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Abstract

We conducted behavioral and functional magnetic resonance imaging (fMRI) research to investigate the effects of two types
of achievement goals—mastery goals and performance-approach goals— on challenge seeking and feedback processing.
The results of the behavioral experiment indicated that mastery goals were associated with a tendency to seek challenge,
both before and after experiencing difficulty during task performance, whereas performance-approach goals were related
to a tendency to avoid challenge after encountering difficulty during task performance. The fMRI experiment uncovered a
significant decrease in ventral striatal activity when participants received negative feedback for any task type and both
forms of achievement goals. During the processing of negative feedback for the rule-finding task, performance-approach-
oriented participants showed a substantial reduction in activity in the dorsolateral prefrontal cortex (DLPFC) and the
frontopolar cortex, whereas mastery-oriented participants showed little change. These results suggest that performance-
approach-oriented participants are less likely to either recruit control processes in response to negative feedback or focus
on task-relevant information provided alongside the negative feedback. In contrast, mastery-oriented participants are more
likely to modulate aversive valuations to negative feedback and focus on the constructive elements of feedback in order to
attain their task goals. We conclude that performance-approach goals lead to a reluctant stance towards difficulty, while
mastery goals encourage a proactive stance.
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Introduction

Achievement goal theory is a central explanatory framework in

human motivation studies [1,2]. Achievement goal theorists

differentiate between two distinct types of achievement goals:

mastery and performance goals [3]. Mastery-oriented individuals

endeavor to improve their competence by gaining new knowledge

or improving their skills, whereas performance-oriented individ-

uals try to demonstrate their competence by outperforming others

or gaining public recognition for their ability. These two groups

tend to have different understandings of human ability, influencing

the decision to seek or avoid challenge in the face of difficulty or

obstacles [4]. Mastery-oriented individuals commonly hold the

belief that human ability is malleable and that difficulty can be

overcome through effort; as a result, they are more willing to

overcome problems encountered in pursuit of their goals.

However, performance-oriented individuals prefer to view human

ability as fixed, and that difficulty cannot be easily overcome

regardless of the level of effort expended. This attitude leads to a

habit of avoiding difficulty to protect self-esteem. Based on this

conceptual divide, achievement goal theorists generally agree that

performance goals have maladaptive relations with learning and

motivation, while mastery goals have positive influences [3,4].

More recently, however, some researchers have insisted that

possible benefits of performance goals have been ignored or

minimized because performance goals are broadly conceptualized

and, therefore, proposed a revision of the performance goals,

dividing them into two types: adaptive (i.e., performance-approach

goals) and maladaptive (i.e., performance-avoidance goals) types

[5,6]. This idea has been supported by the findings that

performance-approach goals are positively, or at least non-

negatively, related to beneficial learning processes and outcomes;

performance-avoidance goals, on the other hand, are generally

acknowledged to have detrimental effects [7,8]. Until now, little

evidence has been accumulated to determine whether perfor-

mance-approach goals also have a positive effect on motivation in

the face of difficulty, even though it has been firmly established

performance-avoidance goals have a negative relation with

challenge-seeking behavior after failure [9]. Therefore, we aimed

to compare the two adaptive types of goals (i.e., mastery and

performance-approach goals) in terms of challenge seeking and

brain activation patterns during negative feedback processing.

In a behavioral experiment, we investigated the relation

between achievement goals and the desire to seek challenge.

Based on the previous findings [9–11], our first hypothesis was that

mastery-oriented individuals would choose difficult tasks even after
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experiencing difficulty during task performance, in contrast to

performance-approach-oriented individuals, who would choose

easier tasks. This difference in challenge-seeking behavior may be

due to contrasting perceptions of both task performance difficulty

and negative performance feedback [4,12]. Mastery-oriented

individuals are likely to view difficulty as a natural part of learning

and to perceive negative feedback as useful information for

subsequent learning. Performance-approach-oriented individuals,

however, are likely to view difficulty as a negative outcome of

learning and to perceive negative feedback as threatening [9].

In order to investigate whether mastery-oriented and perfor-

mance-approach-oriented individuals react differently to negative

feedback, we also conducted a functional magnetic resonance

imaging (fMRI) experiment. To differentiate the nature of

performance feedback (i.e., more confirmatory vs. more informa-

tive), we used two different experimental tasks: multiplication and

rule-finding tasks. Previous neuroscience studies have revealed

that, regardless of feedback type, feedback valence modulates the

neural activity related to reward processing such as ventral striatal

activity [13–15]. Therefore, our second hypothesis was that there

would be a decrease in the ventral striatal activity during negative

feedback, whereas there would be an increase during positive

feedback.

Although it is generally accepted that performance-approach-

oriented individuals are more vulnerable to negative feedback than

are mastery-oriented individuals [11], we expected that this would

be more pronounced when the feedback was more informative.

When negative feedback contains information useful for successful

task performance (i.e., negative feedback provided in the rule-

finding task), we hypothesized that mastery-oriented individuals

would modulate aversive valuations to the negative feedback and

utilize the task-relevant information for future performance,

whereas performance-approach-oriented individuals would not.

This third hypothesis is also supported by previous neuroscience

findings that the neural activity related to aversive valuations can

be decreased by the control of prefrontal activity, particularly the

dorsolateral prefrontal cortex (DLPFC) [16]. Though the DLPFC

is known to be associated with diverse cognitive processes [17], it is

well established that the DLPFC is recruited when individuals

need to recruit control processes in response to negative feedback

during task performance [18,19]. As mastery-oriented individuals

tend to focus more on the task-relevant value of feedback, in

contrast to performance-oriented individuals who tend to focus

more on feedback valence [12], we hypothesized that mastery-

oriented individuals would show greater neural activity related to

cognitive control (e.g., DLPFC activity) while performance-

approach-oriented individuals would not.

During feedback processing in the rule-finding task, higher-

order executive functions can also be recruited differently

depending on achievement goal type. Mastery-oriented individuals

tend to maintain their concentration on a task following negative

feedback perceiving it as informative as positive feedback for the

attainment of a long-term task goal. Conversely, performance-

approach-oriented individuals tend to lose focus in response to

negative feedback seeing it as a sign of failure [4,11]. Thus, our

fourth hypothesis was that mastery-oriented individuals would

show little change in neural activity related to higher-order

executive functions such as frontopolar cortex activity [20,21],

when positive and negative feedback are compared, whereas

performance-approach-oriented individuals would show a sub-

stantial reduction in frontopolar cortex activity during negative

feedback when compared to positive feedback.

