
fpsyg-12-633865 March 5, 2021 Time: 15:50 # 1

BRIEF RESEARCH REPORT
published: 11 March 2021

doi: 10.3389/fpsyg.2021.633865

Edited by:
Margareta Friman,

Karlstad University, Sweden

Reviewed by:
Boaz Hameiri,

Tel Aviv University, Israel
Louise Eriksson,

Umeå University, Sweden

*Correspondence:
Samuel Franssens

samuel.franssens@rennes-sb.com

Specialty section:
This article was submitted to

Environmental Psychology,
a section of the journal
Frontiers in Psychology

Received: 26 November 2020
Accepted: 17 February 2021

Published: 11 March 2021

Citation:
Franssens S, Botchway E,

de Swart W and Dewitte S (2021)
Nudging Commuters to Increase

Public Transport Use: A Field
Experiment in Rotterdam.

Front. Psychol. 12:633865.
doi: 10.3389/fpsyg.2021.633865

Nudging Commuters to Increase
Public Transport Use: A Field
Experiment in Rotterdam
Samuel Franssens1* , Ebo Botchway2, Willie de Swart3 and Siegfried Dewitte2

1 Rennes School of Business, Rennes, France, 2 KU Leuven, Leuven, Belgium, 3 Rotterdam Elektrische Tram, Rotterdam,
Netherlands

A large-scale field experiment in Rotterdam, Netherlands, tested whether nudging could
increase public transport use. During one work week, 4000 commuters on six bus lines,
received a free travel card holder. On the three bus lines in the experimental condition,
the card holders displayed a social label that branded bus passengers as sustainable
travelers because of their bus use. On the three bus lines in the control condition, there
was no such message on the card holders. Analysis of the number of rides per hour
showed that the intervention led to a change from pre-intervention (619 days) to post-
intervention period (176 days) that was estimated to be 1.18 rides per day greater on
experimental lines than on control lines. This experiment shows that public transport
operators can increase public transport use by incorporating messages that positively
label passengers as sustainable travelers in their communication strategies.
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INTRODUCTION

Getting people to use public transport more often, instead of cars, will help tackle environmental
problems such as air pollution and climate change, road congestion, and traffic accidents. To
achieve such behavior change, the transport sector has focused on hard measures such as
improvements in physical and technological infrastructure, pollution standards, and pricing
mechanisms (Garcia-Sierra et al., 2015). Soft measures, on the other hand, rely on information
provision or persuasion to change attitudes, and subsequently, behavior (Bamberg et al.,
2011). Research in psychology and behavioral economics has also identified techniques for
changing behavior, or so-called nudges, that do not necessarily rely on the intermediate step of
changing attitudes.

A nudge refers to “any aspect of the choice architecture that alters people’s behavior in
a predictable way without forbidding any options or significantly changing their economic
incentives” (Thaler and Sunstein, 2009, p. 6). Nudges help people carry out desirable behaviors by
making those behaviors easier and more attractive. They have been shown to be effective tools for
achieving behavior change in a variety of domains, including sustainability (Hummel and Maedche,
2019; Trudel, 2019; White et al., 2019). For example, informing people that the social norm among
their peers is to use less energy, will lead them to conform to their peers and reduce their energy-use
(Schultz et al., 2007; Nolan et al., 2008; Allcott, 2011; Bonan et al., 2020). However, the academic
literature contains relatively few examples of highly powered randomized controlled trials that test
whether nudges can increase sustainable transportation use (Metcalfe and Dolan, 2012; Lehner
et al., 2016; Lieberoth et al., 2018; Gravert and Olsson Collentine, 2019; Kristal and Whillans, 2020).
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In this paper, we report a large-scale field experiment that
tested whether people can be nudged to use the bus more often.
The nudge we used is social labeling. This technique frames a
desirable choice as an opportunity to claim a socially valued
identity, thereby incentivizing the desirable option with positive
self-regard (Kraut, 1973; Allen, 1982; Bryan et al., 2011). Recent
field experiments have shown, for example, that promoting
sustainable products, such as eco-friendly reusable bags or
energy-efficient home appliances, as ‘for green consumers,’
increases their sales (Schwartz et al., 2020). Also, when consumers
are primed to perceive their preferences for ecologically superior
products as evidence of an environmentally friendly identity, they
are subsequently more likely to make sustainable choices, even
when they preferred the ecologically superior products simply
because they were also functionally superior (Cornelissen et al.,
2007). This also works when consumers are primed to perceive
their relatively mundane sustainable behaviors, such as avoiding
littering, as evidence of their environmental concern (Cornelissen
et al., 2008; see also Eby et al., 2019). In our experiment, we
encouraged bus passengers to see their bus use as evidence of an
environmentally friendly identity, and tested whether this would
subsequently motivate them to behave in line with this identity
and use the bus more often.

