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Abstract

Summary
Academic procrastination is observed in 50-75% of students and is associated with several adverse effects on personal well-being and acade-
mic performance. Traditionally, academic procrastination is defined as voluntarily and irrationally delaying studying-related tasks. However,
many discrepancies appeared in both psychological as well as in neurological research on procrastination. These inconsistencies resulted in a
reinvestigation of the traditional outlook on procrastination, which led to the distinction between passive and active procrastination. Whereas
passive procrastination is mainly associated with low self-control and high impulsivity, active academic procrastination is associated with
extraversion and emotional stability. In other words, in active procrastination, the choice to delay tasks is made on purpose and not primarily
to delay unpleasant tasks. The introduction of these two types of procrastination enhanced further research on this matter, which made it
possible to further unravel the different neurological pathways involved in procrastination, as well as develop theoretical frameworks that can
explain procrastination. The aim of this article is to elaborate on the underlying psychological and neurological factors in academic procrasti-
nation, describing both the several traits, cognitive aspects, and task characteristics that form the four theoretical frameworks that can explain

academic procrastination, as well as elaborating on the subregions of the brain that are involved.
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certain tasks and/or activities despite acknowledging that the

delay will not result in more beneficial outcomes [1]. One form
of procrastination is academic procrastination, which is a well-known
phenomenon and refers to procrastination of learning- and studying-
related actions [2]. In a study among undergraduates in China from
2018 (n = 1184), academic procrastination was reported in 74% of
students [3]. A prevalence of 52% was found in another study from
2009 among Turkish students (n = 784) [4].

P rocrastination is often defined as the act of voluntarily delaying

Academic procrastination can result in reduced personal well-being,
and it can have negative effects within the academic domain [2].
An interview study among university students identified stress,
iliness, and exhaustion as health-related adverse effects of academic
procrastination [5]. In addition, feelings of shame, anger, anxiety, a
negative self-image, and social problems were frequently reported
[5]. Another interview study among university counsellors produced
similar findings [6]. Moreover, academic procrastination was found
to be associated with lower grades, in particular coursework grades
(7, 8l.

Nevertheless, academic procrastination does not only have negative
consequences [9, 10]. Chu et al. were the first to distinguish active
from passive procrastination [9]. Passive procrastinators procrastinate
to avoid tasks, which results in failure to complete the task in time,
whereas active procrastinators decide to procrastinate intentionally,
giving preference to working under time pressure [9]. Positive
consequences of active procrastination include time efficiency,
increased academic performance, and the perception of being in
control of the situation [9, 10].

The causes and risk factors of academic procrastination have been
studied extensively [1, 2, 11]. Several personality traits and task-level

characteristics have been identified that contribute to procrastination
from a more psychological view [1, 2, 11]. Consequently, various
theoretical frameworks have been developed [1, 2, 11]. Building
on these psychological theories, cognitive neuroscientists have
studied the brain mechanisms underlying academic procrastination.
From this perspective, the interplay between the limbic system and
the prefrontal cortex are of particular interest. This article aims to
elaborate on the factors underlying academic procrastination from
both a psychological and neurological perspective.

Psychological perspective on procrastination
Many studies have reported psychological mechanisms underlying
academic procrastination [1, 2, 11]. From this literature, the following
general topics can be distinguished as psychological factors in
academic procrastination: personality, cognitive ability, and task
characteristics. Various theoretical frameworks on procrastination
have been developed based on these psychological factors.

Personality

With regard to personality, two models have been used in research:
the five-factor model of personality and the temperament and
character model [12-15]. The five-factor model is most commonly
used and distinguishes the following traits: agreeableness (e.g.
kindness, generosity, helpfulness), conscientiousness (e.g. self-
discipline, striving for achievement), extraversion (e.g. enthusiasm,
sociability, high-energy), neuroticism (e.g. emotional instability), and
openness (e.g. imaginativeness, curiosity) [12, 13].

Having low conscientiousness is a well-established predictor of
academic procrastination [16-19]. Self-discipline, i.e. resistance to
temptations or control over one’s desires and emotions, is a facet
of conscientiousness [12, 13]. Individuals with little self-discipline
tend to prefer short-term satisfaction over long-term benefits, and,
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thus, they are more vulnerable to procrastination [11]. Impulsivity,
a facet of neuroticism, is the tendency to display behaviour with
little or no forethought and is often aimed at satisfying short-
term needs [11-13]. While some studies indicate that neuroticism
predicts procrastination, others show weaker or no association
[16-21]. Regarding the other three traits of the five-factor model, i.e.
agreeableness, extraversion, and openness, results are even more
inconsistent.

