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ABSTRACT
This paper adds to the literature on the relationship between
procrastination and academic performance. We measure procrastination
as the speed with which students do an online math course on the
ALEKS learning platform. This pre-admission course is mandatory for
students that are weak in math. Using a large dataset of undergraduate
students at a Dutch school of economics, we estimate linear probability
models for dropout and graduation rates. Controlling for students’
background characteristics, we find that procrastination increases
dropout rates and decreases graduation rates. The coefficient estimates
indicate that the influence of procrastination on dropout and
graduation rates is sizable.
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1. Introduction

Academic procrastination by students is widely viewed as a serious problem in higher education. It is
defined as students’ tendency to postpone working on academic tasks and to engage in distractions
(Rothblum, Solomon, and Murakami 1986). As a result of procrastination, students spend insufficient
time-on-task and are inadequately prepared for examinations. Procrastination is widespread among
college students. Early studies by Ziesat, Rosenthal, and White (1978) and Ellis and Knaus (1977) find
that respectively 30–60% and over 70% of students procrastinate. Recent studies estimate the preva-
lence of procrastination as being even higher, to more than 80% of students (O’Brien 2002; Steel
2007). Day, Mensink, and O’Sullivan (2000) report that over 30% of students suffer from severe pro-
crastination. According to Knaus (2002), 60% of college students need help to control their tendency
to procrastinate.

Most of the literature relates procrastination to students’ personal characteristics, such as self-
control, conscientiousness, impulsiveness, impatience and time preferences (Ferrari, Johnson, and
McCown 1995; Steel 2007; Patrzek, Grunschel, and Fries 2012). In education, the cost of study
effort is immediate whereas the rewards may take time to materialize. In making this intertemporal
trade-off, impatient students prioritize their well-being in the present. They put in less immediate
study effort, at the expense of their long-run educational attainment. This inclination to procrastinate
may hold both in the case of high yet time-consistent exponential discount factors and in the case of
present-biased preferences (Non and Tempelaar 2016; O’Donoghue and Rabin 1999). Students with
present-biased preferences lack self-control, are more impulsive and are less able to resist tempta-
tion (DellaVigna 2009; Steel 2007, 2011).
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A sizeable literature examines the relationship between procrastination and academic perform-
ance, see the meta-analysis in Kim and Seo (2015). Many studies find a negative correlation
between procrastination and course grades (Ariely and Wertenbroch 2002; Beck, Koons, and
Milgrim 2000; Beswick, Rothblum, and Mann 1988; Franz 2020; Mischel, Shoda, and Rodriguez
1989; Orpen 1998; Owens and Newbegin 1997; Rotenstein, Davis, and Tatum 2009; Rothblum,
Solomon, and Murakami 1986; Tice and Baumeister 1997; Wong 2008). De Paola and Scoppa
(2015) find a strong relationship between procrastination and study progress, as measured by the
number of credits acquired by students in the two first bachelor years. Other studies have shown
that procrastination is a predictor of college dropout (Diver and Martinez 2015; Kim and Seo
2015; Muñoz-Olano and Hurtado-Parrado 2017). In related studies, Cadena and Keys (2015), Castillo
et al. (2011) and Golsteyn, Grönqvist, and Lindahl (2014) find an adverse effect of students’ impa-
tience on performance at school. However, there is not consensus on the effect of procrastination.
Lay (1986), Solomon and Rothblum (1984) and Tuckman (1998) fail to find a statistically significant
correlation between measures of procrastination and academic performance. Bettinger and Slonim
(2007) do not find a relationship between time preferences and school attainment. Non and Tempe-
laar (2016) fail to find a link between impatience and study effort and suggest that impatient stu-
dents have lower cognitive ability.

A key issue in this literature is the measurement of procrastination. Many studies use survey-
based measures, for example, the Procrastination Assessment Scale – Student (PASS) introduced
in Solomon and Rothblum (1984). However, the correlation between these self-reported PASS-
scores and behavioral measures of procrastination is rather weak (Solomon and Rothblum 1984;
Tice and Baumeister 1997). Other studies measure procrastination by directly observing students’
behavior, as opposed to drawing inferences from survey responses. A common approach is to
measure the time it takes students to complete specific educational tasks, such as handing in
term papers (Rotenstein, Davis, and Tatum 2009; Solomon and Rothblum 1984). As these studies
usually involve individual courses, the sample sizes are typically low. In the review by Rotenstein,
Davis, and Tatum (2009), the highest sample size is 418. Many studies have a sample size below
100. Recent exceptions to this pattern are Franz (2020) and De Paola and Scoppa (2015), who use
data on respectively 1230 US and 3335 Italian college students. The latter study employs a procras-
tination measure that is derived outside the course context, using data on the speed with which stu-
dents complete the university’s enrollment procedure. The authors argue that the bureaucratic
nature of this procedure imposes immediate transaction costs on the student, and that procrastina-
tors are likely to postpone the completion of this task towards the end of the time window. This
comes at the longer-term risk of failing to complete the procedure and not being admitted to the
university. Other studies measuring procrastination by the time it takes students to complete admin-
istrative procedures are Himmler, Jäckle, and Weinschenk (2019) and Reuben, Sapienza, and Zingales
(2015). The use of observed behavior to measure procrastination is not confined to the domain of
education, see for instance the use of health care enrollment data in Brown and Previtero (2016)
and the use of data on credit card paydown in Kuchler and Pagel (2021).

