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When faced with a conflict or dilemma, we  tend to postpone or even avoid 
making a decision. This phenomenon is known as decisional procrastination. 
Here, we  investigated the neural correlates of this phenomenon, in particular 
the parahippocampal gyrus (PHG) that has previously been identified in 
procrastination studies. In this study, we  applied an individual difference 
approach to evaluate participants’ spontaneous neural activity in the PHG 
and their decisional procrastination levels, assessed outside the fMRI scanner. 
We  discovered that the fractional amplitude of low-frequency fluctuations 
(fALFF) in the caudal PHG (cPHG) could predict participants’ level of decisional 
procrastination, as measured by the avoidant decision-making style. Importantly, 
participants’ self-esteem mediated the relationship between the cPHG and 
decisional procrastination, suggesting that individuals with higher levels of 
spontaneous activity in the cPHG are likely to have higher levels of self-esteem 
and thus be more likely to make decisions on time. In short, our study broadens 
the PHG’s known role in procrastination by demonstrating its link with decisional 
procrastination and the mediating influence of self-esteem, underscoring the 
need for further exploration of this mediation mechanism.
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1 Introduction

Every day we encounter various situations that require decision-making, from food, 
clothing, and housing to jobs and marriage, and yet people have different habitual decision-
making patterns (Basu and Dixit, 2022) that lead to significant individual differences in their 
decision-making styles (Li et  al., 2017). For example, certain individuals tend to make 
decisions expeditiously, while others may delay or avoid decision-making altogether, 
particularly in situations involving conflict or dilemma. This latter propensity is termed 
decisional procrastination (Ferrari et al., 1995; Ferrari, 2000). Decisional procrastination is 
known to produce many aspects of negative outcomes, such as stress (Thunholm, 2008), 
burnout (Michailidis and Banks, 2016), anxiety (Pittig et al., 2015), and sleep disturbance (Salo 
and Allwood, 2011), and is therefore considered a risk factor for mental health (Bavolar and 
Bacikova-Sleskova, 2018). Previous studies have mainly focused on cognitive factors of 
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decisional procrastination, such as the effects of task characteristics 
and environmental conditions (Devine and Kozlowski, 1995; Rusou 
et al., 2013; Berens and Funke, 2020), but the neural underpinnings of 
this phenomenon remain largely unexplored.

In contrast, extensive research has explored the neural correlates 
of general procrastination using various modalities such as structural, 
resting-state, and task-functional MRI (fMRI) (Zhang et al., 2016, 
2021). Notably, the parahippocampal gyrus (PHG) has emerged as a 
pivotal region in general procrastination (Zhang et al., 2016, 2017; Liu 
and Feng, 2018; Chen et  al., 2019; Gao et  al., 2021). Voxel-Based 
Morphometry (VBM) analyses indicate that the gray matter volume 
of the PHG serves as a neural substrate for procrastination (Hu et al., 
2018; Liu and Feng, 2018; Chen et al., 2019), with larger volumes 
correlating with increased procrastinatory behavior. Resting-state 
studies demonstrate a positive correlation between spontaneous 
neural activity in the PHG, quantified through z-score amplitude of 
low-frequency fluctuations (zALFF) and regional homogeneity 
(ReHo), and trait procrastination. It is suggested that heightened PHG 
activity, linked to processing negative future events, may contribute to 
elevated procrastination levels (Zhang et  al., 2016). Functional 
connectivity studies show a nuanced relationship between the PHG 
and procrastination, including increased functional connectivity 
between the putamen and PHG associated with higher procrastination 
levels (Gao et al., 2021). Task-fMRI results also indicate abnormal 
PHG activity in individuals with alcoholism, who exhibit higher 
procrastination tendencies compared to the general population 
(Westgate et al., 2017).

Considering that decisional procrastination represents a specific 
facet of procrastination within the decision-making context (Gambetti 
et al., 2008; Gambetti and Giusberti, 2019), our study explores the 
potential role of the PHG in decisional procrastination. However, it is 
worth noting that the PHG comprises distinct functional subdivisions. 
Research suggests that its posterior segment is involved in processing 
visual–spatial information, while its anterior part is associated with 
contextual memory associations (Baumann and Mattingley, 2016) and 
the processing of emotional memories (Smith et al., 2004; Sterpenich 
et al., 2006). Furthermore, posterior PHG functions include mental 
simulation and episodic future thinking (Bastin et al., 2013; Bellmund 
et  al., 2016). Notably, differences between decisional and general 
procrastination have been observed in various domains, including 
personality traits (Morris and Fritz, 2015), memory (Tibbett and 
Ferrari, 2015), and self-defeating behavior (Ferrari, 1994; Orellana-
Damacela et al., 2000; Hen and Goroshit, 2020).

Given these distinctions, our study uniquely subdivides the PHG 
to investigate its distinct relationships with decisional procrastination. 
We employed resting-state fMRI to assess spontaneous neural activity 
in the PHG among a substantial participant cohort (N  = 264). 
We examined the association between the fractional amplitude of 
low-frequency fluctuations (fALFF), a well-established indicator of 
local spontaneous neural activity (Zou et al., 2008; Wang et al., 2021), 
and decisional procrastination levels, as measured using the avoidant 
decision-making style subscale of the General Decision-Making Scale 
(GDMS) (Scott and Bruce, 1995). Notably, fALFF, a sensitive measure 
reflecting spontaneous neural activity, has been linked to local brain 
glucose metabolism (Aiello et al., 2015; Nugent et al., 2015; Marchitelli 
et al., 2018; Jiao et al., 2019). It quantifies the ratio of low-frequency 
power (0.01–0.08 Hz) to the entire frequency range (0–0.25 Hz). 
Importantly, fALFF is less susceptible to motion artifacts compared to 

functional connectivity (Yan et  al., 2013) and exhibits improved 
sensitivity and specificity in detecting spontaneous brain activities 
(Zou et al., 2008; Zuo et al., 2010).

Having established a correlation between the PHG and decisional 
procrastination, our study delves further into the role of self-esteem 
in this relationship. This inquiry is informed by existing literature 
highlighting the substantial impact of self-esteem on decision-making 
styles, as proposed in the conflict theory of decision making (Mann 
et  al., 1997). Evidence also supports PHG activation during self-
esteem-related tasks (Onoda et al., 2010; Premkumar, 2012; Frewen 
et  al., 2013). The conflict theory of decision-making posits that 
individuals’ concerns about potential decision errors leading to 
reputation and self-esteem loss can induce stress, impairing their 
ability to make high-quality decisions, such as opting for decisional 
procrastination (Mann et al., 1997). Consequently, lower self-esteem 
may lead to greater stress, defensive behaviors (Larrick, 1993), and 
higher levels of decisional procrastination. Indeed, self-esteem has 
been shown to be a critical predictor of general procrastination, with 
lower self-esteem individuals exhibiting higher procrastination levels 
(Ferrari, 1991). As decisional procrastination represents a specific 
facet of procrastination within decision-making (Gambetti et al., 2008; 
Gambetti and Giusberti, 2019), our study proposes that self-esteem, 
as a significant personality variable influencing procrastination, 
should similarly predict decisional procrastination levels. In summary, 
we suggest that the PHG’s impact on decisional procrastination may 
be mediated by self-esteem, considering self-esteem’s role in decision-
making styles and its shared neural basis with procrastination in 
the PHG.

