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Abstract

In this paper, we evaluate the effects of a psychological training, called Mindfulness-Based
Stress Reduction (MBSR) on stress and risk and time preferences. MBSR is a well-known
psychological technique, which is believed to improve self-control and reduce stress. We
conduct the experiment with 139 participants, half of whom receive the MBSR training, while
the other half are asked to watch a documentary series, both over 4 consecutive weeks.
Using a range of self-reported and physiological measures (such as cortisol measures), we
find evidence that mindfulness training reduces perceived stress, but we only find weak evi-
dence of effects on risk and inter-temporal attitudes.

Introduction

Economists have devoted a fair amount of attention to understanding choices that are inter-
temporal and uncertain in nature, such as choices on how much to save, whether to apply to
college, whether to smoke or not, go on a diet, etc. There is now ample evidence that a broad
range of personality traits and/or behavioral attitudes (so-called non cognitive skills) matter a
lot in these decisions (see for example ([1-3] for education decisions and [4] for health).

Recent work in behavioural economics has shown that inter-temporal choices exhibit a
range of “biases” such as biases toward immediate gratification. These biases can explain
inconsistencies in people’s choices over time, for example choosing to go on a diet and then
not sticking to it ([5, 6]). One important question is: What policy interventions should we
design now that we know that these traits matter. For example, if patience and self control are
associated with better outcomes in life, what interventions could we think of to help those who
lack patience and self control?

Policies inspired by insights from behavioural economics take behavioural traits and biases
as given and often propose tools that seek to exploit these behavioural biases to the advantage
of individuals. For example, by allowing workers to pre-commit to later increases in their sav-
ings rate for retirement, [7] exploit workers’ present bias to help those who would like to save
more but lack the willpower to do so. There has, however, been relatively little interest in
whether one could actually try to correct for these biases or even try to alter the decision-mak-
ing processes that underpin these behaviours in the first place. There is however a wider

PLOS ONE | https://doi.org/10.1371/journal.pone.0258172 November 12, 2021

1/24


https://orcid.org/0000-0002-6953-1200
https://doi.org/10.1371/journal.pone.0258172
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0258172&domain=pdf&date_stamp=2021-11-12
https://doi.org/10.1371/journal.pone.0258172
https://doi.org/10.1371/journal.pone.0258172
https://doi.org/10.1371/journal.pone.0258172
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7298/s0d2-h158

PLOS ONE

Mind training, stress and behaviour

Development (Formas), through the project
“Cooperation for sustainable resource utilization”,
grant number: 253-210-32. Aniko Biré
acknowledges funding from the Momentum
program of the Hungarian Academy of Sciences.
The funders played no role in the study besides
funding.

Competing interests: The authors have declared
that no competing interests exist.

literature in psychology, documenting the effects of various activities on executive functions
and self-control in particular. Reviewing a range of interventions, [8] find evidence of various
such activities improving children’s executive function, including aerobics, martial arts, yoga,
and mindfulness. But there has been only limited research into whether these techniques could
be used to affect fundamental preferences such as risk and time preferences.

In this paper, we investigate the possibility of altering behavioural preferences by training.
A recent series of studies in economics ([9, 10]) shows that traits such as patience and grit are
malleable in childhood and can be trained, at least early on in life. There are also a number of
studies that examine the effects of “shocks” in the environment, such as natural catastrophes,
on risk preferences, finding supportive evidence that these preferences may change in response
to external shocks ([11, 12]). Thus, there appears to be scope for preferences to change.

This study focuses on adults. We selected a well-known psychological technique, which is
based on what is referred to as “Mindfulness” training. The technique is based on repeated
exercises of meditation, breathing and yoga, and has recently enjoyed a rise in popularity in
many countries. There is a widely held belief that mindfulness may affect behavioural attitudes
and traits, such as for example patience and self control. To our knowledge there is no evi-
dence of the effects of these techniques on preferences or behavioural anomalies. So far, experi-
mental studies have primarily evaluated its effects on stress and anxiety reduction (see [13-
15]).

A growing body of research finds that mindfulness, especially mindfulness-based stress
reduction (MBSR) and mindfulness-based cognitive therapy (MBCT) are effective treatment
for health problems such as recurrent depression ([16, 17]) and anxiety ([18]). [19] study the
impact of the online mindfulness course we use in the present study and find significant reduc-
tions in perceived stress, anxiety and depression at course completion, as well as a further
decline at a one-month follow-up. The authors report effects that are comparable to those
found in studies using face-to-face mindfulness courses and other types of treatment for stress,
such as cognitive behavioural therapy.

A number of studies have found effects on executive function, including self-control ([20-
23]). Because of its potential effect on stress, mindfulness practice could also affect risk and
time preferences via its effect on stress. Stress triggers a physiological response in the body and
neuroscientists typically distinguish between short-run (acute) and long-run (chronic) stress.
The effects of acute and chronic exposure to cortisol, the primary stress hormone, can be very
different, and are in many cases opposite. Most studies focus on the effects of acute stress on
decision-making.

The evidence on causal effects of acute stress on risk-taking is mixed. A number of studies
find that fearful emotions increase risk aversion ([24, 25]), while other studies find that ele-
vated cortisol is associated with more risk-taking ([26, 27]). Other studies, such as [28], have
found that, in stressful situations, humans are likely to fall back on automatized reactions to
risk. Regarding time preferences, a recent study by [29] finds that temporarily elevated cortisol
induces people to prefer more immediate rewards to delayed rewards.

There are a few studies that look at the effects of chronic stress, indicated by the presence of
elevated cortisol levels over longer periods of time. Chronic stress has been found to impair
behavioural flexibility and attentional control [[30-32]). A recent experiment (double-blind
and placebo controlled) raised cortisol levels of volunteers over a period of eight days to mimic
the biological effects of chronic stress, replicating levels previously observed in real financial
traders [33]. The study found that raised cortisol levels led volunteers to become more risk-
averse and that men, relative to women, increasingly over-weighed small probabilities.

We conducted a randomised controlled experiment where we treated a sub-group of partic-
ipants with an online course in mindfulness called “Be Mindful”. We refer to the website www.
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bemindfulonline.com for a detailed description of mindfulness-based stress reduction course.
The course is designed as a complete training for mindfulness and is currently one of the most
popular online tools for learning mindfulness skills. It is run by the UK Mental Health
Foundation.

Our sample consists of 139 students from the University of Edinburgh who participated in
a six-week study (with a five-month follow-up). Students were allocated randomly either to a
mindfulness-based stress reduction (MBSR) programme or to a control intervention consist-
ing of a series of documentaries called “BBC Ancient Worlds”. We chose this intervention for
the control group because it requires a similar degree of time commitment, but involves very
different activities. While mindfulness consists of exercises that should help individuals take
charge of their thought processes (becoming “mindful”), a TV documentary is more likely to
be distracting. Both protocols were to be followed outside the laboratory and lasted for four
consecutive weeks, starting in the week immediately after the initial session. Participants were
asked to return to the laboratory for five consecutive weeks after the initial session (including
one week after the interventions ended) and provide feedback on the previous week (in partic-
ular about their engagement with the intervention). We also conduct an additional post-inter-
vention session five months later to document their longer-term behaviour and see whether
there was evidence of long-term behavioural changes.

Using student subjects to answer these research questions provides more than logistical
advantages over other subjects. There is strong evidence that students suffer from chronic
stress [34, 35] and are particularly prone to engage in unhealthy risky behaviours such as
smoking, drinking and eating unhealthy food [36-38].

The first outcome of interest is to what extent participants engaged with each of the pro-
grammes. Because both programmes require some form of commitment, one might expect,
for example, that impulsiveness and present bias could correlate with the ability to complete
the programme. We find that indicators of stress and behavioural attitudes are not systemati-
cally related to the likelihood of completing the mindfulness course.

We then proceed to evaluate the effects of the MBSR programme on two sets of outcome
variables. We evaluate effects on measures of chronic stress, because this outcome has been a
primary target of the MBSR programme, and could be one of the channels through which risk
and time preferences are altered. We then study impacts on risk and inter-temporal attitudes,
which are believed to play a key role in a range of decision domains such as saving, education
and health.

Results suggest that compared to the control group, participants in the treatment group
exhibit a consistently lower level of stress as measured by the Perceived Stress Scale (PSS). The
effect remained strong five months after the end of the intervention. Turning to attitudes
towards risk and time, we find suggestive evidence that participants in the treatment group are
more patient, more risk-averse, less likely to suffer from present bias, although some of these
effects are not statistically significant. Overall, our results suggest that mindfulness is effective
at reducing stress, but the evidence on whether it can alter fundamental attitudes towards risk
and time is only suggestive.

Of course, the intervention we looked at was relatively short in duration (four weeks). Nev-
ertheless, we believe this is an important research agenda that deserves attention by economists
and behavioural economists, and more research is needed to understand the extent to which it
is possible to train the mind to overcome behavioural biases. Not only is the question of
whether preferences and behavioural biases are malleable, but also whether there is scope for
training at different stages of life.

The rest of the paper is structured as follows. Section 2 outlines Materials and Methods. Sec-
tion 3 presents the Results and Section 4 concludes with a Discussion.
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Materials and methods
Sample

We recruited 139 participants (from an original sample of 144 participants, from which 5 par-
ticipants did not show up), primarily through the database of the Experimental Laboratory of
the School of Economics at the University of Edinburgh—called BLUE (Behavioural Labora-
tory at the University of Edinburgh), as well as through posters and leaflets on campus. The
advertisement and recruitment emails are attached in Appendix A in S1 File.