This paper adds to the empirical literature on the relationship between procrastination and aca-
demic performance using a large sample of undergraduate students at a school of economics of a
Dutch research university. Our measure of procrastination is akin to De Paola and Scoppa (2015),
Himmler, Jäckle, and Weinschenk (2019) and Reuben, Sapienza, and Zingales (2015), in the sense
that we measure the speed with which applicants fulfill certain admission requirements. In contrast
to these studies, the requirements used in this paper have an academic rather than a bureaucratic
nature. They originate from a law which obliges Dutch institutions of higher education to scrutinize
students’ study choice by offering study choice activities. These mandatory activities are related to
students’ field of study and need to be completed prior to admission. The idea behind the law is that,
through such a study choice check, students are confronted with salient characteristics of their
chosen field of study and have time to reflect on and possibly reconsider their study choice. For stu-
dents in our sample, the study choice activity consists of doing an online math course in the ALEKS
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learning platform. Below we will argue that the speed with which students’ do this course is a strong
measure of procrastination. Our data cover the period from 2014, when the law that regulates study
choice activities came into force, to 2019.

In contrast to most of the literature, which focuses on short-term academic outcomes such as
course grades, we take a long-term perspective by examining the effect of procrastination on the
time to bachelor graduation. In this, we go further than De Paola and Scoppa (2015), who
measure the effect on study progress in the first two bachelor years. We think that time-to-
degree is a natural outcome variable for two reasons. First, a bachelor degree is an important mile-
stone in a student’s academic career. After their bachelor graduation, students need to decide
whether they want to pursue a master degree or enter the labor market. The longer it takes students
to complete this milestone, the higher the costs to the student and to society at large (Himmler,
Jäckle, and Weinschenk 2019). Due to the presence of opportunity costs, late completion or
dropout is also likely to be much more costly than graduating with lower grades. Second, many
bachelor programs require students to write a thesis at the end of the program, as proof of their
ability to do academic research. For undergraduate students with limited experience of doing
research and writing, the task of writing a bachelor thesis can be highly susceptible to
procrastination.

We use our dataset to address the main research question, which concerns the relationship
between procrastination and time-to-degree. To this end, we estimate linear probability models
for 3- and 4-year graduation rates. In addition, we estimate the effect of procrastination on first-
year dropout. A possible pitfall in examining this research question is that the procrastination vari-
able may (partly) measure students’ cognitive ability, in addition to their tendency to procrastinate
(Rotenstein, Davis, and Tatum 2009). We disentangle this effect by including school grades as a
measure for student ability. We also control for other background characteristics of students such
as age, gender and ethnicity.

The organization of this paper is as follows. Section 2 describes the study choice activity from
which we derive our measure of procrastination. Section 3 describes the setting, the data, and the
empirical approach. Our findings are reported in Section 4. Section 5 concludes.

2. Study choice activity using the ALEKS learning platform

Even before law required them to introduce mandatory study choice activities, Dutch institutions of
higher education organized a host of activities to help prospective students in making an informed
study choice (such as ‘open days’ or ‘trial study days’). Despite these activities, first-year dropout rates
remained high: in the Netherlands, 20–30% of freshmen quit during their first year at university
(Deelen and Kuijpers 2016). Politicians and policymakers at the Dutch Ministry of Education took
the view that high dropout results from poor study choice and prepared legislation to make the
matching process between student and study program less noncommittal. Introduced in 2014,
the law ‘Quality and Diversity’ aims to stimulate a timely, well-informed study choice and to thus
improve the match between applicant and study program.

According to the new law, students must apply before May 1st for programs that start in Septem-
ber. Institutions of higher education are then required to carry out a study choice check. This is an
activity that provides information about the quality of the match between applicant and program. As
part of the study choice check, applicants receive a (non-binding) advice from the institution on their
suitability for their chosen field of study. Students that apply before May 1st and take part in the
study choice check must be admitted to the program, even when they receive a negative advice.

