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Temporal discounting predicts
procrastination in the real world

PeiYuan Zhang®™ & Wei Ji Ma'?

People procrastinate, but why? One long-standing hypothesis is that temporal discounting drives
procrastination: in a task with a distant future reward, the discounted future reward fails to provide
sufficient motivation to initiate work early. However, empirical evidence for this hypothesis has

been lacking. Here, we used a long-term real-world task and a novel measure of procrastination to
examine the association between temporal discounting and real-world procrastination. To measure
procrastination, we critically measured the entire time course of the work progress instead of a single
endpoint, such as task completion day. This approach allowed us to compute a fine-grained metric

of procrastination. We found a positive correlation between individuals’ degree of future reward
discounting and their level of procrastination, suggesting that temporal discounting is a cognitive
mechanism underlying procrastination. We found no evidence of a correlation when we, instead,
measured procrastination by task completion day or by survey. This association between temporal
discounting and procrastination offers empirical support for targeted interventions that could mitigate
procrastination, such as modifying incentive systems to reduce the delay to a reward and lowering
discount rates.
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In today’s world, achieving long-term goals, such as writing an article or developing complex software,
demands sustained effort spanning days or months. These endeavors are crucial for both personal success and
societal productivity, yet they often collide with the challenge of procrastination. Procrastination is prevalent;
it chronically affects approximately 20% of the adult population' and up to 70% of undergraduate students?.
For instance, people delay filing their taxes until the last minute®. Researchers postpone until the last minute
registering for academic conferences* and submitting abstracts and papers®. College students commonly put
off starting self-paced quizzes and find themselves rushing to complete them by the end of the semester®-S.
The consequences of procrastination are profound, impacting individuals” achievements and well-being.
Procrastination results in lower salaries, shorter employment durations, a higher likelihood of unemployment’,
and monetary loss®. Beyond these tangible effects, procrastinators frequently suffer from mental health challenges,
including depression and anxiety, compounded by diminished motivation and low self-esteem>!®!!. Due to its
high prevalence and high impact, procrastination is a problem of great societal importance.

The question arises: why do people procrastinate? Suppose you are a student who has to submit an assignment
by a deadline. Initially, the utility of working on the assignment might be low because the deadline is far away,
making work less appealing than alternative activities such as socializing. As a result, the student might delay
working on the assignment until the utility of work exceeds the utility of socializing, which occurs as the
deadline approaches. In line with this example, researchers in psychology and economics have, in different
forms, hypothesized that temporal discounting is a mechanism underlying procrastination’*"'®. When faced
with a task in its initial stages, where the eventual reward is distant, people temporarily discount the value of that
future reward. As a consequence, the temporarily discounted future reward fails to provide sufficient motivation
for people to start working until the deadline looms near.

This hypothesis predicts a positive correlation between the degree to which individuals discount future
rewards and the extent of their procrastination. As far as we know, only three studies have attempted to test
for this correlation'’~°. Le Bouc and Pessiglione'” measured procrastination behavior in a survey completion
task and found no evidence of a correlation. Sutcliffe et al.'® used a questionnaire to measure self-reported
procrastination tendency and found no evidence of a correlation. Reuben et al.”® found a positive correlation in
two real-world tasks that offered enhanced rewards as incentives for early completion. However, such incentives
could be a confound because the actual correlation might be between temporal discounting and achievement
motivation?>*!. Indeed, the authors did not find a correlation when early completion incentives were removed
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in a third task. Two other studies?*** appear to examine the relationship between temporal discounting and

procrastination. They used a hyperbolic function to model the distribution of task completion time across
individuals. The same function is commonly used to estimate temporal discount rates by modeling how future
reward is discounted over time. However, these studies did not measure temporal discount rates, even though
the same hyperbolic function was used.

In the present work, we used a novel measure of procrastination in a novel task to examine the association
between temporal discounting and real-world procrastination behavior. It is common in the literature to use
a single endpoint—task completion time—as a measure of procrastination*>!*?*-*’. However, individuals who
complete a task at the same time can exhibit very different temporal patterns of work progress**-*. Some people
maintain steady progress from beginning to end (steady working), whereas others make very little progress at
the start and rush to complete their work on the very last day (rushing in the end). In order to better distinguish
between such cases, we instead used a new metric to measure procrastination—Mean Unit Completion Day—that
takes into account the entire time course of work progress.

We looked for a real-world task that satisfied three criteria. First, to rule out the potential confound in Reuben
et al.”?, no incentives should be given for early completion. Second, the task should measure the entire time
course of work progress. This, in turn, requires that the task (a) has an unambiguous definition of a unit of work,
(b) the completion time of each unit of work is measured, and (c) involves multiple units of work to establish a
time course of work progress. Real-world tasks such as writing or taking an academic course often lack clearly
defined units of work and are, therefore, not good candidates. Finally, an individual’s work progress in the task
should not be affected by others.

A real-world task that satisfied these three criteria was the research participation requirement in the
Introduction to Psychology course at New York University. To receive course credit, all enrolled students were
required to participate in research studies for a total of 7 h before the end of the semester; the semester lasted
a total of 109 days. This task was self-paced, granting students the autonomy to decide when to participate. All
three criteria were met in this task. First, since course credit was independent of the time at which the research
requirement was completed, no incentives were given for early completion. Second, a unit of work was clearly
defined as 0.5 h because research participation opportunities involved a time commitment of 0.5, 1, 1.5, or 2 h.
The vast majority (91.2%) of participation opportunities took 0.5 h or 1 h. The date of each research participation
was documented in the New York University Sona System and was accessible to the system administrator.
Students needed to participate multiple times to fulfill the 7-h requirement. All students participated at least six
times, with a median of 10 times. Last, research participation opportunities were plentiful: an average of 15 h
per student. Thus, there was no need for students to compete for these opportunities, and each student’s work
progress could reasonably be assumed to be independent of that of others. In contrast, if research participation
opportunities are limited, whether a student can participate in a study on a certain day depends on whether
other students have already taken that opportunity. In this case, a student’s work progress will be dependent on
others due to the need to compete for scarce resources.