Participants were required to be at least 18 years old and students at the University of Edin-
burgh and could not have any pre-existing medical condition. The experiment thus targeted a
healthy student population. The study was approved by the School of Economics Ethics Com-
mittee at the University of Edinburgh. The slogan used in the advertisements was “Feeling a
bit stressed?”, targeting students with relatively high levels of anxiety at the start of the study.
This was done in order to maximise the chances of inducing an exogenous difference in
chronic stress between the treatment and control groups. However, it is likely that such a slo-
gan would attract the attention of many students, as a recent survey by the National Union of
Students [39] found that 92 percent of respondents reported feelings of mental distress, includ-
ing feeling down, stressed and demotivated during their time in higher education. Thus, it is
likely that most students at the university “feel a bit stressed”.

It is important to point out, however, that, unlike in previous studies, the participants in
our experiment have not self-selected into the treatment and are not paying for it, reducing the
risk of associated biases. The prospective participants did not know beforehand what the inter-
ventions would be.

Experimental interventions

Treatment: Mindfulness based stress reduction programme. The Stress Management
Programme consisted of the “Be Mindful Online” mindfulness course. Combining elements of
MBSR and Mindfulness Based Cognitive Therapy (MBCT), the course was developed by lead-
ing UK mindfulness instructors and is run by the Mental Health Foundation and Wellmind
Media. Participants are given an individual login to the course website (http://www.
bemindfulonline.co.uk), which provides instructional videos to guide formal meditation. The
impact of the course on stress and anxiety has been evaluated by [19].

The course is designed to be taken over four weeks, with a total of 10 interactive online ses-
sions lasting 30 minutes each. The course starts with a three-minute introduction video. This
is followed by a questionnaire (including the 10-item version of the Perceived Stress Scale
(PSS) of [40]). It also contains the Patient Health Questionnaire (PHQ-9) and the Generalised
Anxiety Disorder Assessment (GAD-7). This is followed by an orientation video, which also
prompts participants to write down their intentions. During the course, participants are
instructed in both formal (including sitting meditation and body scan) and informal (incorpo-
rating mindfulness into daily activities) meditation techniques, through videos, assignments,
and reminder emails. Participants are asked to practise exercises for both kinds of technique
each week between online sessions. Upon completing the course, participants are asked to
complete the same questionnaire as in the introduction session of the course.

As participants were asked to follow the programme on their own, we could not enforce
compliance. However, the online platform includes a web-based administration system to
track participants’ activity. In addition, weekly laboratory sessions were held to maintain
engagement with the participants and gather self-reported information on their experience of
the course (part of the weekly questionnaire, which also included questions about participants’
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feelings and health-related behaviours during the previous week). Thus, we are able to study in
detail the extent to which participants engage with the programme.

Control intervention: Historical documentary series. The control group was asked to
watch the documentary series “BBC Ancient Worlds”, which was provided to them via email
link each week after their visit to the laboratory. This activity was chosen because it would
require a similar amount of the participants’ time as the MBSR protocol, in order to avoid
making the treatment group busier and reducing the time available for health-related activities
such as going to gym, etc. Participants in the control group were also asked to come to the lab-
oratory once a week to fill in a questionnaire and provide feedback on the previous week’s doc-
umentary, allowing us to track their degree of engagement with the programme.

It is plausible to be concerned that watching the BBC ancient world series itself might have
a stress-reducing effect. In order to explore the possibility of such effects, we asked the partici-
pants to evaluate how useful they found the documentary series for relaxation purposes as part
of the weekly feedback. On average, the responses were neutral, indicating slightly lower relax-
ing effects than reported by the treatment participants for the MBSR intervention (see Appen-
dix B in S1 File for details). Thus, based on these statistics, we do not see evidence indicating
that the control intervention would have a stress-reducing effect.

Experimental procedure

The experimental sessions started in October 2014 and were held at the same time and day
every week for each participant, with a total of eight groups each week, spread over three dif-
ferent times on three days. In order to minimise the chance that students would find out about
the other intervention, randomisation was conducted at the group level. Table 1 presents a
summary of the experimental procedure. Sessions 1, 6 and 7 (pre- and two post-intervention
sessions) were longer than the sessions that took place during the intervention. In the the first
and sixth sessions we also collected saliva samples to measure cortisol response to a stressful
task.

Table 1. Experimental procedure.

Session Date Content
1 Week of 20/10/2014 Pre-intervention Lifestyle and stress survey
Saliva sample I

Stressful task

Decision making tasks

Further survey questions

1.

2.

3.

4.

5. Saliva sample II
6.

7. Picture rating task
8.

Saliva sample III

2 Week of 27/10/2014 feedback and short survey

3 Week of 3/11/2014 feedback and short survey

4 Week of 10/11/2014 feedback and short survey

5 Week of 17/11/2014 feedback and short survey

6 Week of 24/11/2014 Post-intervention same as in Session 1

7 Week of 16/3/2015 5-month follow-up 1. Lifestyle and stress survey

2. Stressful task
3. Decision making tasks
4. Further survey questions

5. Picture rating task

https://doi.org/10.1371/journal.pone.0258172.t001
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The structure of Sessions 1 and 6 was as follows. Participants were publicly informed about
the structure of the session. They then started the computerized survey, beginning with ques-
tions relating to their lifestyle and self-reported stress (including the PSS). When all partici-
pants had completed this section, the first sample of saliva was collected simultaneously from
all participants in the group. This was followed by the stressful task.

The stressful task involved a combination of testing cognitive ability, time pressure, mone-
tary reward/loss, and social pressure. Full details on the task are provided later. The task was
designed to be new to participants in each session in order to avoid participants getting used
to it, which could reduce its effectiveness as a stressor. After completing the task and providing
feedback on its difficulty and stressfulness, participants proceeded with survey questions on
decision-making and decision-making tasks. The second saliva sample was collected precisely
15 minutes after the end of the stressful task, at a time when a peak in cortisol concentrations
in response to the stressful event should be expected. Decision-making tasks aimed at eliciting
risk and time preferences followed, after which participants answered further background
questions (including basic demographic questions in Session 1). The third cortisol sample was
taken 23-24 minutes after the second one, by which time the recovery of cortisol levels is
expected. In order to provide participants with a neutral activity during the remaining time
before the final cortisol sample could be taken, participants were asked to view a series of 30
pictures of humans and 30 pictures of wildlife, rating these respectively on attractiveness and
how much they liked the pictures. This task was chosen to fill the time between the two saliva
collections in a way that would allow for recovery from the stressful task. Finally, participants
were called individually to receive their payments for the session.

Session 7 followed the same procedure as Sessions 1 and 6, but without collection of saliva
samples. For Sessions 2-5, participants were asked to complete a short survey asking for feed-
back about their engagement with the intervention, as well as questions on their health-related
behaviours during the previous week.

Hypotheses and outcome variables

We will now describe the outcome variables we are interested in, as well as our hypotheses
regarding the direction in which these variables could be affected by mindfulness training.
These include: (1) measures of engagement and compliance with the programmes, (2) mea-
sures of chronic stress and response to a stressful situation, (3) measures of behaviour.

Attrition and compliance. Our first key outcome of interest is the level of engagement of
participants with each of the protocols. The interventions received by both the treatment and
the control group require commitment from the participants—in each case the interventions
involve watching a video at home and showing up to the laboratory every week. We chose the
control intervention so that the degree of commitment required would be similar and, there-
fore, we do not expect compliance and attrition to systematically differ across treatment and
control groups. But one could expect, for example, that certain psychological characteristics
such as impulsiveness, impatience and present bias may be correlated with the probability of
dropping out. Because we collected a large set of variables at baseline, we are able to test this
hypothesis directly.

Our first hypothesis is as follows:

Hypothesis 1— Attrition rates will be similar across interventions and positively correlated with
psychological characteristics such as impulsiveness, impatience and present bias.

We construct several measures to determine the degree of engagement of participants with
the programmes. First, we record participants’ attendance at each session. Second, we employ
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three different strategies to measure compliance with the programme. One is based on self-
reports of engagement in various leisure activities, which are presented in a list format. Medi-
tation is one of the listed activities and participants are asked to report how frequently they
have engaged in each activity during the previous week. Another measure is based on summa-
ries participants are asked to write about the contents of the latest lesson (MBSR intervention)
or episode (control intervention) in each weekly session. We create an indicator to reflect
accuracy of the report (equal to 1 if what they wrote is correct and 0 otherwise). The last mea-
sure is based on records of online activity that we obtained from the organisation running the
online MBSR course. We have detailed information about the activity and progress of each
participant. We use this information to construct a variable indicating how far the participants
have progressed with the course.

Chronic stress and short-run response to a stressful situation. Because the mindfulness
training aims at both decreasing overall anxiety levels and improving the ability to cope with
stressful situations, we are interested in measuring both chronic stress levels and the short-run
response to a stressful situation (similar to what a student is likely to encounter in her or his
daily life).

Self-reported measures of stress are included in the survey questions completed by partici-
pants prior to beginning the stressful cognitive task. These measurements are based on the Per-
ceived Stress Scale (PSS), using the 10-item version of the PSS [40]. We extend the PSS with
two questions that measure academic stress, which can be particularly relevant among univer-
sity students. The Perceived Stress Scale (PSS) of [40] is a widely used stress measure, capturing
the extent to which an individual perceives events in the previous month as overwhelming or
uncontrollable. Several studies of mindfulness interventions have reported reductions in PSS
scores (see [19]). In our analysis, we use as an outcome variable the sum of the scores of the
10-item PSS version.

We also collected information on stressful events to which students may have been exposed.
Sources of stress are measured with a substantially shortened version of the Adolescent Per-
ceived Events Scale (APES, based on [41]), including a selection of questions most relevant to
a student population from the 90-item APES. We use a variable indicating the sum of stressful
events the participant faced in the previous month, and test whether her response (in terms of
PSS score) differed across treatments. Because mindfulness is supposed to improve coping
skills, the hypothesis is that participants in the MBSR treatment should respond less to stressful
events.