Institutions are free in their choice of activity. For the bachelor programs in this paper, the study
choice check is organized as follows. After registration, applicants are required to complete an online
survey on study choice. The survey includes questions on study motivation and on their performance
in math at high school.1 Having completed the survey, students receive an advice, which is based on
the applicant’s math performance in school. This follows from a large literature that documents the
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importance of preparatory mathematics for study success in economics (Arnold and Straten 2012;
Ballard and Johnson 2004; Swope and Schmitt 2006). The advice can either be positive or negative,
or it can be an advice to carefully consider the study choice. In case of a positive advice, the insti-
tution deems the level of the applicant’s math skills sufficient to be successful in the program. In
case of a negative advice, the institution deems the level of the applicant’s math skills insufficient
to be successful in the program. In that case, the applicant is asked to reconsider his or her study
choice. In case of the advice to carefully consider the study choice, the institution expects that
the program will be challenging, but that the applicant can be successful if he or she is motivated
and puts in the necessary effort. The advices are carefully calibrated and have been shown to be
good predictors of study success.

Applicants who receive a negative advice or an advice to carefully consider are required to com-
plete an additional study choice activity. This consists of doing an online math course in the ALEKS
learning platform. The course is designed to prepare upcoming students for the level of mathematics
and modeling that they will encounter in the program. The course also confronts students who are
weak in math with the analytical nature of the program for which they have applied. It may thus offer
them a final opportunity to reconsider their study choice. The online course is offered in the adaptive
learning environment of ALEKS (Canfield 2001). Students start with an entry test. Based on the results
of this test, the ALEKS software will select the course components that are most useful for the indi-
vidual student. Students need to complete the course to be admitted to the program. They are not
graded and cannot fail, as long as they have completed their trajectory through the ALEKS environ-
ment. Students get access to the ALEKS login codes on 1 June and need to complete the online
course at the latest in mid-August (17 August). This gives students a time window of 78 days to com-
plete an online course that takes them on average about 20 hours online.

We believe that the speed with which students’ take care of this obligation is a strong measure of
procrastination. Steel (2011) explains how students’ motivation to perform an educational task
depends on four factors. The first two are the value that students attached to task completion
and the likelihood that they can complete the task. The third factor is time: when students can
delay their effort, they will be less motivated to complete the task now. As a final factor, Steel
(2011) lists students’ impulsiveness. Impulsive students may get distracted and delay task com-
pletion. The students that are required to do the math course have been selected based on their
weakness in math. They must accomplish a task at which they are not particularly good and
which they may not like. They may not be intrinsically motivated to do the math course but
rather see this as a requirement to be admitted. They are also given plenty of time to complete
the online course. The time window includes the summer period, during which nice weather and
the holiday season offer strong distractions. This suggests that students with a susceptibility to pro-
crastination may postpone doing the online course to a moment close to the mid-August deadline.
Compared to procrastination measures derived from purely bureaucratic admission procedures, as
used in De Paola and Scoppa (2015), Himmler, Jäckle, and Weinschenk (2019) and Reuben, Sapienza,
and Zingales (2015), our measure has the advantage that it requires students to perform a task that
they are not particularly good at and may dislike. As a result, their motivation to complete the task
may be lower than in the case of a bureaucratic requirement. Nevertheless, we recognize that our
measure is at best a noisy indicator of procrastination. Multiple other reasons, such as a summer
internship or a scheduled holiday, may cause students to optimally plan the completion of the
ALEKS course towards the end of the time window. In these cases, however, one would not
expect the delay to be related to the abilities and performance of the student. The results below,
however, suggest a relationship between delay in completing ALEKS and academic ability.

The ALEKS platform generates the daily activity of students in the online course, measured by the
time that they spend online. From these data, we construct four variables. The variable Start
measures the first day at which a student logs into the ALEKS system. It is number between 1 and
78. A drawback of using this measure is that some students may log in early to test the system
but then postpone working in the online course until a later date. The variable Finish measures
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the final day at which a student logs into the ALEKS system. It is also number between 1 and 78. A
drawback of this measure is that students may have done most of the work at a much earlier date.
We, therefore, define the variable Delay, which is the weighted average of the days (numbered from
1 to 78) where each day is weighted by the time spent online. This measure better captures when the
bulk of the work takes place and how long students postpone working in ALEKS. Delay is also a
number between 1 and 78. Start, Finish and Delay are our measures of procrastination. Our fourth
ALEKS-variable is TotalHours, which measures the total time that students spend on ALEKS in
hours. Due to differences in math skills and motivation across students and to the adaptive
nature of the online course, TotalHours is not a suitable measure of procrastination. However, it
does provide information on the ease with which students go through the online course and may
thus be used as an additional indicator of student quality.