However, this inconsistency is partly solved by distinguishing
between passive and active academic procrastination [9, 10].
Emotional stability (the opposite of neuroticism) and extraversion
are predictors of active academic procrastination, in which the
decision to procrastinate is made deliberately and with the intention
to fulfil tasks in a time-efficient manner [10, 22, 23]. As an illustration,
extroverts generally enjoy participating in many social activities and
having busy schedules [22, 23]. A full schedule requires planning,
which explains why extraverts are more likely to procrastinate
actively [22, 23]. Altogether, passive and active procrastinators
differ in personality, and, thus, they have different motives for
procrastination.

Another way to study procrastination in light of personality is the
temperament and character model [14, 15]. Temperament manifests
in early development, while a character is developed later during
life [14, 15]. Character is affected by one’s temperament and socio-
environmental factors [14, 15]. A dependable temperament profile
is characterised by being highly affected by rewards, persistent but
not afraid to take risks, and having low levels of novelty seeking [24,
25]. A well-developed character is defined by high levels of self-
directedness (i.e. self-acceptance and personal goal development),
cooperation, and self-transcendence (i.e. feeling part of the bigger
picture) [24, 25]. The dependable temperament- and well-developed
character profiles have previously been associated with health and
happiness [24]. Both profiles are more often established in active than
in passive procrastinators [25]. As an example, active procrastinators
display lower levels of novelty seeking, meaning that their decisions
rely less on impulses compared to passive procrastinators [25]. In
short, studies suggest that active procrastinators are more likely to
display temperament- and character profiles that are associated with
health and happiness.

Cognitive ability

Besides personality traits, research also focuses on cognitive factors
contributing to academic procrastination, one of which is the need
for cognition. Need for cognition is the tendency to like and engage
in activities that require mental effort [26]. This need for cognition is
negatively correlated with passive procrastination, and even though
a positive correlation with active procrastination is expected, this has
not yet been established [23, 27, 28]. Another cognitive ability that
is relevant to procrastination is emotional intelligence (El). El refers
to accurately expressing, interpreting, and regulating emotions and
using them in decision-making [29]. Similar to the need for cognition,
El is negatively correlated with passive academic procrastination
[30, 311. In addition, active procrastinators show higher levels of El
than passive procrastinators [25]. As mentioned above, El includes
actively taking decisions, e.g. the decision to procrastinate, based
on the monitoring of feelings to regulate these feelings [29]. This
implies that the accurate monitoring of feelings is used to avoid
mental distress in active procrastination but used less in passive
procrastination [25]. Both the need for cognition and El, thus, seem
to play a role in academic procrastination, but associations differ for
active and passive procrastination.
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Sanchez-Ruiz et al. noted that personality traits and El both affect
academic procrastination [32]. Therefore, they investigated the effect
of the trait El, which is compromised of several personality traits that
impact how an individual responds in emotional situations [33]. The
result suggested that trait El negatively predicts passive academic
procrastination [32]. Concretely, individuals who have difficulties
in dealing with stressful situations because of specific traits, e.g.
self-discipline and self-efficacy, are more likely to procrastinate
on academic work passively [32]. This research emphasises that
academic procrastination is affected by the combination of both
personality and cognitive abilities.

Task characteristics and theoretical frameworks
on procrastination

Task aversiveness and the emotion-regulation theory
Academic procrastination is dependent on the characteristics of the
task and/or activity that is to be procrastinated [1, 2, 11]. Unpleasant
or aversive tasks are more likely to be avoided [1, 2, 11]. As simple as
it may sound, not liking the task is one of the most often mentioned
reasons for procrastination [34, 35]. The emotion-regulation theory
posits that procrastination can result from avoidance of negative
feelings brought on by an aversive task [36, 37]. Procrastination
can be a consequence of prioritising a short-term good mood (i.e.
avoiding the unpleasant task) over long-term beneficial outcomes
[36, 37]. According to the emotion-regulation theory and the five-
factor model, impulsive individuals with little self-discipline are more
likely to procrastinate aversive tasks passively [36].