2 Methods

2.1 Participants

A total of 264 healthy college students (143 females; average 
age = 21.6 years; SD = 1.04) with no reported history of neurological or 
psychiatric disorders participated in this study. This research forms a 
part of the GEB project—an integrative investigation into the human 
mind, utilizing multimodal data on human behavior, neural anatomy, 
neural activity, and genetics (Huang et al., 2014; Song et al., 2014; 
Kong et al., 2015; Hao et al., 2016; Wang et al., 2018; Zhou et al., 2020; 
Yang et al., 2022). The study’s behavioral and fMRI protocols were 
authorized by the Institutional Review Board of Beijing Normal 
University. Before commencing the experiment, written consent was 
obtained from all participants.

2.2 Measurement on decisional 
procrastination

Decisional procrastination was measured using the avoidant 
decision-making style subscale of the General Decision-Making Scale 
(GDMS) (Scott and Bruce, 1995). This subscale comprises five items, 
including “I postpone decision-making whenever possible.” 
Participants rated their agreement with each item on a 6-point Likert 
scale, where 1 represents strong disagreement and 6 indicates strong 
agreement. Their total score, derived from all five items, reflected the 
extent of decisional procrastination, with a higher score indicating 
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greater procrastination tendencies. The subscale showed satisfactory 
reliability in our sample, as evidenced by a Cronbach’s alpha of 0.85.

The General Procrastination Scale (GPS) (Lay, 1986) was also 
measured in order to examine the validity of the avoidant decision-
making style subscale. The GPS includes 20 items, rated on a 6-point 
Likert scale from 1 (strongly disagree) to 6 (strongly agree). The 
cumulative score served as an indicator of participants’ general 
procrastination tendencies, with a higher score signifying greater 
inclination toward procrastination. The GPS demonstrated satisfactory 
reliability in our sample, as indicated by a Cronbach’s alpha of 0.91.

Self-esteem was evaluated using the Rosenberg Self-Esteem Scale 
(RSES) (Rosenberg, 1965), which includes 10 items rated on a 6-point 
Likert scale from 1 (strongly disagree) to 6 (strongly agree). An 
example item is “On the whole, I am satisfied with myself.” The total 
score was used to quantify participants’ self-esteem, with a higher 
score implying a more positive self-assessment of worth and value. In 
the present sample, the RSES demonstrated satisfactory reliability, 
with a Cronbach’s alpha of 0.89.

Given the documented association between intelligence and 
decision-making style (Di Fabio and Palazzeschi, 2012), 
we incorporated intelligence as a potential confounder in our analysis. 
We assessed participants’ intelligence using the Advanced Progressive 
Matrices (APM) test (Raven and Court, 1998). This test includes 36 
items where participants choose the missing figure to complete a 3×3 
matrix. The APM score, which is the count of items correctly answered 
within 30-min, represented each participant’s level of intelligence.

2.3 Resting state-fMRI data acquisition

We conducted the resting state fMRI (rs-fMRI) scan using a 
Siemens 3 T Magnetom Trio scanner, equipped with a 12-channel 
phased-array head coil, at the Beijing Normal University Imaging 
Center for Brain Research. For the 8-min scan, participants were 
instructed to stay awake, avoid systematic thought, keep still, and close 
their eyes. The scan comprised 240 contiguous echo-planar imaging 
(EPI) volumes with the following parameters: TR = 2000 ms, 
TE = 30 ms, flip angle = 90°, 33 slices, matrix = 64 × 64, FOV = 200 × 
200 mm2, and acquisition voxel size = 3.1 × 3.1 × 3.6 mm3. For spatial 
registration, we collected high-resolution T1-weighted images using 
the magnetization prepared gradient echo sequence (MPRAGE: TR/
TE/TI = 2530/3.39/1100 ms; flip angle = 7°; matrix = 256 × 256). 
We imaged 128 contiguous sagittal slices with an in-plane resolution 
of 1 × 1 mm2 and a slice thickness of 1.33 mm for full-brain coverage.

2.4 Rs-fMRI data preprocessing

We performed rs-fMRI preprocessing for each participant using 
FSL.1 The initial four volumes were discarded to allow for signal 
equilibrium. Further preprocessing steps encompassed spatial 
Gaussian smoothing (FWHM = 6 mm), realignment, head motion 
correction using MCFLIRT (aligning each volume to the image’s 
middle volume), mean-based intensity normalization, and linear 

1 www.fmrib.ox.ac.uk/fsl/

trend removal. We  registered each participant’s high-resolution 
anatomical image to the Montreal Neurological Institute 152-brain 
template (MNI152; 2 × 2 × 2 mm3 resolution) using a two-step process 
(Andersson et al., 2007). Initially, we employed FLIRT to perform a 
12-degrees-of-freedom linear affine transformation. Then, we refined 
the registration using FNIRT nonlinear registration. To generate a 
six-degrees-of-freedom affine transformation matrix, we used FLIRT 
to register each participant’s functional images to the high-resolution 
anatomical images.

2.5 ROIs and mean fALFF values of ROIs

Considering the PHG is a substantial brain region with 
multifaceted functions (Aminoff et al., 2007; Stenger et al., 2022), 
we  segregated it into six subdivisions (Figure  1A) to explore the 
functions of each subdivision, respectively. These divisions, our 
regions of interest (ROIs), were based on the empirically validated 
Brainnetome Atlas (BNA) (Fan et al., 2016).2

We used SPM8 software3 within MATLAB R2019a (MathWorks 
Inc., Natick, MA, USA) to compute each ROI’s mean fALFF values. 
For each voxel’s time series, we obtained the sum of the amplitudes 
within the low-frequency range (0.01–0.1 Hz). The fALFF values for 
each voxel and each participant were then calculated by dividing this 
fractional low-frequency amplitude sum by the amplitude sum across 
the total frequency range (0–0.25 Hz) (Zou et al., 2008; Zuo et al., 
2010). As a normalized ALFF index, fALFF minimizes the influence 
of artifactual signals near vessels or significant pulsatile motion (Zou 
et al., 2008; Zuo et al., 2010). The fALFF value maps were registered 
to the MNI152 space using the previously computed transformation 
matrix. Furthermore, we estimated each participant’s head motion 
from the rs-MRI data by incorporating the head motion correction 
outputs to further minimize the head motion’s influence.

2.6 fALFF-behavior correlation analysis

We implemented a partial correlation analysis to identify which 
PHG subdivision could predict decisional procrastination. For each 
of the six PHG ROIs, we examined the partial correlation between the 
mean fALFF values and avoidant decision-making style scores, with 
age, gender, intelligence (as measured by the APM), and head motion 
as control variables.

