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Abstract
A large-scale field experiment tested psychologiatdrventions to reduce engine idling at
long-wait stops. Messages based on theories ofatoreinfluence, outcome efficacy, and
self-regulation were displayed approaching railweyssing on street poles. Observers coded
whether driversN = 6,049) turned off their engine while waitingtla¢ railway crossings
(only 27.2% did so at baseline). Automatic air gyahonitors recorded levels of pollutants
during barrier down times. To different degrees, sbcial norm and outcome efficacy
messages successfully increased the proportionvard who turned off their engines (by
42% and 25%, respectively) and significantly reducencentrations of atmospheric
particulate matter (Ph%) two meters above ground level. Thus, the envireminwvas
improved through behavior change. Moreover, theas &an ‘accelerator effect’, in line with
theories of normative influence whereby the sootaim message was increasingly effective

as the volume of traffic increased. Theoretical prattical implications are discussed.

Keywords pro-environmental behavior; field experiment;iaboorm; outcome

efficacy; self-regulation; air quality.
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Cleaning up our acts: Psychological interventiansetiuce engine idling and improve air
quality
1. Introduction
Air pollution is a major threat to human health]ive®ing, and the environment —

especially in urban areas. Between 2014 and 20%85% of urban populations in Europe
were exposed to Nnitrogen dioxide) above the World Health Orgati@athreshold and
98% exceeded fJozone) thresholds, causing more than 500,000 sigathyear (European
Environment Agency, 2018). Even short-term regalgrosure to pollutants at much lower
levels than current hourly limits impacts healtll @reates considerable cumulative risk for
regular route users such as children going to ddismhiultz et al., 2012). Indeed, these
pollutants are especially dangerous for young céilcdand babies (Sharma & Kumar, 2018),
increasing their incidence of asthma (Weinmayid.e810). In the UK, the 2018 Annual
Report of the Chief Medical Officer estimated taatpollution contributes to 40,000 excess

deaths each year, costing the economy around ihli{Davies, 2018).

Motor traffic is a major air pollutant in urban asg releasing N§ Os, and PM 5
(particulate matter with a diameter of less thdnricrometers) and contributing significantly
to greenhouse gas emissions (Dietz et al., 20@Juélng exhaust emissions from idling
engines is particularly important because the P, &d NQ do not disperse quickly,
reducing local air quality and directly causinge$piratory and heart problems (Shancita et
al., 2014). Importantly, idling is a prevalent beioa that is potentially amenable to cost
effective forms of immediate influence. In this jert, we developed interventions based on
psychological theory and research to motivate dsive turn off their idling engine.

Previous research demonstrated the feasibilitysofg persuasive messages to
influence engine idling rates. Several small figtiddies investigated drivers’ willingness to

turn off their engine while waiting for 2-3 minutasa railway crossing, and found some
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persuasive messages to efficiently reduce englmgjdy up to 25% (Mahmood et al., 2019;
Meleady et al., 2017; Player et al., 2018; Van geeY et al., 2018). However, these studies
have all relied on the presence of a researchtassi® display the messages, which could
have created demand effects. In addition, messagesonly visible during data collection
which may have increased their salience aboveofhaérmanent signs.

Of greater practical significance, although redutdiin engine emissions are
important at the global level, previous studiesmtitl establish whether using road signs to
reduce engine idling did actually improve air gtyaiin the specific locations where it
occurred because the magnitude of the improvemehei air quality as a result of behavioral
change was not quantifielth. order to persuade traffic planners to use suethausplace-
based interventions need to be able to demonsttageher changes in the numbers of cars
with engines are idling materially and directlyesdf air quality for people in the immediate
vicinity. Such impact might depend on other facgush as weather conditions, road width,
building heights and so on, any of which might exhate or ameliorate the effect of engine
idling on the air people are breathing in thatmigi. Thus, to understand the potential value
of interventions to reduce engine idling within #rea it is particularly valuable to know
whether there is a clear impact on pollutants peogll inhale in the immediate vicinity.

