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Abstract
Psychological research on human motivation repeatedly observed that approach goals (i.e., goals to attain success) increase 
task enjoyment and intrinsic motivation more strongly than avoidance goals (i.e., goals to avoid failure). The present study 
sought to address how the reward network in the brain—including the striatum and ventromedial prefrontal cortex—is 
involved when individuals engage in the same task with a focus on approach or avoidance goals. Participants reported stronger 
positive emotions when they focused on approach goals, but stronger anxiety and disappointment when they focused on 
avoidance goals. The fMRI analyses revealed that the reward network in the brain showed similar levels of activity to cues 
predictive of approach and avoidance goals. In contrast, the two goal states were associated with different patterns of activity 
in the visual cortex, hippocampus, and cerebellum during success and failure outcomes. Representation similarity analysis 
further revealed shared and different representations within the striatum and vmPFC between the approach and avoidance goal 
states, suggesting both the similarity and uniqueness of the mechanisms behind the two goal states. In addition, the distinct 
patterns of activation in the striatum were associated with distinct subjective experiences participants reported between the 
approach and the avoidance conditions. These results suggest the importance of examining the pattern of striatal activity in 
understanding the mechanisms behind different motivational states in humans.

Keywords  Approach/avoidance · Achievement goal · Behavioral inhibition · Behavioral activation · Dopamine · Goal 
framing · Neuroimaging

Decades of research on human motivation addressed the 
reasons behind inter- and intra- individual differences in the 
intensity and frequency of various behaviors (Braver et al., 
2014). These studies pointed out that even if two individuals 
work on the same task with the intent to produce the same 
outcome, their emotional experiences, task engagement and 

behavior (which we shall call “motivational states”) can be 
different depending on how they perceive the characteristics 
of the task (Ryan et al., 1996). The literature also identi-
fied various factors that affect people’s motivational states 
(Kruglanski, 2017; Murayama, 2022; Reeve, 2018). One of 
the most investigated and robustly observed factors is the 
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difference of approach versus avoidance goals (Carver et al., 
2000; Elliot, 1999). Approach goals are defined as goals to 
obtain desirable outcomes (“My goal is to gain X”), whereas 
avoidance goals are defined as goals to avoid the loss of 
desirable outcomes (“My goal is to avoid losing X”).

In public communication as well as psychological 
research on human motivation, the salience of approach and 
avoidance goals often is manipulated by changing the frame 
of messages or instructions—whether they focus on the ben-
efits of adopting certain behaviors (an approach frame; e.g., 
“Regular exercise helps you control your weight and blood 
pressure”) or the costs of not adopting certain behaviors (an 
avoidance frame; e.g., “Without regular exercise, you are 
more likely to become obese and suffer from high blood 
pressure”; Bertolotti & Catellani, 2014). Using such meth-
ods, previous laboratory studies repeatedly observed that 
even if individuals face the same task, their subjective expe-
riences and strategies are different depending on whether 
their goal is framed as approach or avoidance. In general, 
approach goals increase task enjoyment and intrinsic moti-
vation, whereas avoidance goals increase anxiety and other 
negative emotions (Elliot & Harackiewicz, 1996; Gee et al., 
2018; Higgins et al., 1997). Similar results were observed in 
field studies by using questionnaires to assess individual dif-
ferences in the strength of approach versus avoidance goals 
(for a meta-analysis, see Van Yperen et al., 2014).

How are these different motivational states represented 
in the brain? Previous neuroscience research often  posited 
that the reward network in the brain, including the stria-
tum, the substantia nigra, the ventral tegmental area (VTA), 
and ventromedial prefrontal cortex (vmPFC), is criti-
cal for intrinsic motivation (Di Domenico & Ryan, 2017; 
Lee & Reeve, 2017; Murayama et al., 2010; Reeve & Lee, 
2019b)—the motivation for the pleasure of the task itself 
(Deci & Ryan, 1985). Given that approach goals typically 
increase positive emotional states (including intrinsic moti-
vation), these studies thus suggest that the reward network 
shows greater activity when individuals pursue approach 
goals than avoidance goals. A similar prediction has been 
suggested by a personality theory based on the behavioral 
approach system (BAS) and the behavioral inhibition system 
(BIS) (Gray, 1982, 1990). The BIS/BAS are closely related 
to approach/avoidance goals; those who have higher BAS 
scores are more sensitive to gains and rewards and therefore 
have higher approach goals, whereas those who have higher 
BIS scores are more sensitive to losses and punishments 
and therefore have higher avoidance goals (Carver & White, 
1994). According to Gray, the reward network plays key role 
in BAS than BIS. In line with his notion, past studies found 
that those with higher BAS (but not BIS) showed greater 
activation of the striatum towards monetary rewards (Carter 
et al., 2009; Costumero et al., 2016; Hahn et al., 2009; Simon 
et al., 2010) or food rewards (Beaver et al., 2006). Recent 

research further revealed that stronger BAS scores (but not 
BIS) were associated with stronger functional connectivity 
within the reward network (Adrián-Ventura et al., 2019).

However, other research suggested that the reward net-
work reflects more general motivational engagement inde-
pendent from positively valenced subjective feelings (Carter 
et al., 2009; Reeve & Lee, 2019a; Sakaki et al., 2023). In 
fact, a recent meta-analysis revealed that the striatum, a key 
region in the reward network, is activated not only when 
individuals expect monetary rewards but also when they 
expect monetary losses (Oldham et al., 2018; White et al., 
2021). These notions thus suggest that the reward network 
may show similar levels of activity across approach and 
avoidance goals. This prediction is supported by previous 
neuroimaging studies that used an experimental manipu-
lation on approach versus avoidance goals. For exam-
ple, Schlund et al. (2011) used a response learning task, 
where participants earned money when they made a correct 
response (the approach frame) and lost money when they 
made incorrect response (the avoidance frame). They found 
that the reward network showed similar levels of activities to 
cues irrespective of the goal frame. Belayachi et al. (2015) 
also revealed that the frontoparietal areas showed similar 
levels of activities when participants completed a working 
memory task under approach and avoidance goals. While 
this study is not necessarily about the reward network, their 
results suggest that the two goals are represented similarly 
in the brain.

In addition, other studies showed more complex pictures 
that were not consistent either of the aforementioned views. 
For example, Scult et al. (2017) examined the effects of 
individual differences in prevention vs. promotion focus (a 
concept closely related to avoidance vs. approach goals) on 
brain activities during a monetary reward task (i.e., Mon-
etary Incentive Delay task). They found that higher promo-
tion focus was associated with smaller activity in the ventral 
striatum to reward than loss cues. Other studies suggest that 
the approach versus avoidance goals are associated with 
the striatum in different hemispheres (Aberg et al., 2015; 
Eddington et al., 2007; Spielberg et al., 2011, 2012). Thus, 
it is still inconclusive with regards to the role of the reward 
network in the approach versus avoidance goals.

One challenge for these past studies is that most of them 
used monetary rewards as part of the tasks of approach 
(i.e., to earn money) and avoidance (i.e., not to lose money) 
manipulations. Given that the reward network is activated 
by the presence of monetary rewards (Adcock et al., 2006) 
as well as the pleasure of tasks (Murayama et al., 2010), it 
is not clear from these studies whether the observed activ-
ity of the reward network is due to gains/loss of monetary 
rewards versus changes in intrinsic motivation (inherent 
pleasure of tasks). In fact, Sakaki et al. (2023) showed that 
when participants were engaged in a game-like, intrinsically 
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enjoyable task, the activation pattern in the reward network 
was different, depending on whether participants worked on 
the task for monetary incentives or just for the enjoyment of 
the task itself. This is because when people are incentivized 
for monetary rewards, their motivation to gain rewards and 
to enjoy the task often would be in conflict, making the inter-
pretation difficult. In addition, previous neuroimaging stud-
ies on approach/avoidance goals do not include measures on 
subjective motivational states during tasks (Belayachi et al., 
2015; Oldham et al., 2018; Schlund et al., 2011; Scult et al., 
2017; White et al., 2021). Therefore, it has been unclear how 
the reward network in the brain is similarly or differently 
involved in positive and negative subjective motivational 
states induced by approach versus avoidance goals.

In the present study, we conducted a neuroimaging 
experiment to examine whether and how the reward net-
work in the brain is involved in approach versus avoidance 
goals by using a game-like, intrinsically motivating task. 
Participants completed a stopwatch task (a task that was 
proven to be intrinsically engaging for adults; Murayama 
et al., 2010, 2013; Sakaki et al., 2023) while being scanned 
in an MRI scanner. They were instructed that they could win 
or lose points during the stopwatch task depending on their 
performance, and their overall goal was to earn the total 
point of zero or larger than zero at the end of the experi-
ments. They  were also told that the points they would earn 
would have nothing to do with their monetary rewards. The 
goal frame was manipulated—such that participants com-
pleted the task under an approach goal frame in some blocks 
but under an avoidance goal frame in other blocks. In the 
approach blocks, participants gained points by succeeding 
in the task (i.e., approach goal framing); in the avoidance 
blocks, participants lost points by failing the task (i.e., avoid-
ance goal framing). Note that both approach and avoidance 
blocks were functionally equivalent to achieve the overall 
goal. For example, even if participants fail all the trials in 
the approach condition, if they succeed in all the trials in 
the avoidance condition, the total points at the end of the 
experiment would be zero, thus achieving the overall goal. 
Similarly, participants should be able to achieve the overall 
goal by succeeding in all the trials in the approach condi-
tion—in this case, even if participants fail all the trials in the 
avoidance condition, the total points at the end of the experi-
ment would be zero. Thus, both the approach and avoidance 
blocks had the equal “importance” in terms of achieving the 
overall goal of the task.

We assessed participants’ subjective motivational states 
after each block (in the scanner) as well as at end of the study 
session. Building on previous findings (Elliot & Harackie-
wicz, 1996), we expected that the two types of blocks would 
cause different motivational states in participants, with the 
approach blocks producing positive intrinsic motivational 
states (e.g., more enjoyment) while the avoidance blocks 

arousing negative motivational states (e.g., more anxiety). 
We also expected that participants would develop implicit 
associations between these different motivational states and 
tasks over time (Greenwald et al., 2003).

As brain regions relevant to different motivational states 
between the two goal frames, we focused on the reward 
network in the brain; including the striatum, the substantia 
nigra, VTA, and vmPFC. These brain regions have been 
robustly activated by the task cue as well as success out-
comes in previous studies with the same task even with-
out any extrinsic incentives (Murayama et al., 2010, 2013; 
Sakaki et al., 2023; Takeda et al., 2017). Activation in the 
reward network during the stopwatch task was interpreted 
as the manifestation of intrinsic enjoyment for the task 
(Murayama et al., 2010). Therefore, they were a natural 
choice for our regions-of-interest (ROIs).

In our functional MRI analyses, we examined brain 
activity to a cue which indicated the start of the task (i.e., 
when participants anticipated an upcoming task) and brain 
activity towards outcomes (i.e., when participants found out 
whether they were successful). These two phases correspond 
to “expected” versus “actual experience of” reward value 
respectively (Schultz, 2002). More specifically, during the 
cue phase (Fig. 1), participants were informed of the goal 
frame (i.e., approach or avoidance) of an upcoming trial 
as well as how many points they would subsequently win 
if they succeeded in the approach condition or how many 
points they would lose if they failed in the avoidance condi-
tion. Building on the previous studies that approach goals 
make people focus on expected positive outcomes (Elliot & 
Harackiewicz, 1996), we expected that participants would 
anticipate more pleasant emotions in the approach condi-
tion than in the avoidance condition. If the reward-network 
activation reflects positive motivational states (e.g., intrin-
sic motivation), these brain regions should show enhanced 
activity to the task cue in the approach condition but not to 
the task cue in the avoidance condition.