2.7 The mediation analysis

We performed a mediation analysis using the INDIRECT 
procedure with 5,000 bootstrap samples in SPSS (Preacher and Hayes, 
2008) to investigate if individual differences in self-esteem could 
account for the relationship between the PHG’s fALFF values and 
decisional procrastination. In the mediation analysis, we studied the 
indirect effect of the fALFF values of the PHG (independent variable, 

2 http://atlas.brainnetome.org

3 http://www.fil.ion.ucl.ac.uk/spm
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IV) on avoidant decision-making style scores (dependent variable, 
DV) via self-esteem (mediator, M). We used a bootstrapping approach 
to test the indirect effect’s significance. The indirect effect estimate was 
derived from the mean of 5,000 bootstrap samples, with bias 
correction and acceleration accounting for 95% confidence intervals 
(Preacher and Hayes, 2008). The indirect effect was considered 
significant if the 95% confidence interval did not contain zero.

3 Results

Each participant’s decisional procrastination level was determined 
by their avoidant decision-making style score, with a higher score 
signifying a higher tendency to procrastinate or avoid decisions. The 
score’s kurtosis (−0.19) and skewness (0.05) suggest a normal 
distribution (Marcoulides and Hershberger, 2014) of decisional 
procrastination among participants. The mean was 17.33 and the SD 
was 4.41, indicating that the individual differences in decisional 
procrastination were large and thus suitable for exploring its neural 
correlates using the individual difference approach.

To validate the avoidant decision-making style as an accurate 
measure of decisional procrastination, we compared it against the 
General Procrastination Scale. A significant positive correlation was 
observed between decisional procrastination as measured by the 
avoidant decision-making style and general procrastination as 
measured by the GPS (r = 0.49, p < 0.001), which remained significant 
even after controlling for age, gender, and intelligence (r = 0.49, 
p < 0.001). Subsequently, we explored the relationship between the 
PHG and decisional procrastination.

In order to explore whether spontaneous activity in the PHG 
during resting state is associated with decisional procrastination, 
we examined the correlation between the mean fALFF values in the 
PHG and decisional procrastination levels. Our findings revealed a 
negative correlation (r = −0.11) between these two variables. However, 
this negative correlation did not reach statistical significance (p = 0.07). 
This outcome must be considered in the context that the PHG is a 
large brain area, comprising a total of 1767 voxels, with multiple 
subdivisions each performing different functions (Baumann and 

Mattingley, 2016) (refer to Methods, Figure 1A). Analyzing the PHG 
as a whole may potentially confound the effects of its distinct 
subregions on decisional procrastination, leading to biases in the 
results. Therefore, we examined the relationship for each of the 6 
subdivisions separately. There was a significant inverse correlation 
between decisional procrastination levels and the mean fALFF values 
in the caudal area of PHG (cPHG, 312 voxels; MNI peak coordinates 
for left hemisphere x, y, z = −25, −25, −26; for right hemisphere x, y, 
z = 26, −23, −27) (r = −0.121, p = 0.049). This implies individuals with 
higher cPHG fALFF values were less prone to decisional 
procrastination. This correlation sustained even after controlling for 
age, gender, intelligence, and head motion (r = −0.126, p = 0.042). No 
significant correlations were detected in other PHG subdivisions 
(ps > 0.05) (Figure 1B).

Building upon the relationship between self-esteem, the PHG, and 
decisional procrastination, we examined if self-esteem mediates the 
correlation between the PHG and decisional procrastination. Echoing 
earlier findings (Mann et al., 1998; Thunholm, 2004; Deniz, 2006), a 
negative correlation was evident between self-esteem and decisional 
procrastination (r = −0.396, p < 0.001), indicating lower decisional 
procrastination in individuals with higher self-esteem. This correlation 
persisted when age, gender, and intelligence were controlled 
(r = −0.387, p < 0.001). Furthermore, there was a correlation between 
participants’ self-esteem levels and the fALFF magnitude in the cPHG 
(r = 0.13, p = 0.04), in line with previous research linking the PHG with 
self-esteem (Onoda et  al., 2010; Premkumar, 2012; Frewen et  al., 
2013). Notably, after regressing for self-esteem variance, the 
correlation between the cPHG and decisional procrastination was not 
significant (r = −0.08, p = 0.18), suggesting that the relationship 
between the cPHG and decisional procrastination is reliant on 
self-esteem.

To substantiate our hypothesis, we  performed a mediation 
analysis, with the path diagram illustrated in Figure 2. Bootstrap 
simulation (n = 5,000) revealed a significant indirect effect via self-
esteem (95% percentile CI = [−12.06 to −0.47], p < 0.05). This indirect 
effect remained significant even after controlling for age, gender, 
intelligence, and head motion (95% percentile CI = [−11.64 to −0.62], 
p < 0.05, see Figure 2), suggesting that the cPHG affects decisional 

FIGURE 1

PHG subdivisions and neural correlates of decisional procrastination. (A) Each hemisphere’s PHG subdivisions are delineated in different colors, with 
the bilateral caudal area of the PHG depicted in red. (B) The scatterplot demonstrating the relationship between decisional procrastination levels and 
the mean fALFF values’ magnitude in the cPHG is presented for illustrative purposes.
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procrastination through self-esteem. It’s worth noting that the direct 
effect in the mediation model was not significant (95% percentile 
CI = [−22.56 to 4.14], p > 0.05), implying that the correlation between 
the cPHG and decisional procrastination (r = −0.12, p = 0.04) lost its 
significance after adjusting for self-esteem (r = −0.08, p = 0.18). 
Hence, self-esteem fully mediates the effect of the cPHG on 
decisional procrastination.

4 Discussion

In this study, we  utilized rs-fMRI to explore the neural 
underpinnings of decisional procrastination. We  discovered that 
spontaneous neural activity within the caudal region of the PHG, as 
indicated by local fALFF, can predict decisional procrastination as 
measured by the avoidant decision-making style scale. This discovery 
broadens the PHG’s known role in general procrastination to the 
specific realm of decision-making. Moreover, our mediation analysis 
indicates that self-esteem serves as a bridge between the cPHG and 
decisional procrastination, suggesting that self-esteem could be  a 
critical factor in how the PHG influences procrastination.

Our study is consistent with previous studies that the PHG is 
involved in procrastination (Zhang et al., 2016, 2017; Liu and Feng, 
2018; Chen et al., 2019; Gao et al., 2021). Furthermore, our study 
extended the association between the PHG and general procrastination 
to procrastination in the domain of decision-making domain. This is 
important, because decision procrastination is considered different 
from general procrastination in many aspects. First, general 
procrastination is usually defined as a person’s voluntary 
postponement of an intended action despite the foreseeable negative 
consequences (Ferrari, 2010), whereas decisional procrastination 
indicates a strong tendency to fail to make timely decisions (Fabio, 
2006) especially in stressful situations (Ferrari, 1994). That is, decisions 
are logically and psychologically preceded by action, and only when 
decisions have been made do individuals take action (Milgram and 
Tenne, 2000). Thus, decisional procrastination focuses on the early 
planning stages of the action process, such as information integration 
(Ferrari, 2000), whereas general procrastination is closer to action 
(Hen and Goroshit, 2020) and focuses on the behavioral component 
of procrastination. In addition, differences in decisional 
procrastination and general procrastination (Orellana-Damacela 
et al., 2000; Hen and Goroshit, 2020) are also found in personality 

traits (Morris and Fritz, 2015), memory (Tibbett and Ferrari, 2015), 
and the self-defeating behavior (Ferrari, 1994). Taken together, this 
distinction may explain that decisional procrastination was found to 
be associated with the caudal area of the PHG, whereas the neural 
correlates of general procrastination are identified in other 
subdivisions of the PHG (Zhang et al., 2016; Chen et al., 2019; Gao 
et al., 2021).