To estimate the degree of reward discounting, two weeks after the semester ended, we invited all students
who had been enrolled in the course to participate in our online study that included a delay discounting task.
Participants were asked to indicate their monetary preferences between smaller but sooner rewards and larger
but delayed rewards (Fig. 1A). We used a widely adopted choice set designed to capture a broad range of discount
rates®’ . The delays in the choice set ranged from 1 to 180 days, comparable to the 109-day research participation
task. Moreover, this task was designed to be incentive-compatible, in contrast to the hypothetical nature of
rewards in the previous studies'”.

The secondary objective of our study was to examine the relationship between risk attitude and behavioral
procrastination. By postponing the research participation until the end of the semester, students face an increased
risk of not being able to complete the research participation requirement, particularly when considering other
competing obligations near the end of the semester, such as final exams. Consequently, procrastination in
the research participation task can be viewed as a risk-seeking behavior. A prior study®® found no evidence
of a correlation between the risk attitude measured by the Domain-Specific Risk-Taking (DOSPERT) scale*
and self-reported procrastination tendency measured by the Lay Procrastination Scale®’. In this real-world
task, we examined the relationship between people’s risk attitude and procrastination behavior. To estimate
participants'isk attitude, we included three measures in our online study: the incentive-compatible risky-choice
task (Fig. 1B), which assessed risk attitude primarily within the financial domain*"*%; the DOSPERT scale, which
assessed risk attitude across five domains (ethical, health/safety, recreational, financial, and social), and a set of
custom-designed questions that assessed risk attitudes specifically toward postponing research participation in
our real-world task (see “Methods”).

Results

Participants

Participant inclusion was determined as follows. First, to ensure that our measures of procrastination would
not be confounded by the total number of work units completed, we selected the participants who met their
7-h requirement and did not continue to do more research sessions beyond the requirement. This resulted in a
total of 93 participants. Second, we applied pre-registered exclusion criteria to the delay discounting task. We
excluded 9 participants who either failed two or more of the five attention check questions or consistently chose
one option. Finally, we conducted a quality control procedure to ensure that participants were not responding
randomly (see “Methods”). No additional participants were excluded based on this procedure. This left us with
a final sample of 84 participants to test the relationship between temporal discounting and procrastination
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A online delay discounting task

Which do you prefer?
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$30 today
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$30 today
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B online risky choice task

left choice

right choice

incentive-compatible

The question selected randomly for
your payment is shown below. You draw a red chip. You will receive
Based on your choice, you will $30 now.

... play alottery: draw a chip at random
from 100 chips by clicking on the chip.

left choice right choice

left choice  right choice
left choice  right choice

Figure 1. Tasks. (A) Online delay discounting task. In each trial, participants were first presented with two
options: a smaller immediate reward today and a larger reward with a delay of several days, and then they
indicated their preference by choosing one. At the end of the task, their choice of one randomly selected

trial will determine the payment amount and the day of delivery. (B) Online risky choice task. In each trial,
participants were first presented with two options: receiving $5 for sure and participating in a lottery where they
had a chance to win a larger amount with a certain probability, otherwise receiving $0, and then they indicated
their preference by choosing one. At the end of the task, the choice of one randomly selected trial will determine
the payment. If participants chose the sure bet, they would receive $5. However, if they chose the lottery,

they would play it by randomly drawing a chip from 100 chips. As the task was conducted online, we gave
participants a visual aid of the chip-drawing process by displaying 100 chips and instructing them to click on a
chip to simulate the random draw. After clicking, the color of the chip will be revealed, and the payment will be
based on the result of the lottery.

and the convergent validity of our measurement of procrastination (53 female, 28 male, two non-binary, one
unknown; 19.4 & 1.4 years old). To test the relationship between risk attitude and procrastination, we applied
similar exclusion criteria and quality control to the risky-choice task (see “Methods”), leaving us with a sample
of 91 participants (56 female, 31 male, three non-binary, one unknown; 19.3 & 1.8 years old).

Characterizing individual variability in procrastination

In the research participation task, we found that the time course of work progress differed greatly between
individuals, ranging from participants who started and finished early to those who waited until the last two
weeks of the 109-day period (Fig. 2A). The cumulative progress curves across all the participants clearly show
this high individual variability (Fig. 2B).

There are many ways of summarizing a time course of work progress, some of which have been used in
previous papers. Perhaps the most obvious summary statistic is task completion time!”'***-?’. In our task, the
distribution of task completion day is wide, ranging from 25 to 103 days (M = 77.5, SD = 17.2) (Fig. 2C).
Another metric is the amount of work (in our task, the number of hours of research participation) completed in
the last third of the semester® (M = 1.7, SD = 2.0) (Supplementary Fig. S1A). Furthermore, one could use task
starting day*>?743# In our task, however, students were asked by the instructor to complete the first research
participation in the first two weeks. This separate deadline makes the task starting day somewhat contaminated
as a measure of procrastination in the overall research participation task. Nevertheless, we show the distribution
of task starting day in Supplementary Fig. S1B.

The above metrics take into account only a single point or partial segment of the time course of work progress.
Next, we turn to metrics that consider the entire time course of work progress. We introduce a novel metric, Mean
Unit Completion Day (MUCD), as the average completion day of all work units, with each work unit defined in
this task as 0.5 h of research participation (see the formula in the Supplement). MUCD had a wide distribution,
ranging from 19.1 to 100.9 (M = 49.6, SD = 18.2), further demonstrating the high level of individual variability
in procrastination (Fig. 2D).