Expected rewards/punishments and the 2x2 theory

Another task characteristic that affects procrastination is composed
of the future incentives, i.e. the expected rewards or punishments
[1, 2, 11]. Both task aversiveness and future incentives are taken
into account by the 2x2 theory [38]. One aspect of the 2x2 theory
is that the motivation to fulfil a task can be either approach- or
avoidance-based [38]. An approach-based strategy implies that
a task is completed because of its future rewards, while for an
avoidance-based strategy, the main driver to accomplish a task is to
avoid a punishment [38]. Goal-orientated subjects with an approach-
based strategy (i.e. aiming to reach a certain level of competence)
were less likely to use procrastination as a way to avoid aversive tasks
[38]. Therefore, procrastination in goal-orientated subjects may be
applied not to regulate an aversive task’s negative emotions but to
enhance performance via active procrastination [38]. The 2x2 model,
thus, considers the effects of task aversiveness and future incentives
and allows for a better distinction between active and passive
procrastination compared to the previous theory.

Time to rewards/punishments and the temporal

motivation theory

In addition, academic procrastination is highly dependent on the
time to rewards or punishments [1, 2, 11]. Rewards and punishments
have a greater influence on our decisions when the consequences
are more immediate versus when they are in the future [1]. The
temporal motivation theory focuses on how future incentives and
time to incentives affect procrastination [Equation 1] [2, 11, 39].

Expectancy x Value

Out tility =
reome Ui = 13 Sensitivity to delay x Delay

Equation 1
Expectancy refers to the perceived chance that a reward can be

obtained or punishment can be avoided [39]. Value refers to how
much this outcome is worth to the individual [39]. Motivation to
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Figure 1: Procrastination of a task explained by the temporal motivation theory
(TMT) and temporal decision model (TDT - additional blue lines). This figure was
created by combining Figure 1 of Steel et al. [1] and Figure 2 of Zhang et al. [11].

fulfil a task (outcome utility) increases when an individual expects
(expectancy) that a highly rewarded outcome (value) will be obtained
[39]. An essential aspect of the temporal motivation theory is that
everything depends on timing [39]. Motivation decreases when
there is relatively much time until the reward or punishment will be
obtained (delay) and when one is sensitive to this delay (sensitivity
to delay) (Figure 1) [39]. The temporal motivation theory, thus, moves
the focus from task aversiveness to (time to) future incentives.

Temporal decision theory

Zhang et al. noted that none of the above-mentioned theories
suffices to fully explain academic procrastination [11]. The temporal
motivation theory mainly focuses on (the timing of) future rewards
and punishments, but not so much on task aversiveness [11, 39].
The emotion-regulation theory and the 2x2 theory, on the other
hand, do not fully cover the importance of timing in procrastination
[11, 36-38]. Therefore, the temporal decision theory was developed
in which the decision to act or procrastinate depends on the task
itself and (time to) future incentives [11]. At every moment in time,
motivation to fulfil a certain (aversive) task at that time point is
weighed against its future rewards or punishments [Equation 2] [11].

The outcome utility parameter from the temporal decision theory
corresponds to the temporal motivation model [Equation 1],
focussing on how motivation to act increases based on the future
incentives and time to future incentives [11, 39]. The task aversiveness
parameter refers to how much a task is perceived as unpleasant by
the individual at the time being [11]. Only when outcome utility
outweighs task aversiveness, the decision to act will be made, and
the task will no longer be passively procrastinated (Figure 1) [11].

In conclusion, severalmodels on procrastination have been developed,
focussing on different aspects of tasks, i.e. task aversiveness, future
incentives, and time to future incentives. The temporal decision
theory is the only model that integrates the effects of all task-level

Expectancy (outcome) x Value (outcome)

characteristics on procrastination, potentially providing insight into
how academic procrastination arises.

Neurological perspective on procrastination
Having discussed how the psychological factors are involved in
academic procrastination, the next section of this article will address
the underlying neurological aspects of academic procrastination, of
which two brain regions are of particular interest: the limbic system
and the prefrontal cortex (PFC) (Figure 2). Relevant structures of both
these regions will be discussed first, after which the results of several
studies regarding procrastination will be given.

The limbic system

The limbic system plays a vital role in emotions, memory, motivation,
and pleasure [40]. The region contains several structures, among
which the amygdala is especially relevant in procrastination [40, 41].
The amygdala is best known for its role as a threat or fear generator
[40, 42]. It receives input from all senses and associates those senses
with emotions [40, 42]. In simple terms: the amygdala warns you
about the possible adverse effects of a particular action and is shown
to be larger in procrastinators [40, 41].

