroscience and computational modeling 
incorporate different types of incentives more explicitly while maintaining the 
idea of common currency. For example, model- based rL, an extension of the 
previously explained rL (often called “model- free” rL), assumes that agents 
encode the information regarding the identity of incentives (e.g., “do I get a 
juice or a chocolate if  I make an action?”), as well as the general value, on a 
common metric, making it possible to distinguish motivated behavior guided 
by different incentives (Balleine et  al., 2008; Daw et  al., 2005; McDannald 
et al., 2012; Niv et al., 2006; Sutton & Barto, 1998). Some researchers pro-
posed computational models of learning that incorporate different types of 
intrinsic incentives, such as information search (Oudeyer  & Kaplan, 2009; 
Oudeyer et al., 2016). although there has been a limited number of empirical 
studies utilizing these models, they do indicate that the commonality view and 
the multifaceted view of motivation should be considered as complementary, 
rather than competitive.

an fMrI study that examined neural correlates of  the undermining effect 
also gives some insights into this idea. In Murayama et  al.’s (2010) study 
(see Figure   6.3), brain activation was compared between two groups that 
both played a simple computer game called the stopwatch task. In the first 
session, one group received performance- based extrinsic rewards (money), 
while the other group played the same game but did not receive performance- 
based extrinsic rewards. the fMrI analysis showed that both groups of 
participants exhibited increased activation in the striatum (i.e., one of  the 
reward areas), but the activation was especially salient for the participants 
in the reward group, indicating that these participants were more motivated 
for the task. after the session, participants were asked to wait alone for 
the next session in a small room, where they could play the stopwatch task  
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Figure 6.3. Basic procedure of Murayama et al. (2010)
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with a computer if  they wanted. Unbeknownst to the participants, their volun-
tary play with the stopwatch task during this free- choice period was recorded.

Consistent with the previous findings, the behavioral results showed the 
undermining effect – participants in the reward group showed less voluntary 
engagement in the task (i.e., less intrinsic motivation for the task) than those in 
the control group. In the second session, to track the brain activation associ-
ated with the observed undermining effect, both groups of participants played 
with the task inside the scanner without performance- based extrinsic rewards 
(like the free- choice period). the results showed stark contrast with the first 
session. Whereas the activation in the striatum was sustained in the control 
group, the reward group no longer exhibited activation in the reward areas, 
which mirrors the behavioral undermining effect (Figure 6.4).

these findings apparently support the multifaceted view, as extrinsic rewards 
worked in competition with intrinsic motivation. the findings are, however, 
also consistent with the commonality view, as both extrinsic incentives (the 
first session in the reward group) and intrinsic motivation (both sessions in 
the control group) seem to be represented by the common striatal area. these 
results indicate that the dichotomy of the commonality view versus the multi-
faceted view is inaccurate, or even misleading, for understanding the nature 
of the human motivational process. the study clearly showed that extrinsic 
incentives can undermine people’s intrinsic motivation (for the discussion of 
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group

Reward
group

z = –2

Figure 6.4. Brain activation in response to success feedback in comparison 
to failure feedback
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potential underlying mechanism, see Deci et al., 1999), but this does not con-
tradict the fact that extrinsic incentives and intrinsic incentives activate the 
shared reward network to represent the common value.

What Are the Implications for Studying Motivation 
and Learning?

although the commonality and multifaceted views are not necessarily contra-
dictory, it is important to notice that these different meta- theoretical perspec-
tives have influenced and shaped our way of approaching, conceptualizing, 
and empirically testing motivation. In fact, recognizing these meta- theoretical 
views makes one aware of some implicit assumptions and biases underlying 
the current research on motivation and its implications for learning.