METHOD

The field experiment was carried out in co-operation with
public transport operator Rotterdam Elektrische Tram (RET).
The intervention consisted of giving bus passengers free travel
card holders with a message that labeled them as environmentally
friendly travelers because of their bus use. Records of bus
rides allowed us to measure whether this intervention increased
actual bus use, rather than self-reported bus use (Kristal and
Whillans, 2020). Participants did not know they were taking
part in an experiment and therefore were not adapting their
behavior to the fact that they were being observed. This will
allow for generalization of the results beyond this particular
experiment. In addition, a survey was carried out on experimental
and control lines to gather more information about passengers’
travel behavior.

Procedure
Intervention
Employees of the public transport operator entered buses on six
bus lines and asked passengers whether they wanted a free travel
card holder (see Figure 1). On three bus lines, passengers received
travel card holders that displayed a message that encouraged
them to view the fact that they were taking the bus as evidence
of their dedication to traveling sustainably. The original message
was in Dutch and was crafted by the marketing department of
the public transport operator. It can be translated as ‘Naturally, I
use public transport. During the week or during the weekends,
it is natural you travel sustainably.’ A pre-test (N = 303)
confirmed that such a message increases people’s perceptions of
the degree to which they take into account the environment
in their daily life (compared to people who did not imagine

receiving a card holder with this message, on a scale from
1 = ‘I don’t take the environment into account at all’ to 4 = ‘I
take the environment into account a lot’: Mno message = 2.83,
SD = 0.76 vs. Mmessage = 3.01, SD = 0.71, t(301) = 2.06, d = 0.24,
p = 0.04). On three other bus lines, passengers received a standard
card holder distributed by the public transport operator, which
displayed no message. One employee per bus line handed out
the travel card holders during peak hours for commuters (i.e.,
between 6 and 10 AM and between 3 and 7 PM), from Monday
September 11 until Friday September 15, 2017. During this
period, 66253 rides were registered on these lines (30194 on
experimental lines and 36059 on control lines; this difference
between experimental and control lines is consistent with the pre-
intervention difference between these lines). About 4000 travel
card holders were distributed during this period, reaching a
minimum of 6 percent of passengers. The real percentage is likely
to be higher because some passengers will account for more
than one ride. A post-intervention survey among passengers (see
section “Survey”) estimates it to be 21.5%.

The choice of bus lines to include in the experiment was made
in consultation with the public transport operator. We initially
identified sixteen bus lines that went back and forth between one
of Rotterdam’s suburbs and a metro stop where passengers can
transfer to Rotterdam city center. We chose three pairs of lines
in which the two lines did not overlap geographically and were
similar in terms of passengers’ socio-economic background. We
then randomly assigned one line of each pair to the experimental
treatment (circled in a solid black line: lines 84 in the south; 97
and 98 in the east, these lines travel in opposite directions) and
the other to the control treatment (circled in a purple dashed line:
lines 144 in the south east; 170 and 173 in the north). Figure 2
shows a map of the bus network in Rotterdam at the time of
the experiment. The geographic separation of experimental and
control lines was important to reduce the likelihood that bus
passengers receiving an experimental card holder would end up
riding a control line or vice versa.