1.1 Present Research

The present research addresses these limitatianmnch larger scale experiment to
test the relative impact of three theory-basedyasise messages that were at fixed locations
near railway crossings and displayed continuousi\séveral days. Moreover, we conducted
continuous air quality monitoring during barrieogdrtimes. Many different psychological
constructs can be highlighted in persuasive mess@gg., values, norms, emotions). We
chose here to focus on constructs that had alree€ly tested and proven most effective in

different prior studies using persuasive messageslaay crossings. Specifically, we
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selected and refined messages focusing on outcffitecyg (Mahmood et al., 2019), self-
regulation (Meleady et al., 2017), and social ngptayer et al., 2018).

1.1.1 Outcome efficacy

Outcome efficacy (or expectancy) represents thiefisghat performing a behavior
will lead to positive outcomes (Hausenblas etl#197; McEachan et al., 201'1l).is
conceptually distinct from self-efficacy, whichdsfined as the perceived ease of performing
a behavior within one’s control (Bandura, 1977; akse Williams, 2010). Turning off an
engine should be perceived as relatively easy anttalable (i.e., high self-efficacy) but
drivers may doubt that it will affect air qualitipyv outcome efficacy). Hence, outcome
efficacy is a more relevant construct for this eomit People are often discouraged from
making personal effort to engage in pro-environraein¢havior (PEB), because it feels like a
‘drop in the ocean’ (Lorenzoni et al., 2007). Howe\belief that individual actions can
contribute to tackle larger environmental issuesilts in greater PEB (Doherty & Webler,
2016; Lindsay & Strathman, 1997). In the same veamticipative efficacy (the belief that
one’s individual actions would contribute to thespioe change) was found to predict
environmental activism intentions more stronglyrtisalf-efficacy or group efficacy
(Bamberg et al., 2015). In order to increase outeefficacy amongst drivers at a railway
crossing, Mahmood et al. (2019) created a messag@sked, “Please switch off your engine
when barriers are down. You will improve air qualit this area”. We therefore presented a
similar message in the present research.

1.1.2 Self-regulation

Self-focused attention is a process required fibiregulation and may be directed
either to public aspects (i.e., “the part of thié which is concerned with the recognition or
regard received from others”; Fenigstein, 198 B48) or private aspects (one’s “inner being,

their cognitive faculties, their emotional statiegir desires and intentions”; ibid.). Contextual
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cues can direct attention to one or other aspBatslic self-focus decreases intrinsic
motivation (Plant & Ryan, 1985) whilst increasingmpliance. But in situations that are
perceived as coercive, private self-focus decrees@pliance (Froming & Carver, 1981) and
increases reactance (Carver & Scheier, 1981). ltaptby, private self-focus increases
consistency between personal values and theirgpakpression (Scheier, 1980). Meleady et
al. (2017) compared the effect of a general suarek cue that was expected to induce
public self-focus (watching eyes stimulus) andiagte self-focus manipulation (“think of
yourself”) on drivers’ willingness to turn off trengine. Only the latter had a positive impact,
highlighting the effectiveness of engaging the sdlén trying to instigate self-regulatory
action, and also suggesting that cues evogeifsurveillance could be more effective than
cues implyingexternalsurveillance. In the present research, we drem feleady’s private
self-focus message but adapted it slightly to poter@mphasis on people’s actions: “Think
about your actions. When the barriers are downspléarn off your engine.”

1.1.3 Social norms

Research on social influence has shown that péepteto conform to the norms of
their ingroup, notably regarding PEB (e.g., Emeakaret al., 2014; Nolan et al., 2008;
Schultz et al., 2008). Specifically, prescriptiveems (that highlight socially desired behavior)
and moral norms (a person’s sense of obligationg li@en identified as important
determinants of action (e.g., Cialdini et al., 200@®tably for conservation behavior (Kaiser
et al., 2005) and purchase of green food proddgtso(a et al., 2008; Gleim et al., 2013).
Player et al. (2018) directed drivers’ attentiormtoingroup norm to turn off their idling
engine. This was effective in reducing engine mllilm the present research we highlighted an
ingroup norm of acting responsibly, with the megséddoin other responsible drivers in [city

name]. Turn off your engine when the barriers arerd”
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Prior research suggests that norms become motemial when people are aware of
being observed by other ingroup members (Abramso§d;1 1990), and it seems probable
that drivers who all have to stop at the same tonegait for a passing train do feel like an
entitative group (Lickel et al., 2001). Given tlaatountability to others is likely to be higher
when there are more others present, we anticipated compliance to the social norm
message when traffic queues included larger nundfershicles. This is akin to a concept
from economics known the *accelerator effect’ (Berke, Gertler & Gilchrist, 1999),
whereby increasing GDP results in greater capitadstment by business.

