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The contemporary neural understanding of motivation is based almost exclusively on the neural mecha-
nisms of incentive motivation. Recognizing this as a limitation, we used event-related functional magnetic
resonance imaging (fMRI) to pursue the viability of expanding the neural understanding of motiva-
tion by initiating a pioneering study of intrinsic motivation by scanning participants’ neural activity
when they decided to act for intrinsic reasons versus when they decided to act for extrinsic reasons. As
expected, intrinsic reasons for acting more recruited insular cortex activity while extrinsic reasons for
acting more recruited posterior cingulate cortex (PCC) activity. The results demonstrate that engagement
decisions based on intrinsic motivation are more determined by weighing the presence of spontaneous
self-satisfactions such as interest and enjoyment while engagement decisions based on extrinsic motiva-
tion are more determined by weighing socially-acquired stored values as to whether the environmental
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incentive is attractive enough to warrant action.

fMRI © 2012 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

1. Introduction

Motivation concerns the reasons why people do what they do.
One primary reason people act is because they expect doing so
will bring an attractive consequence. For instance, they work on a
project because they anticipate receiving money once the project
has been completed. Hence, the reason for working on the project
is to attain an attractive contingent reward. How extrinsic reasons
energize and direct behavior is well understood in neuroscience
research under the heading of incentive motivation (Berridge,
2004; Cardinal et al., 2002; Mogenson et al., 1980). Incentive-
based reasons for action are associated with neuronal responses
in the (a) amygdala and striatum that process the rewarding
properties of directly experienced environmental stimuli and (b)
dorsolateral prefrontal cortex, orbitofrontal cortex, and cingulate
cortex that process the learned reinforcement value of various
environmental stimuli (Hampton and O’Doherty, 2007; Hayden
et al., 2008; McClure et al., 2004; O’'Doherty, 2004; Schultz, 2000).
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But there is a second primary reason why people act—namely,
because they expect doing so will bring spontaneously satisfy-
ing experiences. For instance, they work on a project because
that project is able to generate in them feelings of interest and
enjoyment. Hence, the reason for working on the project is to
feel interest and to enjoy doing the activity for its own sake. How
intrinsic reasons for action energize and direct behavior is poorly
understood in neuroscience research.!

The purpose of the present study was to pursue the viability of
expanding the contemporary neural understanding of motivation
beyond an exclusive focus on incentive motivation by initiating
a pioneering study of intrinsic motivation. Intrinsic motivation is
the inherent desire to engage one’s interests, to explore, and to
exercise one’s capacities and, in doing so, to seek out and master
optimal challenges (Deci and Ryan, 1985; Ryan and Deci, 2000).
When intrinsically motivated, people act out of personal interest
and because they find the task at hand to be inherently enjoyable
and capable of producing spontaneous self-satisfactions such
as “That’s interesting” and “I enjoy it”. Social and educational
psychologists argue that action energized and directed by intrinsic
reasons such as intrinsic motivation is qualitatively different from

1 Some neuroscience studies have examined the concept of intrinsic motivation
in their investigations, but these investigations have only discovered the shared
reward-related neural bases between intrinsic motivation and incentive motivation
(Kang et al., 2009; Mizuno et al., 2008; Murayama et al., 2010).
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action energized and directed by extrinsic reasons (Ryan and Deci,
2000). This means that intrinsic motivation is a fundamentally
different type of motivation than is incentive motivation. Intrinsic
motivation is an inherent and task-endogenous type of motiva-
tion, one that orients people toward an activity because of the
anticipation of experiencing spontaneous self-satisfactions during
task engagement. Extrinsic motivation (e.g., incentive-based moti-
vation), on the other hand, is an acquired and task-exogenous type
of motivation that orients people toward an activity because they
have learned that its engagement in the past has been associated
with an attractive but separate environmental consequence (Deci
and Ryan, 1985). The impetus for the present study was that
virtually all contemporary neuroimaging investigations exclude
inherent and task-endogenous types of motivational concepts in
their conceptual understanding of the nature of motivation.