During the outcome phase (Fig. 1), participants found 
out whether they were successful or not in each particu-
lar trial. Previous psychological research has suggested 
that success outcomes are perceived more positively under 
the approach goal frame than the avoidance goal frame (Idson 
et al., 2000). Thus, if the reward network activity reflects 
intrinsic enjoyment, these brain regions also would be acti-
vated more strongly by the success feedback than the failure 
feedback in the approach condition but not in the avoidance 
condition. In contrast, if the reward-network activation reflects 
general motivational saliency or engagement dissociated from 
positive or negative motivational states, the reward network 
should show a similar level of activation to the cue and the 
success outcome in the approach and avoidance condition.

We also analyzed whether the goal frames affect functional 
connectivity of the reward network and representations within 
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the reward network. Even when the overall level of activity is 
similar across the two goal frames, the functional connectiv-
ity of the reward network may be different across the two goal 
states. Given the nucleus accumbens (NAc)’s dense projections 
with various brain regions (Haber & Knutson, 2010), we exam-
ined whether functional connectivity of the NAc is different 
depending on the goal states. Likewise, even when the overall 
level of activity is similar, the two goal states may be supported 
by different patterns of activation within the reward network. 
Previous research pointed out that a representational similarity 
analysis is effective to address this issue and to provide insights 
into whether different tasks are supported by shared or distinc-
tive neural mechanisms (Freund et al., 2021; Levorsen et al., 
2021; Peelen & Downing, 2007). To this end, we also applied a 
representational similarity analysis and examined if the pattern 
of activity in the reward network is similar or different when 
participants expect the approach and avoidance goals.

Methods

Participants

Twenty participants (Mage = 20.55, standard deviation [SD] = 
1.43; 9 males and 11 females) took part in the study. Written 
consent from participants was obtained based on the protocol 
approved by the Ethics Committee of the Tamagawa University.

Design and behavioral procedure

The overall design and procedure is depicted in Fig. 1. Par-
ticipants completed a game-like task (the stopwatch task; 

Murayama et al., 2010, 2013; Sakaki et al., 2023) under 
approach and avoidance goal framing. For each trial, par-
ticipants were presented with a stopwatch that automatically 
started; they were asked to presss a button to stop the stop-
watch within 50 ms of the 5-s time point. If participants 
stopped the stopwatch within this time window, the trial 
was deemed a success. In contrast, if participants failed to 
stop the stopwatch within this time window, the trial was 
deemed as a failure. To experimentally manipulate the suc-
cess/failure outcome (without being affected by participants’ 
performance), participants were shown random numbers on 
the display of the stopwatch after 3 s; thus, they could not 
accurately calibrate the correct timing. In some blocks, par-
ticipants completed the task with a focus on approach goals, 
where they earned points when they succeeded but did not 
lose any points when they failed. In other blocks, partici-
pants completed the same task with a focus on avoidance 
goals, where they lost points when they failed but did not 
earn points when they succeeded.

Each block started with a short instruction indicating 
the type of the upcoming block (approach = “Will win 
points if you succeed”; avoidance = “Will lose points if 
you fail”). Participants needed to press a button within 5 s 
to indicate that they understood the nature of the upcom-
ing block; when participants did not press a button within 
5 s, they were told that they needed to respond quickly 
and shown the same instruction again. This block instruc-
tion was followed by a jittered ISI (between 3 to 7 s) and 
experimental trials. Each trial started with a cue for 2 s. 
The cue indicated one of the three different points (3, 1, 
and 0). In the approach blocks, participants were told that 
they would earn the presented amount of points when they 
were successful in the trial, but they would not lose any 

Fig. 1   Task in the approach, avoidance, and control conditions
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points if they failed in the trial. In the avoidance blocks, 
participants were told that they would lose the presented 
amount of points when they failed in the trial, but they 
would not earn any points when they were successful. The 
cue was followed by a jittered ISI (between 3 to 7 s), which 
was replaced by a stopwatch that automatically started. 
Participants needed to press a button to stop the stopwatch 
within the time frame described earlier. Once participants 
pressed the button, the stopwatch stopped and participants 
found out whether they were sucessful or not. The outcome 
was shown for 3.2 s, followed by a jittered ITI (3–7 s) and 
the next trial. When participants failed to press a button 
within 6 s after the stoptwatch started, they were told to 
press the button sooner and a new trial started. The three 
different point conditions were included to increase the 
unpredictability of the task and thereby encourage partici-
pants to pay attention to the cue of each trial.

In the remaining blocks, participants completed a watch-
stop game (i.e., the control condition). Each trial in this 
control task started with a cue (Fig. 1). Participants then 
passively viewed a stopwatch that automatically started and 
stopped; they pressed a button after the stopwatch stopped. 
In this control condition, they did not earn/lose any points. 
When participants pressed the button too quickly in the 
watch-stop task (i.e., before the stopwatch stopped), they 
were instructed to press the button only after the stopwatch 
stopped and the new trial started.

The experiment included 117 trials in total. These 117 
trials were divided into three runs, each of which included 
five to eight blocks. This resulted in the total of 19 blocks 
with different lengths (each block included three to nine tri-
als). There were eight blocks for the approach condition (48 
trials), eight blocks for the avoidance condition (48 trials), 
and three blocks for the control condition (21 trials). For 
both approach and avoidance blocks, we presented the three 
different points (3, 1, 0) evenly (i.e., 16 trials for each point) 
but pseudorandomly; this means that participants were not 
able to predict the amount of points in the next trial. A stop-
watch was colored differently across three conditions (blue, 
green, or orange); the color assignment was counterbalanced 
across participants.

The amount of points participants earned accumulated 
across blocks and runs; the total points they earned were 
indicated by a progress bar shown throughout the task. 
Before the task, participants were instructed that their over-
all goal of the experiment was to earn the total of zero or 
larger than zero at the end of the fMRI session. Participants 
were always reminded of this goal by a small flag that was 
displayed next to the progress bar (Fig. 1).

To ensure that our results were not confounded with task 
performance itself (or individual differences in the pro-
gress toward the goal), unbeknownst to participants, suc-
cess versus failure outcome was experimentally controlled. 

Participants’ success or failure outcome was predetermined 
for every trial, and participants were presented with the pre-
determined outcome regardless of their actual performance. 
Because we occluded the stopwatch after 3 s, participants 
did not realize our manipulation (no participants indicated 
their doubt after the experiment). We prepared four differ-
ent sequences of success-failure outcomes and randomly 
assigned one of them to each participant. In all sequences, 
we made sure that participants could not be confident until 
the last trial about whether they could achieve the overall 
goal; participants finished the task with a total of zero points 
for all sequences.

Behavioral measures

We assessed participants’ motivational states for 
approach-avoidance blocks in three ways. First, after 
each block, participants rated the level of enjoyment (“I 
enjoyed the block”) and anxiety that they felt during the 
block they had just completed (“I was anxious during 
the block”) both with a 5-point Likert scale (not at all 
– extremely) while in the scanner. The enjoyment and 
anxiety scores were averaged across all the blocks for 
each condition respectively and used as an index of on-
task measures of motivational states.

Second, after they exit the scanner, participants filled out 
a retrospective self-report questionnaire about emotional/
motivational states they experienced during the approach 
and avoidance blocks. The questionnaire included two 
items for each of the following aspects with a 7-point Lik-
ert scale (not at all true – very true): enjoyment (e.g., “I 
enjoyed the approach/avoidance blocks”), anxiety (e.g., “I 
had anxiety during the approach/avoidance blocks”), disap-
pointment (e.g., “I was disappointed when I had to work on 
the approach/avoidance blocks”), engagement (e.g., “I felt 
engaged for the approach/avoidance blocks”), and excite-
ment (e.g., “I was excited with the approach/avoidance 
blocks”). Ratings given to the two items were averaged for 
each condition for each participant and were used as a meas-
ure that reflects retrospective evaluations of motivational 
states. The questionnaire also included items on emotions 
participants felt after the success and failure outcomes in 
each condition. Specifically, participants were asked to indi-
cate the extent to which they felt happiness and relief when 
they were successful in the approach trials and avoidance 
trials respectively. They also indicated the extent to which 
they felt disappointed and anxious when they were not suc-
cessful in the approach trials and avoidance trials. For both 
types of questions, we used a 7-point Likert scale (1: “not at 
all true” – 7: “very true”). The questions were asked for the 
points of 3, 1, and 0 separately and we averaged the scores 
for the 3 and 1 points as we focused on these trials in the 
fMRI data analysis (see below).
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Finally, to assess participants’ implicit attitude toward 
the approach and avoidance blocks, we asked participants 
to complete an Implicit Association Test (ITA) at the end of 
the experiment (Greenwald et al., 2003). Participants were 
presented with positive/negative words as well as two pic-
tures of stopwatches, one being used in the approach block 
(“approach stopwatch”) and the other being used in the 
avoidance block (“avoidance stopwatch”). Across seven IAT 
blocks (for details see Greenwald et al., 2003), participants 
were asked to press one of the two buttons in response to 
each of the presented stimuli. In two blocks, positive words 
and the approach stopwatch were assigned to the same key, 
while negative words and the avoidance stopwatch were 
assigned to the other key. In the other two blocks, positive 
words and the avoidance stopwatch were assigned to the 
same key, whereas negative words and the approach stop-
watch were assigned to the other key. If participants had 
developed a positive attitude toward a stopwatch used in the 
approach condition, they should be able to respond faster 
and more accurately when the approach stopwatch was 
assigned to the same key as positive words than negative 
words. Based on the response time and error rate data, we 
computed IAT scores as the index of participants’ implicit 
attitudes (in this paper, higher scores mean that individu-
als developed more positive implicit attitudes toward the 
approach stopwatch than the avoidance stopwatch). There 
are different algorithms proposed to compute the IAT scores, 
but we report the one recommended by Greenwald et al. 
(2003), although the results were the same with other com-
putation algorithms.

Behavioral analysis

Participants’ responses in the self-report questions after 
each block and at the end of the experiment were compared 
between the approach and the avoidance conditions. We also 
analyzed IAT. We applied the false discovery rate (FDR) 
correction to control the type-I error rate.

MRI data acquisition

Data were acquired by using a 3-Tesla Siemens Trio Tim 
MRI scanner. Functional scans were obtained during three 
runs in the main task with echo T2*-weighted echo-planar 
images (EPI; repetition time = 2500 ms; echo time = 25 
ms; flip angle = 90°; slice thickness = 3 mm; the number of 
slices = 42; acquisition matrix = 64 × 64). In addition, for 
each participant, a whole-brain, high-resolution T1-weighted 
structural scan was acquired (repetition time = 2000 ms, 
echo time = 1.98, acquisition matrix = 256 x 256). For func-
tional data, we discarded the first two images before data 
processing and statistical analysis.

FMRI preprocessing

Data preprocessing was performed by using FMRIB's Soft-
ware Library (FSL ver 6.0.5; www.​fmrib.​ox.​ac.​uk/​fsl), 
including skull stripping of structural images with BET, 
motion correction with MCFLIRT, smoothing with full-
width half-maximum 5 mm, and high-pass temporal filtering 
(Gaussian-weighted least-squares straight line fitting, with 
sigma = 100 s). We next performed MELODIC Independ-
ent Component Analysis (ICA; Beckmann & Smith, 2004); 
artifact components were then removed with FSL’s fMRIB's 
ICA-based Xnoiseifier (FIX; Salimi-Khorshidi et al., 2014). 
Registration was performed with FLIRT; each functional 
image was registered to the participant’s high-resolution 
brain-extracted structural image by using a 7 degree of 
freedom (dof) transformation, and each participant’s high-
resolution structural image was registered to the standard 
Montreal Neurological Institute (MNI) 2-mm brain using a 
12 dof transformation.