We assessed the convergent validity of MUCD by testing whether MUCD in the research participation task is
associated with self-reported procrastination in general academic situations. We measured participantsgeneral
academic procrastination tendencies with the widely used Procrastination Assessment Scale for Students (PASS)°.
Participants were asked to report the frequency with which they procrastinated on tasks such as writing term
papers, studying for exams, and four other academic scenarios. Our findings revealed a moderate positive
correlation between MUCD and PASS score (Pearson r = 0.42, p < 0.001), which provides support for the
convergent validity of our measure.
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Figure 2. Procrastination in the real world. (A) Examples of time courses of work progress, with blue triangles
marking the Mean Unit Completion Day (MUCD). Top: a low procrastinator who started on the first day and
finished early. Middle: an intermediate procrastinator who worked steadily throughout the semester. Bottom: a
high procrastinator who rushed to complete the task in the last two weeks of the semester. (B) Time courses of
cumulative work progress for all the participants, with the three examples from (A) highlighted. (C) Histogram
of task completion day. (D) Histogram of MUCD.

Two other metrics are closely related to MUCD. The first is the day of the halfway point of the work”, which
is the median of the time course of work progress (M = 50.5, SD = 22.4) (Supplementary Fig. S1C). The second
is the area under the cumulative progress curve®’; however, we prove here that this metric is mathematically
equivalent to MUCD (see proof in the Supplement).

Besides MUCD, the other metrics were also correlated with the PASS score, suggesting the convergent validity
of these measures (task completion day: r = 0.31, p = 0.005; hours in the last third of the semester: r = 0.41,
P < 0.001; task starting day: r = 0.36, p < 0.001; day of the halfway point: r = 0.42, p < 0.001;). All metrics
considered were correlated with each other (see Supplementary Table S1). All metrics were preregistered, except
for task starting day (because of the potential confound of a different deadline) and area under the cumulative
progress curve (because of the mathematical equivalence).

Discount rate correlates with behavioral procrastination quantified by MUCD but not task
completion day or survey-based measure

Turning to our main question, we examined the correlation between temporal discounting and procrastination.
We estimated individual temporal discount rates through the incentive-compatible delay discounting task. We
fit a hyperbolic choice model to the choice data of each participant. The discount curves were well characterized
by hyperbolic functions (goodness of fit: M = 0.73, SD = 0.14). We found high variability (Fig. 3A): the natural
log-transformed discount rate ranged from —7.87 (equivalent to a 1.14% discount of reward value after 30 days)
to—1.39 (an 88.2% discount of reward value after 30 days). We found a positive correlation between the discount
rate and MUCD (r = 0.28, p = 0.009) (Fig. 3B). In addition, after controlling for age and gender, the discount
rate was still positively associated with MUCD (8 = 3.6, SE = 1.4, t(78) = 2.53, p = 0.013).

We found that (a) day of the halfway point and (b) hours in the last third semester both correlated with the
discount rate (r = 0.28, p = 0.009; r = 0.24, p = 0.030, respectively), but metric (c) task completion day or (d)
task starting day did not (r = 0.21, p = 0.061; r = 0.18, p = 0.098, respectively). These results held true after
we controlled for age and gender (day of the halfway point: 8 = 4.3,SE = 1.7,£(78) = 2.52, p = 0.014; hours in
the last third semester: 8 = 0.33, SE = 0.16, t(78) = 2.04, p = 0.044; task completion day: 8 = 2.4, SE = 1.3,
t(78) = 1.80, p = 0.077; task starting day: 8 = 2.8, SE = 1.8, £(78) = 1.57, p = 0.12). One interpretation of
these findings is that measures based on the time course of work progress have greater statistical power than
measures based on an endpoint.

We found no correlation between the discount rate and the PASS score (r = 0.21, p = 0.056; after we
controlled for age and gender: B = 0.088, SE = 0.053, t(78) = 1.65, p = 0.10), highlighting the advantage of
behavioral measures of procrastination over survey-based measures.
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Figure 3. Procrastination correlates with discount rate but not risk attitude. (A) Histogram of the natural log-
transformed discount rate estimated from the delay discounting task. (B) Correlation between MUCD and the
natural log-transformed discount rate. (C) Histogram of the natural log-transformed risk attitude parameter
estimated from the risky-choice task by fitting a power utility model. (D) Correlation between MUCD and the
natural log-transformed risk attitude estimated from risky-choice task.

As an exploratory analysis, we tested if impulsivity, self-control, or perfectionism mediate the correlation
between temporal discounting and procrastination. Details are provided in the Supplement.

No evidence of a correlation between risk attitude and behavioral procrastination

To estimate participantsrisk attitude, we employed three approaches: the incentive-compatible risky-choice
task (Fig. 1B), the Domain-Specific risk-taking (DOSPERT) scale®, and a set of custom-designed questions
that assessed risk attitudes specifically toward postponing research participation in this research participation
task: The first question measured participants’perception of the risk associated with not being able to fulfill the
research participation requirement by postponing it until the end of the semester, while the last two measured
the level of aversion to that risk (see “Methods”).

We fitted a power utility model to the individual choice data from the risky-choice task. We found high
variability in the risk attitude parameter (Fig. 3C): the natural log-transformed risk attitude ranged from —1.29
to 0.22. We found no evidence of a correlation between risk attitude and behavioral procrastination in this
research participation task characterized by MUCD (Fig. 3D), day of the halfway point, hours in the last third
semester and task completion day (r = 0.034, p = 0.75; r = 0.10, p = 0.35; r = 0.068, p = 0.52; r = —0.064,
p = 0.55, respectively).