Our research strategy was to scan participants’ neural activity
when they decided to act on a task for intrinsic reasons versus
when they decided to act on the same task but for extrinsic rea-
sons using event-related functional magnetic resonance imaging
(fMRI). Our prediction for the neural bases of extrinsic motivation
(i.e., incentive motivation) is not a novel one. Instead, it reflects
the well-established findings that the valuation system, such as
ventromedial prefrontal cortical activity (e.g., the orbitofrontal cor-
tex; OFC) and anterior and posterior cingulate cortical activity,
would be more recruited by decision making based on weighing
attractive extrinsic reasons to act (Bray et al., 2010; Britton et al.,
2006; Hayden et al., 2008; Maddock et al., 2003; Plassmann et al.,
2007). Our prediction for the neural bases of intrinsic motivation,
however, is a novel one. It represents a key open question in the
study of affective neuroscience. As people become aware of how
a task affects their subjective feelings—as they formulate a con-
scious experience of “my feelings about that thing”—they show
greater insular cortex activity (Craig, 2009, p. 65). Hence, we pre-
dicted that the insular cortex would be more recruited by decision
making based on weighing inherent feelings that serve as intrin-
sic reasons to act. We expected to observe greater insular cortex
activity as people weighed their intrinsic reasons to act because
insular cortex activity is related to practically all inherent feelings
(Craig, 2009) but it is particularly related to feelings of inherent
need satisfactions (Cardinal et al., 2002; Naqvi et al., 2007; Singer
etal., 2009). Feelings that arise from the satisfaction versus frustra-
tion of need states are important in the social psychological study
of intrinsic motivation because feelings of interest and enjoyment
are said to arise as spontaneous satisfactions from the psychologi-
cal needs for autonomy and competence during one’s interactions
with the environment (as proposed by self-determination theory;
Deci and Ryan, 2000; Ryan and Deci, 2000).

2. Method
2.1. Participants

Ten undergraduates (6 females and 4 males; mean age:
19.7+0.87), who were recruited from introductory educational

Table 1

Examples of phrases from three experimental conditions used in the experimental task.

psychology classes at the University of lowa, participated. They
were neurologically healthy, right-handed, native English speak-
ers who had normal or corrected-to-normal vision. All participants
provided informed consent in accordance with the regulations of
the Institutional Review Board of the University of lowa.

2.2. Task and procedure

In this study, phrases were used to describe situations from the
following three conditions: intrinsic motivation, extrinsic motiva-
tion, and a neutral condition. The phrases were developed based on
self-determination theory’s conceptual and operational definitions
of intrinsic motivation and extrinsic motivation (Ryan and Deci,
2000; see Table 1). Sixty familiar situations (e.g., writing a paper,
working on a computer, participating in a project) were specified
and three different reasons for doing each task were inserted to
characterize the activity as motivated by the type of motivation
unique to the experimental condition. In the intrinsic motivation
condition, the phrases described situations that motivate people
due to internal causalities, such as interest or enjoyment (e.g.,
writing an enjoyable paper, working on the computer out of curios-
ity, participating in a fun project). In the extrinsic motivation
condition, the phrases described situations that motivate people
due to attractive extrinsic incentives (e.g., writing an extra-credit
paper, working on the computer for bonus points, participating
in a money-making project). In the neutral condition (a control
comparison), the phrases described neutral situations that mildly
unmotivate people or at least fail to generate intrinsic motivation
or extrinsic motivation (e.g., writing an assigned paper, working
on the computer to meet a deadline, participating in a required
project). The neutral phrases functioned as filler items to avoid
participants’ skewed “yes” responses. The 60 sets of phrases were
selected from a larger pool of 90 sets of phrases based on a pilot test
in which a separate group of participants rated the phrases using
a computer presentation. The phrases across the three conditions
were matched not only in the situation depicted but also in terms
of sentence structure and number of words.

An event-related fMRI experiment, which consisted of three
runs, was performed. Each run lasted 10 min and consisted of 60
trials, which were taken randomly from each of the three condi-
tions (20 trials per condition) and presented in a random order. In
each trial (see Fig. 1), a phrase was presented for three seconds to
describe a situation related to one of the three conditions. During
those three seconds, participants were asked to read the phrase and
make a decision, “Do you want to do this?”—yes or no?, by press-
ing the left button with the forefinger (for yes) or the right button
with the middle finger (for no). Following this response, there was
a jitter of 2-12s (mean="7s) between each trial. Then, the next
trial began, which presented a phrase describing another one of
the three conditions.