In the present context an accelerator effect thaéform that as numbers in the queue
increase normative pressure should become incgggffective, creating a virtuous cycle
where compliance and air quality should both improin contrast, we did not expect the
number of vehicles to affect the impact of the oute efficacy message. Moreover, self-
directed attention seemed likely, if anything,éduce attention to the other vehicles.
Therefore, we expected either an attenuating effend effect of increased traffic volumes in
the self-regulation condition.

1.1.4 Overview of the present research

In light of these previous findings, we conductddrge-scale field experiment and
assessed the efficacy of the three persuasive gesssapersuading drivers to turn off their
idling engine. The research was conducted in a thanhhad been identified as an Air Quality
Management Area (i.e., one in which pollution Iewskre consistently above thresholds
determined by the Department for the Environmeagdrand Rural Affairs as requiring
action). We assessed a baseline level of compligmcenessage presented) against which we
compared each of the intervention messages. Wedall three messages to increase
compliance as compared to baseline but we werestignegarding the relative impact of the

messages and tested differences between messagesxploratory fashion. We also tested



I N WUV e IV W TV W e N Ve T e Y

for the presence of an accelerator effect. Moreovermonitored the levels of air pollution at
the railway crossings during barrier down times, (80,, and PM s) and explored the impact
of the intervention messages on these levels.

In addition to the field experiment, we conductadaline study in order to assess
face validity of the messages and to investigate they were generally perceived by drivers.
In summary, this online study confirmed that thessagies have good face validity, as
respondents were correctly able to link each messaity the appropriate definition of the
underlying relevant psychological construct. Thedgtalso confirmed that when asked to
imagine seeing these messages respondents expadsigger intention to switch off their
engines than in a control condition with no mess&gailed results of the pilot are reported
in Supplemental Online Material (SOML1).

2. Method
2.1 Data collection

The methodology received approval from the Psyahpolethics Panel at the
University of XXX. Informed consent was not feasilals this was an observational study.
However, no personal data were collected and diiggzants remained completely
anonymous. The total sample consisted of 6,533 le=htravelling across two railway
crossings in a UK city in the summer of 2018. Téstihg period ran from the first week of
July to the first week of August. No sign was pptduring the first week, which served as the
baseline to allow assessment of the average raegnfie idling behavior prior to the
intervention. During the following weeks, threefdient road signs were each displayed for
one week, and were changed every Monday. The sigihe two locations were never the
same during any particular week, and they weregnites in a rotating sequence (see details
in SOM2). The testing period ran from every Tuestayhursday at 3 time intervals each

day: 9-10am, 1-2pm, and 5-6pm.
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During railway crossing barrier down times, twoaashers manually recorded engine
idling for all vehicles from the barrier to the eofdthe queue of traffic (or as many as
possible before the barriers were raised). Theywarned and instructed to avoid eye
contact with drivers and walk continuously as thegled the vehicles in order to avoid
attracting attention. One or two instances occuwhedn drivers asked what the researchers
were doing, to which they had been instructed $poad a ‘traffic observation study’. As
traffic censuses were not uncommon in the cityets may have inferred this referred to
traffic volume, speed and type, and so it did eeins likely to create any particular demand
characteristics. We recorded the number of vehioléise queue (range: 4 to 59 vehiclebks:
26.7,SD=9.84). We also recorded the type of vehicle,(oas, lorry, motorbike, van/service
vehicle, or taxi), as well as duration and timirighe barrier drops. Across the study, multiple
assistants helped with data collection, and alralbsbllected data from all four positions (2
locations x 2 directions) to guard against any chikeses. At any one measurement period,
two researchers were at each location, one onsdelof the crossing.