Similarly, we did not find a significant correlation between procrastination and risk attitude measured
by the DOSPERT scale across five domains (correlation between MUCD and the mean DOSPERT score:
r = —0.12, p = 0.25). Specifically, we did not find a correlation between MUCD and risk-taking in the ethical
domain (r = —0.081, p = 1.0), in the financial domain (r = 0.13, p = 0.83), in the health/safety domain
(r =0.012 p = 1.0), in the recreational domain (r = —0.16, p = 0.60), or in the social domain (r = —0.022,
p = 1.0) (corrected using the Holm-Bonferroni method). Additionally, we did not find a correlation between
procrastination and risk perception across five domains measured by the DOSPERT-Risk Perception subscale
(correlation between MUCD and risk perception in the ethical domain: r = 0.011, p = 1.0, in the financial
domain: r = —0.24, p = 0.11, in the health/safety domain: r = —0.065, p = 1.0, in the recreational domain:
r = —0.035, p = 1.0, or in the social domain: r = 0.025, p = 1.0. (corrected using the Holm-Bonferroni method))

Next, we analyzed the questions custom-designed to measure risk attitudes specifically toward postponing
research participation. In terms of risk perception (the first question), participants strongly agreed that
postponing research participation until the end of the semester increased the risk of not being able to fulfill
the requirement (ratings ranging from strongly disagree (1) to strongly agree (7); Median = 7; Mean = 6.2;
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SD = 1.2). However, we did not find evidence of a correlation between risk perception and procrastination
characterized by MUCD, day of the halfway point, hours in the last third semester, or task completion day
(r =—0.16, p = 0.14;r = —0.14, p = 0.18;r = —0.19, p = 0.07;r = —0.12, p = 0.27, respectively). The results
were qualitatively the same for risk attitude (average score across the second and third questions): Participants
reported a high level of aversion to the risk of not fulfilling the requirement due to postponing the research
participation (Median = 5; Mean = 4.8; SD = 1.3). However, we did not find evidence of a correlation between
risk attitude and procrastination characterized by MUCD, day of the halfway point, hours in the last third
semester, or task completion day (r = —0.094, p = 0.37;r = —0.13, p = 0.2L;r = —0.015, p = 0.89;7 = —0.090,
p = 0.40, respectively).

Self-reports of procrastination behavior

At the end of our online study, participants answered custom-designed questions about their views on
procrastination in the research participation task. For example, they were asked how satisfied they were with
how they allocated their time over the semester to fulfill the requirement, their attribution of procrastination,
and their top-rated reasons for procrastination (see the Supplement for results). Here, we highlight one result:
participants were aware of their own level of procrastination in research participation. Participants were asked to
rate their procrastination level from not at all (1) to an extreme extent (5) in fulfilling the research participation
requirement. We found that the rating of their own procrastination level in research participation positively
correlates with their behavioral level of procrastination characterized by MUCD (r = 0.68, p < 0.001). This
suggests that participants were aware of their own level of procrastination in the task.

Discussion

We have presented evidence for an association between reward discounting and procrastination behavior in a
long-term real-world task. This suggests that temporal discounting is a potential cognitive mechanism underlying
procrastination.

Why did prior studies'’""? fail to find a correlation between temporal discounting and procrastination?
One reason might be that the choice sets they used might not have allowed for estimating the discount rate
with the same precision as ours. Another reason might be that their delay discounting task was not incentive-
compatible. Finally, their measurement of procrastination might not be as precise as ours. Sutcliffe et al.'® did not
employ a behavioral measure of procrastination; instead, they used a questionnaire. When we applied a similar
questionnaire method, no evidence of a correlation was found. The other two studies'”!* measured behavioral
procrastination but limited their metrics to the task completion day, as they did not measure the entire time
course of work progress. By contrast, we measured the entire time course of work progress and computed fine-
grained metrics of procrastination, such as MUCD. This approach might provide greater statistical power than
simply using the task completion day as a metric, which, when we applied it, also resulted in no evidence of a
correlation. Alternatively, it is possible that stronger and weaker discounters truly do not differ in task completion
day but only in how they allocate their time before completion. Future work will need to distinguish these two
possibilities.

The observed association between temporal discounting and procrastination suggests two types of
interventions to reduce procrastination: one is changing the incentive system, and another is reducing
procrastination via lowering discount rates. First, regarding the incentive system, one might reduce
procrastination by decreasing the delay in receiving a reward. While previous work has shown that adding
immediate rewards to the original incentive environment enhances persistence**¢ and reduces procrastination®’,
it remains unclear whether these effects are due to the increased reward magnitude or to a change in reward
timing. Future research should disentangle these two factors and test the effect of decreasing the delay to a reward.

Second, procrastination can be reduced by lowering discount rates. The most promising ways to lower
discount rates are episodic future thinking and mindfulness-based training/acceptance-based training*®*.
Mindfulness-based training has been shown to be effective in reducing procrastination®->, but no studies have
tested the effect of episodic future thinking on procrastination. One study showed a negative association between
episodic future thinking and procrastination®*. However, the effectiveness of episodic future thinking as an
intervention remains to be studied. Future studies should test this intervention using a randomized control trial.
Furthermore, future studies could test whether a reduced discount rate mediates the effectiveness of reducing
procrastination through episodic future thinking or mindfulness-based training. In addition, the effects of
these interventions could vary among individuals with different discount rates (e.g., healthy controls versus
clinical populations®®). For example, people with ADHD might be more sensitive to interventions that reduce
procrastination by lowering discount rates™.

Limitations of our work include the use of a WEIRD*” sample of NYU undergraduates and the use of a
non-academic task. Future work should generalize to more diverse global samples and non-academic tasks.
Moreover, it is possible that students frame the outcome of the research participation task as avoiding losses (“if
I don’t fulfill the requirement, I might lose the credit for the course”) instead of as pursuing gains (“if I fulfill the
requirement, I will get the credit for the course”)*®. Future research could test if the discounted value of a future
loss is also associated with procrastination.

More work is needed to understand the mechanisms underlying the observed association between temporal
discounting and procrastination. First, it is possible that the association is due to a common cause. One candidate
common cause is time perception®®. The intuition is that a person who perceives a short period as longer tends
to procrastinate because they think they have more time. The same person could be more likely to choose an
immediate reward over a delayed reward because they perceive the delay to be longer.
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Second, previous authors have distinguished between two forms of delay associated with procrastination:
a delay in making a decision and a delay in implementing an action®"%2. In our case, these would translate to
choosing which research study to participate in and actually participating in it, respectively. Our empirical
measure of procrastination does not distinguish between these two forms of delay. It would be interesting to
test which form of delay is mainly responsible for the observed association between temporal discounting and
procrastination.