Figure 1 plots the distributions of the ALEKS-variables. For Delay, the distribution is left skewed,
with a tail on the left side and the peak of the distribution between day 60 and 70. This suggests that
most students postpone most of their study effort to the month of August. In contrast, the distri-
bution of Start shows that many students log into the system much earlier. The distribution of
Finish is heavily skewed to the left, indicating that many students finalize the course at the end of
the available time window. Finally, the distribution of TotalHours shows substantial variation in
the time that students spend on the ALEKS platform. Table 1 reports the correlation coefficients
between the three ALEKS-variables. The correlation coefficients between Delay, Start and Finish
are quite high (between 0.51 and 0.89), which is compatible with all variables being measures of pro-
crastination. In contrast, the correlation coefficients of these variables with TotalHours are low,
suggesting that TotalHours may measure a different student characteristic.

3. Setting, data and method

3.1 Setting

This study is conducted at a school of economics of a research university in the Netherlands. We use
data from the 2014–2019 cohorts of two bachelor programs: Economics & Business and Econo-
metrics & Operations Research. The programs consist of 180 credits and have a nominal duration

Figure 1. Distribution of ALEKS-variables.
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of 3 years. The programs are structured as follows. The first 2 years consist of obligatory core and
support courses. In their third and final bachelor year, students specialize in a subfield by choosing
a major and write their bachelor thesis. Compared to Economics & Business, the Econometrics &
Operations Research program contains less courses in economics and business subjects and more
courses in mathematics, statistics, and computer science. At secondary school, preparatory math
education is offered in two variants: math A, which aims to engage students in real-world appli-
cations and prepares for the social sciences, and math B, which prepares for studying science at uni-
versity. Applicants for Econometrics & Operations Research need to have done math B, whereas
applicants for Economics & Business are also admitted when they have done math A. The online
math course in ALEKS reflects the different math requirements and has a higher level for applicants
for the Econometrics & Operations Research program.

For both programs, an academic dismissal policy has been in place over the full sample period.
Dutch law allows institutions of higher education to give first-year students a binding study
advice (BSA) at the end of the academic year.2 A negative BSA implies that the student is not
allowed to reregister for the program in the next three academic years. At this school, the perform-
ance threshold below which first-year students receive a negative BSA has been set at 60 credits
(which is the total number of credits in year 1). Following the Dutch system, grades are determined
on a 1–10 scale. While the cut-off score for passing is 5.5, the examination rules allow for compen-
sation, to the effect that three ‘failed’ grades (between 4.5 and 5.5) can be compensated by higher
grades for related courses. Resits are limited to a maximum of three out of ten courses and are sched-
uled during the summer break. In April 2020, the school decided to suspend the academic dismissal
policy for the final cohort (academic year 2019–2020) due to the outbreak of covid-19 and its effects
on education (except for those students that had failed to meet the threshold level prior to the out-
break of covid-19).

3.2 Data

As discussed in Section 2, data on students’ activity in the online math course have been taken from
the ALEKS learning platform. These data have beenmergedwith data on students’ study progress and
background characteristics, which originate from the university’s education research database. After
merging the twodatasets, the data have been anonymizedbefore use, in linewith privacy regulations.
We use data on a maximum number of 2640 students from six cohorts from 2014 to 2019.

The following variables measure study progress. Dropout is a dummy variable that takes on the
value one for students that drop out during or at the end of the first academic year and zero other-
wise. Degree3y and Degree4y are dummy variables that take on the value one if students have
obtained their bachelor degree at the end of respectively three or four years. For Dropout, we can
use all cohorts. For Degree3y, we can use the cohorts 2014–2017. For Degree4y, we can use the
cohorts 2014–2016. The regression models for Degree3y and Degree4y are estimated for two
samples: (1) all students that have enrolled in the first bachelor year, and (2) students that have
re-enrolled in the second bachelor year. The re-enrollment graduation rate is a common measure
of study success in the Netherlands and excludes first-year dropout.

Table 1. Cross-correlations ALEKS variables.