Following most studies in the literature, we also collect self-reported measures of well-
being. The well-being questions were taken from the UK Labour Force Survey. asking respon-
dents the following standard questions: “Overall, how satisfied are you with your life nowaday-
s?”(in weekly surveys: the previous week), which we will refer to as “life satisfaction”, and
“Overall, how happy are you these days?”, which we will refer to as “happiness”. We also ask
how anxious they feel these days (“anxiety these days”) and how anxious they feel right now
(“anxiety now”). Participants were asked these questions every week.

Short-run response to a stressful situation. The second outcome of interest in relation to
stress is the ability to cope with a stressful situation. Participants were asked to perform a task
aimed at inducing stress through a combination of testing cognitive ability/knowledge, time
pressure, monetary rewards/losses, and social pressure/shame (See [42] for a synthesis of labo-
ratory research on acute stressors.) Because stress responses decline with habituation to a par-
ticular stressful situation [43], different stressful tasks were chosen for the pre-and post-
intervention sessions.

In the pre-intervention session (Session 1), the task consisted of a computerized cognitive
ability and knowledge test, combining numerical, spatial, and verbal reasoning questions with
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general knowledge questions. Students were informed that the average student would be
expected to be able to answer all questions. Each question was presented on a separate page
with a 20 second countdown timer ticking in the top right-hand corner of the page. Students
were informed of the requirement of answering 70% of questions correctly in order to partici-
pate in a lottery to win one of the two £50 prizes.

In the post-intervention session (Session 6), the task consisted of a cognitive ability and
knowledge test that was performed publicly in the laboratory. All participants were asked to
stand up in the lab and questions were read aloud by the experimenter, as well as being displayed
on a large screen. Immediately after reading a question, the experimenters called upon a ran-
domly selected participant to choose the correct answer to the multiple-choice question. If the
given answer was incorrect, participants were informed of this and asked to try another answer.
This was repeated until the correct answer had been given. The task consisted of 36 questions.
Participants were each endowed with £12 at the beginning of the task, losing £1 for every minute
expired on the test. This design was chosen to add social pressure to the task, similar to the Trier
Social Stress Test of [44], but with the additional pressure of joint incentive payment.

Finally, in the five-month follow-up session (Session 7), participants were asked to take a
computerized Stroop test [45, 46]. Participants were sequentially shown names of four differ-
ent colours (red, blue, yellow, and green) on the screen, written either in congruent or incon-
gruent colour. They were asked to indicate the colour in which the word was written, by
clicking on one of four buttons labelled with the colour names. Upon selecting an answer, the
next colour name would immediately appear on the screen. This was repeated 96 times. Partic-
ipants received one penalty point for each second spent on the task, and one penalty point for
each mistake made. They were informed that the two participants with the fewest penalty
points would earn a bonus of £50 each.

In each session, directly after completing the task, participants were asked to rate how
stressful, difficult, and enjoyable they found the task. This gives us a self-reported measure of
the acute stress response. We also asked them to predict their relative performance on the task,
before and after having completed it.

In addition, we measured participants’ stress response using saliva measurements of cortisol
levels, following a standard protocol (we refer to the website of salimetrics for the full descrip-
tion of the protocol). Increased cortisol levels can be measured in saliva between 10 to 20 min-
utes after exposure to a stressor. If there are no further stressors, cortisol levels should return
to their initial level within a short period (between 20 to 40 minutes). This is called the “recov-
ery period”. If a person experiences stress for a sustained period of time, she could experience
what is called “adrenal fatigue”, which leads to low levels of cortisol, a weak response to stress-
ors and a longer recovery period [47].

Saliva samples were collected three times during the experimental session using Salivette
collection devices. The saliva samples were analysed by a professional laboratory (Salimetrics).
These samples were collected for the initial session and for the post-intervention session, but
not for the follow-up session.

Summarising the expected effects on chronic stress and stress response, our second hypoth-
esis is as follows:

Hypothesis 2—Participants in the MBSR programme will be better able to cope with stressful
situations. As a consequence, chronic stress should decrease and they should be less affected
by and recover faster from stressful events.

Decision-making. Finally, we are interested in evaluating how mindfulness affects deci-
sion-making. Risk and time preferences presumably play a key role in decisions that are inter-
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temporal in nature. We use standard experimental techniques to elicit measures of risk and
time preferences.

We use the “Bomb Risk Elicitation Task”(BRET), an intuitive procedure aimed at measur-
ing risk attitudes [48]. Subjects decide how many out of 100 boxes to collect, but are informed
that one of the boxes contains a bomb. Earnings increase linearly with the number of boxes
collected, but participants receive nothing if the boxes they collect include the one that con-
tains the bomb. Essentially, the task presents 100 lotteries which are described fully in terms of
outcomes and probabilities by a single parameter (number of boxes collected). In our experi-
ment, earnings per box are £0.05, i.e., participant earnings are equal to the number of boxes
collected divided by 20 (unless the bomb is collected). The major advantage of the BRET, com-
pared with other risk elicitation tasks, is that it requires minimal numeracy skills. The task
allows estimation of both risk aversion and risk-seeking, and is not affected by the degree of
loss aversion.

[48] present both a static and a dynamic version of the BRET (note that in both versions of
the BRET the location of the bomb is only revealed after participants have made their final
decision on the total number of boxes they would like to collect). We implement a static ver-
sion, with participants using a slider to choose how many boxes to collect. In contrast to the
dynamic version, in which boxes are collected as time passes and subjects need to decide when
to stop collecting boxes, our setup does not introduce any role for time preferences in the deci-
sion of how many boxes to collect. Subjects can also revise their decision upward and down-
ward until they are satisfied with their choice. The number of boxes collected is used as the
measure of risk aversion. The more risk averse the subject is, the fewer boxes she will collect.

In addition, we construct a non-linear measure of risk aversion, using the approximation of
[48]. Assuming a classic power utility function, the coefficient of relative risk aversion (RRA)

can be approximated as 1 — , where n is the number of boxes collected.

n
00 —n
How should we expect mindfulness to affect risk-taking behaviour? There is a theory that

risk-taking is linked to executive function. For example, there is evidence that risk-taking
observed during adolescence may be due to insufficient prefrontal executive function com-
pared to a more rapidly developing subcortical motivation system [49]. Thus, if mindfulness
training improves executive function, then we would expect it to decrease risk-taking.

Next, we measure impulsiveness and time preferences using both self-reported and incenti-
vised measures. In order to measure self-reported impulsiveness, we use the Barratt Impulsive-
ness Scale [50]. This is a widely used measure of impulsiveness, including 30 questions
assessing various impulsiveness traits (such as self-control, perseverance, and attention). Each
item is reported on a four-point scale, with the total score ranging from 30 (low impulsivity) to
120 (high impulsivity).

For the incentivised measure, we are interested both in eliciting subjects’ discount rates and
in testing whether their preferences are time-consistent. A simple way to determine time con-
sistency is to offer individuals the choice between smaller amounts of money in the present
and larger amounts in the future (i.e., today versus in one week), and then also offer them the
identical choice between these rewards shifted further into the future (i.e., four months versus
four months and one week). We follow the literature in asking subjects to make such choices
for various different monetary rewards. If a subject chooses the smaller reward in the first sce-
nario, but the larger one in the second (so-called static preference reversal), this reveals the
subject’s present bias. The Tables in Appendix D in S1 File display the choice scenarios for Ses-
sions 1, 6 and 7. Participants were informed in each session that one of their decisions would
be randomly selected and implemented at the end of the session. While in Session 1 the mone-
tary rewards were small (ranging from £2 to £4) and everyone received the selected payments,
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in Sessions 6 and 7 the rewards were higher (ranging from £30 to £35), but only two randomly
selected participants in each session received the payments associated with their decision.

Opting for future payment introduces additional uncertainty and requires subjects to trust
the experimenter to pay in the future, introducing variables other than time preference. To
keep transaction costs to a minimum, we chose to either provide future payments during pre-
scheduled lab-sessions, or give payment via a voucher card, which could be loaded remotely,
without the subject having to come to the laboratory. This procedure, combined with the fact
that the experimenters are known to use the BLUE lab regularly, should serve to minimize
potential trust issues in our participants.

We construct two summary measures of time preferences using these incentivised experi-
ments. First, we count the number of times the participant preferred to receive the money on
the day of the session rather than later. We call this variable impatience. Second, we construct
an indicator of whether the participant exhibits time-inconsistent preferences (present bias),
preferring to receive a smaller amount of money today over a larger sum at a later date, while
preferring the greater and later payment when offered a similar choice between payments on
two later dates. We call this binary variable present bias. There are three cases of inconsistent
choices (i.e., people switching more than once between earlier and later dates), which we
exclude from our analysis.

Because mindfulness has been shown to increase executive function, we hypothesize that
greater self-control could lead the treatment group to become less present-biased than the con-
trol group. Note that, since the core exercises associated with mindfulness involve focusing the
mind on the present, it is not necessarily obvious that this will be the case. However, there is lit-
tle evidence pointing in the direction of this opposite effect. Our experiment is, however, the
first to consider the effect of mindfulness on a standard measure of present bias.

The hypothesis of the effects of MBSR on the measured behaviours is summarized as
follows:

Hypothesis 3—The MBSR programme will reduce risk-taking, increase patience and reduce pres-
ent bias.

We also collected self-reported information on lifestyle behaviour such as smoking, eating,
alcohol consumption and sleeping habits of our subjects, and a measure of preferences for
“healthy foods”, using a revealed preference approach. We refer to Appendix H in S1 File for
an analysis of these behaviours.

Empirical strategy

We estimate the reduced form effect of participating in the MBSR intervention on the outcome
variables described above using the following differences-in-differences specifications. Specifi-
cation (1) is used for outcome measures taken only at the baseline and Sessions 6 and 7, while
specification (2) is used for outcome measures that are measured at each session.