The two railway crossings are approximately 1 raikeay from each other (crossing
the same train line). Although both crossings aiteiwthe city limits and on relatively busy
roads, one is a bit more city-centered and surrediy more buildings than the other. In
general, traffic to and from the city would use @nether but not both of these routes (i.e.,
drivers would either make one crossing while pag#wmough the city or make a return trip
using the same crossing. Preliminary analyses led¢lat average temperature and humidity
(see below) differed between the two sites, prefilyrague to the different surroundings
(respectively, temperaturk:= .68,SE= .05, 95% CI [.59, .77}(5877) = 14.42p < .001;
humidity:b = 2.71,SE= .07, 95% CI [2.57, 2.84{(5869) = 39.73p < .001. The average
volume of traffic was also greater at the more ra@dcation,b = 1.83,SE= .16, 95% CI

[1.51, 2.14]1(6228) = 11.41p < .001. To account for potential differences bemsites, we
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controlled for Location in all following analyseadnote here that the effect of the
interventions did not differ from one location teetother.

Some data were incomplete (e.g., the date or tiasenet recorded, or pollutant levels
data were missing for the time of a barrier draj@g focused our analyses on complete data,
resulting in a final sample size of 6,049 vehi¢ke=e Table 1; the complete breakdown of
vehicle type by Location and Condition can be foim80OM3). Overall, 32.1% of drivers
turned off their engine. The sample size was pakkgrmined by the volume of traffic and
fixed timing for the interventions; moreover, weoated a conservative approach ensuring
that the N would be sufficient to detect small effeizes. Specifically, power analyses by
simulation (packagsimr, Green & MacLeod, 2016; 1,000 bootstraps simutafiondicated
that the sample size was sufficient to detect anrafiect of Condition ob = .065 at .81
power, 95% CI [.79, .84] (equivalent@R = 1.07). For a Condition x Number of vehicles in
the queue, the simulation indicated that the samsiplewas sufficient to detect an effectof
=.005 at .88 power, 95% CI [.86, .90].

Past research testing the impact of persuasiveagesst railway crossings has
focused only on car drivers, based on the possiltiiat they had more autonomy over their
driving behavior (whereas, for example, to taxbos drivers may be subject to company
policies or the influence of paying passengers)véier, because the present research
considered not only drivers’ behavior but alsodbesequence for concentrations of air
pollutants near the crossing, it made more sensehade all vehicles in the analyses. A
precautionary analysis, focusing only on car daygielded similar results, as shown in
SOM4.

Table 1.Composition of the retained sample, by type ofclehi

Car Bus Lorry Motorcycle Van/service vehicle Taxi
N 4,937 115 94 32 723 148
%  81.6% 1.9% 1.6% 0.5% 11.9% 2.4%
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2.2 Intervention road signs
The intervention signs were printed on 60cm x 45alack text over yellow
background, designed to stand out against whitg sams already present. They were fixed
to lampposts, 2.5 meters above the ground. Thfeseht intervention signs, displaying
different messages, were used (basehrel,458):
- Social norm message: “Join other responsible dsiwe[city name]. Turn off your
engine when the barriers are down™{ 1,356)
- Outcome efficacy message: “Turn off your engine nvtiee barriers are down. You
will improve air quality in the area’h(= 1,614)
- Self-regulation message: “Think about your actidiben the barriers are down
please turn off your engineh & 1,621)
2.3 Air pollution levels
Separate automated recording was conducted to on@nitquality. Specifically,
EarthSense Zephyr Air Quality Sensors were usedgasure concentration of air pollution.
The sensors measured temperature (in °C), hun{idit), and the level of N§ Os, and
PM, 5 (ug/m°). Each sensor was calibrated by the manufactyrepHocating it with a local
authority reference site, giving a stated accurdcy/-5ug/m® for NO, and PM s, and +/-
8ug/m?® for Os. The sensors were attached to a lamppost atdeeosthe road where traffic
was heading towards the railway crossings, routyatymeters above the ground, and
approximately 30 meters from the railway crossiddee sensors provided readings every 10
seconds. We retrieved and averaged the readingssponding to each barrier drop (i.e.,
from the time the barriers went down to the timeytiwent up again). Descriptive statistics

are reported in Table 2.