During the experimental session, participants first received the
task instruction and practiced the experimental task outside the
scanner before performing the real task during the brain image
scans. Participants’ anatomic images were first acquired and then

Intrinsic motivation phrases

Extrinsic motivation phrases

Neutral phrases

Writing an enjoyable paper

Working on the computer out of curiosity
Participating in a fun project

Pursuing my personal interests in class
Working with freedom

Having options and choices

Working because its fun

Feeling interested Anticipating a prize

Writing an extra-credit paper

Working on the computer for bonus points
Participating in a money-making project
Pursuing an attractive reward in class
Working for incentives

Having prizes and awards

Working because | want money

Writing an assigned paper

Working on the computer to meet a deadline
Participating in a required project

Pursuing a routine task in class

Working with pressure

Having pressures and obligations

Working because I have to

Feeling frustrated
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Fig. 1. The experimental task and the experimental design are presented. 180 phrases (60 sets of phrases depicting the same situation) were randomly presented. During a
three-second presentation of each phrase, participants were asked to make a decision. Between phrases, there were jitters which were randomized from 2 to 12's. Note. IM:

intrinsic motivation; EM: extrinsic motivation; NC: neutral condition.

functional images were scanned while participants performed
the experimental task. After the brain imaging, participants were
debriefed about the experiment and received compensation for
their participation.

2.3. fMRI data acquisition

Imaging was performed with a 3T Trio MRI scanner (Siemens,
Erlangen, Germany). First, T1-weighted anatomic images
(TR=1590ms, TE=3.58ms, flip angle=10°, FOV =256 x 256,
and slice thickness=2 mm) were acquired for anatomical local-
ization using a MP-RAGE sequence in order to facilitate the
precise determination of the structures corresponding to the
functional activation foci. After obtaining anatomic images,
16-slice functional images were acquired using a T2*-weighted
gradient-echo echo planar imaging (EPI) sequence sensitive to
blood oxygenation level-dependent (BOLD) contrast (TR =2000 ms,
TE=30ms, flip angle=90°, FOV =220 x 220, 64 x 64 matrix, and
slice thickness =5 mm with 1 mm gap).

2.4. fMRI data analysis

Imaging preprocessing, individual analyses, and group analyses
were performed using AFNI (Cox, 1996; http://afni.nimh.nih.gov).
The first eight images of each run were discarded to allow hemo-
dynamics and MRI signals to reach a steady state. In preprocessing,
the functional images were temporally realigned for timing cor-
rection and spatially realigned for head motion correction. These
temporally and spatially realigned brain images were spatially
smoothed with a Gaussian kernel of 4mm full-width at half-
maximum (FWHM). After the values of background voxels (i.e.,
voxels outside the brain) were excluded, these time-series data
were scaled as a percent of the mean for running future statisti-
cal analyses. The functional images of each run were separately
preprocessed, and then the three runs of each participant were
concatenated before individual analyses.

In individual analyses, the time-series data were analyzed by
a general linear model (GLM) using nine regressors of individual
participants which were convoluted with hemodynamic response
functions (HRF). Three regressors were for the time points that indi-
vidual participants made decisions in experimental conditions (i.e.,
intrinsic motivation, extrinsic motivation, neutral condition) and
the six regressors were for head motion parameters of individual
participants which were included as covariates to partial out the
effects of head motion artifacts. Responses inconsistent with our
intended manipulation (i.e., unmotivated (no) responses for intrin-
sic motivation and incentive motivation phrases) were discarded
in the further analyses.2 For the group analyses, each individual’s

2 We recognize that discarding participants’ responses that were inconsistent
with the intended experimental manipulation might produce a data-driven bias

statistical data were transformed to MNI space using each indi-
vidual’s standardized high-resolution anatomic images and were
resampled to 2 mm x 2 mm x 2 mm voxels.