Y, = a+ f MBSR, +7y; MBSR, x Session6, + 7y, MBSR; x Session7, + 6,week, + ¢X, +1n,+¢€, (1)

it

K=7

Y, = o+ p MBSR + Z(yK MBSR; x SessionK,) + 0,week, + ¢X; + n, + €, (2)

it
K=2
where Y}, is an outcome variable measured for individual i in week t. MBSR is a dummy vari-
able equal to 1 for individuals in the MBSR Treatment. The Session variables are dummy vari-
ables that equal 1 if the outcome is measured in that particular session, where Session7
corresponds to the five-month follow up session. X; is a vector of individual characteristics
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such as gender, age, ethnicity, a dummy for being an undergraduate student and Body Mass
Index at baseline (i.e., week 1). 1; is an individual specific random effect and ¢;, is a white noise
error term. We check robustness of our results to the exclusion of the control variables (X;).
We also perform the Hausman test, which tests the null hypothesis of orthogonality (no corre-
lation between the regressors and the individual fixed effects 7). The test results do not reject
the null, implying that our parameter estimates are consistent when estimated using the ran-
dom effects specification.

Note that attrition can potentially play an important role in the analysis of all outcome vari-
ables. Similarly, we cannot be sure that all students have fully complied with the protocol to
which they were assigned. So our estimates will always be Intention-to-treat estimates. We first
discuss attrition and compliance, and then move to the other outcome variables.

Results
Baseline characteristics

We first present baseline characteristics of our sample, as well as information on background
socio-economic characteristics we collected in the initial session. We use these baseline charac-
teristics to check for balance in randomisation and, later on, for evaluating the implications of
attrition.

Table 2 presents summary statistics for our sample of participants at baseline to evaluate
balance across treatment and control samples. In each panel, we report summary statistics (for
the pooled sample in Column (1), the treatment sample in Column (2), and the control sample
in Column (3)). We test whether the difference is statistically significant in Column (4).

Panel A presents basic individual characteristics that will be used in the analysis as control
variables. The average subject in the whole sample is 24.36 years old. About 65 percent of our
subjects are female and a similar proportion are white. The average subject weighs about 63.8
kilograms and has a body mass index (BMI) of 21.83. Around 87 percent of our subjects are
undergraduate students, while the remaining 13 percent are graduate students.

Panels B and C of Table 2 present summary statistics for the main outcome variables. We
start with self-reports of chronic stress, as well as subjective and emotional well-being. In
terms of life satisfaction, Panel B shows that the average respondent scores 8.02 on a 11 point
Likert scale, with a score of 7.86 in terms of being “happy these days”. While students seem to
be relatively satisfied with their lives, they still report a high level of anxiety. On an 11 point
Likert scale, where 1 represents least anxious and 11 represents most anxious, on average, sub-
jects in our experiments score around 6.7. This highlights that Anxiety appears to be a com-
mon problem for our sample of student subjects. Providing a more in-depth measure of stress,
we also report participants’ Perceived Stress Scale (PSS) score. This is based on 10 questions
about the frequency of certain thoughts and feelings associated with stress, each answered on a
scale from “Never”to “Very Often”(coded as 0-4, with 0 representing “Never”and 4 represent-
ing “Very Often”). Thus the highest possible PSS score would be 40. In our baseline sample,
the average PSS score is 17.78. This is comparable to PSS scores in similar samples in previous
studies. For example, based on samples of university students in the US, [51] report a mean
value of 19.56 and [52] report a mean of 18.3 on the ten-item PSS. Our average score is lower
than the mean scores of 23.04 and 22.4 reported by [14, 19], respectively, based on samples of
individuals choosing to complete an online mindfulness course.

Panel C reports the behavioural measures at baseline, both those based on self-reports
(impulsivity and patience), and those based on incentivised revealed-preference measures
(present bias and risk aversion). Only a small proportion of participants is present-biased (8%)
at baseline, which is surprisingly low. The average value of impulsivity is in the lower half of
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Table 2. Baseline characteristics.

Baseline characteristics

(1] (2] [3] (4]

Total Treatment Control Diff
Variables Mean SD Mean SD Mean SD Mean
Panel A: Individual Characteristics
Age 24.36 3.61 23.76 1.92 24.92 4.60 1.16*
Female 0.65 0.48 0.69 0.47 0.61 0.49 -0.08
White 0.65 0.48 0.66 0.48 0.64 0.48 -0.02
Weight (kg) 63.81 10.16 64.09 10.57 63.56 9.83 -0.53
Body mass index (BMI) 21.83 2.59 22.25 2.73 21.44 2.41 -0.81
Undergraduate 0.87 0.34 0.90 0.31 0.85 0.36 -0.05
Panel B: Stress and Wellbeing
Perceived stress score (scale: 0-40) 17.78 6.00 18.49 5.81 17.11 6.14 -1.38
Anxious these days (scale: 1-11) 6.76 2.42 7.10 243 6.43 2.39 -0.67
Anxious now (scale: 1-11) 5.50 2.43 6.01 2.45 5.03 2.33 -0.99
Life satisfaction nowadays (scale: 1-11) 8.02 1.47 8.01 1.32 8.03 1.60 0.01
Happiness these days (scale: 1-11) 7.86 1.62 7.78 1.60 7.93 1.65 0.15
Happiness now (scale: 1-11) 7.40 1.61 7.46 1.44 7.35 1.77 -0.12
Things worthwhile (scale: 1-11) 8.22 1.61 8.00 1.70 8.42 1.51 0.42
Panel C: Behavioural measures
Present bias (0/1) 0.08 0.27 0.07 0.26 0.08 0.28 0.01
BIS total score (30 to 120) 64.34 9.47 65.01 10.25 63.71 8.70 -1.31
Risk aversion (BRET) 45.65 20.19 48.01 22.36 43.44 17.81 -4.57
Impatience (0 to 10) 0.48 1.10 0.42 1.03 0.54 1.16 0.12
Observations 139 67 72
Notes:
“**p < 0.01,
“*p < 0.05,
*p<0.1.

https://doi.org/10.1371/journal.pone.0258172.t002

the impulsivity scale and is comparable to other recent studies involving students in the UK
(see [53]). In terms of patience, the majority of the students prefer all of the later options to the
earlier ones, thus the indicator of impatience at Session 1 is on average very low. Note, that
impatience becomes more common in Sessions 6 and 7, when the monetary rewards are
higher. Finally, the mean value of our measure of risk aversion, corresponding to the number
of boxes collected in the BRET, is 46, which is very close to the mean observed in Crosetto and
Filippin (2013).

Attrition and compliance

We begin by testing Hypothesis 1. Both interventions require some degree of commitment
from the participants. Our data allow us to study the determinants of continued participation
in the study and, in particular, engagement with the mindfulness protocol. One would expect
that certain behavioural characteristics such as impulsiveness, impatience and present bias
may be correlated with the likelihood of attrition. Because we have collected a large set of vari-
ables at baseline, we are able to test this hypothesis directly.
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We start with the information on attendance. The number of subjects in both the treatment
and control groups declined over time due to attrition. In Session 6, 17 of the 67 original sub-
jects in the treatment group (representing 25%) and 11 of the original 72 subjects in the control
group (representing 15.3%) did not attend the experimental session. The non-attendance rate
in Session 7 was 41.8% in the treatment group and 29.2% in the control group. Concern about
bias in the estimation results due to attrition thus seems justified.

First, we analyse the determinants of attrition using attrition probits [54]. Attrition probits
consist of estimates of binary-choice models for the determinants of attrition in later periods
as a function of base year characteristics. We estimate separate attrition probit models for the
treatment and control groups. We include a rich set of baseline characteristics in the models,
but have to exclude some variables to avoid strong multicollinearity (anxiety now, happiness
now) and perfect prediction (present bias). We will come back to the latter, since it is a variable
we thought could be correlated with engagement. The dependent variable is a binary indicator
of being present at Session 6 or 7.

The results presented in Table 3 show that, although there are some significant coefficients
in the attrition probit models, there is no systematic relation between the baseline characteris-
tics and attrition. The personal characteristics that are significantly related to attrition are
those characteristics for which we control in our estimations. We also see that anxiety these
days significantly reduces the probability of remaining in the sample within the treatment
group. If the MBSR program is more effective among the subjects who report anxiety, then
this selectivity can lead to underestimation of the beneficial effect of the program on anxiety.
Six individuals in the control group, coded as present-biased in Session 1, have to be excluded
due to perfect prediction of non-attrition by present bias. To gauge the effects of present bias
on attrition, we tested for a simple mean difference in present bias as measured in Session 1

Table 3. Attrition probits (marginal effects on non-attrition).

Treatment Session 6 Control Session 6 Treatment Session 7 Control Session 7

Marginal effect SE Marginal effect SE Marginal effect SE Marginal effect SE
Personal characteristics
Age -0.041 0.025 0.011* 0.007 -0.047 0.031 0.036"* 0.014
Female 0.095 0.104 -0.035 0.065 0.408*** 0.132 -0.069 0.113
White -0.126 0.091 0.209* 0.125 -0.101 0.146 0.336"* 0.151
Body mass index (BMI) 0.036* 0.021 -0.014 0.011 0.046 0.030 0.007 0.023
Stress and subjective well-being
PSS 0.010 0.013 0.002 0.007 0.009 0.016 -0.013 0.011
Anxious these days -0.060* 0.034 0.039** 0.018 -0.096** 0.044 0.026 0.034
Anxious now -0.004 0.027 -0.052%** 0.020 -0.005 0.037 -0.007 0.032
Life satisfaction nowadays 0.091** 0.046 -0.036 0.029 0.029 0.061 -0.073 0.058
Happiness these days -0.011 0.042 0.031 0.026 -0.023 0.054 -0.038 0.051
Behavioural measures
Impulsivity (BIS) -0.003 0.004 -0.009** 0.005 -0.003 0.007 -0.005 0.008
Risk aversion (BRET) 0.001 0.002 0.002 0.002 0.002 0.004 0.003 0.003
Impatience -0.052 0.056 0.134* 0.069 -0.007 0.079 0.073 0.067
Present bias -0.341 0.365 -0.211 0.350 -0.112 0.263
No. of individuals 67 65 67 71

® ok kokk
>

indicate significance levels at 10%, 5% and 1% respectively

https://doi.org/10.1371/journal.pone.0258172.t003
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Table 4. Comparison of baseline means of the non-attrited subsamples of treatment and control groups.