Method

Participants of the behavioral experiment
For the behavioral experiment, we recruited 161 Korean

undergraduate students (69 males and 92 females) from introduc-

tory psychology classes at a university in Korea. We excluded 11

participants who either did not respond to the survey or did not

perform the experimental task. Thus, the data of 150 participants

(65 males and 85 females) were included in the final analyses.

Measures of the behavioral experiment
Mastery goals and performance-approach goals were measured

using the Korean version, developed by Park and Lee [22], of an

achievement goal questionnaire based on a 262 achievement goal

framework [23]. We used ten items with a five-point Likert scale to

assess mastery goals (e.g., ‘‘It is important for me to understand the

content of this task as thoroughly as possible.’’; a= .75) and ten

items with a five-point Likert scale to assess performance-approach

Figure 1. Procedure for each trial: The instruction page was presented for ten seconds at the beginning of each run. During the four-
second presentation of the multiplication or rule-finding problem, the participants were required to decide which of the two results was greater.
After a two-second inter-stimulus interval (ISI), the participants received a 2-second positive or negative feedback stimulus contingent upon their
answer. The subsequent trial was presented after a randomized inter-trial interval (ITI) lasting 1–15 seconds (M = 4 seconds).
doi:10.1371/journal.pone.0107254.g001
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goals (e.g., ‘‘It is important for me to do well compared to others

in this task.’’; a= .89).

In the case of math self-efficacy, 10 items were adopted from

the Korean version of a math self-efficacy questionnaire

developed by So and Kim [24]. Example items were ‘‘Compared

with others, I am very good at math.’’ and ‘‘I am good at solving

math problems.’’ (a= .77).

To assess challenge-seeking behavior prior to performing the

experimental task, we adopted four items (e.g., ‘‘I prefer solving

difficult math problems to solving easy ones.’’; a= .74) with a

five-point Likert scale from previous achievement goal research

[10,11].

Task and procedure of the behavioral experiment
The behavioral experiment was conducted with three different

classes. In each class, 50–60 participants each completed a

questionnaire regarding their achievement goals, math self-

efficacy, and challenge seeking before performing the experi-

mental task. After receiving instructions, participants were asked

to complete the task within five minutes. The task was to solve a

series of numerical progression problems that alternated between

easy and difficult. Each problem contained a blank, and the

participants were asked to identify the correct number to

complete the progression. The easy problem set, named ‘‘Type

A’’ in the experiment, consisted of four easy problems (e.g., 2, 4,

8, 16, [ ], 64), whereas the difficult problem set, named ‘‘Type

B’’, consisted of two moderately difficult problems (e.g., 20, 38,

[ ], 68, 80, 90) and two extremely difficult problems (e.g., 1, 3, 5,

7, [ ], 131). The extremely difficult problems were manipulated

to ensure that the participants experienced difficulty finding the

correct answers, leading them to eventually fail to solve the

problems within the set time limit.

After the participants completed the task, the experimenter

asked them to exchange their answer sheets with the people next

to them. Then, the correct answers for the problems were

provided, and the participants were asked to mark the score for

each of the easy and difficult problem sets on the answer sheets

(e.g., three correct answers out of four ‘‘Type A’’ problems).

After the participants got their answer sheets back, they were

asked to decide which of the easy and difficult problem sets they

wanted to perform in a follow-up task. This decision was used as

an indicator of their willingness to seek challenge after

experiencing difficulty during task performance. There was,

however, no actual follow-up task given, and the experiment

ended once the participants had made their choice.

Participants of the fMRI experiment
Participants for the fMRI study were recruited from the 150

participants of the behavioral experiment; we selected 13

mastery-oriented participants (6 females and 7 males; between

the ages of 18 and 28) and 14 performance-approach-oriented

participants (7 females and 7 males; between the ages of 18 and

27). Mastery-oriented participants showed marginally stronger

self-reported mastery goals (M = 3.52, SD = .37) than perfor-

mance-approach-oriented participants did (M = 3.14, SD = .60;

F(1,25) = 3.90, p = .059). In addition, mastery-oriented partici-

pants chose the difficult task in the behavioral experiment. In

contrast, performance-approach-oriented participants showed

stronger self-reported performance-approach goals (M = 3.76,

SD = .45) than mastery-oriented participants did (M = 2.59,

SD = .67; F(1,25) = 28.71, p,.05) and chose the easy task in

the behavioral experiment. The participants were selected so

each group had a similar distribution of performance scores for

both tasks in the behavioral experiment. For the easy task, the
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mean performance score was 3.776.44 out of four problems for

mastery-oriented participants and 3.716.47 for performance-

approach-oriented participants (F(1,25) = .10, p..05), and for the

difficult task, the mean performance score was 1.466.52 out of

four problems for mastery-oriented participants and 1.436.51 for

performance-approach-oriented participants (F(1,25) = .03, p.

.05). Finally, participants were also chosen to establish similar

perceived self-efficacy (M = 2.836.55 for mastery-oriented partic-

ipants; M = 2.946.54 for performance-approach-oriented partic-

ipants; F(1,25) = .25, p..05). All participants were right-handed

and had no history of neurological illness. They voluntarily signed

an informed consent form and received approximately $30 for

their participation. This study was approved by the Institutional

Review Board of Korea University. The data for one female

performance-approach-oriented participant were excluded be-

cause of excessive head movement during fMRI scanning (greater

than 2.0 mm in any directions). Thus, the data from 13 mastery-

oriented and 13 performance-approach-oriented participants were

included in the subsequent analyses.

Task and procedure of the fMRI experiment
The fMRI experiment was an event-related experiment

consisting of four runs: two runs in which participants were

presented with a multiplication task and other two runs in which

they were presented with a rule-finding task. These four runs were

alternated between the multiplication and rule-finding tasks. Each

run, which began with a 10-second instruction page, consisted of

30 trials and lasted 370 seconds.