FMRI analysis

Image analysis was performed using FSL FEAT (fMRI Expert 
Analysis Tool, https://​fsl.​fmrib.​ox.​ac.​uk/​fsl/​fslwi​ki/​FSL). For 
each run for each participant, the BOLD responses were mod-
eled with a general linear model (GLM) with the following 
effects: 1) trial cues separately modeled for each point (0, 1, 
or 3) for each goal orientation condition (approach or avoid-
ance), 2) success feedback for each point for each goal ori-
entation condition, 3) failure feedback for each point for each 
goal orientation condition, and 4) trial cues for the stop-watch 
condition. The model also included the block instruction for 
each condition, motion parameters, the rating phases, missed 
block instruction (where participants failed to respond) and 
missed trials (where participants pressed a button too quickly 
or too slowly) as regressors of no interest.

To address our research questions, we defined our con-
trasts of interest for cue phases as well as outcome phases. 
For all contrasts described below, we did not include 
approach/avoidance trials with 0 points to make the inter-
pretation straightforward. Regarding the cue phases, we 
focused on the following contrasts: a) the approach cue > 
the avoidance cue; b) the avoidance cue > the approach cue; 
c) the approach cue > the control cue; and d) the avoidance 
cue > the control cue. Because we  were also interested in 
the responses to success and failure outcomes across the two 
goal conditions, we included the following contrasts for out-
comes: a) the approach success > the approach failure; b) the 
approach failure > the approach success, c) the avoidance 
success > the avoidance failure; d) the avoidance failure > 
the avoidance success; e) the approach success > the avoid-
ance success; f) the approach failure > the avoidance failure; 
g) the avoidance success > the approach success; and h) the 

http://www.fmrib.ox.ac.uk/fsl
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSL
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avoidance failure > the approach failure. The outputs from 
the first-level analysis were merged across runs for each par-
ticipant by using a fixed-effects analysis in FSL’s FEAT. 
The outputs from these fixed-effects analyses were further 
entered into a random effects analysis using FSL’s FEAT 
FLAME 1. Both in the region-of-interest (ROI) analysis and 
the whole brain analysis, we employed cluster-based correc-
tions for multiple comparisons with Gaussian random field 
theory (Z = 3.1; cluster significance: p = .05 corrected).

Region‑of‑interest (ROI) analysis

We first conducted a small-volume correction analysis, 
focusing on the following regions implicated in reward 
processing: the striatum, the substantia nigra, VTA, and 
vmPFC. The substantia nigra and VTA masks were pro-
vided by Jessica Mollick, drawn based on Eapen et  al. 
(2011). The bilateral striatum mask was based on the Har-
vard-Oxford Subcortical Probability Atlas with the prob-
ability of 20% for the NAc, the putamen, and the caudate. 
We a priori decided a relatively lenient threshold (i.e., 20 
%) given that a larger ROI mask leads to a more stringent 
threshold for significance in our analysis. The vmPFC mask 
was obtained based on the meta-analysis from de la Vega 
et al. (2016). These masks were then combined and used as 
a mask for our small-volume correction analysis. To visu-
alize the activity patterns across the conditions, we used 
FSL’s featquery to extract beta values from significant vox-
els observed in the ROI analysis.

Whole‑brain analysis

We also performed a whole-brain analysis to examine how 
the goal frames and the outcome affect brain activity in other 
parts of the brain. The same set of contrasts used in the ROI 
analyses were also used in the whole brain analysis.

Functional connectivity analysis

Condition-dependent changes in functional connectivity 
of the NAc were examined using the generalized psycho-
physiological interaction (gPPI) approach (McLaren et al., 
2012) using FSL. While the ROI and whole brain analy-
sis described earlier focused on event-related analysis, our 
gPPI analysis focused on changes in functional connectiv-
ity across the approach versus avoidance blocks. Therefore, 
we did not model a cue for each trial and outcome for each 
trial as separate regressors. Instead, we included two block 
regressors (one for the approach block and the other for the 
avoidance block), a time series of a seed region, the interac-
tion between the time series and the approach condition, and 
the interaction between the time series and the avoidance 
condition in FSL’s FEAT. We also included the onset of the 

cue for the control block, missed block instructions (where 
participants failed to respond), and the rating phase as addi-
tional regressors. The connectivity map from each run was 
concatenated across three runs for each participant with a 
fixed-effects analysis in FSL’s FEAT. The participant-level 
maps were then used in the random-effect analysis done by 
FSL’s FEAT FLAME 1. The seed regions included voxels 
in the left and right (separately) NAc that showed signifi-
cant effects during the ROI analysis. As in our ROI analysis, 
NAc was defined by the Harvard-Oxford Subcortical Prob-
ability Atlas with the probability of 20%. We used FSL’s 
command-line utility “fslmeants” to extract time series of 
the seed regions from the functional data. As in the whole 
brain analysis described earlier, results were considered sig-
nificant at Z > 3.1 and cluster-corrected p < .05.

Representational similarity analysis

We also applied representational similarity analysis (RSA) 
(Freund et al., 2021) to examine whether the pattern of activ-
ity within the reward network is similar when participants 
expected the stop-watch task in the approach goal condition, 
the stop-watch task in the avoidance goal condition, and the 
control task. Pre-processing of functional imaging data was 
re-run without spatial smoothing and ICA denoising, and the 
functional data for each participant were not transformed to 
MNI space (Lee et al., 2018; Weaverdyck et al., 2020). We 
modeled a cue for each point (0/1/3) for each condition sepa-
rately for each participant; success/failure outcomes, motion 
parameters, rating, and block cues were also included as 
regressors of no interest. Using FSL FEAT, we obtained 
beta values for each voxel for each regressor, resulting in a 
voxel-wise pattern of beta values for each cue type. As in 
the other analyses, we focused on approach and avoidance 
trials with 1 or 3 points. We also focused on the striatum and 
vmPFC; these regions were defined as  in the ROI analy-
sis described above. Using PyMVPA (http://​www.​pymvpa.​
org/) (Hanke et al., 2009), we computed Pearson correlations 
across different runs, points and conditions based on the 
voxel-wise activation pattern. The correlation coefficients 
were transformed by Fischer’s z-transformation before sta-
tistical analyses to compare them.

To examine whether the activation patterns were more 
similar for two conditions from the same goal frame than 
two conditions from different goal frames, we compared 
the similarity in the approach-approach pairs (i.e., similar-
ity between the approach condition with 1 point and the 
approach condition with 3 points), avoidance-avoidance 
pairs (i.e., similarity between the avoidance condition 
with 1 point and the avoidance condition with 3 points), 
and approach-avoidance pairs (e.g., similarity between the 
approach condition and the avoidance condition). We also 
examined whether the pattern similarity was higher for 

http://www.pymvpa.org/
http://www.pymvpa.org/
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two stop-watch conditions with different goal frames (i.e., 
approach-avoidance pairs) than the stopwatch-control pairs 
(i.e., the similarity between the approach condition and 
control condition or between the avoidance condition and 
control condition).

As an exploratory analysis, we next explored whether 
distinct representations in the striatum and vmPFC were 
associated with different subjective experiences across the 
approach and avoidance goal conditions. For each partici-
pant for each ROI (striatum and vmPFC), we computed 
a pattern similarity index by dividing the similarity in 
representations between the approach and avoidance pairs 
by the similarity between the two same goal pairs (i.e., 
approach-approach and avoidance-avoidance); higher val-
ues represent higher similarity in the voxel activation pat-
terns between the approach and avoidance condition. For 
each self-report measure, we obtained a difference score 
between the two goal conditions for each participant (e.g., 
on-task enjoyment for the approach condition minus on-
task enjoyment for the avoidance condition); we applied 
Principal Component Analysis (PCA) to all the difference 
scores from self-reports and used the first component as an 
index for the general difference in subjective experiences 
between the two goal conditions (see Table S3 for load-
ings). Given the presence of potential outliers, we used 
Spearman’s rank correlation and examined if this general 
difference in subjective experiences was significantly asso-
ciated with the pattern similarity indices for the striatum 
and the vmPFC.

Results

Behavioral results

In this section, we adjusted p-values based on FDR. Partici-
pants overwhelmingly demonstrated positive emotions and 
stronger motivation for the approach blocks than for the avoid-
ance blocks (Fig. 2). This was evident in the on-task rating, 
where participants reported stronger enjoyment (Mapr = 3.52, 
SD = 0.61; Mavd = 2.41, SD = 1.01), t(19) = 5.07, p < .01, dz 
= 1.13, and weaker anxiety after the approach than the avoid-
ance blocks (Mapr = 2.57, SD = 0.89; Mavd = 3.52, SD = 
1.00), t(19) = 4.45, p < .01, dz = −0.99. Likewise, in the post-
scanning retrospective ratings, participants reported stronger 
enjoyment (Mapr = 5.80, SD = 1.09; Mavd = 2.65, SD = 1.69), 
t(19) = 7.36, p < .01, dz = 1.65, less anxiety (Mapr = 3.33, SD 
= 1.52; Mavd = 4.88, SD = 2.05), t(19) = −3.29, p < .01, dz 
= −0.74, less disappointment (Mapr = 1.40, SD = 0.80; Mavd 
= 4.85, SD = 2.03), t(19) = −6.44, p < .01, dz = −1.44, more 
engagement (Mapr = 5.95, SD = 1.15; Mavd = 4.90, SD = 
1.72), t(19) = 2.59, p < .05, dz = 0.58, and more excitement 
(Mapr = 4.88, SD = 1.69; Mavd = 3.70, SD = 1.40), t(19) = 

3.64, p < .01, dz = 0.81, to the cue for the approach condition 
than the avoidance condition.

When asked about emotions towards success and failure 
feedback, participants reported stronger happiness towards 
success in the approach trials than the avoidance trials (Mapr 
= 6.30, SD = 0.70; Mavd = 5.82, SD = 1.09), t(19) = 2.37, 
p < .05, dz = 0.53. Participants also reported stronger dis-
appointment (Mapr = 4.10, SD = 1.85; Mavd = 5.20, SD 
= 1.67), t(19) = 4.00, p < .01, dz = −0.89, and stronger 
anxiety (Mapr = 3.85, SD = 1.76; Mavd = 5.08, SD = 1.66), 
t(19) = 3.89, p < .01, dz = −0.87, toward failures in the 
avoidance trials than the approach trials. There was no sig-
nificant difference in the feelings of relief between the two 
conditions (Mapr = 6.12, SD = 1.02; Mavd = 5.95, SD = 
1.44), t(19) = 1.10, dz = 0.25. In addition, the IAT scores 
reveal that participants developed more positive attitude 
toward the approach blocks than the avoidance blocks (M 
= 95.03, SD = 113.79); t(19) = 3.73, p < .01, dz = 0.84. 
As shown in the effect size metric, most of the effects were 
relatively large (except for relief), indicating the large dif-
ferences between the blocks in terms of subjective feelings.

ROI analysis

Activity to cue

Relative to the control cues (i.e., watch-stop cues), the cues for 
the approach and the avoidance conditions induced stronger 
activation in the bilateral striatum, including the caudate, 
nucleus accumbens (NAc) and putamen (Fig. 3A-B; Table 1). 
We also found significant clusters around the brainstem, 
including the VTA and SN, which showed greater activity 
to the cues for the approach and the avoidance conditions 
relative to the cue for the control condition (Fig. 4; Table 1). 
There were no significant differences between the approach 
vs. avoidance conditions. These results suggest that, unlike 
the behavioral results, the levels of activations in the reward 
network were not significantly affected by the approach-avoid-
ance goal manipulation.