In the group analyses, subtraction analyses were performed
to examine the neural differences between the two different
types of motivation (intrinsic motivation vs. extrinsic motiva-
tion). For correcting multiple comparison inferences in whole
brain analyses, the cluster-wise threshold was employed based
on Monte-Carlo simulations (Forman et al., 1995), which set a
p value of .043 determined by a conjoined voxel-wise threshold
(p<.005), a connectivity radius of 2.0 mm, and a minimum volume
of 272 mm?3 (34 contiguous voxels). The significant activations for
these subtraction analyses were reported by Talairach coordinates
(Talairach and Tournoux, 1988) after the MNI coordinates con-
verted to the Talairach space by using a mni2tal algorithm (Lacadie
et al., 2008). In order to confirm the neural difference results
from the subtraction analyses, time-series BOLD signal changes
of regions of interests (ROIs), which were set from the subtrac-
tion analyses, were compared between the two different types of
motivation.

3. Results
3.1. Behavioral results

Participants’ yes/no finger-press responses to the action ques-
tion (Do you want to do this?) served as a behavioral indicator
of approach-based motivated action. The mean percentages and
the standard errors of participants’ motivated (yes) responses
for phrases of the intrinsic motivation and extrinsic motiva-
tion conditions were 92.4+42.09% and 85.8 +5.52% respectively,
which were not significantly different from each other, but
only 23.843.24% for phrases in the neutral condition, which
were significantly lower than both experimental conditions,
F2,8)=444.42, p<.05, with neutral condition<intrinsic motiva-
tion =extrinsic motivation, using Student-Newman-Keuls post
hoc tests. Participants’ responses were therefore consistent with
the experimental manipulation—approach-oriented motivated
responses for the intrinsic motivation and extrinsic motivation
phrases and unmotivated responses for the neutral phrases-
thereby confirming that the experimental manipulation was
successful.

Means and standard errors for the reaction time (RT) responses
for phrases of the intrinsic motivation, extrinsic motivation, and
neutral conditions were 1576.7 £62.5ms, 1870.5+72.0ms, and

within the findings. Recognizing this, we also analyzed the data after pooling all
participant responses—those consistent and those inconsistent with the intended
experimental manipulation. Results with consistent and inconsistent responses
showed the same neural activation patterns as did the results reported in the “fMRI
Results” section that excluded participants’ inconsistent responses.
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Fig. 2. The insular cortex was more activated in the intrinsic motivation condition
than in the extrinsic motivation condition (A). The time-series BOLD signal changes
of the insular cortex are presented (B). Note. IM: intrinsic motivation; EM: extrinsic
motivation. The time 0 means the time point of decision making.

1791.6 £63.1 ms respectively. Results revealed that participants
showed significantly shorter RTs in the intrinsic motivation condi-
tion than in both the extrinsic motivation and neutral conditions,
F(2,8)=48.10, p<.05, with intrinsic motivation < extrinsic motiva-
tion =neutral condition, using Student-Newman-Keuls post hoc
tests.

3.2. fMRI results

Results from the subtraction analyses between the intrinsic
motivation and extrinsic motivation conditions showed that the
right insular cortex was more activated in the intrinsic motivation
condition than in the extrinsic motivation condition (peak activa-
tions: 33, —2, 9; maximum t=5.88; volume: 632 mm?3; corrected
p<.043; Fig. 2A). We also extracted time-series BOLD signal change
patterns of this right insular cortex activity between the intrinsic
motivation and extrinsic motivation conditions, and these data also
showed increased activations in the intrinsic motivation condition
that were consistent with the results of the subtraction analysis
(see Fig. 2B).

In contrast, the extrinsic motivation condition showed greater
neural activity of the right posterior cingulate cortex (PCC), which
is abrainregion of the valuation system, than did the intrinsic moti-
vation condition (peak activations: 4, —15, 29; maximum t=5.20;
volume: 328 mm?3; corrected p <.043; Fig. 3A). We again extracted
time-series BOLD signal change patterns of this right PCC activity
between the intrinsic motivation and extrinsic motivation con-
ditions, and these data also showed increased activations in the
extrinsic motivation condition that were consistent with the results
of the subtraction analysis (see Fig. 3B).
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Fig. 3. The posterior cingulate cortex (PCC) was more activated in the extrinsic moti-
vation condition than in the intrinsic motivation condition (A). The time-series BOLD
signal changes of the PCC are presented (B). Note. IM: intrinsic motivation; EM:
extrinsic motivation. The time 0 means the time point of decision making.