Delay Start Finish TotalHours

Delay 1.00 0.73 0.89 0.17
Start 1.00 0.51 −0.09
Finish 1.00 0.27
TotalHours 1.00

Note: Start measures the first day at which a student logs into ALEKS. Finish measures the final day at which a student logs into
ALEKS. Delay is the weighted average of the days in which a student was active in ALEKS, where each day is weighted by the
time spent online. TotalHours measures the time that students spend in ALEKS.
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We relate our measures of study progress to Delay, Start and Finish, the procrastination measures
that have been introduced in Section 2. We also include a set of confounding variables related to
study success, procrastination, or both. Academic performance in preparatory education is an impor-
tant determinant of study success (Ballard and Johnson 2004). Rotenstein, Davis, and Tatum (2009)
find that lower academic performance is associated with procrastination. We use high school grades
(both GPA, denoted SchoolGPA and the grade for mathematics, denoted MathGrade) to measure
student quality. However, the coverage is incomplete: high school grades are missing for 18% of
the students in our sample. As an additional measure of student quality, we include the ALEKS-vari-
able TotalHours. Another important confounding variable is gender. While early studies found evi-
dence that female economics students underperform compared to males, this negative gender
gap has been closed over time (Johnson, Robson, and Taengnoi 2014). The evidence of a gender
effect on procrastination is mixed (Milgram, Marshevsky, and Sadeh 1995; Özer, Demir, and Ferrari
2009; Ferrari 2001; Kachgal, Hansen, and Nutter 2001). We define the dummy variable Female,
which takes on the value one for female and zero for male students. We also include students’
age (denoted Age). Regarding the effect of age on procrastination, Kim and Seo (2015) find that
older students are less inclined to procrastinate than younger students. As minority students may
experience slower study progress than majority students (Severiens and Wolff 2008), we include a
variable measuring students’ ethnic background. In the Netherlands, minority students mainly orig-
inate from Surinam, the Netherlands Antilles, Turkey, and Morocco. We define the dummy variable
EthnicMinority, which takes on the value one if a student is born or has at least one parent born in
one of these countries and zero otherwise. We finally generate a dummy variable for program choice:
DumEcon takes on the value one for students that enroll in the Economics & Business program and
zero for students that enroll in the Econometrics & Operations Research program. Due to the higher
difficulty level of Econometrics & Operations Research, we hypothesize that study progress is slower
in this program.

Table 2 provides descriptive statistics on students’ background characteristics and their relation-
ship with the ALEKS-variables. The first row summarizes the data in Figure 1 on ALEKS usage. The
second row shows that female students make up 27% of the sample. They start and finish earlier
in ALEKS, work earlier in ALEKS, and put in more hours than male students. Minority students
make up 24% of the sample. On average, they work later in ALEKS and put in more hours than
majority students. Regarding age, the statistics show that younger students start earlier in ALEKS,
work earlier in ALEKS, and spend less time on the platform.

In our sample, the share of students with the highest school grades (>7.4) is rather low (7.1%). This
results from the selection of students for the mandatory online math course. Notwithstanding the
underrepresentation of good students, the data show a clear relationship between high school
grades and the ALEKS-variables. The higher SchoolGPA and MathGrade, the earlier students start,
finish and work in ALEKS and the less hours they need to go through the course. Finally, Table 2
shows that students in the Economics & Business program make up 74% of the sample. They
start, finish and work later in ALEKS and put in more hours compared to their fellow-students in
the Econometrics & Operations Research program. The relationships between the background
characteristics and our procrastination measures stress the importance of including these character-
istics as confounding variables in a multiple regression framework.

Table 3 reports descriptive statistics on study progress. Out of the 2640 students in our sample,
1098 (41.6%) drop out in the first year. As our sample consists of students who have received either a
negative study advice or an advice to carefully consider their study choice, this percentage is much
higher than the school’s overall dropout rate (which is close to 30%). Table 3 also shows that drop-
outs start, finish and work in ALEKS later and spend more hours in ALEKS than students that continue
after their first year. From the students that started in cohorts 2014–2017, 21.2% graduated within
the nominal duration of 3 years. On average, these students start, finish and work in ALEKS earlier
and need less hours to complete the online course. A similar conclusion holds when we look at
the re-enrollment graduation rate or at 4-year graduation rates. While Table 3 is suggestive of a
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relationship between study progress and the procrastination measures, this needs to be corrobo-
rated in a regression framework including confounding factors.•

3.3 Method

We estimate the relationship between study progress and procrastination using linear probability
models.3 The basic structure of the models is in Equation (1):

Study Progress = b0 + b1 Procrastination+ b2 Ability+
∑

gkXk. (1)

Table 2. Background characteristics and ALEKS-variables.