Activity to outcome

During the outcome phase, we found greater activity in the 
bilateral NAc to success relative to failure outcomes (Fig. 5A; 
Table 2), replicating previous findings (Murayama et al., 
2013). When examining the approach and avoidance condi-
tions separately, the significant NAc activity after success out-
comes was observed only in the approach condition (Fig. 5B; 
Table 2). In the approach condition, vmPFC also showed a 
significant activity to success than failure outcomes. In con-
trast, in the avoidance blocks, there were no significant dif-
ferences between success versus failure outcomes (Table 2). 
However, we did not find a significant interaction between the 
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goal type (approach vs. avoidance) and outcome (success vs. 
failure) in the ROI analysis (Table 2). Thus, there is no strong 
evidence that the effects of success versus outcomes were dif-
ferent in our ROIs between the two goal conditions (Fig. S1).

Functional connectivity analysis

We next used the gPPI analysis to explore how the func-
tional connectivity of the striatum is different between the 
approach and the avoidance conditions. The seeds were the 
left and right NAc that showed significant activity to the 
success outcomes than the failure outcomes in the approach 
condition. However, we did not find any significant differ-
ences in the functional connectivity with the right/left NAc 
across the conditions.

Representational similarity analysis

Using RSA, we examined the similarity in the pattern of 
activity in voxels within the striatum and vmPFC across 
cues for the approach condition, the avoidance condition, 
and the control condition (Fig. 6A). The activity pattern in 
the striatum and vmPFC was significantly correlated across 
all pairs (ps < .05 FDR corrected). However, as shown in 
Fig. 6A, the similarity was higher for pairs that included 
two stop-watch tasks (irrespective of the goal frames) 
than for pairs that included a stop-watch task and a watch-
stop/control task. In addition, cues for the stop-watch task 
showed higher similarity when they were paired with the 
other cue for the same goal frame than when they were 
paired with other cues for the different goal frame.
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Fig. 2   Behavioral results for the approach (“Apr”) and the avoidance (“Avd”) conditions



	 Cognitive, Affective, & Behavioral Neuroscience

In fact, a 2 (region: striatum vs. vmPFC) x 4 (pair types: 
approach-approach, avoidance-avoidance, approach-
avoidance, and approach/avoidance-control) ANOVA on 
the similarity measures resulted in a significant effect of 
pair types, F(3, 76) = 28.33, p < .001, ηG = .35, without 
any other significant effects (ps > .20; Fig. 6B). Follow-
up analyses revealed that the activation pattern was more 
similar for the same goal-type pairs (approach-approach: 
Mstriatum = .43, SD = .16; MvmPFC = .43, SD = .17; avoid-
ance-avoidance: Mstriatum = .43, SD = .19; MvmPFC = .49, 
SD = .23) than the approach-avoidance pairs (Mstriatum = 
.26, SD = .16; MvmPFC = .30, SD = .17), ts(19) = 3.62, 
6.26, d = 0.92, 1.27, ps < .05 (Tukey). However, the 
approach-avoidance pairs still had higher similarity than 
the control-stopwatch pairs (Mstriatum = .14, SD = .18; 
MvmPFC = .13, SD = .19), t(19) = 3.72, d = 1.20, p < .01 
(Tukey). These results suggest that while there are unique 
representations for the approach and avoidance goals in 
the striatum and vmPFC, the two goals also share patterns 
of activity that are significantly different from the con-
trol/watch-stop condition. An exploratory analysis further 
revealed that the striatum’s pattern similarity index was 
significantly associated with distinct subjective experiences 
between the two goal conditions, Spearman’s rho = −.53, 
p = .017. This means that those who had more dissimilar 
representations in the striatum between the approach and 
avoidance goal conditions experienced more distinct sub-
jective experiences across the two conditions (Fig. 7). The 

pattern similarity index of vmPFC was not significantly 
associated with subjective experiences (p = .67).

Whole‑brain analysis

Our analysis so far focused on the striatum, VTA/SN and 
vmPFC. To address whether the two goal states were dif-
ferently associated with other brain regions, apart from the 
reward network in the brain, we also performed a whole 
brain analysis.

Activity to cue

A whole-brain analysis on brain activity during the cue 
phase confirmed results from our ROI analyses that both 
the approach and avoidance cues induced greater activity in 
the striatum and the VTA/SN than the control cues (Fig. S2; 
Table S1). Both the approach and avoidance cues induced 
greater activity in the cingulate gyrus, supramarginal gyrus, 
the middle frontal gyrus, the inferior frontal gyrus, and the 
occipital pole relative to the control cue. There were no sig-
nificant differences between approach and avoidance cues.

Activity to outcome

A whole-brain analysis during the outcome phases also 
confirmed the results from the ROI analysis that NAc and 
vmPFC showed greater activity to success than failure 

Fig. 3   (A) Striatum activity to cues predictive of the approach and avoidance goals respectively relative to the control condition. (B) Beta values 
extracted from the significant striatum cluster. Apr = approach, Avd = avoidance. Dashed lines represent activity in the control condition
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outcomes in the approach block (Table 3; Fig. 8A). Beyond 
these regions, in the approach condition, success outcomes 
induced greater activity in the bilateral lateral occipital gyri, 
the bilateral precentral gyrus/the middle frontal gyrus as well 
as the cerebellum than did failure outcomes (Fig. S3). In 
contrast, we did not find any regions that showed greater 

activity to failure than success outcomes in the approach 
condition.

In the avoidance condition, the [success > failure] con-
trast did not reveal any brain regions that showed significant 
activity (Table 3). However, in the avoidance condition, fail-
ure outcomes, relative to success outcomes, evoked stronger 

Table 1   Significant clusters and local maxima in each cluster during cue presentations in the ROI analysis

Corresponding brain region was identified by the Harvard Oxford Cortical/Subcortical atlas. NS no significant results

Contrast Voxels Area Z stat H x y z

Approach > Control
1063 Putamen 5.22 L -16 12 -2

Putamen 5.13 L -22 10 -12
Putamen 5.04 L -26 2 2
Putamen 4.88 L -22 6 6
Putamen 4.86 L -16 6 -12
Putamen 4.7 L -24 -4 8

814 Putamen 4.71 R 24 6 6
Putamen 4.61 R 16 4 -8
Putamen 4.52 R 24 16 -4
Putamen 4.42 R 24 -8 10
Putamen 4.16 R 20 10 -12
Putamen 4.1 R 34 0 2

84 Brainstem 4.23 L -8 -22 -12
Brainstem 4.12 L -10 -16 -8
Brainstem 3.84 L -4 -16 -16

82 Brainstem 3.96 R 8 -20 -10
Brainstem 3.94 R 8 -22 -16
Brainstem 3.91 R 6 -14 -6
Brainstem 3.91 R 6 -14 -14
Thalamus 3.89 R 10 -18 -6

Avoidance > Control
1077 Caudate 5.53 L -18 10 0

Caudate 5.2 L -20 6 6
Caudate 5.18 L -24 0 -2
Caudate 5.12 L -24 2 2
Putamen 4.95 L -20 8 -8
Caudate 4.79 L -22 -6 6

858 Caudate 5.19 R 16 6 -6
Putamen 5.11 R 20 10 -8
Caudate 4.84 R 22 2 2
Caudate 4.32 R 22 -2 12
Caudate 4.27 R 10 0 10
Putamen 4.21 R 24 -6 12

53 Brainstem 4.36 L -10 -18 -8
48 Brainstem 4.24 R 10 -18 -10

Approach > Avoidance
NS

Avoidance > Approach
NS
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activity in the bilateral lateral occipital gyrus, right precentral 
gyrus/middle frontal gyrus, the right hippocampus, and the 
right superior part of the brainstem around the superior col-
liculus (Fig. 8B; Fig. S4). These different effects of success 
versus failure between the approach and avoidance conditions 
resulted in significant interactions in bilateral lateral occipi-
tal gyrus, bilateral precentral gyrus/middle frontal gyrus, 
bilateral hippocampus, the cerebellum as well as the bilat-
eral brainstem including the superior colliculus (Fig. 8C). 
Thus, while the reward network showed similar patterns 
between approach and avoidance goal conditions, the goal 

manipulation elicited the opposite pattern for other areas in 
the brain between success versus failure outcomes.

General discussion

Despite the functional equivalence of approach and avoid-
ance blocks with regards to their relevance to the overall 
goal of the task (i.e., to obtain the zero point), participants’ 
motivational states were markedly different between the two 
types of blocks. Specifically, the approach goal trials were 

Fig. 4   The ventral tegmental area (VTA) and substantia nigra (SN) showed higher levels of activity to cues predictive of the approach and the 
avoidance goals relative to the control condition

Fig. 5   The activity in the striatum and vmPFC to success than failure outcomes in the ROI analysis
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perceived as more enjoyable, engaging, and exciting, whereas 
avoidance goal trials were perceived as more anxiety pro-
voking and disappointing. Participants also reported stronger 
happiness toward success in the approach condition than in 
the avoidance condition. In contrast, they reported stronger 
anxiety and disappointment toward failures in the avoidance 
condition than in the approach condition. Thus, their subjec-
tive experiences were substantially different depending on 
the goal frame.

Nevertheless, the level of activation in the reward network 
was strikingly similar between the two conditions. For both 
approach and avoidance goal blocks, the striatum, VTA, 
and substantia nigra showed significantly higher levels of 
activation in response to the task cue relative to the control 

condition, without any significant differences between the 
approach versus avoidance conditions. Even though the 
striatum showed significant activity to success outcome 
only in the approach condition, we did not observe a statisti-
cally significant difference between approach and avoidance 
conditions. In addition, when we investigated the pattern of 
activity in the reward network using RSA, we found that the 
activity pattern for the approach condition had higher simi-
larity with the avoidance condition—relative to the watch-
stop/control condition.