In summary, we provided the first empirical evidence of an association between temporal discounting and
procrastination in the real world. This finding not only suggested a potential cognitive mechanism underlying
procrastination but also suggested a new approach to characterizing procrastination behavior and new
interventions.

Methods

Procedure

We sent email invitations with a link to our online study to all the students enrolled in the 2021 Introduction
to Psychology course two weeks after the semester ended. In the email, we provided a broad description of the
study’s aim, investigating the factors influencing student research participation. We did not disclose the specific
focus of the study on procrastination.

Our online study included a delay discounting task to estimate the discount rate, a risky choice task, the
Domain-Specific risk-taking (DOSPERT) scale®’, and a set of custom-designed questions to estimate risk attitude
jointly. It also included the Procrastination Assessment Scale for Students (PASS)° to test convergent validity.
For exploratory analysis (details in the Supplement), we included surveys and custom-designed questions to
address several aspects of procrastination in the research participation task. We included the Barratt Impulsivity
Scale®, the Brief Self-Control Scale®, and perfectionism scales®>® to test their association with behavioral
procrastination and whether they mediate the correlation between temporal discounting and procrastination.
We also included custom-designed questions aimed at assessing participantsawareness of their procrastination
levels in the task and their satisfaction with the way they allocated their time over the semester to fulfill the
research participation requirement. Additionally, we included the Regret Elements Scale® to test whether high
procrastinators regret the way they allocated their time to fulfill the requirement, the Causal Dimension Scale®® to
test attribution of procrastination and success in fulfilling the requirement, and the Reasons for Procrastination
Scale® to identify the top-rated reasons for procrastination. All the tasks and surveys were counterbalanced in
order, and tasks were presented before the surveys.

All participants gave informed consent prior to participating. Participants were compensated with $5 for
their participation and had the opportunity to earn a bonus of up to $66 based on their choices during the
tasks. This study was approved by New York University’s Institutional Review Board (IRB-FY2020-4262), and
all experiments were performed in accordance with relevant guidelines and regulations. This study was pre-
registered on Open Science Framework (https://osf.io/4sxrw).

Participant inclusion

The sample size of the online study was 194, which was 25.9% of the students who had been enrolled in the
Introduction to Psychology course. To ensure that our measures of procrastination would not be confounded by
the total number of work units completed, we only included the subset of participants who did not continue to
do research sessions after they had met their 7-h requirement. For example, we would include a participant who,
after completing 6.5 h, did a final research session to meet the requirement. However, we would exclude one who,
after completing 7 h, did an additional session that was not required. This resulted in a total of 93 participants.
Of the remaining 101 participants, 80 continued to do research sessions beyond the 7-h requirement, potentially
to earn extra credit. The remaining 21 completed fewer than 7 h; in some cases, this was because they completed
an alternative assignment (i.e., writing critique papers).

To test the hypothesis of correlation between temporal discounting and procrastination, out of 93 participants,
we excluded 9 who either failed two or more of the five attention check questions or consistently chose one
option in the delay discounting task, as that would make it impossible to determine their discount rate. To
ensure that participants were not responding randomly, we conducted a quality control procedure®. We verified
that participantsresponses were influenced by task-relevant variables. This involved fitting a logistic regression
model that included as predictors the immediate amount, the delayed amount, the delay, and the squares of these
variables to each participant’s responses. The goodness of fit of the model was assessed using the coefficient of
discrimination, and any participant with a value below 0.2 was considered a random respondent. No participants
were excluded as random respondents. This left us with a final sample of 84 participants.

To test the hypothesis of correlation between risk attitude and procrastination, out of 93 participants, we
excluded two subjects who either chose the objectively worse option in two or more of seven attention check
trials or who consistently chose one option in the risky choice task, as that would be impossible to determine
their risk attitude. Similarly to the delay discounting task, we conducted a quality control procedure to ensure
that participants were not responding randomly. We verified that participants’ responses were influenced
by task-relevant variables. This involved fitting a logistic regression model that included as predictors the
winning amount of the lottery, the probability of winning the lottery, and the squares of these variables to each
participant’s responses. The goodness of fit of the model was assessed using the coeflicient of discrimination,
and any participant with a value below 0.2 was considered a random respondent. No participants were excluded
as random respondents. This left us with a final sample of 91 participants.
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Delay discounting task

The delay discounting task consisted of 51 self-paced trials in which participants chose between receiving a
smaller amount of money immediately or a larger amount after a specific number of days. The immediate reward
ranged from $10 to $34, while the delayed reward was fixed at $25, $30, or $35, with delays ranging from 1 to
180 days. This choice set was designed to capture a broad range of discount rates evenly distributed in log space
within the range of [— 1.6, —8.4]. It was adapted from Kirby’s choice set*! and has been widely used in the temporal
discounting literature®'~*”. To minimize any potential biases, we counterbalanced the position of the immediate
reward on the screen (up or down). Additionally, we included five attention check trials in which participants
were asked to choose between a larger immediate amount of money and a smaller amount with a delay.

We estimated temporal discount rates by fitting a hyperbolic choice model to the choice data of each
participant. The utility of each option (immediate or delayed) is given by: U = 755, where U is the subjective
discounted value, v is the monetary reward, D is a delay in days, and k is the individual discount rate. We used
the softmax function to generate choice probabilities from option values.

1
1+ efﬁ ( Ude]ayed —Uimmediate)

Pr delayed =

where Prgelayed is the probability that the participant chose the delayed option on a given trial, and 8 is the inverse
temperature, which captures the stochasticity of the choice data. We used maximum-likelihood estimation to
estimate the model parameters. We calculated the average goodness of fit as one minus the ratio between the
log-likelihood of the model and that of a random-response model.