The parahippocampal gyrus/cortex (PHC), another limbic structure
known to play a role in episodic memory and future thinking, is
also relevant in the context of procrastination [40, 43, 44]. Several
studies observed that interindividual differences in procrastination
are linked to altered spontaneous metabolism or activity in the PHC
and the prefrontal cortex [11]. The effects of certain personality
traits on procrastination, such as future time perspective, might be
mediated by certain parahippocampal pathways [45]. Furthermore,
the PHC may mediate task aversiveness, which plays a vital role in
emotion regulation theory, the 2x2 model, and the temporal decision
theory [11, 36-38]. Although the temporal decision theory states
that the PHC modulates both task aversiveness as outcome utility,
it is too early to specify the exact association between PHC and
procrastination [11].

An additional relevant limbic structure is the anterior cingulate
cortex (ACC) that connects to both the ‘emotional’ limbic system and
the ‘cognitive’ PFC [40, 43, 46]. The ACC is a system that executes goal-
oriented actions to attain rewards and avoid negative outcomes and
is involved in making adjustments for temporal delays by evaluating
potential costs and benefits [43]. It has a cognitive component
located dorsally and an emotional component located ventrally [46].

The prefrontal cortex

The PFC is a part of the frontal lobe and manages executive
functions, which are a set of neurological processes involved in
cognitive control and self-regulation [47]. Executive functions are
crucial for individuals to plan and finish tasks, and they generally refer
to processes involved in controlling short-sighted and goal-oriented
behaviour [47, 48].

Considering that the PFC has these fundamental effects, this region
can either positively or negatively affect competencies such as self-

control, planning, decision-making, and problem-solving [47, 48].

Expectancy (aversiveness) x Value (aversiveness)

Decision = — — - .
1+Sensitivity to delay (outcome) x Delay (outcome)  1+Sensitivity to delay (aversiveness) x Delay (aversiveness)
Outcome utility Task aversiveness
Equation 2
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These cognitive functions are complex; thus, it is unlikely that merely
one brain region is responsible for them [47]. Nevertheless, evidence
has shown that the PFC is of considerable importance in performing
executive functions [47].

Each of the subregions of the PFC is suspected to be associated
with slightly different aspects of cognition [47]. There is no clear
consensus on these PFC subregions; however, standard demarcations
include the dorsolateral, the dorsomedial, the ventrolateral, the
ventromedial, and the orbitofrontal PFC [47]. The dorsolateral PFC
is suggested to manage cognitive processes like planning and
working memory [47, 49]. It is mainly involved in problem-solving
and directing and maintaining attention to a task [47, 49]. Therefore,
the dorsolateral PFC could play a role in several of the psychological
theories mentioned before.

Whereas the dorsolateral PFC mainly contributes to executive
functioning and cognitive control, the ventromedial PFC is assumed
to be mainly involved in integrating signals from many brain regions
[47, 49]. It receives information from several brain structures,
including the amygdala, and is sensitive to the reward associated
with a certain stimulus [50]. Furthermore, the ventrolateral PFC
seems to be involved in response inhibition, which is a crucial
executive function referring to the suppression of actions that are
considered inappropriate in a given circumstance and interfere
with goal-driven behaviour [51]. Lastly, the orbitofrontal PFC is
closely related to limbic structures, including the amygdala and
ACC, and is, thus, assumed to be relevant concerning the ability to
make decisions based on emotional information [43, 47, 52]. The
orbitofrontal PFC delivers inputs to the ACC with regard to the value
of outcomes of certain goals [43, 52].