In each trial of the multiplication task (Figure 1), the

participants perform a multiplication problem, randomly selected

from the 30 different problems. The multiplication problems were

required to determine which of two multiplication results was

greater (e.g., 1364 vs. 1763). Participants were required to

calculate two multiplication problems and compare the results

within a set time limit. This time limit, which was determined

based on the results of pilot tests, made the task optimally

challenging. The participants were asked to press the left button if

they thought that the multiplication result on the left was greater

and the right button if they thought that the one on the right was

greater. After a two-second inter-stimulus interval, the participants

received two seconds of positive feedback (i.e., correct) or negative

feedback (i.e., incorrect). The participants received negative

feedback if they did not respond within the time limit. In this

task, feedback only relayed the accuracy of the answer to the

participants, and so did not contain any task-relevant information

that participants could use for subsequent performance. The next

trial was presented after a randomized inter-trial interval lasting

between 1–15 seconds (M = 4 seconds), calculated using OptSeq

(http://surfer.nmr.mgh.harvard.edu/optseq/). Therefore, the mean

duration for each trial was 12 seconds.

In each trial of the rule-finding task (Figure 1), the participants

were required to determine which of two results produced by an

unknown arithmetic operation was greater within four seconds.

The sequence for each trial (i.e., the performance phase, the two-

second ISI, the two seconds of feedback contingent upon the

participant’s answer) and the numbers used for each problem (e.g.,

13 m 4 vs. 17 m 3) were identical to those used in the

multiplication task. The only difference was that the multiplication

sign (i.e., x) was substituted for an artificial arithmetic operator

(e.g., m) in the rule-finding task. The same artificial arithmetic

operator, which was supposed to represent an unknown arithmetic

rule (e.g., ‘‘A m B’’ means to choose a bigger number between the

Table 2. Standardized Beta Coefficients of Variables.

Explanatory variable Pre-task challenge seeking Post-task challenge seeking

Math self-efficacy .63** .12

Easy task performance — .14

Difficult task performance — .23

Mastery goals .18** .35**

Performance-approach goals .01 2.24*

Note. Beta coefficients were examined in the regression model with math self-efficacy, mastery goals, and performance-approach goals for pre-task challenge seeking
and in the regression model with math self-efficacy, easy and difficult task performance, mastery goals, and performance-approach goals for post-task challenge
seeking.
*p,.05,
**p,.01. N = 150.
doi:10.1371/journal.pone.0107254.t002

Table 3. Mean RT across Conditions.

Multiplication task Rule-finding task

Group Po Ne Po Ne

MG 2881.4654.8 2977.3643.3 2843.2674.9 2883.2675.6

PG 3010.5661.0 3059.2665.7 2784.7689.5 2894.5684.6

Note. The mean RT for each condition is presented in milliseconds. MG: mastery-oriented participants, PG: performance-approach-oriented participants, Po: positive
feedback, Ne: negative feedback.
doi:10.1371/journal.pone.0107254.t003
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value of A and twice the value of B.), was presented throughout

each run in the rule-finding task. Participants were asked to

calculate two arithmetic problems according to their supposed

arithmetic rule and compare the results within a time limit.

Ultimately, participants were required to determine the unknown

arithmetic rule by performing continuous trials. Thus, the

performance feedback in this task informed participants whether

their working hypothesis regarding the arithmetic rule was correct

or not, which was crucial for guiding subsequent performance.

Although a valid rule was used, it was extremely difficult to

determine, forcing participants to continuously generate alterna-

tive rules. Post-experiment questions indicated that all participants

reported their own supposed arithmetic rule for each unknown

arithmetic sign but failed to find the correct one.

Participants received instructions on the task and became

familiar with the process of determining the unknown arithmetic

rule through practice trials before scanning commenced. Func-

tional images were acquired while they performed the task, and

anatomical brain images were acquired at the end of the brain

scan. In the post-experiment questions, the experimenter asked

what participants’ supposed arithmetic rule for each rule-finding

task run was and checked whether it was correct. At the end of the

experiment, the experimenter debriefed about the experiment.

fMRI data acquisition
A 3T FORTE scanner (ISOL Technology, Korea) was used for

acquiring anatomic and functional images. Using a T2*-weighted

single shot gradient echo planar imaging (EPI) sequence sensitive

to blood oxygenation level-dependent (BOLD) contrast

(TR = 2000 ms, TE = 35 ms, flip angle = 60u, field of view

= 240 mm, 64664 matrix, in-plane resolution = 3.7563.75, and

slice thickness = 5 mm with no gap), 25-slice functional images

were acquired. Then, high-resolution T1-weighted anatomic

images were obtained to precisely determine the structures

corresponding to the functional activation foci (TR = 10 ms,

TE = 5.7 ms, flip angle = 10u, and voxel size = 16161 mm3).

fMRI data analysis
AFNI (http://afni.nimh.nih.gov) [25] was used to preprocess

the images and to conduct the statistical analyses. To exclude the

effects of unstable hemodynamics and MRI signals, the first five

images of each run were discarded. In preprocessing, the

functional images were spatially and temporally realigned for

data correction. The realigned data were spatially blurred with a

5 mm Gaussian kernel of which full-width at half-maximum

(FWHM) and scaled for subsequent analyses.

In individual analyses, the preprocessed data were analyzed

using a general linear model (GLM) with ten regressors, with

analyses performed separately for the multiplication and rule-

finding tasks. We concluded that neural activity between the

multiplication and rule-finding tasks could not be compared

because the trials for the multiplication and rule-finding tasks were

presented in separate runs and, as a result, separately by a

significant period of time. We had recognized this limitation in the

design of the study but nevertheless did not shuffle the trials for

these two tasks because the trials for each rule-finding run needed

to be presented together under the same unknown arithmetic rule.

Two of the regressors in the model represented the experimental

condition: positive feedback and negative feedback. To control for

the confounding effects of task performance and head motion, we

included two regressors for task performance (i.e., the time points

of participants’ responses to the problems) of the positive and

Figure 2. In the multiplication task, the ventral striatum (VS) (A) showed greater neural activity during positive feedback than
during negative feedback (corrected p,.046). BOLD signal changes in the ventral striatum were examined (B). Note. MG: mastery-oriented
participants, PG: performance-approach-oriented participants, Po: positive feedback, Ne: negative feedback.
doi:10.1371/journal.pone.0107254.g002

Table 4. Results of the Subtraction Analysis between Positive and Negative Feedback in the Multiplication Task.