Survey
To gather more information about the passengers on the bus
lines, an extensive survey was conducted during the morning
and evening peak hours on the Tuesday and Thursday of the
week before and the week after the intervention. Employees of
the public transport operator entered buses of the lines included
in the experiment and asked randomly chosen passengers to
participate in a short survey. One thousand seven hundred and
eighty-four passengers agreed to do so (Ncontrol, before = 465,
Ncontrol, after = 335, Nexperimental, before = 612, Nexperimental,

after = 372, but in the following, degrees of freedom will differ
across questions because of missing values). Survey questions
were the same in the pre-intervention and the post-intervention
period, but only in the post-intervention period were passengers
asked whether they had received a card holder in the week before
(see later). This survey showed that most passengers took the bus
five times per week or more (63.2%) or one to four times per week
(26.7%). Only small percentages of passengers took the bus one to
three times per month (6.6%), less than once per month (1.9%),
or hardly ever (1.6%). Passengers on experimental and control
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FIGURE 1 | Left: The card holder in the experimental condition. Right: The card holder in the control condition.

FIGURE 2 | Bus network map of Rotterdam at the time of the experiment. Experimental lines are circled in a solid black line, control lines are circled in a dashed
purple line.

lines did not differ in how often they took public transport (on a
scale where 4 = ‘1 to 4 times per week’ and 5 = ‘5 or more times
per week’: Mcontrol = 4.45, SD = 0.86 vs. Mexp = 4.50, SD = 0.80,
t(1749) = 1.22, d = 0.06, p = 0.223), nor in the degree to which
they owned cars (overall percentage = 69.1%, χ(1) = 0.00, p = 1)
or bicycles (overall percentage = 95.4%, χ(1) = 0.00, p = 1). Also,
passengers did not differ across conditions in the degree to which
they took into account the environment in their daily life (all

following questions are on a scale from 1 = ‘strongly disagree’ to
7 = ‘strongly agree’: Mcontrol = 4.55, SD = 1.53 vs. Mexp = 4.62,
SD = 1.50, t(1733) = 0.99, d = 0.05, p = 0.325), the degree to
which the environment was an important reason for them to
take public transport (Mcontrol = 4.07, SD = 1.72 vs. Mexp = 4.09,
SD = 1.72, t(1676) = 0.23, d = 0.01, p = 0.817), or the degree to
which they would like to take public transport more often to go
to work or school (Mcontrol = 4.20, SD = 1.90 vs. Mexp = 4.24,
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SD = 1.97, t(1551) = 0.32, d = 0.02, p = 0.751). Passengers
on experimental (vs. control) lines did find it more important
that the public transport company actively worked toward a
better environment (Mcontrol = 5.31, SD = 1.66 vs. Mexp = 5.49,
SD = 1.56, t(1736) = 2.24, d = 0.11, p = 0.025) and they
were also happier about the public transport offering in their
area (Mcontrol = 4.87, SD = 1.87 vs. Mexp = 5.16, SD = 1.78,
t(1737) = 3.35, d = 0.16, p < .001), but these differences can
be considered small. After the intervention, 21.5% of passengers
reported that they had received a travel card holder in the week
before (no difference between experimental and control lines,
χ(1) = 0.00, p = 1). Passengers who received a travel card holder
did not differ significantly from passengers who did not receive a
travel card holder on any of the above measures, except that they
took public transport more often (Mno holder = 4.44, SD = 0.82
vs. Mholder = 4.59, SD = 0.76, t(610) = 1.97, d = 0.19, p = 0.049).

Public Transport Use
The public transport operator provided records of when
passengers tapped in (and out) their travel card on the six bus
lines. Because tapping in is mandatory on the RET network,
regardless of whether a passenger has a long-term pass or buys
a one-off ticket, this is a very precise measure of public transport
use. Because the data are anonymous, we could not link rides to
individual passengers (in other words, ten different rides could
result from one passenger taking the bus ten times or from ten
different passengers each taking the bus once, or anything in
between). The data also did not allow us to distinguish between
long-term passes and one-off tickets.