Unlike the anterior part of the PHG, the posterior part of the PHG 
that consists of the cPHG can be activated by episodic future thinking 
(Stawarczyk and D'Argembeau, 2015), which constructs a detailed, 
sensory-rich representation of future experiences and outcomes for 
decision-making based on the expectations of future events. Indeed, 
previous studies have found that the pessimistic and negative future 
thinking likely leads to decisional procrastination (Rebetez et al., 2016; 
Chen et al., 2019). Further studies have shown that individuals with 
lower self-esteem tend to have more negative future thinking and 
feelings of uncertainty about their abilities and future outcomes 
(Coruh and Vural, 2019; Ogasawara et al., 2020). Indeed, we found 
that self-esteem mediated the relationship between the cPHG and 
decisional procrastination. That is, the cPHG may be  related to 
decision procrastination through the proxy of self-esteem.

Both the conflict theory (Mann et  al., 1997) and the terror 
management theory (TMT) (Greenberg et al., 1986) consider self-
esteem to be a central psychological factor influencing various human 
behaviors (Pyszczynski et al., 2004). And a large body of research has 
shown that self-esteem has a broad and profound effect on both 
procrastination and decision-making (Solomon and Rothblum, 1984; 
Ferrari, 1994; Beck et al., 2000; Ferrari, 2000; Deniz, 2006; Anthony 
et al., 2007; Farčić et al., 2020). Therefore, the mediating role of self-
esteem in the relationship between the PHG and decisional 
procrastination may be  enabled by its role in the domains of 
procrastination and decision-making. In the domain of 
procrastination, individuals with low self-esteem are more likely to 
procrastinate (Ferrari, 1991), possibly because they are concerned 
about their poor performance (Thompson, 2018). As a result, they 
avoid taking actions such as making decisions (Ferrari et al., 1995; 
Duru and Balkis, 2014) to avoid experiencing failure and to protect 
their self-worth. In the domain of decision-making, individuals with 
lower self-esteem perform worse in the decision-making, as they are 
more irrational (Mann et al., 1998; Thunholm, 2004; Deniz, 2006; 
Kumar, 2018), less confident in their decision-making abilities 
(Ogasawara et al., 2020) for good outcomes (Coruh and Vural, 2019). 
Unfortunately, the correlation analysis nature of this study cannot 
disentangle whether self-esteem mediates the relationship between the 
PHG and decisional procrastination in the domain of procrastination, 
or in the domain of decision-making, or both. Future research with 
causal designs may help to illustrate the mediating role of self-esteem 
in the link between the PHG and decisional procrastination.

While our study provides insightful observations regarding the 
relationship between the fALFF in the PHG and its 6 subdivisions with 
decisional procrastination, several limitations warrant consideration. 
The effect size observed in our research is relatively small. This could 
be attributed to our focused approach, which exclusively examined the 
PHG region. It is crucial to acknowledge that decisional procrastination, 
as a complex cognitive process, is likely influenced by a multitude of 
brain regions. Our study’s scope, limited to the PHG, may not capture 
the entire spectrum of neural correlates contributing to decisional 
procrastination. Moreover, we acknowledge the absence of multiple 

FIGURE 2

Mediation of the cPHG and decisional procrastination relationship by 
self-esteem path coefficients are displayed next to the arrows, 
indicating each link in the analysis. For the correlation between the 
cPHG and decisional procrastination, the lower value indicates the 
correlation after accounting for self-esteem as a mediator, whereas 
the upper value represents the correlation without adjusting for self-
esteem’s effect. All values are standardized betas. * p  <  0.05, ** 
p  <  0.01, two-tailed.
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comparison corrections in our analysis of the relationship between 
fALFF in the PHG’s 6 subdivisions and decisional procrastination. 
Although we attempted to apply corrections using methods such as 
False Discovery Rate (FDR), Bonferroni, or Westfall-Young, our results 
did not withstand these adjustments. While such corrections are crucial 
for reducing false positives, they also carry the risk of introducing false 
negatives, potentially affecting the interpretation of our findings. It is 
important to contextualize our results in light of existing research, 
particularly studies focusing on the PHG and its relationship with 
procrastination (Zhang et al., 2016, 2017; Hu et al., 2018; Liu and Feng, 
2018; Chen et al., 2019; Gao et al., 2021). Our findings, while limited, 
do align with these previous studies, suggesting a degree of consistency 
in the observed neural patterns related to decisional procrastination. In 
conclusion, while our study offers valuable insights into the neural basis 
of decisional procrastination, especially in relation to the PHG region, 
these limitations highlight the need for more comprehensive and multi-
faceted research in this area. Future studies exploring a broader range 
of brain regions and incorporating robust statistical methodologies are 
essential to deepen our understanding of the neural mechanisms 
underpinning decisional procrastination.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Institutional 
Review Board of Beijing Normal University. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

WL: Writing – original draft, Data curation, Formal analysis, 
Investigation, Project administration, Validation, Visualization. FY: 
Writing – original draft, Data curation, Formal analysis, Validation. 
TH: Writing – original draft, Resources, Software. XL: Writing – 
review & editing, Data curation, Formal analysis, Investigation, 
Project administration, Resources, Supervision, Validation, 
Visualization.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. The research 
was financially supported by the Renmin University of China’s New 
Faculty Startup Fund (15XNLF07) and the China Postdoctoral Science 
Foundation (2015M571186).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Aiello, M., Salvatore, E., Cachia, A., Pappatà, S., Cavaliere, C., Prinster, A., et al. (2015). 

Relationship between simultaneously acquired resting-state regional cerebral glucose 
metabolism and functional MRI: a PET/MR hybrid scanner study. Neuroimage 113, 
111–121. doi: 10.1016/j.neuroimage.2015.03.017

Aminoff, E., Gronau, N., and Bar, M. (2007). The parahippocampal cortex mediates 
spatial and nonspatial associations. Cereb. Cortex 17, 1493–1503. doi: 10.1093/cercor/
bhl078

Andersson, J. L. R., Jenkinson, M., and Smith, S. (2007). Non-linear registration, aka 
spatial normalisation FMRIB technical report TR07JA2. FMRIB Centre, Oxford, 
United Kingdom.