Talairach Coordinates

Region BA Volume Side x y z Maximum t value

Positive – Negative Feedback

Ventral striatum 3104 L 26 11 0 7.20

Angular gyrus 39 968 L 234 259 34 4.28

Note. The cluster-wise threshold (correct p,.046) is determined by voxel-wise threshold (p,.005) and the minimum volume (56 contiguous voxels; 448 mm3).
doi:10.1371/journal.pone.0107254.t004
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negative feedback conditions and six regressors for head motion

parameters. The beta weights of the regressors for each

experimental condition were used for group analyses. For the

group analyses, the individual statistical data were matched to the

Montreal Neurological Institute (MNI) template and resampled to

26262 mm3 voxels.

In the group analyses, subtraction analyses between positive and

negative feedback were conducted separately for each experimen-

tal task to compare neural activity during feedback processing for

mastery-oriented and performance-approach-oriented partici-

pants. To correct the multiple comparison problem in the

subtraction analyses, we considered both voxel-wise threshold

(p,.005) and cluster size (n$56, a minimum volume of 448 mm3),

which set a cluster-wise corrected p value of.046 [26]. We

examined BOLD signal changes in regions of interests (ROI)

activated in the subtraction analyses between positive and negative

feedback in order to compare the neural activation patterns

between experimental conditions. In order to avoid the issue of

non-independence bias [27], we utilized the leave-one-subject-out

(LOSO) method [28], thereby making the subtraction and ROI

analyses independent. In the LOSO method, we omitted GLM

data for one participant and ran independent group analyses by

only making use of the remaining participants’ data to define

independent clusters of the ROI. Each ROI was sphere 5 mm in

diameter centered on the peak coordinates of the activation. We

then extracted the BOLD signals in the ROI from the left-out

participants’ data.

Psychophysiological interaction (PPI) analyses [29] were also

carried out separately for each experimental task to examine the

possibility that the brain regions related to the control process (e.g.,

dorsolateral prefrontal cortex activity) interact differently with

reward-related neural activity according to feedback valence and

achievement goal orientation. The seed brain regions for the PPI

analyses were the ventral striatum activated in the subtraction

analysis between positive and negative feedback for each

experimental task. To correct the multiple comparison problem

in the PPI analyses, we also used the cluster-wise threshold (p,

.048), which was determined by both voxel-wise threshold (p,

.005) and cluster size (n$53, a minimum volume of 424 mm3). We

used Talairach coordinates [30], converted from the MNI

coordinates, to report the brain regions activated in the

subtraction and PPI analyses.

Results

Results of the behavioral experiment
We conducted a paired t-test to determine whether the

manipulation of the easy and difficult tasks worked as planned.

Participants performed much better on the easy task (M = 3.38,

SD = .92) than on the difficult task (M = 1.23, SD = .67;

t(149) = 29.70, p,.05), indicating that the manipulation of task

difficulty was successful.

The descriptive statistics and intercorrelations among the seven

measures assessed in the behavioral experiment appear in Table 1.

Table 2 shows how the achievement goals and statistical controls

(i.e., task performance, math self-efficacy) predicted the pre-task

and post-task challenge seeking outcomes using a hierarchical

regression analysis for pre-task challenge seeking and a hierarchi-

cal logistic regression analysis for post-task challenge seeking. For

each analysis, the variables for perceived present ability (math self-

efficacy for pre-task challenge seeking; math self-efficacy and

performance in the easy and difficult tasks for post-task challenge

seeking) were ordered first as covariates; mastery goals and

performance-approach goals were simultaneously added in the

second block; and the interaction term for mastery and

performance-approach goals was added in the last block.

After the effects of the covariates were partialled out, there was

an additional unique contribution of achievement goals to explain

the variance of challenge seeking (DF(2, 146) = 5.35, p,.05 for

pre-task challenge seeking; Dx2(2) = 10.82, p,.05 for post-task

challenge seeking), but there was no such contribution by their

interaction (DF(1, 145) = .88, p..05 for pre-task challenge seeking;

Dx2(1) = .71, p..05 for post-task challenge seeking). Examination

of the beta coefficients in the regression models (Table 2) showed

that performance-approach goals had null relations with pre-task

challenge seeking (b= .01, p..05), whereas mastery goals had

positive relations (b= .18, p,.01). Interestingly, math self-efficacy

was positively related to pre-task challenge seeking even when

achievement goals were considered (b= .63, p,.01). For post-task

challenge seeking, however, performance-approach goals demon-

strated negative relations (b= 2.24, p,.05), whereas mastery

goals had positive relations (b= .35, p,.01).

Results of the fMRI experiment
Behavioral results. There was no difference in mean

accuracy rates between mastery-oriented and performance-ap-

proach-oriented participants for either the multiplication task

Figure 3. In the multiplication task, ventral striatal activity had a greater positive interaction with dorsolateral prefrontal cortex
(DLPFC) activity (A) during negative feedback than during positive feedback regardless of achievement goal orientation (corrected
p,.048). The pattern of BOLD signal changes in the DLPFC is presented (B). Note. MG: mastery-oriented participants, PG: performance-approach-
oriented participants, Po: positive feedback, Ne: negative feedback.
doi:10.1371/journal.pone.0107254.g003
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(M = 63.1%, SEM = 3.60% for the mastery group and M = 63.3%,

SEM = 2.75% for the performance-approach group; F(1,24) = .003,

p..05) or the rule-finding task (M = 54.6%, SEM = 3.95% for the

mastery group and M = 51.9%, SEM = 3.69% for the performance-

approach group; F(1,24)

= .25, p..05). This indicates that both participant groups received

similar amounts of positive and negative feedback for each task type.

In the multiplication task, all participants had faster reaction

times (RT) in the trials where they received positive feedback

compared to those where they received negative feedback

(F(1,24) = 9.27, p,.05). Except for this, however, there were no

other significant differences in mean RT when comparing

achievement goal orientation (F(1,24) = 1.89, p..05) and its

interaction with feedback type (F(1,24) = .99, p..05). In the rule-

finding task, no mean RT differences were observed depending on

feedback type (F(1,24) = 3.30, p..05), achievement goal orienta-

tion (F(1,24) = .72, p..05), and their interaction (F(1,24) = .05, p.