Analysis
The unit of analysis is the number of rides in 1 hour on a
particular bus line. We have data for three experimental lines
(84, 97, 98) and three control lines (144, 170, 173), for 791
days, beginning on Friday 2016-01-01 and ending on Saturday
2018-03-10. The intervention started on Monday 2017-09-11 at
6 AM and ended on Friday 2017-09-15 at 7 PM, so we have
619 days of data before the intervention and 176 days of data
after the intervention. Most days have 20 h of bus rides. In total,
we have N = 93083 observations (approximately 6 lines × 791
days× 20 h).

To test whether the change in the number of rides from
pre-intervention to post-intervention period is greater in the
experimental than in the control condition, we conducted a panel
analysis with condition (experimental vs. control) and pre vs. post-
intervention period (post is one day after the intervention or
later, pre otherwise) as independent variables. Panel analysis fits
a regression model to data sets with a cross-sectional dimension
(bus lines) and a longitudinal dimension (time). To obtain a
balanced data set, we retain only those hours for which we have
a measurement for every line. This results in a data set with
91326 observations (1757 observations or 1.89% were removed).
In the statistical model, we include some variables to control for
differences between lines and time periods. A random effect of
bus line (nested within condition) will control for differences in
the number of rides between bus lines. Fixed effects of month,
weekday, and hour will control for the fact that some months are

busier than others, that working days are busier than Saturdays
and Sundays, and that certain hours of the day have more rides
than others. A main effect of year and the interaction between
year and month will allow for changes in the overall level of
public transport use across time. An interaction between weekday
and hour will account for the fact that, for example, differences
between peak and off-peak hours are larger on working days
than during weekends. An interaction between month and
weekday will account for the fact that, for example, differences
between working days and weekends are larger in September
than in August. Graphical inspection of the data also showed
that the difference between experimental and control lines is
larger during weekends than during working days. Therefore, an
interaction between line and weekday is included in the model.
The residuals of the model with these control variables were
normally distributed, but the variance was larger on working days
than during weekends. Therefore, we took the logarithm of the
number of rides as dependent variable, which appears to solve
this problem. Adding the independent variables, we arrive at the
following model:

log(Yit + 1) = yearit +monthit + weekdayit + hourit + yearit

×monthit +monthit × weekdayit + weekdayit × hourit

+linei + linei × weekdayit + conditioni + periodit

+conditioni × periodit + εi

where i refers to bus line and t refers to time.

RESULTS

Panel analysis shows that the interaction between condition
(0 = control, 1 = treatment) × period (0 = pre-intervention,
1 = post-intervention) is significantly positive (estimate = 0.057,
t(91058), = 7.75, p < 0.001), indicating that the change in bus
use from pre- to post-intervention period was more positive on
the experimental than on the control lines. Conversion of the
estimate of this interaction term to the original scale gives an
effect size of 0.059 extra rides per hour on the experimental
(vs. control) lines or 1.18 extra rides on a typical day (0.059 extra
rides × 20 h). This constitutes an increase of 0.059%, compared
to the average number of rides in the pre-intervention period
(100.68 rides per hour or 2013.51 per day). Supplementary
Appendix A reports the full results and tests of the assumptions
of this analysis.

Robustness checks. Supplementary Appendix B shows that the
positive interaction effect reported above is robust across models
with different specifications, that is, more or fewer interactions
between control variables. It also shows that this result is robust
across different lengths of the period during which a treatment
effect is expected. The period after the intervention can be
split into a period immediately after the intervention, during
which a treatment effect is expected, and a later period,
during which a treatment effect is not expected. The length of the
period immediately after the intervention can range from one to
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176 days. We carried out the panel analysis reported above for all
these possible lengths. Results show that the interaction between
condition and period is significantly positive in the period
immediately after the intervention, for almost every possible
length of the period immediately after the intervention, lowering
the likelihood that the effect is due to a random event such as
construction works on the control line (unless this happened
right after the intervention).