10
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Table 2.Average air pollutant levels, temperature, and Hdityj during the barrier drops at the two

railway crossings

Temperature  Humidity NO, O3 PM_ 5
W) (%) (ng/m’) (ng/m’) (ng/m’)
M (SD) 32.1 (4.22) 32.8 (6.64) 20.6 (18.4) 93.5(24.4) 27A.35)

min — max 23.0-46.0 20.8 -52.3 0-182.8 39.1-2195 3p41

2.4 Analytic strategy
2.4.1 Behavioral data

The present data are organized in a hierarchicdédestructure, with 6,049
observations collected during 257 sessions (ofdyairops) across 17 observation days and 2
locations. Given their non-independent nature, @lied on multilevel regressions including
sessions and days as random factors (ICC = 0.@08¥kh as Location. In all analyses, we
controlled for air temperature and humidity, argbatonsidered the number of vehicles
gueuing at the railway crossing. These continu@urgblles were grand-mean centered. The
intervention messages variable was entered aggaratal factor with “baseline” = 0, “social
norm” = 1, “outcome efficacy” = 2, and “self-regtim” = 3, so that the effect of each
message would be compared to the baseline. Analysesconducted on RStudio with the
Ime4 (Bates et al., 2019) amcherTestpackages (Zeileis & Hothorn, 2002), following
guidelines by Sommet and Morselli (2017). When appate, we report odds ratios (OR) and
their 95% confidence interval, alongside otherstias. Behavior was dummy coded so that
“did not turn off the engine” = 0 and “turned offfet engine” = 1. The following model was
tested, using the functiaggimer, family = “binomial” (i.e., multilevel logistic rgression, two-
sided test):

Engine off ~ Condition + Number of vehicles + Temperature + Humidity + Location +

Condition*Number of vehicles + (1 | Day/Session)

11
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We initially ran both the constrained intermediatedel (CIM; random intercept only)
and the augmented intermediate model (AIM; randat@rcept and slope) and compared
them. The likelihood ratio test showed that the AdM not significantly improve the fit of
the model, as compared to the CW(df = 20) = 8.25p = .99. We hence kept the simpler
CIM model for further analyses.

2.4.2 Air pollution data

The monitors registered ambient levels gf RO,, and PM 5, three pollutants that are
known to be affected by traffic but also by manlyestfactors. We hence started by testing
whether the recorded levels were sensitive to thame of traffic present at the railway
crossing (i.e., sensitivity analyses). If the morstproved unable to detect traffic-related
variations, it would be irrelevant to pursue thalgses further. We used the data recorded at
baseline during barrier drops (with no messageentg¢so test whether the number of vehicles
in the queue would impact the recorded levels HiND,, and PM . These analyses were
exploratory. Because the distributions were ske(#e2b < skewness index < 2.7; 2.67 <
Kurtosis < 13.3), we first applied a logarithmiarisformation on the data. We took into
account the nested structure of the data and dladror temperature and humidity (function
Imer):

Log10 Pollutant level ¥~ Number of vehicles + Temperature + Humidity + (1 | Day/Session)

Not surprisingly, all pollutant concentration lévstrongly depended on air
temperature and humidity. More relevant for thesprg purposes, levels of BM(but neither
O3 or NG,) were found to increase when the volume of traffa@easedh = .005,SE= .001,
95% CI[.004, .006]t(1308) = 12.55p < .001. Hence, we next tested whether the
intervention messages, by reducing idling at thlevay crossings, would also succeed in

reducing PM s concentration levels.

12
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The following model was used on levels of air ptdlo (concentration of Pi),
testing the impact of intervention message, nurobgehicles in the queue, and their
interaction, while controlling for temperature amamidity (multilevel linear regression,
functionlmer, two-sided test):

Log10 PM, s ~ Condition + Number of vehicles + Temperature + Humidity + Location +
Condition*Number of Vehicles + (1 | Day/Session)

3. Results
3.1 Behavioral data: probability that thedriversturn off the engine

The analysis revealed that the social norm messiggdicantly increased (by 42%, or
11.5 percentage points increase) the probabilaydnivers would turn off their engine, as
compared to the baseline= .51,SE= .11, 95% CI [.29, .73f = 4.58,p < .001, OR = 1.66,
95% CI[1.34, 2.07]; and so did, although to adesxtent (25%, or 4.6 percentage points
increase), the outcome efficacy message,25,SE= .11, 95% CI [.04, .46f=2.36,p =
.018, OR =1.29, 95% CI [1.04, 1.59]. The self-lagan message was not significantly
different from baselindy = .20,SE= .11, 95% CI [-.02, .42F = 1.82,p = .068, OR = 1.22,
95% CI[0.98, 1.52] (10%, or 2.7 percentage paiifference). A follow-up analysis revealed
that the social norm message was more effectivettimoutcome efficacy and the self-
regulation messages=-.09,SE= .03, 95% CI [-.15, -.04f = -3.54,p < .001, while the
latter did not significantly differ from each othér=-.03,SE= .05, 95% CI [-.13, .08 = -

0.48,p = .63 (see Figure 1).