.05). For the same feedback type, there were no mean RT

differences depending on the task type (F(1,24) = 3.46, p..05 for

positive feedback; F(1,24) = 4.11, p..05 for negative feedback),

achievement goal orientation (F(1,24) = .24, p..05 for positive

feedback; F(1,24) = .40, p..05 for negative feedback), and their

interaction (F(1,24) = 1.75, p..05 for positive feedback;

F(1,24) = .31, p..05 for negative feedback) (Table 3). These

results indicate that the participants spent an equal amount of

time on the rule-finding task as they did on the multiplication task.

fMRI results of the multiplication task. The left ventral

striatum (Figure 2A) and the left angular gyrus were more

activated during positive feedback than negative feedback

(corrected p,.046; Table 4), whereas no brain regions exhibited

greater neural activity during negative feedback when compared

to positive feedback. The greater neural activity in the ventral

striatum during positive feedback was consistent with our

hypothesized relations between ventral striatal activity and

hedonic reactions.

To determine the effect of achievement goal type on the neural

responses to positive and negative feedback, we examined BOLD

signal changes in the left ventral striatum as determined by the

subtraction analysis between positive and negative feedback.

Although feedback valence had a significant effect on ventral

striatal activity (F(1,24) = 13.68, p,.01), the effect of achievement

goal type (F(1,24) = .02, p..05) and the two-way interaction effect

between feedback valence and achievement goal type

(F(1,24) = 1.45, p..05) were not significant (Figure 2B). In other

words, participants with different types of achievement goals had

similar brain activation patterns: increased ventral striatal activity

in response to positive feedback and decreased ventral striatal

activity in response to negative feedback.

We conducted a PPI analysis to identify which brain regions

covaried with ventral striatal activity (peak coordinates of the seed

brain region: 26, 11, 0) depending on feedback valence and

achievement goal orientation. Feedback valence had a significant

effect on functional connectivity (corrected p,.048); the effect of

achievement goal type and the two-way interaction effect between

feedback valence and achievement goal type were not significant.

This indicates that left ventral striatal activity showed greater

positive interactions with the left cingulate cortex, the left

precentral gyrus, the left dorsolateral prefrontal cortex (DLPFC;

Figure 3A), the left inferior parietal lobe, the right postcentral

gyrus, and the left superior temporal gyrus during negative

feedback than during positive feedback, regardless of achievement

goal orientation (Table 5). Conversely, functional interaction was

no greater in any brain regions during positive feedback when

compared to negative feedback. Among the brain regions that
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exhibited greater functional interactions with left ventral striatal

activity, the pattern of BOLD signal changes in the DLPFC is

presented in Figure 3B, which indicates decreased DLPFC activity

regardless of feedback valence and participants’ achievement goal

orientation.

fMRI results of the rule-finding task. As hypothesized, the

brain regions related to reward processing (i.e., ventral striatum)

were more activated during positive feedback than during negative

feedback. Participants exhibited greater neural activations in the

left ventral striatum (Figure 4A), the right frontopolar cortex

(Figure 5A), the right thalamus, the bilateral cerebellum, the right

dorsal striatum, the right occipital lobe, the right superior

temporal gyrus, and the right precentral gyrus during positive

feedback than during negative feedback (corrected p,.046;

Table 6). However, no brain regions demonstrated greater neural

activity during negative feedback than during positive feedback.

To determine the difference in brain activation patterns

between positive and negative feedback for each type of

achievement goal orientation, we examined BOLD signal changes

in the left ventral striatum and the right frontopolar cortex as

determined by the subtraction analysis between positive and

negative feedback. Feedback valence had a significant effect on

ventral striatal activity (F(1,24) = 18.39, p,.01), whereas the effect

of achievement goal type (F(1,24) = .12, p..05) and the two-way

interaction effect between feedback valence and achievement goal

type (F(1,24) = 2.01, p..05) were not significant (Figure 4B).

These neural activation patterns of the ventral striatum (i.e.,

increased ventral striatal activity during positive feedback vs.

decreased ventral striatal activity during negative feedback) were

consistent with those found in the multiplication task.

Although the achievement goal type did not have a significant

effect on frontopolar cortex activity (F(1,24) = .38, p..05), the

Figure 4. In the rule-finding task, the ventral striatum (VS) (A) showed greater neural activity during positive feedback than during
negative feedback (corrected p,.046). BOLD signal changes in the ventral striatum were examined (B). Note. MG: mastery-oriented participants,
PG: performance-approach-oriented participants, Po: positive feedback, Ne: negative feedback.
doi:10.1371/journal.pone.0107254.g004

Figure 5. In the rule-finding task, the right frontopolar cortex (A) showed greater neural activity during positive feedback than
during negative feedback (corrected p,.046). BOLD signal changes in the frontopolar cortex were examined (B). BOLD signal changes when
receiving the first to third, fourth to sixth, seventh to ninth, and tenth to twelfth instances of negative feedback were examined separately (C). Note.
MG: mastery-oriented participants, PG: performance-approach-oriented participants, Po: positive feedback, Ne: negative feedback.
doi:10.1371/journal.pone.0107254.g005
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effect of feedback valence (F(1,24) = 8.97, p,.01) and the two-way

interaction effect between feedback valence and achievement goal

type (F(1,24) = 4.52, p,.05) were significant (Figure 5B). That is,

even though all participants showed less activation in the

frontopolar cortex during negative feedback than during positive

feedback, performance-approach-oriented participants had a

substantial reduction in frontopolar cortex activity during negative

feedback, whereas mastery-oriented participants showed only a

slight reduction (but above average). To trace frontopolar cortex

activation patterns during negative feedback, we examined BOLD

signal changes participants received the first to third, fourth to

sixth, seventh to ninth, and tenth to twelfth instances of negative

feedback separately. The results revealed that mastery-oriented

participants had relatively greater frontopolar cortex activity from

the initial trial to the twelfth instances of negative feedback. In

contrast, performance-approach-oriented participants consistently

showed decreased frontopolar cortex activity regardless of when

they received negative feedback (Figure 5C).