Implications of the Commonality View for  
Psychological Research on Motivation

In the research of psychology (i.e., multifaceted view), there have been argu-
ments that intrinsic motivation and extrinsic motivation are qualitatively 
different or even antagonistic. In light of  the commonality view, however, 
this idea may be in danger of  overlooking some important commonalities 
between these types of  motivation (Hidi, 2016; Murayama, FitzGibbon, & 
Sakaki, 2018). For instance, recent research on cognitive neuroscience has 
shown that extrinsic rewards facilitate long- term consolidation of learning 
through the link between the dopaminergic reward system (e.g., the stria-
tum) and the hippocampal memory system in the brain (adcock et al., 2006; 
Murty & adcock, 2014; Shohamy & adcock, 2010; Wittmann et al., 2005). 
Several behavioral studies also provided supportive evidence for this hypoth-
esis (Mather & Schoeke, 2011; Spaniol et al., 2014). In one of  such studies, 
Murayama and Kitagami (2014) presented a series of  trials where a neutral 
picture was followed by either a task in which participants could acquire 
money (reward task) or a similar task in which participants had no chance 
to receive money (control task). the results showed that participants’ rec-
ognition memory for the neutral pictures after a week’s delay was enhanced 
when these pictures were followed by the reward task in comparison to when 
these pictures were followed by the neutral task. as reward was manipulated 
in the post- encoding phase, these findings indicate that extrinsic rewards can 
directly consolidate learning even without modulating participants’ encoding 
strategies.

according to the multifaceted view of motivation, these findings should 
bring little or no information about the relationship between intrinsic moti-
vation and learning. Given that the reward network in the brain is activated 
by intrinsic as well as extrinsic incentives, however, it is in fact possible to 
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infer from these studies that any type of intrinsic incentive can also directly 
consolidate learning. this hypothesis seems to have received supportive evi-
dence. Gruber et  al. (2014) showed that the state of curiosity induced by 
trivia questions enhanced long- lasting memory for irrelevant materials (i.e., 
face pictures), and this effect was mediated by activation in the reward net-
work (Kang et al., 2009). Indeed, there is an accumulating body of evidence 
showing that curiosity or interest supports long- lasting memory performance 
(Marvin & Shohamy, 2016; McGillivray et al., 2015; Fastrich et al., 2018) in 
press). Similarly, as the opportunity to make personal choices also activates the 
reward network in the brain (Leotti & Delgado, 2011), we can hypothesize that 
making a personal choice also consolidates learning. Indeed, this hypothesis 
has received supportive evidence. an fMrI study by Murty et al. (2015) found 
that participants’ declarative memory for the objects they voluntarily chose 
to see was better than that for the objects they were forced to select, and the 
striatal activation in response to the choice opportunity cue predicted memory 
performance after a 24- hour delay.

the commonality view also indicates that extrinsic motivation and intrinsic 
motivation are not completely opposite to each other, and even suggests the 
possibility that people can transform one type of motivation into the other 
and that this transformation might be mediated by the common reward pro-
cessing in the brain (see also Hidi, 2016). In fact, if  you reflect upon your 
own experiences, it is not difficult to find examples of such transformation 
of motivation. For example, the activities that people currently enjoy (e.g., 
swimming) were often originally uninteresting to them or even extrinsically 
motivated (e.g., parents forced you to learn it). People sometimes develop an 
interest that was initially triggered by a teacher’s casual rewarding behavior 
(e.g., “Your drawing is very good – let’s display it in our classroom”). On the 
other hand, like the undermining effect, it is also the case that people enjoyed 
an activity in the first place, but it became contingent on extrinsic rewards or 
punishment (“I enjoyed playing piano, but now I am playing it just to win 
open competitions”). Indeed, there are several recent empirical studies show-
ing that immediate extrinsic rewards can be a source of continuing intrinsic 
motivation. For example, Woolley and Fishbach (2016) showed that immedi-
ate (but not performance- contingent) rewarding experiences, such as eating 
snacks, increased high school students’ enjoyment and persistence for school 
assignments (see also Harackiewicz et al., 1984).