Present at Session 6, treatment-control Present at Session 7, treatment-control

Diff. SE Diff. SE
Personal characteristics
Age -1.478** 0.732 -1.991** 0.874
Female 0.097 0.09 0.252** 0.097
White -0.032 0.091 -0.045 0.101
BMI 1.269%* 0.498 -1.356** 0.579
Stress and subjective well-being
PSS 0.992 1.165 1.148 1.35
Anxious these days 0.192 0.456 -0.062 0.533
Anxious now 0.724 0.458 0.297 0.525
Life satisfaction nowadays 0.233 0.273 0.299 0.312
Happiness these days -0.034 0.319 0.056 0.370
Behavioural measures
Impulsivity (BIS) 1.412 1.881 1.090 2.033
Risk aversion (BRET) 3.081 3.831 2.428 4.004
Impatience -0.343 0.213 -0.268 0.241
Present bias -0.058 0.049 -0.047 0.057

K kk KKk
>

indicate significance levels at 10%, 5% and 1% respectively

https:/doi.org/10.1371/journal.pone.0258172.t004

between the original sample and the sample present in Sessions 6 and 7. We found no signifi-
cant differences.

As a second test of attrition, we look at whether the treatment and control samples that are
present in Sessions 6 and 7 are still comparable in terms of their baseline characteristics. This
check can reveal whether there is asymmetric attrition between the treatment and the control
groups (on observable characteristics). We test for equality of the same set of baseline charac-
teristics that we used in the attrition probit models. The results are presented in Table 4. There
are statistically significant differences in age, gender and BMI between the treated and control
individuals at the baseline, but these are relatively small. These are also characteristics that we
control for in the empirical specifications. More importantly, we do not see significant differ-
ences in terms of risk attitudes, patience or impulsiveness, our key outcome variables of
interest.

Thus, our hypothesis that attrition would be positively related with impulsiveness, impa-
tience and present bias (Hypothesis 1) is not supported by the data. Also, we do not see that
engagement with the protocols is correlated with psychological traits or behavioural measures
such as impulsiveness and impatience. This supports that mindfulness can possibly be an effi-
cient instrument to target subjects with various behavioural characteristics. These findings also
reduce concerns about the analysis of behavioural measures suffering from bias due to attri-
tion. We provide a further check of the importance of attrition in Appendix F in S1 File, where
we re-estimate the results on PSS and anxiety measures using the non-attriting sub-sample.

The next variables of interest are the degree of engagement and compliance with the inter-
ventions. We have designed three strategies to measure these. First, we asked participants to
report every week to what extent they engaged in various activities to relax, such as meeting
with friends, going to the theatre, etc. (see Appendix C in S1 File for full questionnaire). Medi-
tating is one of the activities they were asked about. Fig 1 shows the average report on the
extent to which participants meditate, with 0 being never or less than once a week and 3 being
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Fig 1. Compliance. Average frequency of meditation (0-less than once a week or never to 3-almost every day), by
session and treatment.

https://doi.org/10.1371/journal.pone.0258172.9001

almost every day. We report the difference-in-difference analysis in Appendix E in S1 File. We
find a significantly positive treatment effect on the frequency of mediation during Sessions
2-6. The effect remains positive but becomes statistically insignificant during the follow-up
session five months later.

Second, we asked participants to describe the contents of the weekly mindfulness lesson (in
at least 100 words). We also asked the participants in the neutral intervention to describe the
documentary episode they were asked to watch. We constructed a dummy variable indicating
whether the text was indeed an accurate description of the lesson/episode. We coded the
response as a zero if the description was generic and did not demonstrate that they engaged
with the intervention or if they mention not having done the activity at all. Participants com-
plied to a large extent with the interventions. Based on this binary indicator of compliance,
more than 90% of the subjects in the control group followed the control intervention every
week. Compliance also exceeded 90% in the treatment group every week, except for the first
week, when 82% of the subjects followed the MBSR program (this statistic is based on the sur-
vey during Session 2). Of course it is worth noting that the number of participants falls over
time, and attriting participants are unlikely to still be engaged with the intervention.

Finally, the last strategy to check for engagement and compliance with the interventions
involves using data from the website, which tracked participants’ activities during the online
sessions. The website tracks when participants logged in and completed the various stages of
the intervention. By Session 6, 36% of the non-attrited individuals in the treatment group had
fully completed the online mindfulness course (while 72% had reached at least Week 4 of the
course by this point). By Session 7, the completion rate increased to 59%. The estimated mar-
ginal effects on the probability of completing the course (based on probit models) are reported
in Table 5. According to these results, indicators of stress, behavioural preferences and health
behaviours are not systematically related to the probability of completing the mindfulness
course. Therefore, it does not seem likely that systematic selection out of the completion of the
course would undermine the effectiveness of the mindfulness program, or our estimation
results on the effects of the MBSR would be driven by selection into completing the course.
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Table 5. Probability of completing the course.

Marginal
effect SE

Personal characteristics
Age 0.086* 0.046
Female 0.244 0.148
White -0.051 0.140
Body mass index (BMI) 0.035 0.026
Stress and subjective well-being
PSS 0.007 0.014
Anxious these days -0.068" 0.039
Anxious now 0.036 0.035
Life satisfaction nowadays 0.005 0.060
Happiness these days 0.007 0.053
Behavioural measures
Impulsivity (BIS) -0.001 0.006
Risk aversion (BRET) 0.000 0.003
Impatience -0.034 0.090
Present bias -0.073 0.346
No. of individuals 65

okk Kk

, *** indicate significance levels at 10%, 5% and 1% respectively

https://doi.org/10.1371/journal.pone.0258172.t1005

Effects on chronic stress and stress response

We now turn to Hypothesis 2, which relates to the impact of the MBSR intervention on chronic
stress and on the response to a stressful situation. These outcomes are the primary targets of
the programme.

We use three different sources to construct a measure of chronic stress. The first is based on
the total score of the Perceived Stress Scale (measured in the initial session and in the two
post-intervention sessions). The second and third are based on responses to weekly questions
about how anxious the participants feel “now” and “these days”, both on a scale from 1-11.
Table 6 reports the treatment effects of the intervention on these three measures from a differ-
ence-in-differences estimator (MBSR & Session 6, and MBSR & Session 7 show the post-inter-
vention estimates of the treatment effect).

Results show that the MBSR intervention leads to a significant decrease in participants’ PSS
scores both in the week immediately following completion of the course (session 6) and at the
5 month follow-up (session 7). The fall is on the order of 10 percent (compared to the baseline
average PSS score). The estimated treatment effect resulted from both decreasing levels of
stress among the treatment group and increasing levels of stress among the control group. The
effect is comparable to the effect found by [14] after 8 and 12 weeks of an internet-based mind-
fulness program, but smaller than the effect found by [19]. [19] estimate that the online mind-
fulness course reduces the average PSS score by around 8 points and by a further 1.5 points a
month later; however, these estimates are based on a sample of self-selected individuals, with-
out the inclusion of a control group in their analysis. The MBSR intervention also appears to
reduce reported anxiety throughout session 2 to 7, but these estimates are mostly not statisti-
cally significant. The results indicate that the treatment is more effective in reducing the cur-
rent level of anxiety (anxiety “now”) than the general level of anxiety (anxiety “these days”).
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Table 6. The impact of MBSR on Perceived Stress Score (PSS) and anxiety measures.

(1] (2] (3]
PSS Anxiety Now Anxiety These Days
Coeff. SE Coeff. SE Coeff. SE

MBSR 1.463 0.981 1.256*** 0.407 0.878** 0.408
Session 2 0.531 0.346 0.273 0.336
Session 3 0.918*** 0.327 0.302 0.275
Session 4 0.227 0.371 -0.095 0.304
Session 5 . 0.344 0.351 -0.141 0.306
Session 6 0.999* 0.511 0.279 0.344 -0.131 0.245
Session 7 2.205%** 0.855 0.747* 0.387 0.344 0.355
MBSR & Session 2 -0.857* 0.505 -0.454 0.450
MBSR & Session 3 -1.163** 0.520 -0.882* 0.458
MBSR & Session 4 -0.402 0.529 -0.387 0.445
MBSR & Session 5 . . -0.360 0.511 -0.296 0.495
MBSR & Session 6 -1.809* 0.926 -0.068 0.542 -0.069 0.454
MBSR & Session 7 -2.464* 1.320 -1.095* 0.650 -0.765 0.582
Intercept 17.363** 7.063 6.982%** 2.009 8.575%** 2.116
Individual random effects Yes Yes Yes

Control variables Yes Yes Yes

No. of individuals 138 138 138

Notes: Robust standard errors;

** p <001,
**p <0.05,
*p<0.1.

https://doi.org/10.1371/journal.pone.0258172.t006

We do not find any significant treatment effects on other measures of subjective well-being,
including measures of life satisfaction, happiness and “considering things worthwhile”.
We conducted a series of specification checks to investigate further the the impact of the

MBSR intervention on PSS score and anxiety. First, to check for the importance of attrition,

we re-estimated the treatment effects using the sub-sample of individuals who were present at
Session 6 or 7. Although the precision of the estimated treatment effects declines, the main
conclusions remain robust. These results are reported in Appendix F in S1 File. Next, we esti-
mated the effect of MBSR on the sum of the two indicators of academic stress (worries about
grades in the current semester and in the future). We find no significant treatment effects.
Finally, while we see that stressful events (measured by the modified Adolescent Perceived
Events Scale, APES) increase the PSS score, we do not see evidence that the PSS score of the
treatment group responds less to such stressful events.
Next, we examine how the intervention affected the response to a stressful situation.
Appendix G in S1 File summarises how stressful, not enjoyable and difficult the participants
found each task. We also present an indicator of over-confidence. The binary indicator captur-
ing over-confidence equals one if, before the task, a participant thinks she would perform
among the best three or best six people in the room, but, after the task, she does not think she
performed among the best three or six. Based on these indicators, while the stressfulness of all
three tasks was rated around 6-7 on average on a 10-point scale, the computerised ability and
knowledge test was considered on average less enjoyable and more difficult than the post-
intervention tasks. Over-confidence was also more prevalent in the first session. Apart from
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over-confidence in Session 7, there was no statistically significant difference between the treat-
ment and control group with respect to the evaluation of the stressful tasks. In the final session,
over-confidence was 14.5 percentage points more prevalent within the treatment group than
the control group.