DISCUSSION

This paper reports a field experiment that showed that giving
bus passengers a free travel card holder with a message
affirming their identity as sustainable travelers, subsequently
led to increased bus use. This intervention was successful even
though the subjects in the experiment were not overly motivated
by environmental concern in their decisions to take the bus, as
evidenced by survey data. Also, the subjects in the experiment
were unaware that they were participating in an experiment, so
the observed increase in bus use was not driven by subjects’
desire to conform to researchers’ expectations. This increases the
generalizability of the results.

Although the obtained increase in bus use may seem small,
it is in line with effect sizes from other interventions aimed
at encouraging environmentally friendly behavior (Nisa et al.,
2019) and it must be interpreted with a few considerations in
mind. First, the intervention consisted of only one short message
attempting to influence how people see themselves, on a travel
card holder that people may or may not have used after receiving
it. Also, the card holders were distributed among only an
estimated 21.5% of bus passengers during peak hours of one work
week (peak hours accounted for 71% of rides during that work
week). The effect of such an intervention is bound to be rather
small. A simple way to increase the effect size would be to display
the message in more or more salient locations, for example, on the
travel cards themselves instead of on the holders, or on posters
in the buses. This would also help the intervention reach less
frequent travelers. Another simple way to increase the effect size
would be to distribute more travel card holders. Note, as well, that
participants in our experiment were already taking the bus. On
the one hand, it is probably easier to convince bus passengers to
take the bus more often than it is to convince people to switch
to taking the bus for their commute. On the other hand, most
bus passengers in our experiment already took the bus regularly,
which may have made it harder to convince them to take the
bus even more often, placing an upper limit on the effect size.
It would be interesting to test whether increases in bus use can
be obtained with people who take the bus less often. One factor
that may have boosted the effectiveness of the intervention was
that passengers on experimental (vs. control) lines attached more
importance to the fact that the public transport operator actively
worked toward a better environment and were happier about
the public transport offering in their neighborhood. This may
have made them more receptive to messaging about sustainable
traveling coming from the public transport operator. Finally, we
did not observe a significant increase or decrease of the effect size

across time (see Supplementary Appendix B), but it cannot be
ruled out that the effect may become stronger or weaker beyond
the time period for which we have data.

Even modest increases in sustainable behaviors can be of
significance, especially when it concerns behaviors with a high
impact on the environment such as transportation. Furthermore,
in this experiment, the cost-benefit ratio of the intervention was
quite high, as the public transport operator already distributed
free travel card holders on a regular basis (as do many other
public transport operators). Information provision is still the
most popular strategy among policy-makers for encouraging
sustainable behavior. By testing whether insights from behavioral
science, integrated into relatively inexpensive marketing actions,
can encourage people to use public transport more often, this
study demonstrates the value of cooperation between public
transport operators and behavioral scientists. Although nudges
alone will not achieve the increases in public transport use that
are necessary to achieve large reductions in carbon emissions,
they will often produce better results than information provision.
Recent research has also proposed that nudging may also improve
the effectiveness of policy tools such as financial incentives or
legislation (Nisa et al., 2019).