4. Discussion

The purpose of this study was to answer the new question of “Are
the neural bases of intrinsic motivation different from the neural
bases of extrinsic motivation?” To address this question, we identi-
fied neural differences as people made decisions whether to engage
in familiar activities but for the very different reasons that related
either to intrinsic motivation or to extrinsic motivation. In doing
so, we sought to provide the evidence necessary to extend the neu-
roscientific conception of motivation beyond an exclusive focus on
extrinsic motivation to include intrinsic motivation as well.

Participants recruited different patterns of neural activity dur-
ing the decision making process depending on intrinsic versus
extrinsic reasons for doing. The insular cortex was more recruited
during the decision making process weighing intrinsic reasons for
doing. The general function of the insular cortex is emotional pro-
cessing (Craig, 2009; Damasio et al., 2000; Pessoa, 2008; Phan
et al., 2002). In studies on decision making, insular cortex activity
has been frequently observed, which suggests that emotional pro-
cessing influences decision making (Bechara and Damasio, 2005;
Damasio, 1999). In addition, in studies on addiction and craving, the
insular cortex is suggested to be associated with hedonic feelings
generated by bodily need satisfactions (Brody et al.,2002; Goldstein
et al,, 2009; Naqvi et al., 2007; Pelchat et al., 2004). In contrast,
the PCC was more recruited during the decision making process
weighing extrinsic reasons for doing. The PCC has been consistently
reported to be activated in studies on decision making, particularly
in studies on reward-based decision making (Fujiwara et al., 2009;
McCoy et al., 2003; Smith et al., 2009). This PCC activity is generally
interpreted as weighing the stored (learned) value of external stim-
uli (Hayden et al., 2008; Maddock et al., 2003). Within the valuation
system, the PCC is particularly known to be related to subjective
value informed by social knowledge (Johnson et al., 2006; Schiller
et al., 2009).
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Based on these results, we can infer that, in this study, par-
ticipants in the intrinsic motivation condition decided that they
wanted to engage in the activities based on the presence of
spontaneous self-satisfactions (e.g., enjoyment, interest, feeling
free), while participants in the extrinsic motivation condition
decided that they wanted to engage in the activities based on
socially-acquired values (e.g., incentive, extra-credit, prize). These
inferences are supported by the RT results showing that partic-
ipants engaged in faster responses to the intrinsic motivation
phrases than to the extrinsic motivation phrases. This supports
the interpretation that participants made relatively quick “gut felt”
decisions about intrinsic reasons for acting while they made cal-
culated cost-benefit decisions (e.g., is this consequence attractive
enough to be worth the effort?) about extrinsic reasons for acting
(Bechara and Damasio, 2005).

Intrinsic motivation theorists propose that human motivation
is not singular (Ryan and Deci, 2000). They argue that quali-
tatively different types of motivation exist. In particular, they
distinguish intrinsic motivation, which is generated by inherent
processes, from extrinsic motivation, which is generated through
environmental contingencies (Deci and Ryan, 1985). Neural evi-
dence from the present study supports these assumptions. When
participants in the present study imagined the intrinsic motivation
situations, they were assumed to decide to engage in the situations
based on their inherent-feeling need satisfaction processing. This
is an important point, because intrinsic motivation theorists define
intrinsic motivation as that which arises from the satisfaction
of inherent psychological needs (for autonomy and competence;
Ryan and Deci, 2000). If the situations were perceived as inher-
ently need satisfying, positive feelings led participants to freely
want to approach the described situation. In contrast, when par-
ticipants imagined the extrinsic motivation situations, they made
their decision to engage in the situations based on the learned
value of whether the offered environmental incentive was attrac-
tive (i.e., “valued”) enough benefit to warrant action. This means
that intrinsic motivation is produced more by the presence of
endogenous positive feelings, which emanate out of the intuitive
processing of spontaneously experienced self-satisfactions (follow-
ing Ryan & Deci, 2000), while extrinsic motivation is produced
more by the environmentally-associated benefits that task engage-
ment is expected to generate, which emanate out of the processing
of stored values and environmental contingencies (following Bray
et al., 2010). Now that the present study has confirmed neural dif-
ferences between intrinsic versus extrinsic reasons for doing, we
encourage future research to investigate the neural activity occur-
ring during different intrinsic and extrinsic reasons for doing.
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