Risky-choice task

The risky-choice task consisted of 57 trials, each involving a choice between receiving $5 for sure and participating
in a lottery where participants had a chance to win a larger amount with a certain probability, otherwise receiving
$0. For example, one trial presented participants with a choice between $5 for sure and a 25% chance of winning
$16 or a 75% chance of receiving $0. The larger amounts ranged from $6 to $66, and we used three different
winning probabilities: 25%, 50%, and 75%. This choice set was adapted from a previous study*’. To minimize
any potential biases, we counterbalanced the position of the sure-bet option on the screen (left or right) and the
associated color of the larger amount (blue or red). Additionally, we included seven attention check trials that
presented participants with a choice between $5 for sure and a certain chance of receiving $4 or $5.

To help participants better understand the probabilities involved, the instructions included a visual
representation of the choices. Each lottery image depicted a physical bag containing 100 poker chips, including
red and blue chips. The size of the colored area and the number written inside indicated the number of chips of
each color in the bag. The process of randomly drawing a chip was referred to as “playing the lottery”

We estimated individual risk attitudes by fitting a power utility model to the trial-by-trial choice data. In
this model, the utility of each option (safe or lottery) is given by U = pv®, where v is the dollar amount, p is the
probability of winning, and « is the individual’s risk attitude. A participant with @ > 1is considered risk-seeking,
o = 1is considered risk-neutral, or ¢ < 1is considered risk-averse. Like in the delay discounting task, we used
the softmax function to generate choice probabilities from option values.

1
14+ e—V(Ulonery— safe)

Prlottery =

where Priotery is the probability that the subject chose the lottery on a given trial, and y is the inverse temperature
which captures the stochasticity of the choice data. We used maximum-likelihood estimation to estimate the
model parameters.

Incentive compatibility

Both the delay discounting task and the risky choice task were incentive-compatible. Participants were offered
a bonus: at the end of the study, their choice from a randomly selected trial in either the delay discounting task
or the risky choice task determined the amount of this bonus. The bonus was provided as an electronic Amazon
Gift Card. If the one randomly selected trial is from the delay discounting task, the timing of receiving the bonus
depends on the chosen option. Specifically, for payment today, participants received the gift card on the same
day. For delayed payments, participants received the gift card at a time corresponding to the delay associated
with their chosen option. If the one randomly selected trial is from the risky choice task, if participants chose
the sure bet in the selected trial, they would receive $5. However, if they chose the lottery, they would engage in
the process of drawing a chip at random from a set of 100 chips. As the task was conducted online, we provided
participants with a visual aid of the chip-drawing process. We displayed 100 chips and instructed participants to
click on a chip to simulate the random draw. After clicking, the color of the chip would be revealed to indicate
the result of the lottery.

Custom-designed questions to measurerisk attitude toward postponing research participation
We designed three questions to measure the participantsrisk perception and risk attitude regarding delaying
their research participation until the end of the semester. The first question measured their perception of the risk
associated with not being able to fulfill the research participation requirement by postponing it until the end of
the semester. Participants were asked to rate their agreement with the statement from strongly disagree (1) to
strongly agree (7): “I believe that postponing one’s research participation until the end of the semester increases
the risk of not being able to fulfill the research participation requirement.”
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The second and third questions aimed to measure the extent of aversion to the risk of not fulfilling the
requirement due to delaying research participation until the end of the semester. Participants were asked to rate
their agreement with the two statements from strongly disagree (1) to strongly agree (7): “The increased risk of
not being able to fulfill the research participation requirement due to postponing the research participation was
motivating and exciting for me” (with reversed key) and “The increased risk of not being able to fulfill the research
participation requirement due to postponing the research participation was stressful or anxiety-inducing for me”

Data and code availability
Experimental stimuli, anonymized data, and scripts for analysis are available through the Open Science
Framework (https://osf.io/z548y/).