Previous studies observed increased activation in the 
reward network during a similar task and interpreted it as 
the manifestation of positive motivational states, so-called 
intrinsic motivation (Murayama et al., 2010). In contrast, 

Table 2   Significant cluster during success than failure outcome presentations in the ROI analysis

Corresponding brain region was identified by the Harvard Oxford Cortical/Subcortical atlas. NS no significant results

Contrast Voxels Area Z stat H x y z

Success > Failure
151 Caudate 4.42 L -8 8 -8
79 Putamen 4.11 R 16 6 -12

Nucleus accumbens 4.05 R 10 4 -14
Nucleus accumbens 3.72 R 8 12 -8
Frontal orbital cortex 3.41 R 16 12 -12

Approach Success > Approach Failure
304 Nucleus accumbens 4.83 R 10 4 -14

Nucleus accumbens 4.66 L -10 4 -14
Putamen 3.78 R 18 6 -12
Putamen 3.58 L -20 14 -12
Subcallosal cortex 3.5 L -2 8 -6

188 Frontal medial cortex 4.06 R 6 54 -8
Frontal medial cortex 3.81 L -4 50 -8
Frontal pole 3.7 L -2 60 0
Frontal medial cortex 3.68 L -2 54 -6
Frontal pole 3.47 R 4 64 -4

134 Frontal medial cortex 4.35 R 2 36 -18
Paracingulate gyrus 3.52 R 6 36 -8
Paracingulate gyrus 3.28 R 0 38 -10
Frontal medial cortex 3.27 R 2 50 -18

Avoidance Success > Avoidance Failure
NS

Approach Success > Avoidance Success
NS

Avoidance Failure > Avoidance Success
NS

Avoidance Failure > Approach Failure
NS

[Approach Success - Approach Failure] > [Avoidance Success - Avoidance failure]
NS

[Avoidance Success - Avoidance Failure] > [Approach Success - Approach Failure]
NS
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we observed similar levels of activity in the reward network 
across the approach and avoidance conditions, even though 
participants had stronger intrinsic motivation in the former 
than the latter. Thus, our findings do not corroborate the 
claim that the reward network simply reflects intrinsic moti-
vation (Di Domenico & Ryan, 2017; Lee & Reeve, 2017; 

Murayama et al., 2010). Rather, the results suggest that the 
reward network activation may reflect general motivational 
engagement, which is free from the valenced emotional 
feelings during the task. This interpretation is consistent 
with some of the past observations (Kim, 2013). For exam-
ple, Sakaki et al. (2023) showed participants 1) a task cue 
signaling a stopwatch that had a 50% success rate and 2) 
another cue signaling a stopwatch that was extremely easy 
for them to succeed (with a 100% success rate). Participants  
were also given monetary reward after every success. They 
had more positive emotional feelings about the easy condi-
tion than the difficult condition, which made sense as the 
easy condition enabled them to earn more money. Neverthe-
less, the task cue with the difficult condition activated the 
ventral striatum/ventral pallidum more robustly than the task 
cue for the easy condition. These findings indicate that the 
striatal activation in response to the task cue does not simply 
reflect positively valenced feelings; instead, they may reflect 
motivational engagement (i.e., participants needed to work 
harder in the difficult condition with stronger engagement 
relative to the easy condition). Krebs et al. (2011) also con-
ducted an fMRI study, which independently manipulated the 
reward and task difficulty, and suggested that the reward net-
work (e.g., the midbrain, caudate nucleus) may be related to 
mental resource recruitment on top of the rewarding value.

Fig. 6   Results from the representational similarity analysis for 
the approach (“Apr"), avoidance (“Avd”), and control conditions 
(“WS”). (A) The averaged similarity matrix for the striatum and 
vmPFC across all cues. p1: point 1 trials, p3: point 3 trials. (B) The 
pattern similarity was the highest for the same goal pairs (Apr-Apr: 

approach-approach pairs and Avd-Avd: avoidance-avoidance pairs), 
followed by pairs of stop-watch tasks with different goal frames (Apr-
Avd; approach-avoidance pairs). The Apr-Avd pairs still had higher 
similarity than when they were paired with control tasks (WS-SW: 
watch-stop – stopwatch pairs)

Fig. 7   Lower similarity in the striatum representations between the 
approach and avoidance condition was associated with higher differ-
ences in subjective experience between the two conditions
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Table 3   Significant clusters and local maxima during the outcome phase in whole-brain analysis

Contrast Voxels Area Z stat H x y z

Approach Success > Approach Failure
10471 Lateral occipital cortex 6.05 R 50 -66 -2

Lateral occipital cortex 5.84 R 48 -68 -16
Occipital fusiform gyrus 5.7 R 36 -70 -16
Temporal occipital fusiform cortex 5.64 R 40 -58 -16
Occipital fusiform gyrus 5.61 R 32 -74 -14
Temporal occipital fusiform cortex 5.6 R 44 -56 -22

8897 Lateral occipital cortex 6.04 L -42 -68 -14
Lateral occipital cortex 5.99 L -24 -66 46
Lateral occipital cortex 5.97 L -46 -66 -6
Superior parietal lobule 5.94 L -30 -56 48
Lateral occipital cortex 5.84 L -24 -60 50
Lateral occipital cortex 5.79 L -44 -76 -12

978 Precentral gyrus 5.56 R 50 6 28
Precentral gyrus 4.19 R 54 6 18
Superior frontal gyrus 4.12 R 24 10 46
Superior frontal gyrus 4.04 R 22 0 44
Precentral gyrus 3.99 R 34 -4 42
Precentral gyrus 3.88 R 44 2 42

664 Nucleus accumbens 4.83 R 10 4 -14
Nucleus accumbens 4.66 L -10 4 -14
Amygdala 4.39 L -12 -2 -16
Frontal orbital cortex 4.12 R 18 8 -16
Frontal orbital cortex 3.92 L -20 14 -14
Subcallosal cortex 3.5 L -2 8 -6

652 Precentral gyrus 4.78 L -46 4 30
Precentral gyrus 4.47 L -44 0 36
Precentral gyrus 4.08 L -42 2 20
Precentral gyrus 4.08 L -52 6 36
Inferior frontal gyrus 3.78 L -38 16 20
Inferior frontal gyrus 3.47 L -52 22 26

198 Frontal medial cortex 4.06 R 6 54 -8
Frontal medial cortex 3.81 L -4 50 -8
Frontal pole 3.7 L -2 60 0
Frontal medial cortex 3.68 L -2 54 -6
Frontal pole 3.47 R 4 64 -4

149 Frontal medial cortex 4.35 R 2 36 -18
Frontal medial cortex 3.59 R 10 38 -16
Paracingulate gyrus 3.52 R 6 36 -8
Paracingulate gyrus 3.28 L 0 38 -10
Frontal medial cortex 3.27 R 2 50 -18

145 Cerebellum 3.89 L -12 -74 -50
Cerebellum 3.75 L -20 -72 -52
Cerebellum 3.73 L -6 -82 -42
Cerebellum 3.57 L -10 -78 -46

117 Inferior frontal gyrus 3.78 L -50 34 16
Frontal pole 3.72 L -48 38 10
Inferior frontal gyrus 3.62 L -46 26 12
Frontal pole 3.24 L -38 42 8
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Table 3   (continued)

Contrast Voxels Area Z stat H x y z

Avoidance Success > Avoidance Failure
NS

Approach Failure > Approach Success
NS

Avoidance Failure > Avoidance Success
7458 Occipital fusiform gyrus 5.92 R 34 -66 -18

Occipital fusiform gyrus 5.83 R 34 -70 -14
Temporal occipital fusiform cortex 5.79 R 42 -60 -18
Temporal occipital fusiform cortex 5.7 R 44 -56 -16
Occipital fusiform gyrus 5.65 R 32 -80 -14
Temporal occipital fusiform cortex 5.59 R 44 -58 -12

4255 Temporal occipital fusiform cortex 5.53 L -32 -56 -16
Lateral occipital cortex 5.45 L -40 -80 -10
Occipital pole 5.41 L -32 -92 -18
Temporal occipital fusiform cortex 5.29 L -34 -60 -20
Lateral occipital cortex 5.25 L -44 -74 -8
Occipital fusiform gyrus 5.2 L -36 -80 -16

1176 Hippocampus 4.7 R 20 -30 -6
Brainstem 4.69 R 6 -30 -10
Thalamus 4.66 R 12 -20 10
Thalamus 4.57 R 12 -16 6
Hippocampus 4.37 R 24 -26 -8
Thalamus 4.25 L -12 -30 -4

573 Inferior frontal gyrus 4.96 R 44 8 24
Precentral gyrus 4.36 R 42 8 32
Precentral gyrus 4.29 R 44 0 42
Precentral gyrus 3.9 R 50 2 48
Precentral gyrus 3.62 R 48 6 40

151 Cingulate gyrus 4.09 L 0 22 30
Cingulate gyrus 3.72 R 4 30 24
Paracingulate gyrus 3.28 R 6 38 32
Paracingulate gyrus 3.18 R 8 38 36

134 Precentral gyrus 4.67 L -50 0 32
Precentral gyrus 4.3 L -52 2 38

[Avoidance Failure - Avoidance Success] > [Approach Failure - Approach Success]
20435 Occipital fusiform gyrus 6.42 R 36 -72 -16

Lateral occipital cortex 6.31 R 48 -66 -2
Occipital fusiform gyrus 6.27 R 32 -80 -14
Occipital fusiform gyrus 6.27 R 32 -76 -12
Lateral occipital cortex 6.17 L -40 -78 -10
Lateral occipital cortex 6.15 L -44 -68 -16

1483 Precentral gyrus 5.33 R 50 4 22
Inferior frontal gyrus 5.33 R 44 8 24
Precentral gyrus 4.81 R 42 0 40
Inferior frontal gyrus 4.56 R 46 12 16
Precentral gyrus 4.56 R 56 10 32
Middle frontal gyrus 4.54 R 26 2 46

890 Hippocampus 5.15 R 20 -30 -6
Hippocampus 4.81 R 22 -26 -8
Brainstem 4.6 R 6 -32 -6
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A recent, large-scaled study also supports this notion 
(White et al., 2021); the authors analyzed individual dif-
ferences in striatal activity during the monetary incentive 
delay task and found that the striatum was involved not only 
for reward but also for loss. In addition, they found that the 
level of the striatal activity was not associated with self-
report measures on positive emotions. These results further 
suggest that the reward network plays an important role for 
reward as well as general task engagement. Their results are 
consistent with our findings that different subjective experi-
ences do not necessarily correspond to different levels of 
activity in the striatum.

Our study also suggests several key differences between 
the approach and avoidance goals. First, our RSA analyses 
not only revealed the similarity in the way the approach and 
avoidance goals are represented in the reward network but 
also highlighted that the two goal orientations are repre-
sented differently within the reward network. Specifically, 
we found that the pattern of activity within the striatum and 
vmPFC was more similar in the two stop-watch cues with 

the same goal orientation (i.e., approach-approach pairs or 
avoidance-avoidance pairs) than the two stop-watch cues 
from different goal orientations (i.e., approach-avoidance 
pairs). For example, the approach cue for the 1-point con-
dition had higher similarity in the striatum and vmPFC 
activity pattern to the approach cue for the 3-point condi-
tion than the avoidance cue for the same 1-point condi-
tion. These results may indicate that the two goal states 
are supported by distinct mechanisms in the reward net-
work (Levorsen et al., 2021; Peelen & Downing, 2007). In 
addition, participants who showed more distinct activation 
patterns in the striatum across the approach and avoidance 
conditions reported more distinct subjective experiences 
between the two goal frame conditions. In contrast, the 
pattern of activity in the vmPFC was not significantly asso-
ciated with subjective experiences. These results suggest 
that even when the level of striatal activation is similar, 
a pattern of activity in the striatum may be important to 
distinguish and support positive and negative motivational 
states.