Count %
Delay
(mean)

p-
value

Start
(mean)

p-
value

Finish
(mean)

p-
value

TotalHours
(mean)

p-
value

All students 2640 48.89 31.37 21.64
Gender
Females 704 26.7% 47.17 0.003 28.69 0.000 57.84 0.101 23.17 0.000
Males 1936 73.3% 49.51 32.35 59.11 21.09

Ethnic background
Non-western 627 23.8% 49.61 0.002 31.69 0.643 59.09 0.600 23.49 0.000
Other 2013 76.3% 48.67 31.27 58.67 21.67

Age
≤18 1573 59.6% 47.66 0.000 30.27 0.001 57.57 0.000 20.92 0.001
>18 1067 40.4% 50.71 32.99 60.54 22.71

School GPA
5.5–6.4 745 34.6% 51.46 0.000 32.66 0.000 60.88 0.000 24.50 0.000
6.5–7.4 1259 58.4% 47.86 29.92 57.97 21.60
>7.4 152 7.1% 40.33 26.55 52.16 17.12

Math Grade at
School
<6.4 873 35.0% 50.66 0.000 33.25 0.000 59.92 0.001 22.17 0.000
6.5–7.4 1019 40.9% 49.13 30.47 59.38 23.53
>7.4 599 24.0% 46.27 29.65 56.63 18.69

Program
Economics 1955 74.1% 50.74 0.000 32.65 0.000 60.45 0.000 22.91 0.000
Econometrics 685 25.9% 43.62 27.73 53.98 18.02

Note: the p-values are for an F-test on the equality of means. Start measures the first day at which a student logs into ALEKS.
Finish measures the final day at which a student logs into ALEKS. Delay is the weighted average of the days in which a
student was active in ALEKS, where each day is weighted by the time spent online. TotalHoursmeasures the time that students
spend in ALEKS.

Table 3. Study progress and ALEKS-variables.

Count % Delay (mean) p-value Start (mean) p-value Finish (mean) p-value TotalHours (mean) p-value

Dropout
0 1542 58.4% 46.46 0.000 29.86 0.000 56.70 0.000 19.98 0.000
1 1098 41.6% 52.30 33.49 61.68 23.98
Degree3y (all students)
0 1300 78.8% 51.38 0.000 32.17 0.000 61.76 0.000 23.53 0.000
1 350 21.2% 44.31 27.41 55.55 19.31
Degree3y (excluding first-year dropout)
0 664 66.2% 49.50 0.000 31.47 0.001 60.34 0.000 21.84 0.002
1 339 33.8% 43.87 27.16 55.22 19.25
Degree4y (all students)
0 715 61.4% 52.07 0.000 32.02 0.010 62.74 0.000 24.92 0.000
1 449 38.6% 46.72 28.86 58.04 21.17
Degree4y (excluding first-year dropout)
0 301 42.2% 49.60 0.009 30.26 0.164 61.01 0.008 22.65 0.100
1 413 57.8% 45.84 28.11 57.36 21.05

Note: the p-values are for an F-test on the equality of means. Start measures the first day at which a student logs into ALEKS.
Finish measures the final day at which a student logs into ALEKS. Delay is the weighted average of the days in which a
student was active in ALEKS, where each day is weighted by the time spent online. TotalHoursmeasures the time that students
spend in ALEKS. Dropout takes on the value one for students that drop out in the first academic year. Degree3y and Degree4y
take on the value one if students have obtained their bachelor degree at the end of respectively three or four years.
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Equation (1) illustrates the importance of controlling for student ability in estimating the link
between study progress and procrastination. In the absence of measures for students’ cognitive
ability, the estimate of β1 may be biased upwards. Below, the dependent variables Dropout,
Degree3y and Degree4y will measure study process. Procrastination is measured by the ALEKS vari-
ables Delay, Start and Finish, which are our explanatory variables of interest. The variables SchoolGPA,
MathGrade and TotalHours measure student ability. The summation term ΣγkXk indicates other con-
founding variables, which include the variables Female, EthnicMinority, Age and DumEcon. We are
interested in finding out whether the procrastination measures Delay, Start and Finish are signifi-
cantly related to study progress, once we control for confounding factors. Due to the strong multi-
collinearity between Delay, Start and Finish (see Table 1), these variables cannot be included in the
same estimation. We, therefore, estimate separate regression models for each measure.

For all specifications, we include a covid-19 dummy variable for the cohorts where either dropout
or graduation may have been affected by the outbreak of covid-19. Covid-19 may have affected
dropout through several channels, such as financial problems, lower teaching quality, increased
stress and anxiety, or other health problems. The effect of covid-19 on graduation rates may
additionally result from delays in students’ thesis project, for example, because data or thesis intern-
ships have become less easily accessible. The covid-19 dummy variable is denoted DumCovid. For
Dropout, Degree3y and Degree4y it takes on the value one for respectively cohorts 2019, 2017 and
2016 and zero otherwise. All linear probability models are estimated using OLS.