13
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50%

38.7%
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0% 34.1%

29.9%

30% 27.2%

20%

10%

Percentage of drivers turning off their engine

0% ——
Baseline Social Norm Outcome Efficacy Self-Regulation

Figure 1 Percentage of drivers turning off their engindlevtvaiting at the railway crossing,

depending on the experimental condition. Error bapsesent 95% CI (1,000 bootstrap samples).

There was also a main effect of the number of Vedim the queudy = -.01,SE=
.01, 95% CI [-.02, -.003F = -2.49,p = .013, such that idling increased when the nurober
vehicles increased. Most interestingly, there was a significant experimental condition by
number of vehicles interaction, indicating that #ffect of the number of vehicles differed in
the social norm and the baseline conditior,.02,SE= .01, 95% CI [.01, .04 =2.75p =
.006 (see Figure 2). The complete analysis outpaitbe found irSOMS5, alongside additional
figures depicting the unstandardized number ofalekiin the queue.

We hence decomposed the interaction to explordiffe¥ences between Conditions at
higher and lower volume of traffic. Decompositiondicated that when fewer vehicles were
present (Number of vehicles €D), only the social norm message managed to increase
compliance as compared to baseline, and only toadl €xtent, OR = 1.32, 95% CI [1.00,
1.75],p = .049 (outcome efficacy: OR = 1.14, 95% CI [0.889],p = .36; self-regulation:

OR =1.18, 95% CI [0.91, 1.558),= .21). These translate in relative increase afg@nce

14
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of, respectively, 18.8%, 10.8%, and 2.0% as contprdaseline. In contrast, when more
vehicles were present (Number of vehiclesSE), the relative effectiveness of the messages
as compared to the baseline increased. This wasiedlp true of the social norm message,
OR =2.09, 95% CI [1.60, 2.74),< .001 (outcome efficacy: OR = 1.46, 95% CI [1.1487],

p = .003; self-regulation: OR = 1.26, 95% CI [0.2656],p = .100). These translate in
relative increase of compliance of, respectiveB/666, 31.7%, and 7.5% as compared to
baseline. Described differently, in the baselineditoon, as the number vehicles increased, a
higher proportion continued to idle, OR = 1.35, 969%41.11, 1.64]p = .003. In the social
norm condition, however, as the number of vehitieseased, a lower proportion continued
to idle, OR = 0.74, 95% CI [0.64, 0.8¢]< .001. In the self-regulation and outcome effijcac
conditions, the number of vehicles had no effecth@nproportion that continued idling,
respectively, OR = 1.03, 95% CI [0.80, 1.38F .79, and OR = 1.15, 95% CI[0.98, 1.34],

=.079.
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Figure 2 Probability that the drivers turn off their engias a function of the intervention message
and the number of vehicles in the queue (standeddizore, from —8$Dto +1SD). These represent
marginal probabilities calculated while controllifay temperature and humidity. Grey zones represent
95% confidence intervals.
3.2 Air pollutant concentration levels

Consistent with preliminary sensitivity analysesg$1ethod section), concentration
level of PM, s was strongly impacted by temperatre; .06, 95% CI [.06, .07},= 32.56,p <
.001, humidityp = .02, 95% CI [.02, .02},= 11.78,p < .001, and number of vehicles in the
gueuep =.001, 95% CI [.0003, .002]= 2.91,p = .004. There was no main effect of
condition,ts < |1.99|ps > .06 (the complete analysis output can be four8@M6). However,
the analysis revealed significant message x nuwiberhicles interactions, indicating a
differential impact of the number of vehicles i tsocial normb =-.004, 95% CI [-.005, -
.003],t =-8.82,p < .001, and the outcome efficacy conditibrs -.002, 95% CI [-.003, -

.001],t =-4.48,p < .001, as compared to the baseline (see Figure 3)
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Figure 3 Concentration levels of PMas a function of the intervention message ancdtmeber of
vehicles in the queue (standardized score, froBD 1o +1SD). These represent marginal values
calculated while controlling for temperature andnidity. Grey zones represent 95% confidence
intervals.