Received: 1 March 2024; Accepted: 17 June 2024
Published online: 25 June 2024

References
1. Harriott, J. & Ferrari, J. R. Prevalence of procrastination among samples of adults. Psychol. Rep. 78, 611-616 (1996).
2. Kachgal, M. M., Hansen, L. S. & Nutter, K. J. Academic procrastination prevention/intervention: Strategies and recommendations.
J. Dev. Educ. 25, 14 (2001).
3. Martinez, S.-K., Meier, S. & Sprenger, C. Procrastination in the field: Evidence from tax filing. J. Eur. Econ. Assoc. 21, 1119-1153
(2023).
4. Alfi, V,, Parisi, G. & Pietronero, L. Conference registration: How people react to a deadline. Nat. Phys. 3, 746-746 (2007).
5. Flandrin, P. An empirical model for electronic submissions to conferences. Adv. Complex Syst. 13, 439-449 (2010).
6. Solomon, L. J. & Rothblum, E. D. Academic procrastination: Frequency and cognitive-behavioral correlates. J. Couns. Psychol. 31,
503 (1984).
7. Rothblum, E. D., Solomon, L. J. & Murakami, J. Affective, cognitive, and behavioral differences between high and low
procrastinators. J. Couns. Psychol. 33, 387 (1986).
8. Steel, P,, Brothen, T. & Wambach, C. Procrastination and personality, performance, and mood. Pers. Individ. Differ. 30, 95-106
(2001).
9. Nguyen, B,, Steel, P. & Ferrari, J. R. Procrastination’s impact in the workplace and the workplace’s impact on procrastination. Int.
J. Sel. Assess. 21, 388-399 (2013).
10. Tice, D. M. & Baumeister, R. F. Longitudinal study of procrastination, performance, stress, and health: The costs and benefits of
dawdling. Psychol. Sci. 8, 454-458 (1997).
11. Sirois, F. M., Melia-Gordon, M. L. & Pychyl, T. A. 'll look after my health, later: An investigation of procrastination and health.
Pers. Individ. Differ. 35, 1167-1184 (2003).
12. O’Donoghue, T. & Rabin, M. Doing it now or later. Am. Econ. Rev. 89, 103-124 (1999).
13. O’Donoghue, T. & Rabin, M. Choice and procrastination. Q. J. Econ. 116, 121-160 (2001).
14. Fischer, C. Read this paper later: Procrastination with time-consistent preferences. J. Econ. Behav. Organ. 46, 249-269 (2001).
15. Steel, P. & Konig, C. J. Integrating theories of motivation. Acad. Manag. Rev. 31, 889-913 (2006).
16. Steel, P. The nature of procrastination: A meta-analytic and theoretical review of quintessential self-regulatory failure. Psychol.
Bull. 133, 65 (2007).
17. Le Bouc, R. & Pessiglione, M. A neuro-computational account of procrastination behavior. Nat. Commun. 13, 5639 (2022).
18. Sutcliffe, K. R, Sedley, B., Hunt, M. J. & Macaskill, A. C. Relationships among academic procrastination, psychological flexibility,
and delay discounting. Behav. Anal.: Res. Pract. 19, 315 (2019).
19. Reuben, E., Sapienza, P. & Zingales, L. Procrastination and impatience. J. Behav. Exp. Econ. 58, 63-76 (2015).
20. Xin, Y., Xu, P, Aleman, A., Luo, Y. & Feng, T. Intrinsic prefrontal organization underlies associations between achievement
motivation and delay discounting. Brain Struct. Funct. 225, 511-518 (2020).
21. Lee, N. C. et al. Academic motivation mediates the influence of temporal discounting on academic achievement during adolescence.
Trends Neurosci. Educ. 1, 43-48 (2012).
22. Sokolowski, M. B. & Tonneau, E Student procrastination on an e-learning platform: From individual discounting to group behavior.
Perspect. Behav. Sci. 44, 621-640 (2021).
23. Howell, A. J., Watson, D. C., Powell, R. A. & Buro, K. Academic procrastination: The pattern and correlates of behavioural
postponement. Pers. Individ. Differ. 40, 1519-1530 (2006).
24. Pittman, T. S., Tykocinski, O. E., Sandman-Keinan, R. & Matthews, P. A. When bonuses backfire: An inaction inertia analysis of
procrastination induced by a missed opportunity. . Behav. Decis. Mak. 21, 139-150 (2008).
25. McElroy, B. W. & Lubich, B. H. Predictors of course outcomes: Early indicators of delay in online classrooms. Distance Educ. 34,
84-96 (2013).
26. Lim, J. M. Predicting successful completion using student delay indicators in undergraduate self-paced online courses. Distance
Educ. 37,317-332 (2016).
27. Buehler, R. & Griffin, D. Planning, personality, and prediction: The role of future focus in optimistic time predictions. Organ.
Behav. Hum. Decis. Process. 92, 80-90 (2003).
28. Konradt, U, Ellwart, T. & Gevers, J. Wasting effort or wasting time? A longitudinal study of pacing styles as a predictor of academic
performance. Learn. Individ. Differ. 88, 102003 (2021).
29. Vangsness, L. & Young, M. E. Turtle, task ninja, or time waster? Who cares? Traditional task-completion strategies are overrated.
Psychol. Sci. 31, 306-315 (2020).
30. Steel, P, Svartdal, F, Thundiyil, T. & Brothen, T. Examining procrastination across multiple goal stages: A longitudinal study of
temporal motivation theory. Front. Psychol. 9, 327 (2018).
31. Kirby, K. N., Petry, N. M. & Bickel, W. K. Heroin addicts have higher discount rates for delayed rewards than non-drug-using
controls. J. Exp. Psychol. Gen. 128, 78 (1999).
32. Senecal, N., Wang, T., Thompson, E. & Kable, J. W. Normative arguments from experts and peers reduce delay discounting. Judgm.
Decis. Mak. 7, 568-589 (2012).
33. Linda, Q. Y. et al. Steeper discounting of delayed rewards in schizophrenia but not first-degree relatives. Psychiatry Res. 252,
303-309 (2017).
34. Parthasarathi, T., McConnell, M. H., Luery, ]. & Kable, J. W. The vivid present: Visualization abilities are associated with steep
discounting of future rewards. Front. Psychol. 8, 289 (2017).
35. Lempert, K. M. et al. Neural and behavioral correlates of episodic memory are associated with temporal discounting in older
adults. Neuropsychologia 146, 107549 (2020).
36. Bulley, A., Lempert, K. M., Conwell, C., Irish, M. & Schacter, D. L. Intertemporal choice reflects value comparison rather than
self-control: Insights from confidence judgements. Philos. Trans. R. Soc. B 377, 20210338 (2022).

Scientific Reports |

(2024) 14:14642 | https://doi.org/10.1038/s41598-024-65110-4 nature portfolio


https://osf.io/z548y/

www.nature.com/scientificreports/

37. Batistuzzo, M. C. et al. Cross-national harmonization of neurocognitive assessment across five sites in a global study.
Neuropsychology 37, 284 (2023).

38. Keinan, R. & Bereby-Meyer, Y. leaving it to chance-passive risk taking in everyday life. Judgm. Decis. Mak. 7, 705-715 (2012).

39. Blais, A.-R. & Weber, E. U. A domain-specific risk-taking (DOSPERT) scale for adult populations. Judgm. Decis. Mak. 1, 33-47
(2006).

40. Lay, C. H. At last, my research article on procrastination. J. Res. Pers. 20, 474-495 (1986).

41. Holt, C. A. & Laury, S. K. Risk aversion and incentive effects. Am. Econ. Rev. 92, 1644-1655 (2002).

42. Lopez-Guzman, S., Konova, A. B., Louie, K. & Glimcher, P. W. Risk preferences impose a hidden distortion on measures of choice
impulsivity. PLoS ONE 13, e0191357 (2018).

43. Lubbers, M. J., Van Der Werf, M. P,, Kuyper, H. & Hendriks, A. J. Does homework behavior mediate the relation between personality
and academic performance?. Learn. Individ. Differ. 20, 203-208 (2010).

44. Diver, P. & Martinez, I. Moocs as a massive research laboratory: Opportunities and challenges. Distance Educ. 36, 5-25 (2015).

45. Woolley, K. & Fishbach, A. For the fun of it: Harnessing immediate rewards to increase persistence in long-term goals. J. Consum.
Res. 42, 952-966 (2016).