4. Results

Table 4 reports the estimation results for the linear probability models for study progress, including
Delay as a procrastination measure. The first column shows the results for Dropout. The coefficient of
Delay is positive and significant at a 1% level. The size is 0.004, which implies that a one-month (30
days) delay of working in ALEKS increases the dropout probability by 0.12. This is a sizeable effect.
The negative gender gap in economics seems a thing of the past, as female students have a lower
chance of dropping out in the first year than male students. The coefficient shows that this is a
sizable effect: the dropout probability is 0.07 lower for females. EthnicMinority and Age are not sig-
nificantly related to dropout in this sample. As expected, student quality is also strongly related to
dropout, as evidenced by the statistically significant coefficients for SchoolGPA,MathGrade and Total-
Hours. The coefficient for TotalHours shows that when students spend 10 more hours to complete
the ALEKS course, the probability of dropout increases by 0.04. The statistically significant and nega-
tive coefficient for DumEcon confirms that Econometrics & Operations Research is the more difficult
program with the higher dropout rate. The coefficient for DumCovid shows that covid-19 did not
have a statistically significant effect on dropout.

The remaining columns in Table 4 show the results for the graduation rates. Compared to the
regression for Dropout, the number of observations is reduced due to the use of fewer cohorts
and/or the exclusion of first-year dropouts in case of the re-enrollment graduation rates. Our procras-
tination measure Delay has a negative effect on all graduation rates, which is in all cases significant at
a 1% level. The coefficient of Delay ranges from −0.0035 to −0.0038, implying that a one-month (30
days) delay of working in ALEKS would reduce the graduation probabilities by 0.105–0.114. These are
again sizeable effects. Although all coefficients of Female are positive, a statistically significant
gender effect is visible only for Degree4y (all students). Ethnicity is not significantly related to gradu-
ation rates. A higher age at enrollment reduces graduation rates, especially those based on the 4-
year period. In general, a higher student quality has a positive effect on graduation rates. Students
in the Economics & Business program show higher graduation rates, but similar re-enrollment gradu-
ation rates compared to students in the Econometrics & Operations Research program. This effect
can be explained by the stronger first-year selection in the Econometrics & Operations Research
program. Covid-19 has had a statistically significant negative effect on graduation rates, possibly
for the reasons discussed above.
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Excluding the measures for student ability (SchoolGPA, MathGrade and TotalHours) from the
regressions in Table 4 results in a stronger effect of Delay on study progress. For Dropout, the coeffi-
cient of Delay increases from 0.004–0.005. For Degree3y and Degree4y, the coefficients of Delay
increase to respectively −0.0038 and −0.0043.4 This illustrates the importance of controlling for
student quality, as procrastination measures may partly reflect students’ cognitive ability.

Finally, Table 5 show what happens when we replace Delay by Start or Finish. The results are
similar to those in Table 4. The differences in the coefficients and the significance levels of the con-
founding variables are minor and go unreported. The coefficients of Start have the expected sign and
are statistically significant, in most cases at the 1% level. They are, however, somewhat lower than
the coefficients of Delay. A one-month (30 days) delay of starting in ALEKS increases the dropout
probability by 0.08 and reduces the graduation probabilities by about 0.07. The coefficients of
Finish are closer to those of Delay. A one-month delay of completing the ALEKS course increases
the dropout probability by 0.11 and reduces the graduation probabilities by about 0.09–0.10.
While these are still sizeable effects, they are lower than the effects of Delay. Delay measures
when students do most of their work in the online course and is, therefore, a more accurate

Table 4. Linear probability models for the link between procrastination and study progress.

Dropout Degree3y Degree3y Degree4y Degree4y
(all students) (all students) (excl. first-year dropout) (all students) (excl. first-year dropout)

Delay 0.0042 *** −0.0035 *** −0.0035 *** −0.0038 *** −0.0035 ***
(0.001) (0.001) (0.001) (0.001) (0.001)

Female −0.0695 *** 0.0367 0.0264 0.0575 * 0.0320
(0.023) (0.024) (0.035) (0.034) (0.043)

EthnicMinority −0.0353 0.0459 * 0.0395 0.0485 0.0241
(0.025) (0.027) (0.041) (0.037) (0.048)

Age 0.0016 −0.0203 * −0.0350 * −0.0429 *** −0.0573 **
(0.010) (0.011) (0.018) (0.016) (0.022)

SchoolGPA −0.1767 *** 0.1142 *** 0.0978 *** 0.1194 *** 0.0416
(0.018) (0.020) (0.030) (0.027) (0.037)

MathGrade −0.0522 *** 0.0331 *** 0.0214 0.0632 *** 0.0347
(0.011) (0.012) (0.018) (0.017) (0.022)

TotalHours 0.0041 *** −0.0013 −0.0004 −0.0026 ** −0.0006
(0.001) (0.001) (0.001) (0.001) (0.002)