Anthony, D. B., Wood, J. V., and Holmes, J. G. (2007). Testing sociometer theory: self-
esteem and the importance of acceptance for social decision-making. J. Exp. Soc. Psychol. 
43, 425–432. doi: 10.1016/j.jesp.2006.03.002

Bastin, J., Committeri, G., Kahane, P., Galati, G., Minotti, L., Lachaux, J. P., et al. 
(2013). Timing of posterior parahippocampal gyrus activity reveals multiple scene 
processing stages. Hum. Brain Mapp. 34, 1357–1370. doi: 10.1002/hbm.21515

Basu, S., and Dixit, S. (2022). Role of metacognition in explaining decision-making 
styles: a study of knowledge about cognition and regulation of cognition. Personal. 
Individ. Differ. 185:111318. doi: 10.1016/j.paid.2021.111318

Baumann, O., and Mattingley, J. B. (2016). Functional organization of the 
parahippocampal cortex: dissociable roles for context representations and the perception 
of visual scenes. J. Neurosci. 36, 2536–2542. doi: 10.1523/jneurosci.3368-15.2016

Bavolar, J., and Bacikova-Sleskova, M. (2018). Psychological protective factors mediate 
the relationship between decision-making styles and mental health. Curr. Psychol. 39, 
1277–1286. doi: 10.1007/s12144-018-9831-9

Beck, B. L., Koons, S. R., and Milgrim, D. L. (2000). Correlates and consequences of 
behavioral procrastination: the effects of academic procrastination, self-consciousness, 
self-esteem and self-handicapping. J. Soc. Behav. Pers. 15:3–13. Available at: https://www.
proquest.com/docview/1292269492?pq-origsite=gscholar&fromopenview=true&sourc
etype=Scholarly%20Journals

Bellmund, J. L., Deuker, L., Navarro Schröder, T., and Doeller, C. F. (2016). Grid-cell 
representations in mental simulation. eLife 5:e17089. doi: 10.7554/eLife.17089

Berens, S., and Funke, J. (2020). A vignette study of option refusal and decision 
deferral as two forms of decision avoidance: situational and personal predictors. PLoS 
One 15:e0241182. doi: 10.1371/journal.pone.0241182

Chen, Z., Liu, P., Zhang, C., and Feng, T. (2019). Brain morphological dynamics of 
procrastination: the crucial role of the self-control, emotional, and episodic prospection 
network. Cereb. Cortex 30, 2834–2853. doi: 10.1093/cercor/bhz278

Coruh, Y., and Vural, M. (2019). Study on high school teachers' self-esteem in decision 
making and decision making styles. Asian J. Educ. Train. 5, 362–368. doi: 10.20448/
journal.522.2019.52.362.368

Deniz, M. (2006). The relationships among coping with stress, life satisfaction, 
decision-making styles and decision self-esteem: an investigation with Turkish 
university students. Soc. Behav. Personal. Int. J. 34, 1161–1170. doi: 10.2224/
sbp.2006.34.9.1161

Devine, D. J., and Kozlowski, S. W. (1995). Domain-specific knowledge and task 
characteristics in decision making. Organ. Behav. Hum. Decis. Process. 64, 294–306. doi: 
10.1006/obhd.1995.1107

Di Fabio, A., and Palazzeschi, L. (2012). Incremental variance of the core self-
evaluation construct compared to fluid intelligence and personality traits in aspects 

https://doi.org/10.3389/fnins.2024.1341142
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.neuroimage.2015.03.017
https://doi.org/10.1093/cercor/bhl078
https://doi.org/10.1093/cercor/bhl078
https://doi.org/10.1016/j.jesp.2006.03.002
https://doi.org/10.1002/hbm.21515
https://doi.org/10.1016/j.paid.2021.111318
https://doi.org/10.1523/jneurosci.3368-15.2016
https://doi.org/10.1007/s12144-018-9831-9
https://www.proquest.com/docview/1292269492?pq-origsite=gscholar&fromopenview=true&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/1292269492?pq-origsite=gscholar&fromopenview=true&sourcetype=Scholarly%20Journals
https://www.proquest.com/docview/1292269492?pq-origsite=gscholar&fromopenview=true&sourcetype=Scholarly%20Journals
https://doi.org/10.7554/eLife.17089
https://doi.org/10.1371/journal.pone.0241182
https://doi.org/10.1093/cercor/bhz278
https://doi.org/10.20448/journal.522.2019.52.362.368
https://doi.org/10.20448/journal.522.2019.52.362.368
https://doi.org/10.2224/sbp.2006.34.9.1161
https://doi.org/10.2224/sbp.2006.34.9.1161
https://doi.org/10.1006/obhd.1995.1107


Ling et al. 10.3389/fnins.2024.1341142

Frontiers in Neuroscience 07 frontiersin.org

of decision-making. Personal. Individ. Differ. 53, 196–201. doi: 10.1016/j.
paid.2012.03.012

Duru, E., and Balkis, M. (2014). The roles of academic procrastination tendency on 
the relationships among self doubt, self esteem and academic achievement. Educ. Sci. 
39, 274–287. Available at: https://www.researchgate.net/profile/Murat-Balkis-2/
publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_
Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/
links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-
on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf

Fabio, A. D. (2006). Decisional procrastination correlates: personality traits, self-
esteem or perception of cognitive failure? Int. J. Educ. Vocat. Guid. 6, 109–122. doi: 
10.1007/s10775-006-9000-9

Fan, L., Li, H., Zhuo, J., Zhang, Y., Wang, J., Chen, L., et al. (2016). The human 
Brainnetome atlas: a new brain atlas based on connectional architecture. Cereb. Cortex 
26, 3508–3526. doi: 10.1093/cercor/bhw157

Farčić, N., Barać, I., Plužarić, J., Ilakovac, V., Pačarić, S., Gvozdanović, Z., et al. (2020). 
Personality traits of core self-evaluation as predictors on clinical decision-making in 
nursing profession. PLoS One 15:e0233435. doi: 10.1371/journal.pone.0233435

Ferrari, J. R. (1991). Compulsive procrastination: some self-reported characteristics. 
Psychol. Rep. 68, 455–458. doi: 10.2466/pr0.68.2.455-458

Ferrari, J. R. (1994). Dysfunctional procrastination and its relationship with self-
esteem, interpersonal dependency, and self-defeating behaviors. Personal. Individ. Differ. 
17, 673–679. doi: 10.1016/0191-8869(94)90140-6

Ferrari, J. R. (2000). Procrastination and attention: factor analysis of attention deficit, 
boredomness, intelligence, self-esteem, and task delay frequencies. J. Soc. Behav. Pers. 15, 
185–196. Available at: https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_
attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-di
sposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires= 
1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877W 
sfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmE
PayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~
RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z-
-070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2 
IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

Ferrari, J. R. (2010). Still procrastinating: the no regrets guide to getting it done. John 
Wiley & Sons. Hoboken

Ferrari, J. R., Johnson, J. L., and McCown, W. G. (1995). Procrastination and task 
avoidance: theory, research, and treatment. Springer Science & Business Media, 
Berlin.