Neural mechanisms underlying procrastination

As stated before, procrastination results from an interaction between
the limbic system, including the amygdala and the prefrontal cortex.
Schliter et al. examined the neural basis of interindividual differences
in action control and procrastination [41]. The brains of 264 healthy
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Figure 2: Overview of brain regions relevant in terms of procrastination. The lim-
bic system includes the amygdala, parahippocampal cortex (PHC), and anterior
cingulate cortex (ACC). The prefrontal cortex (PFC) is divided into the dorsomedial
PFC, the dorsolateral PFC, the ventromedial PFC, the ventrolateral PFC, and the
orbitofrontal PFC.
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individuals (mainly university students between 18 and 35 years
old) were examined using MRI, which revealed that procrastination
positively correlates with the grey matter volume of the amygdala
[41]. According to the authors, the amygdala is responsible for
fear-motivation behaviour [41]. In situations where a decision has
to be made, the amygdala helps determine whether certain stimuli
or conditions can be considered a threat [41]. In this respect, the
authors suggested that individuals with a larger amygdala might
more strongly weigh previous negative experiences, resulting in
more concern for a possible negative outcome [41]. These negative
experiences might have more power over decision-making, leading
to procrastination to avoid undesirable consequences [41]. Alongside
a larger amygdala volume, the study also linked procrastination to
weaker connectivity between the amygdala and the dorsal ACC,
which is essential in self-control [41]. However, it is unknown whether
people who procrastinate have larger amygdala volume to start
with or whether this has developed over time due to other factors.
This lack of known causality has to be taken into account when
interpreting these results.

In addition to the amygdala, other brain structures are implicated
in procrastination as well. Zhang et al. showed that procrastination
has a positive correlation with the activity of the ventromedial
PFC and PHC; a negative link was observed with the activity of the
anterior PFC [53]. These results suggest that procrastination might
be related to an overactive default mode network, which is a set
of brain areas that show activity when individuals are not focused
on the external environment (i.e. when resting, dreaming, or being
unfocused) [53]. The researchers suggest that in individuals with a
high procrastination tendency this network might interferes with the
prefrontal cortex that is responsible for executive function, which
leads to the higher tendency to procrastinate a task [53].

In a more recent study, Chen et al. used a sample of 688 subjects to
explore the brain morphological characteristics of procrastination
in both brain size and shape [54]. Several advanced brain imaging
techniques were used to link procrastination to the grey matter
volume and grey matter density of the brain [54]. A positive
correlation was found between procrastination and the grey matter
volume of the ACC and the insular cortex and PHC [54]. It turned out
that the grey matter volume of the dorsolateral PFC was negatively
linked to procrastination [54]. Procrastination was also positively
associated with grey matter density of the ACC, ventromedial PFC,
and CT complexity of orbitofrontal PFC [54]. In other words, it was
found that the brain morphological features mentioned above
can be considered as strong predictors for procrastination [54].
The authors described three brain subsystems to clarify the neural
components related to procrastination. These are the self-control
network (including the dorsolateral PFC and ACC), the emotional
regulation network (including the orbitofrontal PFC and insular), and
the episodic network (including the ventromedial PFC and PHC) [54].

Whether and how these brain networks interact and influence
procrastination was elucidated in a more recent study performed
by the same researchers [55]. In addition, this study aimed to
capture neural biomarkers of procrastination using white matter
microstructures and network features [55]. A positive association
was found between limbic white matter tracts and procrastination
[55]. Furthermore, the study revealed that the interconnection of
the white matter of the frontoparietal and limbic systems is linked
to procrastination. This outcome shows the role of interaction
between the self-control system (ruled by the frontoparietal system)
and the emotional process system (ruled by the limbic system) in
procrastination [55]. In sum, several limbic and prefrontal regions are
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involved in the concept of academic procrastination, which can be
viewed as a result of interaction between these structures.

Conclusion

Procrastination can be viewed from a psychological and neurological
point of view. Psychologically speaking, inconsistent results
in previous research can be partly solved by dividing academic
procrastination into two types: passive and active procrastination.
Four models to frame the role of personality in procrastinators have
been described, and the most important personality traits involved
in general academic procrastination are impulsivity and little self-
control, whereas extraversion and emotional stability seem to be
predictors of active academic procrastination only. Cognitive factors,
such as the need for cognition and El, were negatively correlated
with passive procrastination. Research also demonstrated that task
characteristics influence procrastination. Tasks aversiveness seems to
have a higher occurrence in tasks that are experienced as unpleasant.
Finally, procrastination seems also to be dependent on the expected
reward or punishment and the time at which these can be expected,
as explained by the temporal motivation and temporal decision
theory.

At a neurological level, procrastination has been positively linked to a
larger volume of the amygdala and a weaker connection to the ACC.
Research has also found that procrastination might depend on the
activity of the ventromedial PFC and PHC. Thus, various subregions
of the limbic system and the prefrontal cortex are relevant for the
neurological understanding of academic procrastination. In this vein,
procrastination might be a result of constant interaction between
these two systems. The limbic system overrides the prefrontal cortex,
causing procrastination; a universal affliction that is still of high
interest in the neurological and psychological field.
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