Table 3   (continued)

Contrast Voxels Area Z stat H x y z

Brainstem 4.36 L -8 -30 -6
Hippocampus 4.33 L -20 -28 -8
Brainstem 4.18 R 10 -30 -4

697 Precentral gyrus 4.77 L -48 4 36
Inferior frontal gyrus 4.73 L -48 8 26
Inferior frontal gyrus 4.71 L -46 8 22
Precentral gyrus 4.59 L -52 -2 38
Precentral gyrus 4.55 L -42 2 20
Precentral gyrus 4.36 L -40 2 26

268 Cerebellum 4.33 L -8 -80 -40
Cerebellum 4.07 L -18 -70 -54
Cerebellum 4.03 L -22 -70 -56
Cerebellum 3.6 L -10 -70 -48
Cerebellum 3.43 L -20 -78 -46

150 Cerebellum 3.88 R 12 -76 -40
Cerebellum 3.85 R 14 -76 -44
Cerebellum 3.83 R 6 -78 -34
Cerebellum 3.82 R 16 -76 -48
Cerebellum 3.8 R 20 -76 -48
Cerebellum 3.54 R 14 -82 -46

109 Cerebellum 3.9 R 22 -38 -46
Cerebellum 3.81 R 22 -40 -54
Cerebellum 3.48 R 24 -32 -42
Cerebellum 3.3 R 32 -40 -40
Cerebellum 3.27 R 36 -38 -40

[Avoidance Success - Avoidance Failure] > [Approach Success - Approach Failure]
NS

Corresponding brain region was identified by the Harvard Oxford Cortical atlas, Harvard Oxford Subcortical atlas as well as the Talairach atlas. 
NS no significant results
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Second, we observed differences between the two condi-
tions in our whole brain analysis during the outcome phase. 
Specifically, there were some brain areas that responded sim-
ilarly to the successful outcomes in the approach condition 
versus the failure outcomes in the avoidance condition. The 
majority of these are visual or motor related areas, indicating 
that these outcomes (i.e., success in approach condition and 
failure in avoidance condition) may have been preferentially 
attended to by participants. The strong activity observed in 
the visual area makes sense, because these two outcomes 
resulted in the visible change of the points to participants; 
therefore, they should have been salient to participants. One 
interesting result concerns the hippocampus. The hippocam-
pus showed increased activity to failures than success in the 
avoidance condition but not in the approach condition. Previ-
ous research also suggests that the hippocampus is critical 
in dealing with an approach-avoidance conflict (i.e., when 
individuals approach stimuli that they rather want to avoid), 
although the implicated area often was more anterior than 
the cluster we observed (Bach et al., 2014; Loh et al., 2016; 
O'Neil et al., 2015). Relatedly, neurobiological theories of 
anxiety indicate that the hippocampus plays a critical role 
in  anxiety (Gray & McNaughton, 1996), an emotion that 
individuals often experience when they focus on avoidance 
goals. Future studies should closely examine how the hip-
pocampus helps in learning from failures particularly under 
avoidance goals.

In contrast to the hippocampus, we did not see any sig-
nificant differences between the approach and the avoidance 

conditions in the reward network during the outcome phase. 
Behaviorally, the success feedback induced stronger happi-
ness after the approach condition than the avoidance condi-
tion. This is consistent with the notion that a success in the 
approach condition leads to stronger happiness and enjoy-
ment relative to a success in the avoidance condition (Elliot 
& Pekrun, 2007). Despite such differences in subjective expe-
riences, the success feedback, relative to the failure feedback, 
evoked stronger activity in the striatum irrespective of the 
goal frames. These results are consistent with previous find-
ings that the striatum was activated when an aversive event 
(e.g., pain) was not present and participants were relieved 
(Leknes et al., 2011; Navratilova et al., 2015). Thus, the lack 
of an aversive event (i.e., a loss of points) in the event of suc-
cess in the avoidance condition can be still associated with 
striatum activity.

Another important observation is that the two goal 
frame conditions were not significantly different in other 
brain regions relevant to emotions (such as the amygdala 
and the insula). This is in contrast to previous studies on 
prevention and promotion focus; these studies revealed that 
individual differences in prevention versus promotion focus 
were associated with individual differences in amygdala 
activity to emotional stimuli, such as positive/negative con-
cepts or positive/negative emotional images (Cunningham 
et al., 2005, 2010). However, in these studies, participants 
were typically presented with unique stimuli in each trial. 
In contrast, in the present study, the stopwatch was similar 
across trials, which may have induced the habituation of the 

Fig. 8   Whole-brain results for the success and failure outcomes for each goal frame condition
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amygdala and prevented us from seeing any effects of goals 
on amygdala activity (Weierich et al., 2010). In fact, other 
studies without emotional stimuli did not observe the effects 
of individual differences in goal orientation on amygdala 
activity (Belayachi et al., 2015; Hahn et al., 2009). Thus, 
the effects of goal orientation on amygdala activity may be 
stronger in situations where individuals face emotionally 
salient and distinct stimuli.

It is important to note several limitations of the present 
study. First, our sample size was modest. Even though we 
observed reliable differences between the two goal condi-
tions in behavioral measures, the relatively small sample 
size may have led to the lack of power to detect the effects of 
goal frames in the univariate fMRI analysis. Relatedly, due 
to the modest sample size, our study was not well powered 
to investigate the effects of individual differences. Thus, cau-
tion is required when interpreting our results on individual 
differences in the pattern similarity index; future research 
needs to examine whether the results will be replicated in 
an independent and larger sample. In addition, previous 
research revealed that individual differences in their goal 
orientation play an important role in modulating the effects 
of situational goal frame manipulations (Cunningham et al., 
2005; Touryan et al., 2007). Further research is required 
to understand the interaction between the approach versus 
avoidance goal manipulation and individual differences in 
the salience of these two goals.

Second, our goal frame manipulation was different from 
those used in previous behavioral or neuroimaging studies. 
In previous neuroimaging studies, the goal frame often was 
manipulated by using monetary rewards (as described in the 
Introduction) (Schlund et al., 2011); this means that achiev-
ing a goal has a clear personal benefit for participants (i.e., 
they would be able to earn more money). Previous stud-
ies also did not always control for performance (Elliot & 
Harackiewicz, 1996; Gee et al., 2018; Schlund et al., 2011). 
The manipulations we used were different from them; there 
were no extrinsic rewards associated with the goal, and per-
formance was experimentally controlled so that there was 
no difference in performance across the two goal frame 
conditions. Nevertheless, we replicated previously observed 
effects of goal frames, such as increased enjoyment under the 
approach goal, increased anxiety under the avoidance goal, 
and increased engagement under the approach goal (Elliot & 
Harackiewicz, 1996; Gee et al., 2018; Higgins et al., 1997). 
This suggests that our manipulation was successful to alter 
the saliency of participants’ goals. At the same time, given 
that most behavioral measures were obtained after the scan-
ning session, it is possible that their responses were biased 
by memory errors. Future research may want to assess sub-
jective experiences without relying too much on post-hoc 
self-reports.

Conclusions

The present study demonstrates both the similarity and the 
uniqueness in the role of the reward network in approach 
versus avoidance goals. As observed in previous psychologi-
cal studies, we observed that the same task is perceived dif-
ferently depending on whether it is framed as approach or 
avoidance goals. Despite the marked difference in subjective 
motivational states, the reward network showed similar levels 
of activity across the two conditions; such that the striatum, 
VTA, and SN showed higher levels of activity to task cues 
in the approach goal condition as well as the avoidance goal 
condition relative to the control cue. The RSA also revealed 
that the approach condition and the avoidance condition were 
represented similarly in the striatum and vmPFC relative to 
the control condition. However, RSA also indicates differ-
ences between the two goal frames, suggesting that the two 
goal frames were represented differently within the striatum 
and vmPFC. These results suggest that the reward network 
is involved both in general motivational engagement and in 
the emotional valence of subjective motivational experiences.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​3758/​s13415-​024-​01154-3.

Acknowledgment  This study was supported by JST [Moonshot R&D] 
[Grant Number JPMJMS2294] awarded to M. Matsumoto and a Jacobs 
Foundation Research Fellowship and an Alexander von Humboldt 
Foundation Award to Kou Murayama.

Open practices statement  Behavioral data, codes to reproduce behav-
ioral results, as well as analysis outputs are shared in the Open Sci-
ence Framework (https://​osf.​io/​bnsvm/). Unthresholded statistical maps 
are uploaded to the NeuroVault (https://​ident​ifiers.​org/​neuro​vault.​colle​
ction:​13971).

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aberg, K. C., Doell, K. C., & Schwartz, S. (2015). Hemispheric asym-
metries in striatal reward responses relate to approach–avoidance 
learning and encoding of positive–negative prediction errors in 
dopaminergic midbrain regions. The Journal of Neuroscience, 

https://doi.org/10.3758/s13415-024-01154-3
https://osf.io/bnsvm/
https://identifiers.org/neurovault.collection:13971
https://identifiers.org/neurovault.collection:13971
http://creativecommons.org/licenses/by/4.0/


	 Cognitive, Affective, & Behavioral Neuroscience

35(43), 14491–14500. https://​doi.​org/​10.​1523/​jneur​osci.​1859-​
15.​2015

Adcock, R. A., Thangavel, A., Whitfield-Gabrieli, S., Knutson, B., & 
Gabrieli, J. D. E. (2006). Reward-motivated learning: Mesolimbic 
activation precedes memory formation. Neuron, 50(3), 507–517. 
https://​doi.​org/​10.​1016/j.​neuron.​2006.​03.​036

Adrián-Ventura, J., Costumero, V., Parcet, M. A., & Ávila, C. (2019). 
Reward network connectivity “at rest” is associated with reward 
sensitivity in healthy adults: A resting-state fMRI study. Cog-
nitive, Affective, & Behavioral Neuroscience, 19(3), 726–736. 
https://​doi.​org/​10.​3758/​s13415-​019-​00688-1

Bach, D. R., Guitart-Masip, M., Packard, P. A., Miró, J., Falip, M., 
Fuentemilla, L., & Dolan, R. J. (2014). Human hippocampus 
arbitrates approach-avoidance conflict. Current Biology, 24(5), 
541–547. https://​doi.​org/​10.​1016/j.​cub.​2014.​01.​046

Beaver, J. D., Lawrence, A. D., Ditzhuijzen, J. V., Davis, M. H., 
Woods, A., & Calder, A. J. (2006). Individual differences in 
reward drive predict neural responses to images of food. The 
Journal of Neuroscience, 26(19), 5160–5166. https://​doi.​org/​
10.​1523/​jneur​osci.​0350-​06.​2006

Beckmann, C. F., & Smith, S. M. (2004). Probabilistic independent 
component analysis for functional magnetic resonance imag-
ing. Medical Imaging, IEEE Transactions on, 23(2), 137–152. 
https://​doi.​org/​10.​1109/​TMI.​2003.​822821

Belayachi, S., Majerus, S., Gendolla, G., Salmon, E., Peters, F., & 
Van der Linden, M. (2015). Are the carrot and the stick the two 
sides of same coin? A neural examination of approach/avoid-
ance motivation during cognitive performance. Behavioural 
Brain Research, 293, 217–226. https://​doi.​org/​10.​1016/j.​bbr.​
2015.​07.​042

Bertolotti, M., & Catellani, P. (2014). Effects of message framing in 
policy communication on climate change. European Journal of 
Social Psychology, 44(5), 474–486. https://​doi.​org/​10.​1002/​ejsp.​
2033

Braver, T. S., Krug, M. K., Chiew, K. S., Kool, W., Westbrook, J. A., 
Clement, N. J., ..., for the, M. g. (2014). Mechanisms of motiva-
tion–cognition interaction: Challenges and opportunities. Cog-
nitive, Affective, & Behavioral Neuroscience, 14(2), 443–472. 
https://​doi.​org/​10.​3758/​s13415-​014-​0300-0

Carter, R. M., MacInnes, J., Huettel, S., & Adcock, R. A. (2009). Activa-
tion in the VTA and nucleus accumbens increases in anticipation of 
both gains and losses [original research]. Frontiers in Behavioral 
Neuroscience, 3. https://​doi.​org/​10.​3389/​neuro.​08.​021.​2009

Carver, C. S., Sutton, S. K., & Scheier, M. F. (2000). Action, emotion, 
and personality: Emerging conceptual integration. Personality and 
Social Psychology Bulletin, 26(6), 741–751. https://​doi.​org/​10.​
1177/​01461​67200​268008

Carver, C. S., & White, T. L. (1994). Behavioral inhibition, behavioral 
activation, and affective responses to impending reward and 
punishment: The BIS/BAS scales. Journal of Personality and 
Social Psychology, 67(2), 319–333. https://​doi.​org/​10.​1037/​0022-​
3514.​67.2.​319

Costumero, V., Barrós-Loscertales, A., Fuentes, P., Rosell-Negre, P., 
Bustamante, J. C., & Ávila, C. (2016). BAS-drive trait modulates 
dorsomedial striatum activity during reward response-outcome 
associations. Brain Imaging and Behavior, 10(3), 869–879. 
https://​doi.​org/​10.​1007/​s11682-​015-​9466-5

Cunningham, W. A., Arbuckle, N. L., Jahn, A., Mowrer, S. M., & Abdul-
jalil, A. M. (2010). Aspects of neuroticism and the amygdala: 
Chronic tuning from motivational styles. Neuropsychologia, 48(12), 
3399–3404. https://​doi.​org/​10.​1016/j.​neuro​psych​ologia.​2010.​06.​026

Cunningham, W. A., Raye, C. L., & Johnson, M. K. (2005). Neural 
correlates of evaluation associated with promotion and prevention 
regulatory focus. Cognitive, Affective, & Behavioral Neurosci-
ence, 5(2), 202–211. https://​doi.​org/​10.​3758/​CABN.5.​2.​202

de la Vega, A., Chang, L. J., Banich, M. T., Wager, T. D., & Yarkoni, 
T. (2016). Large-scale meta-analysis of human medial frontal 
cortex reveals tripartite functional organization. The Journal of 
Neuroscience, 36(24), 6553–6562. https://​doi.​org/​10.​1523/​jneur​
osci.​4402-​15.​2016

Deci, E. L., & Ryan, R. M. (1985). Intrinsic motivation and self-deter-
mination in human behavior plenum press.