46. Woolley, K. & Fishbach, A. Immediate rewards predict adherence to long-term goals. Pers. Soc. Psychol. Bull. 43, 151-162 (2017).

47. Lieder, E, Chen, O. X., Krueger, P. M. & Griffiths, T. L. Cognitive prostheses for goal achievement. Nat. Hum. Behav. 3, 1096-1106
(2019).

48. Rung, J. M. & Madden, G. J. Experimental reductions of delay discounting and impulsive choice: A systematic review and meta-
analysis. J. Exp. Psychol. Gen. 147, 1349 (2018).

49. Scholten, H. et al. Behavioral trainings and manipulations to reduce delay discounting: A systematic review. Psychon. Bull. Rev.
26, 1803-1849 (2019).

50. Rad, H. S., Samadj, S., Sirois, E M. & Goodarzi, H. Mindfulness intervention for academic procrastination: A randomized control
trial. Learn. Individ. Differ. 101, 102244 (2023).

51. Schutte, N. S. & del Pozo de Bolger, A. Greater mindfulness is linked to less procrastination. Int. J. Appl. Posit. Psychol. 5, 1-12
(2020).

52. Li, L. & Mu, L. Effects of mindfulness training on psychological capital, depression, and procrastination of the youth demographic.
Iran. J. Public Health 49, 1692 (2020).

53. Dionne, F. Using acceptance and mindfulness to reduce procrastination among university students: Results from a pilot study.
Rev. Praksis 1, 8-20 (2016).

54. Rebetez, M. M. L., Barsics, C., Rochat, L., D’Argembeau, A. & Van der Linden, M. Procrastination, consideration of future
consequences, and episodic future thinking. Conscious. Cogn. 42, 286-292 (2016).

55. Lempert, K. M., Steinglass, J. E., Pinto, A., Kable, J. W. & Simpson, H. B. Can delay discounting deliver on the promise of RDoC?.
Psychol. Med. 49, 190-199 (2019).

56. Oguchi, M., Takahashi, T., Nitta, Y. & Kumano, H. Moderating effect of attention deficit hyperactivity disorder tendency on the
relationship between delay discounting and procrastination in young adulthood. Heliyon 9, e14834 (2023).

57. Henrich, J., Heine, S. J. & Norenzayan, A. The weirdest people in the world?. Behav. Brain Sci. 33, 61-83 (2010).

58. Thaler, R. Some empirical evidence on dynamic inconsistency. Econ. Lett. 8,201-207 (1981).

59. Baumann, A. A. & Odum, A. L. Impulsivity, risk taking, and timing. Behav. Proc. 90, 408-414 (2012).

60. Jackson, T., Fritch, A., Nagasaka, T. & Pope, L. Procrastination and perceptions of past, present, and future. Indiv. Differ. Res. 1,
17-28 (2003).

61. Steel, P. Arousal, avoidant and decisional procrastinators: Do they exist?. Pers. Individ. Differ. 48, 926-934 (2010).

62. Gollwitzer, P. M. The Volitional Benefits of Planning. The Psychology of Action: Linking Cognition and Motivation to Behavior
(Guilford Press, New York, 1996).

63. Patton, J. H., Stanford, M. S. & Barratt, E. S. Factor structure of the Barratt impulsiveness scale. J. Clin. Psychol. 51, 768-774 (1995).

64. Tangney, J. P,, Boone, A. L. & Baumeister, R. F. High self-control predicts good adjustment, less pathology, better grades, and
interpersonal success, in Self-regulation and Self-control 173-212 (Routledge, 2018).

65. Hewitt, P. L. & Flett, G. L. Perfectionism in the self and social contexts: Conceptualization, assessment, and association with
psychopathology. J. Pers. Soc. Psychol. 60, 456 (1991).

66. Frost, R. O., Marten, P., Lahart, C. & Rosenblate, R. The dimensions of perfectionism. Cogn. Ther. Res. 14, 449-468 (1990).

67. Buchanan, J., Summerville, A., Lehmann, J. & Reb, J. The regret elements scale: Distinguishing the affective and cognitive
components of regret. Judgm. Decis. Mak. 11, 275-286 (2016).

68. Russell, D. The causal dimension scale: A measure of how individuals perceive causes. J. Pers. Soc. Psychol. 42, 1137 (1982).

69. Pehlivanova, M. et al. Diminished cortical thickness is associated with impulsive choice in adolescence. J. Neurosci. 38, 2471-2481
(2018).

Acknowledgements
We are deeply grateful to Brenda Woodford-Febres for the arduous work of extracting the studentsresearch
participation data from New York University’s Sona system.

Author contributions
PY.Z. designed research; P.Y.Z. performed research; P.Y.Z. and W.J.M. contributed new reagents/analytic tools;
P.Y.Z. analyzed data; P.Y.Z. wrote the original draft. W.J.M. edited the draft.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-65110-4.

Correspondence and requests for materials should be addressed to P.Y.Z.
Reprints and permissions information is available at www.nature.com/reprints.

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

Scientific Reports |

(2024) 14:14642 | https://doi.org/10.1038/s41598-024-65110-4 nature portfolio


https://doi.org/10.1038/s41598-024-65110-4
https://doi.org/10.1038/s41598-024-65110-4
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

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

© The Author(s) 2024

Scientific Reports |  (2024) 14:14642 | https://doi.org/10.1038/s41598-024-65110-4 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Temporal discounting predicts procrastination in the real world
	Results
	Participants
	Characterizing individual variability in procrastination
	Discount rate correlates with behavioral procrastination quantified by MUCD but not task completion day or survey-based measure
	No evidence of a correlation between risk attitude and behavioral procrastination
	Self-reports of procrastination behavior

	Discussion
	Methods
	Procedure
	Participant inclusion
	Delay discounting task
	Risky-choice task
	Incentive compatibility
	Custom-designed questions to measure risk attitude toward postponing research participation

	References
	Acknowledgements