This study has some limitations. First, after the intervention,
the survey only asked passengers whether they had received a
card holder in the week before, not which card holder they had
received. Doing so would have allowed us to check whether
passengers who had received a card holder were aware of the
message on the card holder, which could have functioned as
a manipulation check. Second, we tested the effectiveness of
the social labeling intervention against a control condition that
received card holders with no message. We therefore cannot
be sure whether the intervention will also increase bus use
compared to a control condition that receives card holders
with a positive message, similar to the one we used, but that
does not rely on social labeling. A third limitation is that
we could not link individual bus passengers with social labels
(treatments) and rides (dependent variable), because rides are
recorded anonymously. Because of that, there was little point
in assigning individuals to treatments and therefore we had to
rely on assigning bus lines to treatments. Finally, even though
we assigned comparable lines to the treatments and included
a number of variables in the model to control for existing
patterns of bus use (see Supplementary Material), we cannot
rule out that the effect of the intervention was caused by external
events not captured by the model. Future research that is able
to link passengers with treatments and rides will allow for
a more precise test of the treatment effect. When combined
with additional survey data, such studies would also make it
possible to explore whether increases in bus use are due to
(self-reported) decreases in car use and whether the effect of
the intervention may spillover to other sustainable actions such
as taking the bicycle more often (Fanghella et al., 2019). Such
studies will also allow for theoretical advancement on social
labeling, such as testing whether the effect of the intervention is
mediated by changes in self-perceived identity and whether the
intervention works better for people with higher or lower levels
of environmental concern.

Frontiers in Psychology | www.frontiersin.org 5 March 2021 | Volume 12 | Article 633865

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-633865 March 5, 2021 Time: 15:50 # 6

Franssens et al. Nudging Public Transport Use

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the privacy team Rotterdam Elektrische Tram,
hereby represented by the legal professional member (M.G.M.
Land) has evaluated the Ciptec Paper “Nudging commuters to
increase public transport use: a field experiment in Rotterdam”
by authors from Rennes School of Business, KU Leuven
and Rotterdam Elektrische Tram. The manuscript is based
on a large field experiment in which bus passengers were
involved. The method, procedure, data and analysis are set
up and performed in an anonymous way. No personal
data or confidential information are involved and neither
ethical topics are addressed. This leads to the conclusion
that the experiment and manuscript succeeds the test of
ethic approval. The privacy team, represented by Mrs. Land,
herewith gives approval to any use and publication of the
manuscript. Written informed consent from the participants’
legal guardian/next of kin was not required to participate in
this study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

SF: conceptualization, methodology, formal analysis, writing –
original draft, writing – review and editing, visualization, and
data curation. EB: formal analysis, writing – review and editing.
WS: methodology, investigation, writing – review and editing,
and funding acquisition. SD: conceptualization, methodology,
writing – review and editing, and funding acquisition. All authors
contributed to the article and approved the submitted version.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the European Union for their
support via H2020 grant 636412, Rotterdam Elektrische Tram
(Rotterdam’s public transport operator) for their professional
and kind support during data collection, and the members
of the CIPTEC consortium (http://www.ciptec.eu/) for their
valuable feedback.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2021.633865/full#supplementary-material

REFERENCES
Allcott, H. (2011). Social norms and energy conservation. J. Public Econ. 95,

1082–1095. doi: 10.1016/j.jpubeco.2011.03.003
Allen, C. T. (1982). Self-perception based strategies for stimulating energy

conservation. J. Consumer Res. 8:381. doi: 10.1086/208878
Bamberg, S., Fujii, S., Friman, M., and Gärling, T. (2011). Behaviour theory and soft

transport policy measures. Transport Policy 18, 228–235. doi: 10.1016/j.tranpol.
2010.08.006

Bonan, J., Cattaneo, C., d’Adda, G., and Tavoni, M. (2020). The interaction of
descriptive and injunctive social norms in promoting energy conservation. Nat.
Energy 5, 900–909. doi: 10.1038/s41560-020-00719-z

Bryan, C. J., Walton, G. M., Rogers, T., and Dweck, C. S. (2011). Motivating voter
turnout by invoking the self. Proc. Natl. Acad. Sci. U.S.A. 108, 12653–12656.
doi: 10.1073/pnas.1103343108

Choi, I. (2001). Unit root tests for panel data. J. Int. Money Fin. 20, 249–272.
doi: 10.1016/S0261-5606(00)00048-6