As previously, we decomposed the interaction fgae the links between volume of
traffic and PM s across conditions. As found in preliminary sermgitianalyses, PMs
concentration levels increased with the amountadfit at baseline. This link, however,
became null in the self-regulatidm= .002, 95% CI [-.001, .005(= 1.14,p = .26, and
outcome efficacy conditiony,= -.001, 95% CI [-.002, .0004]~= -1.43,p = .15. It even
reversed in the social norm condition: Pidoncentration decreased when the amount of
traffic increasedb = -.007, 95% CI [-.008, -.005(,= -8.98,p < .001. As a result, PM levels
significantly dropped as compared to baseline ensibcial norm and outcome efficacy
conditions when traffic was heavy (social nobs -.21, 95% CI [-.35, -.07},=-2.84,p =
.013; outcome efficacyp = -.18, 95% CI [-.32, -.04},= -2.37,p = .032; self-regulatiorb = -
.01, 95% CI [-.25, .05}, = -1.26,p = .23). In contrast, when the number of vehiclas Vow
(-1SD), PM, s concentration levels in the different interventamnditions were not different
from baselineb = .03, 95% CI [-.01, .06},= 1.59,p = .14" This suggests that the effect of
the interventions was most visible when the volwhtaffic, and with it the potential
emissions or air pollutants, increased.

4. Discussion

This large-scale field experiment assessed tleet@fEness of three interventions
(outcome efficacy, self-regulation, and social nanessages) designed to decrease engine
idling. We observed whether the drivers turnedtodir idling engine while waiting, and we
also recorded air quality at the railway crossifigge social norm and outcome efficacy
messages reduced engine idling rates comparedéirng by up to 42%. The self-regulation
message only led to small variations. These behawibanges translated into a reduction in
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PM, s concentrations while drivers were waiting for s to rise at railway crossings.
Hence, this research demonstrated that using pkgihally relevant messages on road
signage can successfully reduce engine idling anaidve air quality.

This research fills important gaps in our knowled@ahmood et al., 2019; Meleady
et al., 2017; Player et al., 2018). First, as fawa know, this is the first research to show that
behavioral change induced by persuasive messayedates into observable changes in air
quality and pollutant concentration levels. Thastation from a psychological intervention
to behavior change and to consequent environmenpact validates the theoretical premises
and practical value of the research.

4.1 An accelerator effect of the normative message

Second, we were able to show a psychologicallynmgéul increase in impact as a
function of the volume of traffic (the number ocasbnary vehicles). In the absence of any
intervention, the percentage of drivers that ledit engine idling increased with traffic
volume. Various psychological theories suggest pleaple regulate their own actions less
when immersed in a larger group, owing to deindiattbn (Postmes & Spears, 1998),
diffusion of responsibility (Darley & Latané, 196&)d social loafing (Karau & Williams,
1993). Given the default to leave engines idlings likely that this “polluting” descriptive
norm became more salient as the number of vehiotesased, increasing unreflective
conformity to that norm (Goldstein & Cialdini, 200¥%ery encouragingly, however,the
impact of traffic volume was affected by particulaessage content.

In two conditions, the positive association betweaffic volume and idling/pollution
was nullified or even reversed. The outcome efffaaessage prevented the (otherwise
negative) impact of traffic volume, creating a #atompliance rate. This suggests that
drivers understood the message as pertaining itodiva behavior independently from

others’, which mitigated the diffusion of responkiy effect. More dramatically, when we

18



I N WUV e IV W TV W e N Ve T e Y

presented a prescriptive social norm message adegrte number of vehicles in the queue
was accompanied bgcreased compliang&nd reduction in pollution levels. Thus, the
presence of larger numbers of other drivers bodstedmpact of the message (cf. Latané &
Wolf, 1981). In other words, we established an Eceaéor effect due to the social norm
message.

It could be argued that the accelerator effechefdocial norm manipulation arises
simply because the normative message cues attdotsmtial norms per se (without regard to
content). By this reasoning, if the first car i tpueue ceases to idle, this leads to a domino
effect as each subsequent car follows suit, magctarthe behavior of the vehicle
immediately ahead (it being unlikely they could se&ear beyond that). However, because
this effect is contingent on there being no breakke chain, it might as easily result in no
substantial change in mean levels of engine idbumigperhaps a more bimodal pattern where
almost all or almost no drivers cease idling, dejee on the actions of the first few cars in
the queue.