Di Domenico, S. I., & Ryan, R. M. (2017). The emerging neurosci-
ence of intrinsic motivation: A new fontier in self-determination 
research. Frontiers in Human Neuroscience, 11. https://​doi.​org/​
10.​3389/​fnhum.​2017.​00145

Eapen, M., Zald, D. H., Gatenby, J. C., Ding, Z., & Gore, J. C. (2011). 
Using high-resolution MR imaging at 7T to evaluate the anatomy 
of the midbrain dopaminergic system. American Journal of Neu-
roradiology, 32(4), 688–694. https://​doi.​org/​10.​3174/​ajnr.​A2355

Eddington, K. M., Dolcos, F., Cabeza, R., Krishnan, R., & Strauman, 
T. J. (2007). Neural correlates of promotion and prevention goal 
activation: An fMRI study using an idiographic approach. Journal 
of Cognitive Neuroscience, 19(7), 1152–1162. https://​doi.​org/​10.​
1162/​jocn.​2007.​19.7.​1152

Elliot, A. J. (1999). Approach and avoidance motivation and achieve-
ment goals. Educational Psychologist, 34(3), 169–189. https://​
doi.​org/​10.​1207/​s1532​6985e​p3403_3

Elliot, A. J., & Harackiewicz, J. M. (1996). Approach and avoid-
ance achievement goals and intrinsic motivation: A Mediational 
analysis. Journal of Personality and Social Psychology, 70(3), 
461–475. https://​doi.​org/​10.​1037/​0022-​3514.​70.3.​461

Elliot, A. J., & Pekrun, R. (2007). Chapter 4 - emotion in the hier-
archical model of approach-avoidance achievement motivation. 
In P. A. Schutz & R. Pekrun (Eds.), Emotion in education (pp. 
57–73). Academic Press. https://​doi.​org/​10.​1016/​B978-​01237​
2545-5/​50005-8

Freund, M. C., Etzel, J. A., & Braver, T. S. (2021). Neural coding 
of cognitive control: The representational similarity analysis 
approach. Trends in Cognitive Sciences, 25(7), 622–638. https://​
doi.​org/​10.​1016/j.​tics.​2021.​03.​011

Gee, P., Neal, A., & Vancouver, J. B. (2018). A formal model of goal 
revision in approach and avoidance contexts. Organizational 
Behavior and Human Decision Processes, 146, 51–61. https://​
doi.​org/​10.​1016/j.​obhdp.​2018.​03.​002

Gray, J. A. (1982). The neuropsychology of anxiety: An enquiry into 
the functions of the septo-hippocampal system. Oxford University 
Press.

Gray, J. A. (1990). Brain systems that mediate both emotion and cogni-
tion. Cognition and Emotion, 4(3), 269–288. https://​doi.​org/​10.​
1080/​02699​93900​84107​99

Gray, J. A., & McNaughton, N. (1996). The neuropsychology of anxi-
ety: Reprise. In Nebraska symposium on motivation, 1995: Per-
spectives on anxiety, panic, and fear (pp. 61–134). University of 
Nebraska Press.

Greenwald, A. G., Nosek, B. A., & Banaji, M. R. (2003). Understand-
ing and using the implicit association test: I an improved scoring 
algorithm. Journal of Personality and Social Psychology, 85(2), 
197–216. https://​doi.​org/​10.​1037/​0022-​3514.​85.2.​197

Haber, S. N., & Knutson, B. (2010). The reward circuit: Linking pri-
mate anatomy and human imaging. Neuropsychopharmacology, 
35(1), 4–26. https://​doi.​org/​10.​1038/​npp.​2009.​129

Hahn, T., Dresler, T., Ehlis, A.-C., Plichta, M. M., Heinzel, S., Polak, 
T., ..., Fallgatter, A. J. (2009). Neural response to reward antici-
pation is modulated by Gray's impulsivity. Neuroimage, 46(4), 
1148–1153. https://​doi.​org/​10.​1016/j.​neuro​image.​2009.​03.​038

Hanke, M., Halchenko, Y. O., Sederberg, P. B., Hanson, S. J., Haxby, J. 
V., & Pollmann, S. (2009). PyMVPA: A python toolbox for mul-
tivariate pattern analysis of fMRI data. Neuroinformatics, 7(1), 
37–53. https://​doi.​org/​10.​1007/​s12021-​008-​9041-y

https://doi.org/10.1523/jneurosci.1859-15.2015
https://doi.org/10.1523/jneurosci.1859-15.2015
https://doi.org/10.1016/j.neuron.2006.03.036
https://doi.org/10.3758/s13415-019-00688-1
https://doi.org/10.1016/j.cub.2014.01.046
https://doi.org/10.1523/jneurosci.0350-06.2006
https://doi.org/10.1523/jneurosci.0350-06.2006
https://doi.org/10.1109/TMI.2003.822821
https://doi.org/10.1016/j.bbr.2015.07.042
https://doi.org/10.1016/j.bbr.2015.07.042
https://doi.org/10.1002/ejsp.2033
https://doi.org/10.1002/ejsp.2033
https://doi.org/10.3758/s13415-014-0300-0
https://doi.org/10.3389/neuro.08.021.2009
https://doi.org/10.1177/0146167200268008
https://doi.org/10.1177/0146167200268008
https://doi.org/10.1037/0022-3514.67.2.319
https://doi.org/10.1037/0022-3514.67.2.319
https://doi.org/10.1007/s11682-015-9466-5
https://doi.org/10.1016/j.neuropsychologia.2010.06.026
https://doi.org/10.3758/CABN.5.2.202
https://doi.org/10.1523/jneurosci.4402-15.2016
https://doi.org/10.1523/jneurosci.4402-15.2016
https://doi.org/10.3389/fnhum.2017.00145
https://doi.org/10.3389/fnhum.2017.00145
https://doi.org/10.3174/ajnr.A2355
https://doi.org/10.1162/jocn.2007.19.7.1152
https://doi.org/10.1162/jocn.2007.19.7.1152
https://doi.org/10.1207/s15326985ep3403_3
https://doi.org/10.1207/s15326985ep3403_3
https://doi.org/10.1037/0022-3514.70.3.461
https://doi.org/10.1016/B978-012372545-5/50005-8
https://doi.org/10.1016/B978-012372545-5/50005-8
https://doi.org/10.1016/j.tics.2021.03.011
https://doi.org/10.1016/j.tics.2021.03.011
https://doi.org/10.1016/j.obhdp.2018.03.002
https://doi.org/10.1016/j.obhdp.2018.03.002
https://doi.org/10.1080/02699939008410799
https://doi.org/10.1080/02699939008410799
https://doi.org/10.1037/0022-3514.85.2.197
https://doi.org/10.1038/npp.2009.129
https://doi.org/10.1016/j.neuroimage.2009.03.038
https://doi.org/10.1007/s12021-008-9041-y


Cognitive, Affective, & Behavioral Neuroscience	

Higgins, E. T., Shah, J., & Friedman, R. (1997). Emotional responses 
to goal attainment: Strength of regulatory focus as moderator. 
Journal of Personality and Social Psychology, 72(3), 515–525. 
https://​doi.​org/​10.​1037/​0022-​3514.​72.3.​515

Idson, L. C., Liberman, N., & Higgins, E. T. (2000). Distinguishing 
gains from nonlosses and losses from nongains: A regulatory 
focus perspective on hedonic intensity. Journal of Experimen-
tal Social Psychology, 36(3), 252–274. https://​doi.​org/​10.​1006/​
jesp.​1999.​1402

Kim, S.-I. (2013). Neuroscientific model of motivational process. 
Frontiers in Psychology, 4. https://​doi.​org/​10.​3389/​fpsyg.​2013.​
00098

Krebs, R. M., Boehler, C. N., Roberts, K. C., Song, A. W., & Woldorff, 
M. G. (2011). The involvement of the dopaminergic midbrain 
and cortico-striatal-thalamic circuits in the integration of reward 
prospect and attentional task Ddmands. Cerebral Cortex, 22(3), 
607–615. https://​doi.​org/​10.​1093/​cercor/​bhr134

Kruglanski, A. W. (2017). Motivational phases on the road to action. 
Motivation Science, 3, 196–207. https://​doi.​org/​10.​1037/​mot00​
00072

Lee, T.-H., Greening, S., Ueno, T., Clewett, D., Ponzio, A., Sakaki, 
M., & Mather, M. (2018). Arousal increases neural gain via the 
locus coeruleus-norepinephrine system in younger adults but not 
in older adults. Nature Human Behaviour, 2, 356–366. https://​doi.​
org/​10.​1038/​s41562-​018-​0344-1

Lee, W., & Reeve, J. (2017). Identifying the neural substrates of intrin-
sic motivation during task performance [journal article]. Cog-
nitive, Affective, & Behavioral Neuroscience, 17(5), 939–953. 
https://​doi.​org/​10.​3758/​s13415-​017-​0524-x

Leknes, S., Lee, M., Berna, C., Andersson, J., & Tracey, I. (2011). 
Relief as a reward: Hedonic and neural responses to safety from 
pain. PLoS One, 6(4), e17870. https://​doi.​org/​10.​1371/​journ​al.​
pone.​00178​70

Levorsen, M., Ito, A., Suzuki, S., & Izuma, K. (2021). Testing the rein-
forcement learning hypothesis of social conformity. Human Brain 
Mapping, 42(5), 1328–1342. https://​doi.​org/​10.​1002/​hbm.​25296

Loh, E., Kurth-Nelson, Z., Berron, D., Dayan, P., Duzel, E., Dolan, R., 
& Guitart-Masip, M. (2016). Parsing the role of the hippocampus 
in approach–avoidance conflict. Cerebral Cortex, 27(1), 201–215. 
https://​doi.​org/​10.​1093/​cercor/​bhw378

McLaren, D. G., Ries, M. L., Xu, G., & Johnson, S. C. (2012). A gener-
alized form of context-dependent psychophysiological interactions 
(gPPI): A comparison to standard approaches. Neuroimage, 61(4), 
1277–1286. https://​doi.​org/​10.​1016/j.​neuro​image.​2012.​03.​068

Murayama, K. (2022). A reward-learning framework of knowledge 
acquisition: An integrated account of curiosity, interest, and 
intrinsic–extrinsic rewards. Psychological Review, 129(1), 175–
198. https://​doi.​org/​10.​1037/​rev00​00349