It is worth noting that the idea of different types of motivation being trans-
formable has already been suggested, even in some contemporary theories of 
motivation. For example, ryan and Deci (2000) argued that extrinsically moti-
vated behavior can be internalized and transformed into autonomous behav-
ior, as people find and attach personal value to the behavior. In the four- phase 
model of interest development, Hidi and renninger (2006) distinguished 
situational interest (momentary rewarding experiences triggered by external 
stimuli) and individual interest (internally driven, enduring predispositions to 
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engage or re- engage in an activity). Interest develops from situational inter-
est through interactions with the environment, knowledge development, and 
internal valuation processes (see also Murayama et al., 2018 for a reward learn-
ing model of interest). although there is now a good amount of evidence for 
this model (see renninger & Hidi, 2016), such transformation of motivation 
has still been paid relatively little attention in the empirical literature. rather, 
consistent with the multifaceted view of motivation, research testing these 
models has been more interested in the differential contributions of different 
types of motivation on outcomes (outcome discrimination). On the contrary, 
the commonality view has the potential to shed light on the importance of 
examining the transformative process of people’s motivation.

Implications of the Multifaceted View for the  
Neuroscientific Research on Motivation

the multifaceted view can also provide some insights into the neuroscientific 
literature on motivation. as the commonality view focuses on the similari-
ties of intrinsic incentives with extrinsic incentives, neuroscientific research 
tends to overlook some unique but important aspects associated with intrinsic 
incentives. It is also often the case that researchers in neuroscience underesti-
mate the power of intrinsic incentives in our daily experiences.

For example, the fundamental principle in the commonality view (and 
model- free rL) is that positive feedback strengthens and negative feedback 
inhibits motivated behavior. However, research in psychology suggests that 
negative feedback on some occasions triggers people’s achievement motivation 
(atkinson, 1957; McClelland et  al., 1976; Murray, 1938); similar constructs 
have been labeled mastery motivation or mastery goals (ames, 1992; Elliot, 
2005; Macturk  & Morgan, 1995). achievement motivation is defined as a 
desire to achieve a standard of excellence in order to attain an inner feeling of 
personal accomplishment. In other words, these studies suggest the possibility 
that negative feedback serves as a source of intrinsic incentive to cause persis-
tent behavior. In fact, tanaka and Murayama (2014) found that students who 
have mastery goals do not lose task interest even when they perceive the class 
as difficult. Some researchers argue that achievement motivation is maximized 
when the task at hand is moderately difficult relative to their ability level – called 
optimal challenge (atkinson, 1957; Csikszentmihalyi, 1990; Locke & Latham, 
1990; Macturk & Morgan, 1995; Metcalfe & Kornell, 2005). although simple 
and obvious, these phenomena pose some challenges to the commonality view 
on motivation. a somewhat different, yet similar challenge is presented when 
participants have different levels of interest in the subject on which they are 
receiving feedback. Lipstein and renninger (2007) reported that middle school 
students with less developed interest did not appreciate feedback unless it told 
them what to do, whereas those with more developed interest appreciated even 
negative feedback if it supported them to develop their capacity as a writer.
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Similar arguments can also be made for the concept of effort. In the literature 
of neuroscience, researchers have assumed that effort is aversive – something 
that should be avoided. the aversive nature of effort has been demonstrated 
in a popular “effort discounting” paradigm in which participants work on an 
effortful task to obtain monetary rewards (Westbrook et al., 2013). researchers 
have shown that effortful tasks decrease both task value and activation of the 
brain’s reward network (Botvinick et al., 2009; Kool et al., 2010). Humans, how-
ever, often love effort, especially when interested. Many people have attempted 
to climb up to the summit of Mt. Chomolungma, even though it is extremely 
tough and difficult and can pose a risk to their lives (Loewenstein, 1999). In 
our daily life, countless daily newspapers set effortful puzzles – like Sudoku, 
anagrams, and crossword puzzles – which thousands of people tackle, habit-
ually, with no offer of external reward. Consistent with these observations, 
classic psychological literature revealed that people often add value to effortful 
tasks (a classic “effort justification” phenomenon; aronson & Mills, 1959). For 
example, Klein et al. (2005) showed that when participants were presented with 
a neutral cue and spent substantial effort to obtain extrinsic rewards follow-
ing the cue, people preferred that cue (in comparison to a control cue). these 
results suggest that the investment of effort actually increased the value of the 
cue.