We conducted PPI analyses to identify the brain regions that

covaried with ventral striatal activity (peak coordinates of the seed

brain region: 212, 8, 29) depending on feedback valence and

achievement goal orientation. The effect of achievement goal type

and the effect of feedback valence on the functional interactions

between the left ventral striatum and other brain regions were not

significant. However, the two-way interaction between feedback

valence and achievement goal type had a significant effect on the

functional interactions of the left ventral striatum with the left

supramarginal gyrus, the left DLPFC (Figure 6A), and the right

precuneus (corrected p,.048; Table 7). In particular, mastery-

oriented participants produced a greater negative interaction

between left ventral striatal activity and left DLPFC activity during

negative feedback than during positive feedback, whereas perfor-

mance-approach-oriented participants showed a greater positive

interaction. The pattern of BOLD signal changes in the DLPFC is

presented in Figure 6B, which indicates that mastery-oriented

participants showed increased DLPFC activity while performance-

approach-oriented participants showed decreased DLPFC activity

regardless of feedback valence.

Discussion

The results of the behavioral experiment clearly indicated that

mastery goals had a positive relation with challenge seeking both

before and after experiencing difficulty in task performance. This

is consistent with achievement goal theory, which postulates that

mastery-oriented individuals tend to seek challenge regardless of

the presence of difficulty or obstacles [3,4]. Although previous

achievement goal research has suggested that performance-

oriented individuals are more likely to avoid challenge due to

fear of failure [11], the relation between performance-approach

goals and challenge seeking remains unclear [7,9]. The results of

our behavioral experiment revealed that performance-approach

goals were not related to pre-task challenge seeking but had a

negative relation with post-task challenge seeking. This suggests

that performance-approach-oriented individuals are more likely to

avoid challenge in the presence of difficulty.

Achievement goal theorists have used the confounding effect of

confidence to explain the inconsistency between pre- and post-task

challenge seeking [4,11]. When performance-approach-oriented

individuals experience failure or difficulty, they tend to become

less confident in their ability, which in turn can reduce their

tendency to seek challenge. However, if they do not encounter

difficulty, they are likely to remain confident in their ability, and

thus they may not avoid challenge. The results of our behavioral
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experiment provide support for this hypothesis; math self-efficacy

had a positive relation with challenge seeking before difficulty was

encountered during task performance, whereas it had no

significant relation with challenge seeking after the experience of

difficulty during task performance. This suggests that perfor-

mance-approach-oriented individuals lose their confidence in the

face of difficulty and tend to avoid challenge.

To understand these differences between mastery-oriented and

performance-approach-oriented individuals in challenge-seeking

behavior in the face of difficulty, we need to understand how these

two groups perceive negative feedback during task performance.

In terms of neural activity, the ventral striatum played a key role

during feedback processing, in both the multiplication and rule-

finding tasks. The results indicated that participants generated

more ventral striatal activity during positive feedback than during

negative feedback regardless of achievement goal orientation and

task type. This is consistent with previous findings related to

reward and feedback processing. The ventral striatum is generally

activated by valence of rewards [31–34] and also recruited when

feedback clearly indicates whether the performance is good or bad

[13,35,36].

However, the strength of the ventral striatum–DLPFC coupling

during negative feedback varied significantly depending on

achievement goal orientation and task type. In the multiplication

task, we did not find any differences between mastery-oriented and

performance-approach-oriented participants in terms of the

strength of the ventral striatum–DLPFC coupling and the

magnitude of DLPFC activity. Although both mastery-oriented

and performance-approach-oriented participants showed greater

functional connectivity between ventral striatal and DLPFC

activity during negative feedback than during positive feedback,

they showed decreased DLPFC activity during both positive and

negative feedback regardless of achievement goal orientation. This

indicates that both mastery-oriented and performance-approach-

oriented individuals do not recruit this control mechanism during

feedback processing.

The rule-finding task, by contrast, produced a negative coupling

between the ventral striatum and the DLPFC during negative

feedback for mastery-oriented participants, and a positive coupling

for performance-approach-oriented participants. Because of this

connectivity difference, mastery-oriented participants showed

relatively increased DLPFC activity during negative feedback,

whereas performance-approach-oriented participants showed rel-

atively decreased DLPFC activity. The ventral striatum–DLPFC

interaction might be a key neural mechanism in understanding

negative feedback processing in the rule-finding task. Since the

DLPFC is known to be responsible for the control of cognition,

valuation, and behavior [37,38], particularly during negative

feedback processing [18,19], these findings suggest that mastery-

oriented individuals are more likely to recruit control processes

when confronted with negative feedback in order to accomplish a

challenging task than are performance-approach-oriented individ-

uals. In contrast, performance-approach-oriented individuals are

less likely to engage in control processes when they receive

negative feedback.

Participants who differed in achievement goal orientation also

showed considerable differences in the frontopolar cortex activity

during negative feedback in the rule-finding task. Mastery-oriented

participants did not show substantial reduction in the frontopolar

cortex activity during negative feedback when compared to

positive feedback. Particularly, in the initial stages of the rule-

finding task, they demonstrated relatively high levels of frontopolar

cortex activity even during negative feedback. In contrast,

performance-approach-oriented participants showed a significant

decrease in frontopolar cortex activity during negative feedback

but an increase during positive feedback. They also consistently

exhibited low levels of frontopolar cortex activity whenever they

received negative feedback at any time during the rule-finding

task.

The frontopolar cortex is known to be associated with higher-

order cognitive functions [20,39–41]. It has been suggested that

the frontopolar cortex works as a supervisory system [40], allocates

sub-processes [20,42], or represents multiple cognitive outcomes

[21,39]. Despite diverse opinions on the specific role of the

frontopolar cortex, it is generally agreed that the frontopolar

cortex is recruited when individuals attempt to retain a long-term

goal during the execution of subordinate functions. In the rule-

finding task of this study, the participants may have used task-

relevant information from feedback to determine whether to

maintain their current guess regarding the unknown rule or shift to

an alternative. Therefore, performance-approach-oriented indi-

viduals are less likely to focus on the task-relevant information of

the negative feedback, whereas mastery-oriented individuals are

more likely to focus on the constructive elements of the negative

feedback in order to achieve their task goal, perceiving negative

feedback as informative for subsequent performance even though

this tendency can be weakened by repeated failure.