Frewen, P. A., Lundberg, E., Brimson-Theberge, M., and Theberge, J. (2013). 
Neuroimaging self-esteem: a fMRI study of individual differences in women. Soc. Cogn. 
Affect. Neurosci. 8, 546–555. doi: 10.1093/scan/nss032

Gambetti, E., Fabbri, M., Bensi, L., and Tonetti, L. (2008). A contribution to the Italian 
validation of the general decision-making style inventory. Personal. Individ. Differ. 44, 
842–852. doi: 10.1016/j.paid.2007.10.017

Gambetti, E., and Giusberti, F. (2019). Personality, decision-making styles and 
investments. J. Behav. Exp. Econ. 80, 14–24. doi: 10.1016/j.socec.2019.03.002

Gao, K., Zhang, R., Xu, T., Zhou, F., and Feng, T. (2021). The effect of conscientiousness 
on procrastination: the interaction between the self-control and motivation neural 
pathways. Hum. Brain Mapp. 42, 1829–1844. doi: 10.1002/hbm.25333

Greenberg, J., Pyszczynski, T., and Solomon, S. (1986). “The causes and consequences 
of a need for self-esteem: a terror management theory” in Public and private self. ed. R. 
F. Baumeister (New York: Springer)

Hao, X., Huang, Y., Li, X., Song, Y., Kong, X., Wang, X., et al. (2016). Structural and 
functional neural correlates of spatial navigation: a combined voxel-based morphometry 
and functional connectivity study. Brain Behav. 6:e00572. doi: 10.1002/brb3.572

Hen, M., and Goroshit, M. (2020). The effects of decisional and academic 
procrastination on students’ feelings toward academic procrastination. Curr. Psychol. 39, 
556–563. doi: 10.1007/s12144-017-9777-3

Hu, Y., Liu, P., Guo, Y., and Feng, T. (2018). The neural substrates of procrastination: a voxel-
based morphometry study. Brain Cogn. 121, 11–16. doi: 10.1016/j.bandc.2018.01.001

Huang, L., Song, Y., Li, J., Zhen, Z., Yang, Z., and Liu, J. (2014). Individual differences 
in cortical face selectivity predict behavioral performance in face recognition. Front. 
Hum. Neurosci. 8:483. doi: 10.3389/fnhum.2014.00483

Jiao, F., Gao, Z., Shi, K., Jia, X., Wu, P., Jiang, C., et al. (2019). Frequency-dependent 
relationship between resting-state fMRI and glucose metabolism in the elderly. Front. 
Neurol. 10:566. doi: 10.3389/fneur.2019.00566

Kong, F., Hu, S., Xue, S., Song, Y., and Liu, J. (2015). Extraversion mediates the 
relationship between structural variations in the dorsolateral prefrontal cortex and social 
well-being. Neuroimage 105, 269–275. doi: 10.1016/j.neuroimage.2014.10.062

Kumar, S. (2018). Decision making styles among professor in central University of Bihar 
-an empirical study of predictors. Int. J. Law Soc. 1, 84–91. doi: 10.11648/j.ijls.20180102.15

Larrick, R. P. (1993). Motivational factors in decision theories: the role of self-
protection. Psychol. Bull. 113, 440–450. doi: 10.1037/0033-2909.113.3.440

Lay, C. H. (1986). At last, my research article on procrastination. J. Res. Pers. 20, 
474–495. doi: 10.1016/0092-6566(86)90127-3

Li, Y., Zhang, H., and Dong, Y. (2017). The interactive consensus reaching process with 
the minimum and uncertain cost in group decision making. Appl. Soft Comput. 60, 
202–212. doi: 10.1016/j.asoc.2017.06.056

Liu, P., and Feng, T. (2018). The effect of future time perspective on procrastination: 
the role of parahippocampal gyrus and ventromedial prefrontal cortex. Brain Imaging 
Behav. 13, 615–622. doi: 10.1007/s11682-018-9874-4

Mann, L., Burnett, P., Radford, M., and Ford, S. (1997). The Melbourne decision 
making questionnaire: an instrument for measuring patterns for coping with decisional 
conflict. J. Behav. Decis. Mak. 10, 1–19. doi: 10.1002/(sici)1099-0771(199703)10:1<1::A
id-bdm242>3.0.Co;2-x

Mann, L., Radford, M., Burnett, P., Ford, S., Bond, M., Leung, K., et al. (1998). Cross-
cultural differences in self-reported decision-making style and confidence. Int. J. Psychol. 
33, 325–335. doi: 10.1080/002075998400213

Marchitelli, R., Aiello, M., Cachia, A., Quarantelli, M., Cavaliere, C., Postiglione, A., 
et al. (2018). Simultaneous resting-state FDG-PET/fMRI in Alzheimer disease: 
relationship between glucose metabolism and intrinsic activity. NeuroImage 176, 
246–258. doi: 10.1016/j.neuroimage.2018.04.048

Marcoulides, G. A., and Hershberger, S. L. (2014). Multivariate statistical methods: A 
first course. Psychology Press, London.

Michailidis, E., and Banks, A. P. (2016). The relationship between burnout and risk-
taking in workplace decision-making and decision-making style. Work Stress 30, 
278–292. doi: 10.1080/02678373.2016.1213773

Milgram, N., and Tenne, R. (2000). Personality correlates of decisional and task 
avoidant procrastination. Eur. J. Personal. 14, 141–156. doi: 10.1002/(SICI)1099-0984
(200003/04)14:2<141::AID-PER369>3.0.CO;2-V

Morris, P. E., and Fritz, C. O. (2015). Conscientiousness and procrastination predict 
academic coursework marks rather than examination performance. Learn. Individ. 
Differ. 39, 193–198. doi: 10.1016/j.lindif.2015.03.007

Nugent, A. C., Martinez, A., D'Alfonso, A., Zarate, C. A., and Theodore, W. H. (2015). 
The relationship between glucose metabolism, resting-state fMRI BOLD signal, and 
GABAA-binding potential: a preliminary study in healthy subjects and those with 
temporal lobe epilepsy. J. Cereb. Blood Flow Metab. 35, 583–591. doi: 10.1038/
jcbfm.2014.228

Ogasawara, A., Ohmura, Y., and Kuniyoshi, Y. (2020). Reward sensitivity differs 
depending on global self-esteem in value-based decision-making. Sci. Rep. 10:21525. 
doi: 10.1038/s41598-020-78635-1

Onoda, K., Okamoto, Y., Nakashima, K., Nittono, H., Yoshimura, S., Yamawaki, S., 
et al. (2010). Does low self-esteem enhance social pain? The relationship between trait 
self-esteem and anterior cingulate cortex activation induced by ostracism. Soc. Cogn. 
Affect. Neurosci. 5, 385–391. doi: 10.1093/scan/nsq002

Orellana-Damacela, L. E., Tindale, R. S., and Suárez-Balcázar, Y. (2000). Decisional 
and behavioral procrastination: how they relate to self-discrepancies. J. Soc. Behav. Pers. 
15, 225–238. Available at: https://ecommons.luc.edu/cgi/viewcontent.cgi?article=1026
&context=psychology_facpubs