these observations indicate the possibility that negative feedback or effort 
investment can have both negative and positive rewarding properties, and its pos-
itive rewarding properties can even overcome the negative aspects. Examination 
of the potential intrinsic incentives associated with negative feedback or effort 
are essential to understanding our motivation in daily life. at schools, for exam-
ple, it is almost impossible for students to receive only positive feedback and 
avoid effortful challenge, and successful students seem to have a good capability 
to sustain (or even boost) their motivation in the face of negative feedback and 
challenge (Dweck, 1999). Predominated by the commonality view, however, 
these important aspects of our motivation have not been sufficiently investi-
gated in the literature (for an exception, see Bhanji & Delgado, 2014).

another example is the role of choice in the context of learning. as discussed 
earlier, research in neuroscience has found that personal choice has inherent 
rewarding properties (for reviews, see Leotti et al., 2010 and Murayama et al., 
2017; but see also Flowerday & Shell, 2015 and reeve et al., 2003, for a more 
nuanced view on the effects of choice). these findings indicate that making 
personal choices is motivating, but the commonality view tells little about 
how personal choice sustains our motivated behavior. On the other hand, 
looking at the motivational theories in psychology, there have been a num-
ber of studies that examined the psychological process underlying the facil-
itative effects of personal choice on motivation. One such critical factor is 
how choice influences people’s perceptions about feedback. researchers have 
argued that making one’s own choice makes one resilient to negative feed-
back, because personal choice increases self- responsibility and directs people’s  
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attention to the informative aspects of negative feedback (e.g., “this feedback 
is important to improve my behavior”; Deci & ryan, 1985).

a recent neuroscientific study examined the relationship between personal 
choice and the feedback process using fMrI (Murayama et al., 2015). In this 
experiment, participants played with the stopwatch task, which was used in the 
experiment explained earlier. there were two types of trials: choice trials and 
control trials. In the choice trials, participants were presented with two different 
designs for the stopwatch and could freely choose the design that they wanted 
to play with. In the control trials, participants were also presented with the two 
different designs of stopwatch, but they were forced to choose a specific design 
as suggested by a computer. Consistent with previous findings, the results 
showed that the opportunity to make a choice activated the reward network 
in the brain, indicating that choice is inherently rewarding (see also aoki et al., 
2014). Indeed, task performance was better in choice trials than in control trials.

Importantly, the research further showed that this enhanced task per-
formance in the choice trials was also related to feedback processing in the 
ventromedial prefrontal cortex (vmPFC), which has been implicated in repre-
senting task values (Daw & Doya, 2006; Kable & Glimcher, 2009). Specifically, 
whereas negative feedback decreased activation in the vmPFC in control tri-
als, this decrease was not observed in the choice trials, suggesting that negative 
feedback was no longer aversive in the choice trials. the authors suggested 
that making personal choices allows people to offset the negative emotional 
value of failure by treating the feedback informationally. In other words, con-
sistent with the previous literature in psychology, personal choice enhances 
people’s motivation by making them embrace the positive experience of 
receiving feedback.

Concluding Thoughts

the current chapter aimed to uncover two different meta- theoretical views 
(implicitly) underlying the concept of motivation in neuroscience and psy-
chology  – the commonality view and the multifaceted view on motivation. 
the difference in these views is especially apparent when it comes to the dis-
tinction between intrinsic and extrinsic incentives. although these two meta- 
theoretical views are not necessarily opposing each other, I suggest that they 
have biased our thoughts and ideas about motivation, producing an unnec-
essary gap between neuroscience and psychology. to understand the nature 
of motivation broadly and comprehensively, future research on motivation 
should take a more balanced, interdisciplinary perspective, incorporating a 
variety of views from psychology, neuroscience, and other relevant areas. I 
offered some promising examples for future studies, and I hope that the current 
chapter serves as leverage for moving toward more active cross- disciplinary 
interaction and integration in studying the science of motivation.
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