Conclusions

The ultimate goal of this study was to examine the relations of

achievement goals to challenge seeking and brain responses during

Figure 6. In the rule-finding task, mastery-oriented participants had a greater negative interaction between ventral striatal activity
and dorsolateral prefrontal cortex (DLPFC) activity (A) during negative feedback than during positive feedback (corrected p,.048),
whereas performance-approach-oriented participants showed a greater positive interaction. The pattern of BOLD signal changes in the
DLPFC is presented (B). Note. MG: mastery-oriented participants, PG: performance-approach-oriented participants, Po: positive feedback, Ne: negative
feedback.
doi:10.1371/journal.pone.0107254.g006
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both positive and negative feedback processing. The results

indicate that performance-approach-oriented participants had a

substantial reduction in challenge-seeking behavior and satisfac-

tion with negative feedback after experiencing difficulty during

task performance, while mastery-oriented participants demon-

strated little or no reduction. These results suggest that individuals

with different achievement goal types use fundamentally different

mechanisms to process negative feedback and seek challenge. That

is, mastery-oriented individuals, who emphasize learning and

mastering something for its own sake, are more likely to focus on

the informative nature of negative feedback and take a proactive

stance with respect to difficulty. In contrast, performance-

approach-oriented individuals, who look to outperform others

and thus demonstrate their ability, are more likely to focus on the

confirmative nature of negative feedback and take a reluctant

stance towards difficulty.

There are three possible limitations in this study. First,

maladaptive types of goals (e.g., performance-approach goals)

were not considered in this study. We believe that the debate

within the achievement goal literature is between mastery versus

performance-approach goals in terms of motivation and perfor-

mance as there is no controversy in the negative consequences of

the maladaptive types of goals. Therefore, we only focused on the

comparison of the adaptive types of goals (i.e., mastery and

performance-approach goals) in this study. Second possible

limitation is a possibility of multiple goal adoption. In the fMRI

experiment, we compared the mastery-oriented and performance-

approach-oriented groups. However, some researchers have

suggested that there could be individuals with high performance-

approach goals together with high mastery goals [43]. In this

regard, it is also necessary to examine the independent achieve-

ment goal effects on neural activity during feedback processing in

future studies. Third, due to the fixed two-second interval between

the task and feedback stimuli, neural activity during feedback

processing could not be separated out from neural activity during

task performance. Despite this possible confounding effect, we did

not use a randomized inter-stimulus interval in order to prevent

participants from carrying out unpredictable mental processes to

varying degree. Even though we used a fixed two-second inter-

stimulus interval, we were able to minimize the confounding effect

of the two tasks (i.e., multiplication task vs. rule-finding task) on

neural activity during feedback processing by only comparing

neural activity across conditions when participants were perform-

ing the same task.

Even considering these limitations, there is an important

implication from the findings of the present study. On the path

to learning and expertise, it is inevitable that learners will

experience failure and difficulty. Thus, to attain learning goals

and develop expertise, learners need to be willing to confront their

failure and overcome difficulty [44]. The process of actively

overcoming difficulty can provide an opportunity to practice skills

and hone abilities. However, individuals who avoid challenge and

difficulty may lose this opportunity. Therefore, we can conclude

that the reluctant stance associated with performance-approach

goals is maladaptive in challenging situations, whereas the

proactive stance associated with mastery goals is more adaptive.

Author Contributions

Conceived and designed the experiments: WL SK. Performed the

experiments: WL. Analyzed the data: WL SK. Wrote the paper: WL

SK. Computer programming: WL SK.

T
a

b
le

7
.

R
e

su
lt

s
o

f
th

e
P

sy
ch

o
p

h
ys

io
lo

g
ic

al
In

te
ra

ct
io

n
A

n
al

ys
is

in
th

e
R

u
le

-F
in

d
in

g
T

as
k

U
si

n
g

th
e

Le
ft

V
e

n
tr

al
St

ri
at

al
A

ct
iv

it
y

as
a

C
o

va
ri

at
e

.

T
a

la
ir

a
ch

C
o

o
rd

in
a

te
s

R
e

g
io

n
B

A
V

o
lu

m
e

S
id

e
x

y
z

M
a

x
im

u
m

F
v

a
lu

e

Fe
e

d
b

ac
k

va
le

n
ce

x
A

ch
ie

ve
m

e
n

t
g

o
al

ty
p

e

Su
p

ra
m

ar
g

in
al

g
yr

u
s

4
0

3
0

5
6

L
2

3
9

2
5

0
2

9
2

0
.9

3

D
o

rs
o

la
te

ra
l

p
re

fr
o

n
ta

l
co

rt
e

x
9

4
3

2
L

2
4

4
1

0
3

1
1

4
.3

4

P
re

cu
n

e
u

s
7

4
2

4
R

4
2

7
0

3
7

1
7

.1
8

N
o

te
.

T
h

e
cl

u
st

e
r-

w
is

e
th

re
sh

o
ld

(c
o

rr
e

ct
p

,
.0

4
8

)
is

d
e

te
rm

in
e

d
b

y
vo

xe
l-

w
is

e
th

re
sh

o
ld

(p
,

.0
0

5
)

an
d

th
e

m
in

im
u

m
vo

lu
m

e
(5

3
co

n
ti

g
u

o
u

s
vo

xe
ls

;
4

2
4

m
m

3
).

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

1
0

7
2

5
4

.t
0

0
7

Effects of Achievement Goals

PLOS ONE | www.plosone.org 11 September 2014 | Volume 9 | Issue 9 | e107254



References

1. Covington MV (2000) Goal theory, motivation, and school achievement: an
integrative review. Annu Rev Psychol 51: 171–200.

2. Eccles JS, Wigfield A (2002) Motivational beliefs, values, and goals. Annu Rev
Psychol 53: 109–132.

3. Ames C (1992) Classrooms: Goals, structures, and student motivation. J Educ
Psychol 84: 261–271.

4. Dweck CS, Leggett EL (1988) A social-cognitive approach to motivation and
personality. Psychol Rev 95: 256–273.

5. Elliot AJ, Harackiewicz JM (1996) Approach and avoidance achievement goals
and intrinsic motivation: A mediational analysis. J Pers Soc Psychol 70: 461–

475.

6. Murayama K, Elliot AJ, Yamagata S (2011) Separation of performance-

approach and performance-avoidance achievement goals: A broader analysis.
J Educ Psychol 103: 238–256.

7. Harackiewicz JM, Barron KE, Pintrich PR, Elliot AJ, Thrash TM (2002)
Revision of achievement goal theory: Necessary and illuminating. J Educ

Psychol 94: 638–645.

8. Hulleman CS, Schrager SM, Bodmann SM, Harackiewicz JM (2010) A meta-

analytic review of achievement goal measures: Different labels for the same

constructs or different constructs with similar labels? Psychol Bull 136: 422–449.