Cornelissen, G., Dewitte, S., Warlop, L., and Yzerbyt, V. (2007). Whatever people
say I am, that’s what I am: social labeling as a social marketing tool. Int. J. Res.
Market. 24, 278–288. doi: 10.1016/j.ijresmar.2007.05.001

Cornelissen, G., Pandelaere, M., Warlop, L., and Dewitte, S. (2008). Positive cueing:
Promoting sustainable consumer behavior by cueing common environmental
behaviors as environmental. Int. J. Res. Market. 25, 46–55. doi: 10.1016/j.
ijresmar.2007.06.002

Eby, B., Carrico, A. R., and Truelove, H. B. (2019). The influence of environmental
identity labeling on the uptake of pro-environmental behaviors. Clim. Change
155, 563–580. doi: 10.1007/s10584-019-02501-x

Fanghella, V., d’Adda, G., and Tavoni, M. (2019). On the use of nudges to affect
spillovers in environmental behaviors. Front. Psychol. 10:61. doi: 10.3389/fpsyg.
2019.00061

Garcia-Sierra, M., van den Bergh, J. C. J. M., and Miralles-Guasch, C. (2015).
Behavioural economics, travel behaviour and environmental-transport policy.
Transportation Res. Part D Transport Environ. 41, 288–305. doi: 10.1016/j.trd.
2015.09.023

Gravert, C. A., and Olsson Collentine, L. (2019). When Nudges Aren’t Enough:
Incentives and Habit Formation in Public Transport Usage. CEBI WORKING
PAPER SERIES, Working Paper 10/19, ISSN 2596-44TX, 2019. Available online
at:https://ssrn.com/abstract=3500699

Hummel, D., and Maedche, A. (2019). How effective is nudging? A quantitative
review on the effect sizes and limits of empirical nudging studies. J. Behav. Exp.
Econ. 80, 47–58. doi: 10.1016/j.socec.2019.03.005

Kraut, R. E. (1973). Effects of social labeling on giving to charity. J. Exp. Soc. Psychol.
9, 551–562. doi: 10.1016/0022-1031(73)90037-1

Kristal, A. S., and Whillans, A. V. (2020). What we can learn from five naturalistic
field experiments that failed to shift commuter behaviour. Nat. Hum. Behav. 4,
169–176. doi: 10.1038/s41562-019-0795-z

Lehner, M., Mont, O., and Heiskanen, E. (2016). Nudging A promising tool for
sustainable consumption behaviour? J. Cleaner Prod. 134, 166–177. doi: 10.
1016/j.jclepro.2015.11.086

Lieberoth, A., Holm Jensen, N., and Bredahl, T. (2018). Selective psychological
effects of nudging, gamification and rational information in converting
commuters from cars to buses: a controlled field experiment. Transportation
Res. Part F Traffic Psychol. Behav. 55, 246–261. doi: 10.1016/j.trf.2018.
02.016

Long, J. A. (2020). Panelr: Regression Models and Utilities For Repeated Measures
and Panel Data. Available online at: https://cran.r-project.org/package=panelr
(accessed Januray 18, 2021).

Metcalfe, R., and Dolan, P. (2012). Behavioural economics and its implications for
transport. J. Transport Geogr. 24, 503–511. doi: 10.1016/j.jtrangeo.2012.01.019

Nisa, C. F., Bélanger, J. J., Schumpe, B. M., and Faller, D. G. (2019). Meta-analysis
of randomised controlled trials testing behavioural interventions to promote
household action on climate change. Nat. Commun. 10:4545. doi: 10.1038/
s41467-019-12457-2

Nolan, J. M., Schultz, P. W., Cialdini, R. B., Goldstein, N. J., and Griskevicius, V.
(2008). Normative social influence is underdetected. Pers. Soc. Psychol. Bull. 34,
913–923. doi: 10.1177/0146167208316691

Qiu, D. (2015). aTSA: Alternative Time Series Analysis. Available online at: https:
//CRAN.R-project.org/package=aTSA (accessed July 8, 2015).