Pittig, A., Alpers, G. W., Niles, A. N., and Craske, M. G. (2015). Avoidant decision-
making in social anxiety disorder: a laboratory task linked to in  vivo anxiety and 
treatment outcome. Behav. Res. Ther. 73, 96–103. doi: 10.1016/j.brat.2015.08.003

Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for 
assessing and comparing indirect effects in multiple mediator models. Behav. Res. 
Methods 40, 879–891. doi: 10.3758/brm.40.3.879

Premkumar, P. (2012). Are you  being rejected or excluded? Insights from 
neuroimaging studies using different rejection paradigms. Clin. Psychopharmacol. 
Neurosci. 10, 144–154. doi: 10.9758/cpn.2012.10.3.144

Pyszczynski, T., Greenberg, J., Solomon, S., Arndt, J., and Schimel, J. (2004). Why do 
people need self-esteem? A theoretical and empirical review. Psychol. Bull. 130, 435–468. 
doi: 10.1037/0033-2909.130.3.435

Raven, J. C., and Court, J. H. (1998). Raven's progressive matrices and vocabulary scales. 
Oxford Psychologists Press. Oxford

Rebetez, M. M. L., Barsics, C., Rochat, L., D’Argembeau, A., and Van der Linden, M. 
(2016). Procrastination, consideration of future consequences, and episodic future 
thinking. Conscious. Cogn. 42, 286–292. doi: 10.1016/j.concog.2016.04.003

Rosenberg, M. (1965). Society and the adolescent self-image. Princeton, NJ: Princeton 
University Press

Rusou, Z., Zakay, D., and Usher, M. (2013). Pitting intuitive and analytical thinking 
against each other: the case of transitivity. Psychon. Bull. Rev. 20, 608–614. doi: 10.3758/
s13423-013-0382-7

Salo, I., and Allwood, C. M. (2011). Decision-making styles, stress and gender among 
investigators. Policing 34, 97–119. doi: 10.1108/13639511111106632

Scott, S. G., and Bruce, R. A. (1995). Decision-making style: the development and 
assessment of a new measure. Educ. Psychol. Meas. 55, 818–831. doi: 
10.1177/0013164495055005017

Smith, A. P. R., Henson, R. N. A., Dolan, R. J., and Rugg, M. D. (2004). fMRI correlates 
of the episodic retrieval of emotional contexts. Neuroimage 22, 868–878. doi: 10.1016/j.
neuroimage.2004.01.049

Solomon, L. J., and Rothblum, E. D. (1984). Academic procrastination: frequency and 
cognitive-behavioral correlates. J. Couns. Psychol. 31, 503–509. doi: 10.1037/0022-0167.31.4.503

https://doi.org/10.3389/fnins.2024.1341142
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.paid.2012.03.012
https://doi.org/10.1016/j.paid.2012.03.012
https://www.researchgate.net/profile/Murat-Balkis-2/publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf
https://www.researchgate.net/profile/Murat-Balkis-2/publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf
https://www.researchgate.net/profile/Murat-Balkis-2/publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf
https://www.researchgate.net/profile/Murat-Balkis-2/publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf
https://www.researchgate.net/profile/Murat-Balkis-2/publication/261688540_The_Roles_of_Academic_Procrastination_Tendency_on_the_Relationships_among_Self_Doubt_Self_Esteem_and_Academic_Achievement/links/5411acdd0cf2b4da1bec65ba/The-Roles-of-Academic-Procrastination-Tendency-on-the-Relationships-among-Self-Doubt-Self-Esteem-and-Academic-Achievement.pdf
https://doi.org/10.1007/s10775-006-9000-9
https://doi.org/10.1093/cercor/bhw157
https://doi.org/10.1371/journal.pone.0233435
https://doi.org/10.2466/pr0.68.2.455-458
https://doi.org/10.1016/0191-8869(94)90140-6
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/44452369/Procrastination_and_attention_Factor_ana20160405-8173-1icnokf-libre.pdf?1459900390=&response-content-disposition=inline%3B+filename%3DProcrastination_and_attention_Factor_ana.pdf&Expires=1709820425&Signature=UXXkuvSigAH2CBpin2JBxWVfrWbmIR9fg4scpMgJm877WsfJaBtKBoUdrexymS7dr5Uw2okHs3NjH~f2VCuEErivVtafWcD1Qxagkh6sAuNRv1QwmEPayiiLZlUFXLEZjeZbozvz7bqWA-lAHxM7eczoGQiiq6q2eobyaveNu~72bgxi-Dfqr5co1lY~RgaDiKcmTS5gCQevGUcivi0crrHHqaj12~~yXUgb01Tz7csnvYVRqMaTu~ulb2mf3z--070kYMpC9ovmIu1P6zPkwZOWih~CUQuWnQRUgJgtSEjiS8Bv7IAD-dnKCOHFt2IpmMM5VfFNLZRedmj-ae0D1A__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1093/scan/nss032
https://doi.org/10.1016/j.paid.2007.10.017
https://doi.org/10.1016/j.socec.2019.03.002
https://doi.org/10.1002/hbm.25333
https://doi.org/10.1002/brb3.572
https://doi.org/10.1007/s12144-017-9777-3
https://doi.org/10.1016/j.bandc.2018.01.001
https://doi.org/10.3389/fnhum.2014.00483
https://doi.org/10.3389/fneur.2019.00566
https://doi.org/10.1016/j.neuroimage.2014.10.062
https://doi.org/10.11648/j.ijls.20180102.15
https://doi.org/10.1037/0033-2909.113.3.440
https://doi.org/10.1016/0092-6566(86)90127-3
https://doi.org/10.1016/j.asoc.2017.06.056
https://doi.org/10.1007/s11682-018-9874-4
https://doi.org/10.1002/(sici)1099-0771(199703)10:1<1::Aid-bdm242>3.0.Co;2-x
https://doi.org/10.1002/(sici)1099-0771(199703)10:1<1::Aid-bdm242>3.0.Co;2-x
https://doi.org/10.1080/002075998400213
https://doi.org/10.1016/j.neuroimage.2018.04.048
https://doi.org/10.1080/02678373.2016.1213773
https://doi.org/10.1002/(SICI)1099-0984(200003/04)14:2<141::AID-PER369>3.0.CO;2-V
https://doi.org/10.1002/(SICI)1099-0984(200003/04)14:2<141::AID-PER369>3.0.CO;2-V
https://doi.org/10.1016/j.lindif.2015.03.007
https://doi.org/10.1038/jcbfm.2014.228
https://doi.org/10.1038/jcbfm.2014.228
https://doi.org/10.1038/s41598-020-78635-1
https://doi.org/10.1093/scan/nsq002
https://ecommons.luc.edu/cgi/viewcontent.cgi?article=1026&context=psychology_facpubs
https://ecommons.luc.edu/cgi/viewcontent.cgi?article=1026&context=psychology_facpubs
https://doi.org/10.1016/j.brat.2015.08.003
https://doi.org/10.3758/brm.40.3.879
https://doi.org/10.9758/cpn.2012.10.3.144
https://doi.org/10.1037/0033-2909.130.3.435
https://doi.org/10.1016/j.concog.2016.04.003
https://doi.org/10.3758/s13423-013-0382-7
https://doi.org/10.3758/s13423-013-0382-7
https://doi.org/10.1108/13639511111106632
https://doi.org/10.1177/0013164495055005017
https://doi.org/10.1016/j.neuroimage.2004.01.049
https://doi.org/10.1016/j.neuroimage.2004.01.049
https://doi.org/10.1037/0022-0167.31.4.503