Considering the salivary cortisol measurements, we do not find evidence that the MBSR
intervention significantly affected the objective measures of stress levels and stress responses.
The average levels of the three cortisol measurements by session and by treatment are dis-
played in Fig 2. These cortisol levels are within the normal ranges of cortisol concentration.

Summarising, the evidence based on self-reported measures is supportive of Hypothesis 2,
but the evidence based on physiological measurements is inconclusive.

Effects on decision-making

We now turn to investigating the effects of the intervention on decision-making, specifically
on risk taking and time preferences (Hypothesis 3).

The impulsivity and risk measures are identical across Sessions 1, 6 and 7. Table 7 presents
difference-in-differences regression results on the impact of our MBSR intervention on risk
preferences. Results in Column [1] show that the number of boxes collected decreases in the
treatment group relative to the control group (which is indicative of a decrease in risk-taking),
but only in Session 7, and the effect is not statistically significant at conventional levels. Using
the approximated coefficient of relative risk aversion (Column [2]), the estimated treatment
effects are more robust and statistically significant in Session 7. As the coefficient “MBSR”indi-
cates, subjects in the treatment group were initially significantly less risk-averse than those in
the control group, as measured by the coefficient of relative risk aversion. The gap between the
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Table 7. The impact of MBSR on risk aversion.

(1] [2]
Risk aversion (BRET) Risk aversion (BRET)
Number of boxes RRA coefficient
Coeff. SE Coeff. SE
MBSR 5.04 3.453 -0.733** 0.362
Session 6 -4.081 2.693 0.138 0.111
Session 7 2.844 2.87 -0.047 0.096
MBSR Session 6 0.407 4.378 0.431 0.414
MBSR Session 7 -4.522 3.987 0.779** 0.398
Intercept 63.203"** 13.99 -1.560"* 0.757
Individual RE Yes Yes
Control variables Yes Yes
No. of individuals 138 138

¥, **, *** indicate significance levels at 10%, 5% and 1% respectively

https://doi.org/10.1371/journal.pone.0258172.t007

two groups appears to be eliminated by the MBSR treatment. This effect is in line with Hypoth-
esis 3.

We next turn to the measures of time preferences. Because the measure of time preferences
was not identical across sessions, we conduct a simple difference analysis on patience and pres-
ent-bias between treatment and control groups for Sessions 1, 6 and 7 separately and report
the results in Table 8. For patience, we find that participants in the treatment group became
more patient after the intervention, but the effects are not statistically significant. The point
estimates and standard errors are quite large, however, so there is a possible issue of statistical
power. For present bias, we find that participants have a similar propensity of being present-
biased in Session 1, but the treatment group appears less present-biased immediately after the
intervention, although the effects are again not statistically significant. We find no significant
difference in Session 7 either. However, it is useful to point out that the baseline measure of
present-bias was very low (with only 8% of the participants categorised as present-biased).
Overall, we take our results as somewhat indicative that patience may have increased and the
propensity to be present-biased decreased, but these results are not statistically significant at
conventional levels. Thus, we do not find strong support for Hypothesis 3.

Table 8. The impact of MBSR on time preferences.

Impatience Present bias
Session 1 Session 6 Session 7 Session 1 Session 6 Session 7

MBSR -0.018 -0.179 -0.120 0.016 -0.113 0.026

(0.178) (0.411) (0.486) (0.033) (0.101) (0.121)
Intercept 3.002* 5.184 -3.571

(1.294) (1.891) (2.501)
Control variables yes yes yes yes yes yes
Individual RE No No No No Yes Yes
No of individuals 136 112 80 136 112 80

Notes: Estimates for impatience are OLS, estimates for Present bias are probit (marginal effects reported).

*, %, *** indicate significance levels at 10%, 5% and 1% respectively

https://doi.org/10.1371/journal.pone.0258172.1008
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Table 9. The impact of MBSR on impulsivity.

Coeff. SE

MBSR 0.809 1.589
Session 6 -0.11 0.735
Session 7 0.217 0.756
MBSR Session 6 2.229* 1.174
MBSR Session 7 0.983 1.298
Intercept 59.199*** 9.135
Individual RE Yes

Control variables Yes

No. of individuals 138

Notes:

* ok Kook

, *** indicate significance levels at 10%, 5% and 1% respectively.

https://doi.org/10.1371/journal.pone.0258172.t009

We should however point out that the results for decision-making tasks are imprecisely
estimates (the standard errors are relatively large), pointing to a possible issue of statistical
power. It could be that our sample is too small to identify effects. We could not and did not
perform ex ante power calculations for all variables since we did not have prior information
about their distribution. Prior information was available for the risk taking task from [55]. In
their static version of the game, they report a mean of 46.5 boxes collected and a standard devi-
ation of 15.1. With this mean and standard deviation, we were powered to detect an effect size
of 15% (increase from 46 to 53 boxes) with power 0.80 and significance at 5%. While such
effect may seem large, it is not an unreasonable size effect to expect.

Finally, we look at how mindfulness affects the scores on the Barratt Impulsiveness Scale
(BIS). We conduct a difference-in-differences analysis and report the results in Table 9. Here,
we document a significant effect in Session 6, but we find that participants in the treatment
group increased their average score on the BIS relative to the participants in the control group;
that is, if anything, mindfulness appears to have increased impulsiveness rather than decreased
it. These survey-based results go in the opposite direction to those we found for patience and
present-bias using revealed preference methods. This result seems to be driven by the sub-cate-
gory of questions related to “Self-control”and, more specifically, four of the 30 questions that
make up the Barratt Impulsiveness Scale. In Session 6, participants in the treatment group are
statistically significantly more likely to describe themselves as “I am happy-go-lucky”(Barratt
item 4) and significantly less likely to say “I am self-controlled”(item 8), “I am a careful thin-
ker”(item 12), or “I am a steady thinker”(item 20). The effect on “I am happy-go-lucky”(Bar-
ratt item 4) persists to Session 7 five months later. Given that these are self-reported measures,
it is of course possible that doing the mindfulness course has simply made participants think
of themselves differently (and possibly more critically, in terms of self-control).

We also collected self-reported measures of lifestyle and an incentivised measure of health
behaviour (food choice). We report the results in Appendix H in S1 File. Overall, participants
in the MBSR programme appear to adopt somewhat healthier eating habits, but the effects are
only significant for one variable, which is a measure of self-reported emotional eating.

Discussion

As mentioned in the introduction, the question of whether behavioural attitudes are malleable
and can be “altered” or “trained” is a relatively new question in Economics. We contribute to
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the literature by using a randomized controlled experiment to identify the impact of a mind-
fulness training programme on behavioural traits and anomalies that play a key role in inter-
temporal choices. Importantly, our participants did not self-select into the programmes.

Analysing the patterns of attrition and compliance, we find no evidence that behavioural
characteristics would predict engagement with the mindfulness program. We find that the
mindfulness intervention significantly reduces perceived stress, but the evidence based on
physiological measures of stress (cortisol) is less conclusive. There is some evidence that partic-
ipants may have become more risk averse, but only weak evidence that they become more
patient and less present-biased. On the other hand, participants in the MBSR treatment score
higher on the Barratt Impulsiveness Scale based on survey questions.

Overall, we conclude that such interventions appear to be effective at targeting people with
various behavioural characteristics and reducing “feelings of stress”, but the effects on deci-
sion-making are unclear. Looking at the set of point estimates we have, we cannot reject the
hypothesis that mindfulness may have in fact increased patience and risk aversion, and
reduced present-bias, by a significant magnitude. Further research is needed to obtain more
robust evidence of the effects of such techniques on decision-making.

Supporting information

S1 File. Supplementary materials.
(PDF)

Acknowledgments

We thank participants of the Winter Workshop on Labour Economics at the University of
Amsterdam, seminar audiences at CREED (University of Amsterdam), CESS (University of
Oxford), NYUAD, Innsbruck and University of Gothenburg for constructive comments. All
errors and omissions are ours.

Author Contributions

Conceptualization: Yonas Alem, Hannah Behrendt, Michéle Belot, Aniko Biro.
Data curation: Hannah Behrendt, Anikd Biro.

Formal analysis: Yonas Alem, Hannah Behrendt, Michéle Belot, Aniké Biro.
Funding acquisition: Yonas Alem, Michele Belot.