9. Midgley C, Kaplan A, Middleton M (2001) Performance-approach goals: Good

for what, for whom, under what circumstances, and at what cost? J Educ
Psychol 93: 77–86.

10. Ames C, Archer J (1988) Achievement goals in the classroom: Students’ learning
strategies and motivation processes. J Educ Psychol 80: 260–267.

11. Elliott ES, Dweck CS (1988) Goals: An approach to motivation and
achievement. J Pers Soc Psychol 54: 5–12.

12. Butler R (1993) Effects of task- and ego-achievement goals on information
seeking during task engagement. J Pers Soc Psychol 65: 18–31.

13. Elliott R, Friston KJ, Dolan RJ (1997) Differential neural response to positive
and negative feedback in planning and guessing tasks. Neuropsychologia 35:

1395–1404.

14. Elliott R, Newman JL, Longe OA, Deakin JFW (2003) Differential response

patterns in the striatum and orbitofrontal cortex to financial reward in humans: a
parametric functional magnetic resonance imaging study. J Neurosci 23: 303–

307.

15. Tricomi E, Delgado MR, McCandliss BD, McClelland JL, Fiez JA (2006)

Performance feedback drives caudate activation in a phonological learning task.

J Cogn Neurosci 18: 1029–1043.

16. Ochsner KN, Gross JJ (2014) The neural bases of emotion and emotion

regulation: A valuation perspective. In: Gross JJ, editor. Handbook of emotion
regulation (2nd ed.). New York: Guilford. 23–42.

17. Miller EK, Cohen JD (2001) An integrative theory of prefrontal cortex function.
Annu Rev Neurosci 24: 67–202.

18. van den Bos W, Guroglu B, van den Bulk BG, Rombouts SA, Crone EA (2009)
Better than expected or as bad as you thought? The neurocognitive development

of probabilistic feedback processing. Front Hum Neurosci 3: 52.

19. Zanolie K, Van Leijenhorst L, Rombouts SARB, Crone EA (2008) Separable

neural mechanisms contribute to feedback processing in a rule-learning task.
Neuropsychologia 46: 117–126.

20. Koechlin E, Basso G, Pietrini P, Panzer S, Grafman J (1999) The role of the
anterior prefrontal cortex in human cognition. Nature 399: 148–151.

21. Ramnani N, Owen AM (2004) Anterior prefrontal cortex: Insights into function

from anatomy and neuroimaging. Nat Rev Neurosci 5: 184–194.

22. Park B, Lee J (2005) Development and validation of a 262 achievement goal

orientation scale. Korean J Educ Psychol 19: 327–352.
23. Elliot AJ, McGregor HA (2001) A 262 achievement goal framework. J Pers Soc

Psychol 80: 501–519.
24. So Y, Kim S (2005) The effects of types of problem, self-efficacy, and types of

assessment on interest in problem-based learning. Korean J Educ Psychol 19:

653–675.
25. Cox RW (1996) AFNI: software for analysis and visualization of functional

magnetic resonance neuroimages. Comput Biomed Res 29: 162–173.
26. Forman SD, Cohen JD, Fitzgerald M, Eddy WF, Mintun MA, et al. (1995)

Improved assessment of significant activation in functional magnetic resonance

imaging (fMRI): use of a cluster-size threshold. Magnet Reson Med 33: 636–647.
27. Kriegeskorte N, Simmons WK, Bellgowan PSF, Baker CI (2009) Circular

analysis in systems neuroscience: the dangers of double dipping. Nat Rev
Neurosci 12: 535–540.

28. Esterman M, Tamber-Rosenau BJ, Chiu YC, Yantis S (2010) Avoiding
nonindependence in fMRI data analysis: leave one subject out. NeuroImage

50: 572–576.

29. Friston KJ, Buechel C, Fink GR, Morris J, Rolls E, et al. (1997)
Psychophysiological and modulatory interactions in neuroimaging. NeuroImage

6: 218–229.
30. Talairach J, Tournoux P (1988) Co-planar stereotaxic atlas of the human brain.

New York: Thieme Medical Publishers.

31. Davidson RJ, Irwin W (1999) The functional neuroanatomy of emotion and
affective style. Trends Cogn Sci 3: 11–21.

32. Delgado MR (2007) Reward-related responses in the human striatum. Ann NY
Acad Sci 1104: 70–88.

33. Kim S (2013) Neuroscientific model of motivational process. Front Psychol 4: 98.
34. Kringelbach ML, Berridge KC (2009) Towards a functional neuroanatomy of

pleasure and happiness. Trends Cogn Sci 13: 479–487.

35. Delgado MR, Nystrom LE, Fissell C, Noll DC, Fiez JA (2000) Tracking the
hemodynamic response to reward and punishment in the striatum. J Neur-

ophysiol 84: 3072–3077.
36. Ullsperger M, von Cramon DY (2003) Error monitoring using external

feedback: Specific roles of the habenular complex, the reward system, and the

cingulate motor area revealed by functional magnetic resonance imaging.
J Neurosci 23: 4308–4314.

37. Li J, Delgado MR, Phelps EA (2011) How instructed knowledge modulates the
neural systems of reward learning. Proc Natl Acad Sci U S A 108: 55–60.

38. Ochsner KN, Gross JJ (2005) The cognitive control of emotion. Trends Cogn
Sci 9: 242–249.

39. Badre D (2008) Cognitive control, hierarchy, and the rostro-caudal organization

of the frontal lobes. Trends Cogn Sci 12: 193–200.
40. Burgess PW, Dumontheil I, Gilbert SJ (2007) The gateway hypothesis of rostral

prefrontal cortex (area 10) function. Trends Cogn Sci 11: 290–298.
41. Vincent JL, Kahn I, Snyder AZ, Raichle ME, Buckner RL (2008) Evidence for a

frontoparietal control system revealed by intrinsic functional connectivity.

J Neurophysiol 100: 3328–3342.
42. Koechlin E, Hyafil A (2007) Anterior prefrontal function and the limits of

human decision-making. Science: 318: 594–598.
43. Senko C, Hulleman CS, Harackiewicz JM (2011) Achievement goal theory at

the crossroads: Old controversies, current challenges, and new directions. Educ
Psychol 46: 26–47.

44. Ericsson KA, Krampe RT, Tesch-Römer C (1993) The role of deliberate
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