DumEcon −0.2822 *** 0.0746 *** 0.0040 0.1010 *** −0.0463
(0.024) (0.026) (0.043) (0.037) (0.053)

DumCovid −0.0145 −0.0641 *** −0.0940 *** −0.2250 *** −0.2775 ***
(0.026) (0.024) (0.036) (0.030) (0.040)

Adjusted R-squared 0.145 0.084 0.054 0.135 0.102
# observations 2137 1360 844 983 616

Note: standard errors are in parentheses; significance levels are indicated as * p < .10; ** p < .05; *** p < .01. Procrastination is
measured by the variable Delay, which is the weighted average of the days in which a student was active in ALEKS, where
each day is weighted by the time spent online. Dropout takes on the value one for students that drop out in the first academic
year. Degree3y and Degree4y take on the value one if students have obtained their bachelor degree at the end of respectively
three or four years.

Table 5. Linear probability models for study progress: alternative procrastination measures.

Dropout Degree3y Degree3y Degree4y Degree4y
(all students) (all students) (excl. first-year dropout) (all students) (excl. first-year dropout)

Start 0.0028 *** −0.0024 *** −0.0025 *** −0.0025 *** −0.0023 **
(0.001) (0.001) (0.001) (0.001) (0.001)

Finish 0.0037 *** −0.0031 *** −0.0033 *** −0.0035 *** −0.0033 **
(0.001) (0.001) (0.001) (0.001) (0.001)

Note: standard errors are in parentheses; significance levels are indicated as * p < .10; ** p < .05; *** p < .01. Start measures the
first day at which a student logs into ALEKS. Finishmeasures the final day at which a student logs into ALEKS. Dropout takes on
the value one for students that drop out in the first academic year. Degree3y and Degree4y take on the value one if students
have obtained their bachelor degree at the end of respectively three or four years.
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measure of procrastination. One may thus conclude from the estimation results that the most accu-
rate measure of procrastination also has the strongest effect on study progress.

5. Conclusions

In higher education settings, procrastination is usually investigated using small samples and in the
context of individual courses, where students’ tendency to postpone doing homework or handing in
assignments is hypothesized to be negatively related to course grades. This paper adds to the litera-
ture on the relationship between procrastination and academic performance by taking a broader
and more long-term perspective. Similar to De Paola and Scoppa (2015), Himmler, Jäckle, and
Weinschenk (2019) and Reuben, Sapienza, and Zingales (2015), we measure procrastination as the
speed with which students complete a requirement for program admission and document their sub-
sequent study progress. In contrast to these studies, the pre-admission requirement is not a bureau-
cratic procedure but an academic study choice activity, which Dutch universities have been obliged
by law to organize since 2014. Students with a weak track record in mathematics at high school are
required to complete an online math course in the ALEKS learning platform during the summer
break. We have argued in this paper that this study choice activity yields a strong procrastination
measure, as students may be more inclined to postpone a task at which they are not particularly
good. In a further deviation from the literature, we examine not only the short-run effect of procras-
tination on dropout, but also the longer-term effect on graduation rates.

We use a large dataset of six cohorts of undergraduate students at a Dutch research university to
estimate linear probability models for dropout and graduation rates. In addition to students’ back-
ground characteristics such as age, gender, ethnicity, and measures for student quality, we include
three procrastination measures calculated from data provided by the ALEKS system: the first day and
the final day at which students log into the system and the average day at which they work in the
system. Controlling for confounding factors, we find that these procrastination measures are signifi-
cantly related to study progress. A longer delay in starting, finishing or working in the online course
increases the dropout rates and decreases graduation rates, both for a three- and 4-year time
window. Moreover, the coefficient estimates are sizable, indicating that the link between procrasti-
nation, dropout and graduation rates is nontrivial.

In conclusion, the evidence in this paper suggests that procrastination is a persistent student
characteristic that may have long-term effects on study progress. Students that graduate later
due to their tendency to procrastinate will spend more time and money on education. They may
also be at a disadvantage when they enter the labor market. This finding, therefore, provides
support for policy interventions that reduce students’ tendency to procrastinate.

Notes

1. As the final school exams take place after the May 1st application deadline, the math performance reported in
the survey may deviate from the math grade on the final grade list.

2. The binding study advice, given at the end of the first year, should not be confused with the advice to applicants
given in the context of the study choice check. The term ‘binding study advice’ is a contradictio in terminis. As it
has entered Dutch law, we will nonetheless use it in this paper.

3. Estimation using binary logistic regression models yielded similar results.
4. The latter results apply for the regressions including all students. For the regressions excluding first-year dropout

the coefficients remain the same. More detailed results are available upon request.
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