Frontiers in Psychology | www.frontiersin.org 6 March 2021 | Volume 12 | Article 633865

http://www.ciptec.eu/
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.633865/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.633865/full#supplementary-material
https://doi.org/10.1016/j.jpubeco.2011.03.003
https://doi.org/10.1086/208878
https://doi.org/10.1016/j.tranpol.2010.08.006
https://doi.org/10.1016/j.tranpol.2010.08.006
https://doi.org/10.1038/s41560-020-00719-z
https://doi.org/10.1073/pnas.1103343108
https://doi.org/10.1016/S0261-5606(00)00048-6
https://doi.org/10.1016/j.ijresmar.2007.05.001
https://doi.org/10.1016/j.ijresmar.2007.06.002
https://doi.org/10.1016/j.ijresmar.2007.06.002
https://doi.org/10.1007/s10584-019-02501-x
https://doi.org/10.3389/fpsyg.2019.00061
https://doi.org/10.3389/fpsyg.2019.00061
https://doi.org/10.1016/j.trd.2015.09.023
https://doi.org/10.1016/j.trd.2015.09.023
https://ssrn.com/abstract=3500699
https://doi.org/10.1016/j.socec.2019.03.005
https://doi.org/10.1016/0022-1031(73)90037-1
https://doi.org/10.1038/s41562-019-0795-z
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1016/j.jclepro.2015.11.086
https://doi.org/10.1016/j.trf.2018.02.016
https://doi.org/10.1016/j.trf.2018.02.016
https://cran.r-project.org/package=panelr
https://doi.org/10.1016/j.jtrangeo.2012.01.019
https://doi.org/10.1038/s41467-019-12457-2
https://doi.org/10.1038/s41467-019-12457-2
https://doi.org/10.1177/0146167208316691
https://CRAN.R-project.org/package=aTSA
https://CRAN.R-project.org/package=aTSA
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-12-633865 March 5, 2021 Time: 15:50 # 7

Franssens et al. Nudging Public Transport Use

R Core Team (2020). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing.

Schultz, P. W., Nolan, J. M., Cialdini, R. B., Goldstein, N. J., and Griskevicius, V.
(2007). The constructive, destructive, and reconstructive power of social norms.
Psychol. Sci. 18, 429–434. doi: 10.1111/j.1467-9280.2007.01917.x

Schwartz, D., Loewenstein, G., and Agüero-Gaete, L. (2020). Encouraging pro-
environmental behaviour through green identity labelling. Nat. Sustain. 3,
746–752. doi: 10.1038/s41893-020-0543-4

Simonsohn, U., Simmons, J. P., and Nelson, L. D. (2020). Specification curve
analysis. Nat. Hum. Behav. 4, 1208–1214. doi: 10.1038/s41562-020-0912-z

Thaler, R. H., and Sunstein, C. R. (2009). Nudge: Improving Decisions About Health,
Wealth, and Happiness. Westminster: Penguin.

Trudel, R. (2019). Sustainable consumer behavior. Consumer Psychol. Rev. 2, 85–96.
doi: 10.1002/arcp.1045

White, K., Habib, R., and Hardisty, D. J. (2019). How to SHIFT consumer behaviors
to be more sustainable: a literature review and guiding framework. J. Market. 83,
22–49. doi: 10.1177/0022242919825649

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

Copyright © 2021 Franssens, Botchway, de Swart and Dewitte. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 7 March 2021 | Volume 12 | Article 633865

https://doi.org/10.1111/j.1467-9280.2007.01917.x
https://doi.org/10.1038/s41893-020-0543-4
https://doi.org/10.1038/s41562-020-0912-z
https://doi.org/10.1002/arcp.1045
https://doi.org/10.1177/0022242919825649
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Nudging Commuters to Increase Public Transport Use: A Field Experiment in Rotterdam
	Introduction
	Method
	Procedure
	Intervention
	Survey
	Public Transport Use

	Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