Murayama, K., Matsumoto, M., Izuma, K., & Matsumoto, K. (2010). 
Neural basis of the undermining effect of monetary reward on intrin-
sic motivation. Proceedings of the National Academy of Sciences, 
107(49), 20911–20916. https://​doi.​org/​10.​1073/​pnas.​10133​05107

Murayama, K., Matsumoto, M., Izuma, K., Sugiura, A., Ryan, R. M., 
Deci, E. L., & Matsumoto, K. (2013). How self-determined choice 
facilitates performance: A key role of the ventromedial prefron-
tal cortex. Cerebral Cortex, 25(5), 1241–1251. https://​doi.​org/​10.​
1093/​cercor/​bht317

Navratilova, E., Atcherley, C. W., & Porreca, F. (2015). Brain cir-
cuits encoding reward from pain relief. Trends in Neurosciences, 
38(11), 741–750. https://​doi.​org/​10.​1016/j.​tins.​2015.​09.​003

O'Neil, E. B., Newsome, R. N., Li, I. H. N., Thavabalasingam, S., Ito, 
R., & Lee, A. C. H. (2015). Examining the role of the human hip-
pocampus in approach–avoidance decision making using a novel 
conflict paradigm and multivariate functional magnetic resonance 
imaging. The Journal of Neuroscience, 35(45), 15039–15049. 
https://​doi.​org/​10.​1523/​jneur​osci.​1915-​15.​2015

Oldham, S., Murawski, C., Fornito, A., Youssef, G., Yücel, M., & 
Lorenzetti, V. (2018). The anticipation and outcome phases of 
reward and loss processing: A neuroimaging meta-analysis of the 
monetary incentive delay task. Human Brain Mapping, 39(8), 
3398–3418. https://​doi.​org/​10.​1002/​hbm.​24184

Peelen, M. V., & Downing, P. E. (2007). Using multi-voxel pattern 
analysis of fMRI data to interpret overlapping functional activa-
tions. Trends in Cognitive Sciences, 11(1), 4–5. https://​doi.​org/​10.​
1016/j.​tics.​2006.​10.​009

Reeve, J. (2018). Understanding motivation and emotion. John Wiley & Sons.
Reeve, J., & Lee, W. (2019a). Motivational neuroscience. In R. M. 

Ryan (Ed.), The Oxford handbook of human motivation (pp. 0). 
Oxford University Press. https://​doi.​org/​10.​1093/​oxfor​dhb/​97801​
90666​453.​013.​20.

Reeve, J., & Lee, W. (2019b). A neuroscientific perspective on basic 
psychological needs [journal article]. Journal of Personality, 
87(1), 102–114. https://​doi.​org/​10.​1111/​jopy.​12390

Ryan, R. M., Sheldon, K. M., Kasser, T., & Deci, E. L. (1996). All 
goals are not created equal: An organismic perspective on the 
nature of goals and their regulation. In The psychology of action: 
Linking cognition and motivation to behavior (pp. 7–26). The 
Guilford Press.

Sakaki, M., Meliss, S., Murayama, K., Yomogida, Y., Matsumori, K., 
Sugiura, A., ..., Matsumoto, K. (2023). Motivated for near impos-
sibility: How task type and reward modulate task enjoyment and 
the striatal activation for extremely difficult task. Cognitive, Affec-
tive, & Behavioral Neuroscience, 23(1), 30–41. https://​doi.​org/​10.​
3758/​s13415-​022-​01046-4

Salimi-Khorshidi, G., Douaud, G., Beckmann, C. F., Glasser, M. F., 
Griffanti, L., & Smith, S. M. (2014). Automatic denoising of func-
tional MRI data: Combining independent component analysis and 
hierarchical fusion of classifiers. Neuroimage, 90(0), 449-468. 
https://​doi.​org/​10.​1016/j.​neuro​image.​2013.​11.​046

Schlund, M. W., Magee, S., & Hudgins, C. D. (2011). Human avoid-
ance and approach learning: Evidence for overlapping neural sys-
tems and experiential avoidance modulation of avoidance neuro-
circuitry. Behavioural Brain Research, 225(2), 437–448. https://​
doi.​org/​10.​1016/j.​bbr.​2011.​07.​054

Schultz, W. (2002). Getting formal with dopamine and reward. Neuron, 
36. https://​doi.​org/​10.​1016/​s0896-​6273(02)​00967-4

Scult, M. A., Knodt, A. R., Hanson, J. L., Ryoo, M., Adcock, R. A., 
Hariri, A. R., & Strauman, T. J. (2017). Individual differences in 
regulatory focus predict neural response to reward. Social Neuro-
science, 12(4), 419–429. https://​doi.​org/​10.​1080/​17470​919.​2016.​
11781​70

Simon, J. J., Walther, S., Fiebach, C. J., Friederich, H.-C., Stippich, C., 
Weisbrod, M., & Kaiser, S. (2010). Neural reward processing is 
modulated by approach- and avoidance-related personality traits. 
Neuroimage, 49(2), 1868–1874. https://​doi.​org/​10.​1016/j.​neuro​
image.​2009.​09.​016

Spielberg, J. M., Miller, G. A., Engels, A. S., Herrington, J. D., Sut-
ton, B. P., Banich, M. T., & Heller, W. (2011). Trait approach and 
avoidance motivation: Lateralized neural activity associated with 
executive function. Neuroimage, 54(1), 661–670. https://​doi.​org/​
10.​1016/j.​neuro​image.​2010.​08.​037

Spielberg, J. M., Miller, G. A., Warren, S. L., Engels, A. S., Crocker, L. 
D., Banich, M. T., ..., Heller, W. (2012). A brain network instan-
tiating approach and avoidance motivation. Psychophysiology, 
49(9), 1200–1214. https://​doi.​org/​10.​1111/j.​1469-​8986.​2012.​
01443.x

Takeda, K., Matsumoto, M., Ogata, Y., Maida, K., Murakami, H., 
Murayama, K., ..., Nakagome, K. (2017). Impaired prefrontal 
activity to regulate the intrinsic motivation-action link in schizo-
phrenia. NeuroImage: Clinical, 16, 32–42. https://​doi.​org/​10.​
1016/j.​nicl.​2017.​07.​003

https://doi.org/10.1037/0022-3514.72.3.515
https://doi.org/10.1006/jesp.1999.1402
https://doi.org/10.1006/jesp.1999.1402
https://doi.org/10.3389/fpsyg.2013.00098
https://doi.org/10.3389/fpsyg.2013.00098
https://doi.org/10.1093/cercor/bhr134
https://doi.org/10.1037/mot0000072
https://doi.org/10.1037/mot0000072
https://doi.org/10.1038/s41562-018-0344-1
https://doi.org/10.1038/s41562-018-0344-1
https://doi.org/10.3758/s13415-017-0524-x
https://doi.org/10.1371/journal.pone.0017870
https://doi.org/10.1371/journal.pone.0017870
https://doi.org/10.1002/hbm.25296
https://doi.org/10.1093/cercor/bhw378
https://doi.org/10.1016/j.neuroimage.2012.03.068
https://doi.org/10.1037/rev0000349
https://doi.org/10.1073/pnas.1013305107
https://doi.org/10.1093/cercor/bht317
https://doi.org/10.1093/cercor/bht317
https://doi.org/10.1016/j.tins.2015.09.003
https://doi.org/10.1523/jneurosci.1915-15.2015
https://doi.org/10.1002/hbm.24184
https://doi.org/10.1016/j.tics.2006.10.009
https://doi.org/10.1016/j.tics.2006.10.009
https://doi.org/10.1093/oxfordhb/9780190666453.013.20
https://doi.org/10.1093/oxfordhb/9780190666453.013.20
https://doi.org/10.1111/jopy.12390
https://doi.org/10.3758/s13415-022-01046-4
https://doi.org/10.3758/s13415-022-01046-4
https://doi.org/10.1016/j.neuroimage.2013.11.046
https://doi.org/10.1016/j.bbr.2011.07.054
https://doi.org/10.1016/j.bbr.2011.07.054
https://doi.org/10.1016/s0896-6273(02)00967-4
https://doi.org/10.1080/17470919.2016.1178170
https://doi.org/10.1080/17470919.2016.1178170
https://doi.org/10.1016/j.neuroimage.2009.09.016
https://doi.org/10.1016/j.neuroimage.2009.09.016
https://doi.org/10.1016/j.neuroimage.2010.08.037
https://doi.org/10.1016/j.neuroimage.2010.08.037
https://doi.org/10.1111/j.1469-8986.2012.01443.x
https://doi.org/10.1111/j.1469-8986.2012.01443.x
https://doi.org/10.1016/j.nicl.2017.07.003
https://doi.org/10.1016/j.nicl.2017.07.003


	 Cognitive, Affective, & Behavioral Neuroscience

Touryan, S. R., Johnson, M. K., Mitchell, K. J., Farb, N., Cunningham, 
W. A., & Raye, C. L. (2007). The influence of self-regulatory focus 
on encoding of, and memory for, emotional words. Social Neuro-
science, 2(1), 14–27. https://​doi.​org/​10.​1080/​17470​91060​10468​29

Van Yperen, N. W., Blaga, M., & Postmes, T. (2014). A meta-analysis 
of self-reported achievement goals and nonself-report perfor-
mance across three achievement domains (work, sports, and edu-
cation). PLoS One, 9(4), e93594. https://​doi.​org/​10.​1371/​journ​
al.​pone.​00935​94

Weaverdyck, M. E., Lieberman, M. D., & Parkinson, C. (2020). Tools 
of the trade multivoxel pattern analysis in fMRI: A practical intro-
duction for social and affective neuroscientists. Social Cognitive 
and Affective Neuroscience, 15(4), 487–509. https://​doi.​org/​10.​
1093/​scan/​nsaa0​57

Weierich, M. R., Wright, C. I., Negreira, A., Dickerson, B. C., & 
Barrett, L. F. (2010). Novelty as a dimension in the affective brain. 
Neuroimage, 49(3), 2871–2878. https://​doi.​org/​10.​1016/j.​neuro​
image.​2009.​09.​047

White, E. J., Kuplicki, R., Stewart, J. L., Kirlic, N., Yeh, H.-W., Paulus, M. 
P., & Aupperle, R. L. (2021). Latent variables for region of interest 
activation during the monetary incentive delay task. Neuroimage, 
230, 117796. https://​doi.​org/​10.​1016/j.​neuro​image.​2021.​117796

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1080/17470910601046829
https://doi.org/10.1371/journal.pone.0093594
https://doi.org/10.1371/journal.pone.0093594
https://doi.org/10.1093/scan/nsaa057
https://doi.org/10.1093/scan/nsaa057
https://doi.org/10.1016/j.neuroimage.2009.09.047
https://doi.org/10.1016/j.neuroimage.2009.09.047
https://doi.org/10.1016/j.neuroimage.2021.117796

	Motivated with joy or anxiety: Does approach-avoidance goal framing elicit differential reward-network activation in the brain?
	Abstract
	Methods
	Participants
	Design and behavioral procedure
	Behavioral measures
	Behavioral analysis
	MRI data acquisition
	FMRI preprocessing
	FMRI analysis
	Region-of-interest (ROI) analysis
	Whole-brain analysis

	Functional connectivity analysis
	Representational similarity analysis

	Results
	Behavioral results
	ROI analysis
	Activity to cue
	Activity to outcome

	Functional connectivity analysis
	Representational similarity analysis
	Whole-brain analysis
	Activity to cue
	Activity to outcome


	General discussion
	Conclusions
	Acknowledgment 
	References