Investigation: Yonas Alem, Hannah Behrendt, Micheéle Belot, Aniko Bird.
Methodology: Hannah Behrendt, Michéle Belot, Aniko Biré.

Project administration: Michele Belot, Aniko Bird.

Resources: Hannah Behrendt, Michéle Belot, Aniko Biro.

Software: Hannah Behrendt.

Supervision: Michéle Belot.

Writing - original draft: Yonas Alem, Hannah Behrendt, Michele Belot, Aniko Bird.

Writing - review & editing: Yonas Alem, Hannah Behrendt, Michéle Belot, Aniko Biro.

PLOS ONE | https://doi.org/10.1371/journal.pone.0258172 November 12, 2021 21/24


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0258172.s001
https://doi.org/10.1371/journal.pone.0258172

PLOS ONE

Mind training, stress and behaviour

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mischel Walter, Shoda Yuichi, and Rodriguez Monica I. Delay of gratification in children. Science, 244
(4907):933-938, 1989. https://doi.org/10.1126/science.2658056

Alan Sule and Ertac Seda. Patience, self-control and the demand for commitment: Evidence from a
large-scale field experiment. Journal of Economic Behavior & Organization, 115:111-122, 2015.
https://doi.org/10.1016/j.jebo.2014.10.008

Kirby Kris N, Winston Gordon C, and Santiesteban Mariana. Impatience and grades: Delay-discount
rates correlate negatively with college gpa. Learning and Individual Differences, 15(3):213-222, 2005.
https://doi.org/10.1016/j.lindif.2005.01.003

Anderson Lisa R and Mellor Jennifer M. Predicting health behaviors with an experimental measure of
risk preference. Journal of Health Economics, 27(5):1260—1274, 2008. https://doi.org/10.1016/j.
jhealeco.2008.05.011

Gul Faruk and Pesendorfer Wolfgang. Self-control and the theory of consumption. Econometrica, 72
(1):119-158, 2004. https://doi.org/10.1111/j.1468-0262.2004.00480.x

DellaVigna Stefano and Malmendier Ulrike. Paying not to go to the gym. American Economic Review,
96(3):694—-719, June 2006. https://doi.org/10.1257/aer.96.3.694

Thaler Richard H and Benartzi Shlomo. Save more tomorrow™: Using behavioral economics to
increase employee saving. Journal of Political Economy, 112(S1):5164-S187, 2004.

Diamond Adele and Lee Kathleen. Interventions shown to aid executive function development in chil-
dren 4 to 12 years old. Science, 333(6045):959-964, 2011. https://doi.org/10.1126/science.1204529

Alan Sule and Ertac Seda. Fostering patience in the classroom: Results from randomized educational
intervention. Journal of Political Economy, 126(5):1865-1911, 2018. https://doi.org/10.1086/699007

Alan Sule, Boneva Teodora, and Ertac Seda. Ever Failed, Try Again, Succeed Better: Results From a
Randomized Educational Intervention On Grit*. Quarterly Journal of Economics, 02 2019.

Cameron Lisa and Shah Manisha. Risk-taking behavior in the wake of natural disasters. Journal of
Human Resources, 50(2):484-515, 2015. https://doi.org/10.3368/jhr.50.2.484

Page Lionel, Savage David A, and Torgler Benno. Variation in risk seeking behaviour following large
losses: A natural experiment. European Economic Review, 71:121-131, 2014. https://doi.org/10.1016/
j.euroecorev.2014.04.009

Tang Yi-Yuan, Ma Yinghua, Wang Junhong, Fan Yaxin, Feng Shigang, Lu Qilin, et al. Short-term medi-
tation training improves attention and self-regulation. Proceedings of the National Academy of Sci-
ences, 104(43):17152—-17156, 2007. https://doi.org/10.1073/pnas.0707678104 PMID: 17940025

Morledge Thomas J, Allexandre Didier, Fox Emily, Fu Alex Z, Higashi Mitchell K, Kruzikas Denise T,
et al. Feasibility of an online mindfulness program for stress management—a randomized, controlled
trial. Annals of Behavioral Medicine, 46(2):137—-148, 2013. https://doi.org/10.1007/s12160-013-9490-x

Caldwell Karen, Baime Michael, and Wolever Ruth. Mindfulness based approaches to obesity and
weight loss maintenance. Journal of Mental Health Counseling, 34(3):269-282, 2012. https://doi.org/
10.17744/mehc.34.3.t016616717774643

Teasdale John D, Segal Zindel V, Williams J Mark G, Ridgeway Valerie A, Soulsby Judith M, and Lau
Mark A. Prevention of relapse/recurrence in major depression by mindfulness-based cognitive therapy.
Journal of Consulting and Clinical Psychology, 68(4):615, 2000. https://doi.org/10.1037/0022-006X.68.
4.615

Ma S Helen and Teasdale John D. Mindfulness-based cognitive therapy for depression: replication and
exploration of differential relapse prevention effects. Journal of Consulting and Clinical Psychology, 72
(1):31, 2004. https://doi.org/10.1037/0022-006X.72.1.31

Hofmann Stefan G, Sawyer Alice T, Witt Ashley A, and Oh Diana. The effect of mindfulness-based ther-
apy on anxiety and depression: A meta-analytic review. Journal of Consulting and Clinical Psychology,
78:169-183, 2010. https://doi.org/10.1037/a0018555

Krusche Adele, Cyhlarova Eva, and Williams J Mark G. Mindfulness online: an evaluation of the feasibil-
ity of a web-based mindfulness course for stress, anxiety and depression. BMJ open, 3(11):e003498,
January 2013. https://doi.org/10.1136/bmjopen-2013-003498

Friese Malte, Messner Claude, and Schaffner Yves. Mindfulness meditation counteracts self-control
depletion. Consciousness and Cognition, 21(2):1016—1022, 2012. https://doi.org/10.1016/j.concog.
2012.01.008

Teper Rimma and Inzlicht Michael. Meditation, mindfulness and executive control: the importance of
emotional acceptance and brain-based performance monitoring. Social Cognitive and Affective Neuro-
science, 8(1):85-92, 2013. https://doi.org/10.1093/scan/nss045

PLOS ONE | https://doi.org/10.1371/journal.pone.0258172 November 12, 2021 22/24


https://doi.org/10.1126/science.2658056
https://doi.org/10.1016/j.jebo.2014.10.008
https://doi.org/10.1016/j.lindif.2005.01.003
https://doi.org/10.1016/j.jhealeco.2008.05.011
https://doi.org/10.1016/j.jhealeco.2008.05.011
https://doi.org/10.1111/j.1468-0262.2004.00480.x
https://doi.org/10.1257/aer.96.3.694
https://doi.org/10.1126/science.1204529
https://doi.org/10.1086/699007
https://doi.org/10.3368/jhr.50.2.484
https://doi.org/10.1016/j.euroecorev.2014.04.009
https://doi.org/10.1016/j.euroecorev.2014.04.009
https://doi.org/10.1073/pnas.0707678104
http://www.ncbi.nlm.nih.gov/pubmed/17940025
https://doi.org/10.1007/s12160-013-9490-x
https://doi.org/10.17744/mehc.34.3.t016616717774643
https://doi.org/10.17744/mehc.34.3.t016616717774643
https://doi.org/10.1037/0022-006X.68.4.615
https://doi.org/10.1037/0022-006X.68.4.615
https://doi.org/10.1037/0022-006X.72.1.31
https://doi.org/10.1037/a0018555
https://doi.org/10.1136/bmjopen-2013-003498
https://doi.org/10.1016/j.concog.2012.01.008
https://doi.org/10.1016/j.concog.2012.01.008
https://doi.org/10.1093/scan/nss045
https://doi.org/10.1371/journal.pone.0258172

PLOS ONE

Mind training, stress and behaviour

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Teper Rimma, Segal Zindel V, and Inzlicht Michael. Inside the mindful mind how mindfulness enhances
emotion regulation through improvements in executive control. Current Directions in Psychological Sci-
ence, 22(6):449-454, 2013. https://doi.org/10.1177/0963721413495869

Flook Lisa, Smalley Susan L, Kitil M Jennifer, Galla Brian M, Kaiser-Greenland Susan, Locke Jill, et al.
Effects of mindful awareness practices on executive functions in elementary school children. Journal of
Applied School Psychology, 26(1):70-95, 2010. https://doi.org/10.1080/15377900903379125

Kugler Tamar, Connolly Terry, and Ordéfiez Lisa D. Emotion, decision, and risk: Betting on gambles
versus betting on people. Journal of Behavioral Decision Making, 25(2):123-134, 2012. https://doi.org/
10.1002/bdm.724

Guiso Luigi, Sapienza Paola, and Zingales Luigi. Time varying risk aversion. Journal of Financial Eco-
nomics, 128(3):403—-421, 2018. https://doi.org/10.1016/j.jfineco.2018.02.007

Putman Peter, Antypa Niki, Crysovergi Panagiota, and Van Der Does W. A J. Exogenous cortisol
acutely influences motivated decision making in healthy young men. Psychopharmacology, 208:257—
263, 2010. https://doi.org/10.1007/s00213-009-1725-y

van den Bos Ruud, Harteveld Marlies, and Stoop Hein. Stress and decision-making in humans: Perfor-
mance is related to cortisol reactivity, albeit differently in men and women. Psychoneuroendocrinology,
34(10):1449-1458, November 2009. https://doi.org/10.1016/j.psyneuen.2009.04.016

Porcelli Anthony J and Delgado Mauricio R. Acute Stress Modulates Risk Taking in Financial Decision
Making. Psychological Science, 20(3):278-283, March 2009. https://doi.org/10.1111/j.1467-9280.
2009.02288.x

Cornelisse Sandra, Ast Vanessa Van, Haushofer Johannes, Seinstra Maayke, and Joels Marian. Time-
dependent effect of hydrocortisone administration on intertemporal choice. Available at SSRN, 88
(2294189):173-182, 2013.