Ling et al. 10.3389/fnins.2024.1341142

Frontiers in Neuroscience 08 frontiersin.org

Song, Y., Lu, H., Hu, S., Xu, M., Li, X., and Liu, J. (2014). Regulating emotion to 
improve physical health through the amygdala. Soc. Cogn. Affect. Neurosci. 10, 523–530. 
doi: 10.1093/scan/nsu083

Stawarczyk, D., and D'Argembeau, A. (2015). Neural correlates of personal goal 
processing during episodic future thinking and mind-wandering: an ALE meta-analysis. 
Hum. Brain Mapp. 36, 2928–2947. doi: 10.1002/hbm.22818

Stenger, S., Bludau, S., Mohlberg, H., and Amunts, K. (2022). Cytoarchitectonic parcellation 
and functional characterization of four new areas in the caudal parahippocampal cortex. Brain 
Struct. Funct. 227, 1439–1455. doi: 10.1007/s00429-021-02441-2

Sterpenich, V., D’Argembeau, A., Desseilles, M., Balteau, E., Albouy, G., Vandewalle, G., et al. 
(2006). The locus ceruleus is involved in the successful retrieval of emotional memories in 
humans. J. Neurosci. 26, 7416–7423. doi: 10.1523/JNEUROSCI.1001-06.2006

Thompson, T. (2018). Underachieving to protect self-worth: advice for teachers, London. 
Routledge

Thunholm, P. (2004). Decision-making style: habit, style or both? Personal. Individ. 
Differ. 36, 931–944. doi: 10.1016/S0191-8869(03)00162-4

Thunholm, P. (2008). Decision-making styles and physiological correlates of negative stress: 
is there a relation? Scand. J. Psychol. 49, 213–219. doi: 10.1111/j.1467-9450.2008.00640.x

Tibbett, T. P., and Ferrari, J. R. (2015). The portrait of the procrastinator: risk factors 
and results of an indecisive personality. Personal. Individ. Differ. 82, 175–184. doi: 
10.1016/j.paid.2015.03.014

Wang, X., Zhu, Q., Song, Y., and Liu, J. (2018). Developmental reorganization of the 
core and extended face networks revealed by global functional connectivity. Cereb. 
Cortex 28, 3521–3530. doi: 10.1093/cercor/bhx217

Wang, Q., Zhu, Y., Wang, Y., Chen, C., He, Q., and Xue, G. (2021). Intrinsic non-hub 
connectivity predicts human inter-temporal decision-making. Brain Imaging Behav. 15, 
2005–2016. doi: 10.1007/s11682-020-00395-3

Westgate, E. C., Wormington, S. V., Oleson, K. C., and Lindgren, K. P. (2017). 
Productive procrastination: academic procrastination style predicts academic and 
alcohol outcomes. J. Appl. Soc. Psychol. 47, 124–135. doi: 10.1111/jasp.12417

Yan, C.-G., Cheung, B., Kelly, C., Colcombe, S., Craddock, R. C., Di Martino, A., et al. 
(2013). A comprehensive assessment of regional variation in the impact of head 
micromovements on functional connectomics. NeuroImage 76, 183–201. doi: 10.1016/j.
neuroimage.2013.03.004

Yang, F., Li, X., and Hu, P. (2022). The resting-state neural network of delay 
discounting. Front. Psychol. 13:828929. doi: 10.3389/fpsyg.2022.828929

Zhang, C., Ni, Y., and Feng, T. (2017). The effect of regulatory mode on 
procrastination: bi-stable parahippocampus connectivity with dorsal anterior 
cingulate and anterior prefrontal cortex. Behav. Brain Res. 329, 51–57. doi: 
10.1016/j.bbr.2017.04.019

Zhang, S., Verguts, T., Zhang, C., Feng, P., Chen, Q., and Feng, T. (2021). 
Outcome value and task aversiveness impact task procrastination through separate 
neural pathways. Cereb. Cortex 31, 3846–3855. doi: 10.1093/cercor/bhab053

Zhang, W., Wang, X., and Feng, T. (2016). Identifying the neural substrates of 
procrastination: a resting-state fMRI study. Sci. Rep. 6:33203. doi: 10.1038/srep33203

Zhou, L., Zhen, Z., Liu, J., and Zhou, K. (2020). Brain structure and functional 
connectivity associated with individual differences in the attentional blink. Cereb. Cortex 
30, 6224–6237. doi: 10.1093/cercor/bhaa180

Zou, Q.-H., Zhu, C.-Z., Yang, Y., Zuo, X.-N., Long, X.-Y., Cao, Q.-J., et al. (2008). An 
improved approach to detection of amplitude of low-frequency fluctuation (ALFF) for 
resting-state fMRI: fractional ALFF. J. Neurosci. Methods 172, 137–141. doi: 10.1016/j.
jneumeth.2008.04.012

Zuo, X.-N., Di Martino, A., Kelly, C., Shehzad, Z. E., Gee, D. G., Klein, D. F., et al. 
(2010). The oscillating brain: complex and reliable. Neuroimage 49, 1432–1445. doi: 
10.1016/j.neuroimage.2009.09.037

https://doi.org/10.3389/fnins.2024.1341142
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1093/scan/nsu083
https://doi.org/10.1002/hbm.22818
https://doi.org/10.1007/s00429-021-02441-2
https://doi.org/10.1523/JNEUROSCI.1001-06.2006
https://doi.org/10.1016/S0191-8869(03)00162-4
https://doi.org/10.1111/j.1467-9450.2008.00640.x
https://doi.org/10.1016/j.paid.2015.03.014
https://doi.org/10.1093/cercor/bhx217
https://doi.org/10.1007/s11682-020-00395-3
https://doi.org/10.1111/jasp.12417
https://doi.org/10.1016/j.neuroimage.2013.03.004
https://doi.org/10.1016/j.neuroimage.2013.03.004
https://doi.org/10.3389/fpsyg.2022.828929
https://doi.org/10.1016/j.bbr.2017.04.019
https://doi.org/10.1093/cercor/bhab053
https://doi.org/10.1038/srep33203
https://doi.org/10.1093/cercor/bhaa180
https://doi.org/10.1016/j.jneumeth.2008.04.012
https://doi.org/10.1016/j.jneumeth.2008.04.012
https://doi.org/10.1016/j.neuroimage.2009.09.037

	Self-esteem mediates the relationship between the parahippocampal gyrus and decisional procrastination at resting state
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Measurement on decisional procrastination
	2.3 Resting state-fMRI data acquisition
	2.4 Rs-fMRI data preprocessing
	2.5 ROIs and mean fALFF values of ROIs
	2.6 fALFF-behavior correlation analysis
	2.7 The mediation analysis

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