McEwen BruceS and Morrison JohnH. The Brain on Stress: Vulnerability and Plasticity of the Prefrontal
Cortex over the Life Course. Neuron, 79:16—29, 2013. https://doi.org/10.1016/j.neuron.2013.06.028

Radley J. J., Sisti H. M., Hao J., Rocher A. B., McCall T., Hof P. R., et al. Chronic behavioral stress
induces apical dendritic reorganization in pyramidal neurons of the medial prefrontal cortex. Neurosci-
ence, 125:1-6, 2004. https://doi.org/10.1016/j.neuroscience.2004.01.006

Liston C, McEwen B S, and Casey B J. Psychosocial stress reversibly disrupts prefrontal processing
and attentional control. Proceedings of the National Academy of Sciences of the United States of Amer-
ica, 106:912-917, 2009. https://doi.org/10.1073/pnas.0807041106

Kandasamy Narayanan, Hardy Ben, Page Lionel, Schaffner Markus, Graggaber Johann, Powlson
Andrew S, et al. Cortisol shifts financial risk preferences. Proceedings of the National Academy of Sci-
ences, 111(9):3608-3613, March 2014. https://doi.org/10.1073/pnas.1317908111

Galbraith Niall D and Brown Katherine E. Assessing intervention effectiveness for reducing stress in
student nurses: quantitative systematic review. Journal of Advanced Nursing, 67(4):709-721, 2011.
https://doi.org/10.1111/j.1365-2648.2010.05549.x

Regehr Cheryl, Glancy Dylan, and Pitts Annabel. Interventions to reduce stress in university students:
A review and meta-analysis. Journal of Affective Disorders, 148(1):1—11, 2013. https://doi.org/10.1016/
j.jad.2012.11.026

Dallman Mary F, Pecoraro Norman, Akana Susan F, Fleur Susanne E La, Gomez Francisca, Houshyar
Hani, et al. Chronic stress and obesity: a new view of “comfort food”. Proceedings of the National Acad-
emy of Sciences of the United States of America, 100:11696—11701, 2003. https://doi.org/10.1073/
pnas.1934666100

Kandiah Jayanthi, Melissa Yake, Jones James, et al. Stress influences appetite and comfort food pref-
erences in college women. Nutrition Research, 26(3):118—123, 2006. https://doi.org/10.1016/j.nutres.
2005.11.010

Wansink Brian, Cheney Matthew M, and Chan Nina. Exploring comfort food preferences across age
and gender. Physiology and Behavior, 79(4):739-747, 2003.

Helen Kerr. National union of students: Mental distress survey overview. http://www.nus.org.uk/Global/
Campaigns/20130517%20Mental%20Distress%20Survey%20%200verview.pdf, 2013. Accessed:
2016-04-12.

Cohen Sheldon, Kamarck Tom, and Mermelstein Robin. A global measure of perceived stress. Journal
of Health and Social Behavior, 24(4):385-396, 1983. https://doi.org/10.2307/2136404

Compas Bruce E. Stress and life events during childhood and adolescence. Clinical Psychology
Review, 7(3):275-302, 1987. https://doi.org/10.1016/0272-7358(87)90037-7

Dickerson Sally S and Kemeny Margaret E. Acute stressors and cortisol responses: a theoretical inte-
gration and synthesis of laboratory research. Psychological Bulletin, 130(3):355, 2004. https://doi.org/
10.1037/0033-2909.130.3.355

PLOS ONE | https://doi.org/10.1371/journal.pone.0258172 November 12, 2021 23/24


https://doi.org/10.1177/0963721413495869
https://doi.org/10.1080/15377900903379125
https://doi.org/10.1002/bdm.724
https://doi.org/10.1002/bdm.724
https://doi.org/10.1016/j.jfineco.2018.02.007
https://doi.org/10.1007/s00213-009-1725-y
https://doi.org/10.1016/j.psyneuen.2009.04.016
https://doi.org/10.1111/j.1467-9280.2009.02288.x
https://doi.org/10.1111/j.1467-9280.2009.02288.x
https://doi.org/10.1016/j.neuron.2013.06.028
https://doi.org/10.1016/j.neuroscience.2004.01.006
https://doi.org/10.1073/pnas.0807041106
https://doi.org/10.1073/pnas.1317908111
https://doi.org/10.1111/j.1365-2648.2010.05549.x
https://doi.org/10.1016/j.jad.2012.11.026
https://doi.org/10.1016/j.jad.2012.11.026
https://doi.org/10.1073/pnas.1934666100
https://doi.org/10.1073/pnas.1934666100
https://doi.org/10.1016/j.nutres.2005.11.010
https://doi.org/10.1016/j.nutres.2005.11.010
http://www.nus.org.uk/Global/Campaigns/20130517%20Mental%20Distress%20Survey%20%20Overview.pdf
http://www.nus.org.uk/Global/Campaigns/20130517%20Mental%20Distress%20Survey%20%20Overview.pdf
https://doi.org/10.2307/2136404
https://doi.org/10.1016/0272-7358(87)90037-7
https://doi.org/10.1037/0033-2909.130.3.355
https://doi.org/10.1037/0033-2909.130.3.355
https://doi.org/10.1371/journal.pone.0258172

PLOS ONE

Mind training, stress and behaviour

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Grissom Nicola and Bhatnagar Seema. Habituation to repeated stress: get used to it. Neurobiology of
Learning and Memory, 92(2):215-224, 2009. https://doi.org/10.1016/j.nim.2008.07.001

Kirschbaum Clemens, Pirke K-M, and Hellhammer Dirk H. The ‘trier social stress test'—a tool for investi-
gating psychobiological stress responses in a laboratory setting. Neuropsychobiology, 28(1-2):76-81,
1993. https://doi.org/10.1159/000119004

Stroop J Ridley. Studies of interference in serial verbal reactions. Journal of Experimental Psychology,
18(6):643, 1935. https://doi.org/10.1037/h0054651

Jensen Arthur R and Rohwer William D. The stroop color-word test: A review. Acta Psychologica,
25:36-93, 1966. https://doi.org/10.1016/0001-6918(66)90004-7

Nicolson Nancy A. Measurement of cortisol. Handbook of physiological research methods in health psy-
chology, pages 37-74, 2008.

Crosetto Paul and Filippin Antonio. The bomb risk elicitation task. Journal of risk and uncertainty, 47
(1):31-65, 2013. https://doi.org/10.1007/s11166-013-9170-z

Romer Daniel, Betancourt Laura M, Brodsky Nancy L, et al. Does adolescent risk taking imply weak
executive function? a prospective study of relations between working memory performance, impulsivity,
and risk taking in early adolescence. Developmental Science, 14(5):1119-1133, 2011. https://doi.org/
10.1111/1.1467-7687.2011.01061.x PMID: 21884327

Patton Jim H, Stanford Matthew S, et al. Factor structure of the barratt impulsiveness scale. Journal of
clinical psychology, 51(6):768-774, 1995. https://doi.org/10.1002/1097-4679(199511)51:6%3C768::
AID-JCLP2270510607%3E3.0.CO;2-1 PMID: 8778124

von Ah Diane, Ebert Sheryl, Ngamvitroj Anchalee, Park Najin, and Kang Duck-Hee. Predictors of health
behaviours in college students. Journal of Advanced Nursing, 48(5):463-474, 2004. https://doi.org/10.
1111/j.1365-2648.2004.03229.x

Roberti Jonathan W, Harrington Lisa N, and Storch Eric A. Further psychometric support for the 10-item
version of the perceived stress scale. Journal of College Counseling, 9(2):135-147, 2006. https://doi.
org/10.1002/j.2161-1882.2006.tb00100.x

Caswell A J, Celio M A, Morgan M J, and Duka T. Impulsivity as a multifaceted construct related to
excessive drinking among uk students. Alcohol and Alcoholism, 51(1):77-83, 2016. https://doi.org/10.
1093/alcalc/agv070

Fitzgerald John, Gottschalk Peter, and Moffitt Robert. The impact of attrition in the panel study of
income dynamics on intergenerational analysis. Journal of Human Resources, 33(2):123—-134, 1998.

Crosetto Paolo and Filippin Antonio. The “bomb” risk elicitation task. Journal of Risk and Uncertainty,
47:31-65, 2013. https://doi.org/10.1007/s11166-013-9170-z

PLOS ONE | https://doi.org/10.1371/journal.pone.0258172 November 12, 2021 24/24


https://doi.org/10.1016/j.nlm.2008.07.001
https://doi.org/10.1159/000119004
https://doi.org/10.1037/h0054651
https://doi.org/10.1016/0001-6918(66)90004-7
https://doi.org/10.1007/s11166-013-9170-z
https://doi.org/10.1111/j.1467-7687.2011.01061.x
https://doi.org/10.1111/j.1467-7687.2011.01061.x
http://www.ncbi.nlm.nih.gov/pubmed/21884327
https://doi.org/10.1002/1097-4679(199511)51:6%3C768::AID-JCLP2270510607%3E3.0.CO;2-1
https://doi.org/10.1002/1097-4679(199511)51:6%3C768::AID-JCLP2270510607%3E3.0.CO;2-1
http://www.ncbi.nlm.nih.gov/pubmed/8778124
https://doi.org/10.1111/j.1365-2648.2004.03229.x
https://doi.org/10.1111/j.1365-2648.2004.03229.x
https://doi.org/10.1002/j.2161-1882.2006.tb00100.x
https://doi.org/10.1002/j.2161-1882.2006.tb00100.x
https://doi.org/10.1093/alcalc/agv070
https://doi.org/10.1093/alcalc/agv070
https://doi.org/10.1007/s11166-013-9170-z
https://doi.org/10.1371/journal.pone.0258172