A cumulative norm of this sort might also be analagjto the way dynamic norms
work. Dynamic norms have conventionally been mdated by informing people that a
growing (or reducing) number rather than a statimber of others are adopting a particular
behavior (e.g., meat consumption, Sparkman & WalR017; and use of reusable rather than
disposable coffee cups, Loschelder et al., 20069rihciple, dynamic norms are influential
because people are thought to be more sensitsfeatoges in behavior (in the present
instance, others turning off their engines) thaddscriptive information about the frequency
of behavior. However, we are not aware of any testi/namic norms that use actual
behavior change rather than information about nctemge as the cue.

In the present study, the normative message “Xbier eesponsible drivers” merely

highlighted a static norm. It will be interestingy future research to explore whether a static
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normative message in combination with a behavidyabmic is also a powerful combination.
In the present case, a driver who would habitustibp idling regardless of the presence of the
message provides a cue to second driver who maytimt as a behavioral response induced
by the message. This combined salience of cuesowitliergent behavioral implications may
then be a potent way to encourage conformity frioensiecond driver.

4.2 Similarities and differences with previousfindings

Compared with previous studies testing persuasegsages at railway crossings, the
present study provided substantially larger sarsjges, and thus ensured higher power. This
enabled us to detect more nuanced effects, suitteasteraction between the number of
vehicles and impact of the message. In additionsheeved a reliable overall effect of the
normative message, which had not always been geingrevious studies. In Mahmood et
al. (2019), a prescriptive message focusing ontatjom management (‘Show others you
care’) did not significantly increase compliancengared to baseline. However, the level of
compliance observed (38.7%) was comparable toofithe normative message in the present
study (38.1%). The lack of statistical significameélahmood and colleagues’ study might
then be attributable to a relative lack of poweidentify small effects. Other studies relied on
slightly different social norm messages, which hi@egeto variations in the results. For
example, Player et al. (2018) tested a descriptoren message “When barriers are down
25% of motorists turn off their engines!”, whiclsudted in 41% compliance (statistically
significant). This seemingly slightly greater impa€ descriptive (rather than prescriptive)
norms is consistent with previous work that docuteéma more consistent effect of
descriptive norms than prescriptive norms in maingapro-environmental behavior (Farrow
et al., 2017).

Unexpectedly, the self-regulation message onlyahaihall effect on compliance,

despite proving effective in previous research (deteady et al., 2017). The presence of
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many others may have been a contextual cue draatiegtion to the public rather than
private self, hence decreasing the impact of tHaasgulation message (Plant & Ryan, 1985).
Alternatively, this message may not have inducedpracess different from the baseline.
Another explanation may lie in the framing of thessages. In the present study, the
message, “Think about your actions. When the haraee down please turn off your engine”,
was intended to direct people’s attentions to thefravior, but it also may have been
perceived as moralizing or paternalistic. Morali@atof pro-environmental issues might lead
to defensiveness, reactance or disengagement,agpamongst individuals who are not
engaged with the issue (Tauber et al., 2015). ffaming might have counteracted the self-
regulation aspect of the message. By contrast,adgland colleagues asked people to “Think
of yourself...” which involved no moral overtone amg,already implying autonomy, may
simply have activated self-regulation without aagistance or reactance to the instruction to
switch off the engine. Such subtle variations wawded to be investigated further in future
research. Finally, it should be noted that “thiblkat your actions” might have activated an
environmental goal only amongst people who holdsugoal. In principle, other self-
regulatory goals (e.g., to avoid wastefulness)@@ubmote the same behavior. Indeed,
messages appealing to financial self-interest eiely increased the percentage of drivers
turning off their engine at a railway crossing (M@ Vyver et al., 2018). However, the
message could also have made other self-regulgtaig salient (e.g. personal comfort,
desire to be ready to set off quickly as soon asipte), resulting in no overall decrease in
engine idling.

Thirdly, turning to outcome efficacy, as noted emrihe manipulation was designed to
increase the perceived effectiveness of the indadidction, i.e., to remove uncertainty about
whether turning off the engine would affect air lifyaThe message conveyed factual

information about the outcome (i.e., “yaull improve air quality”) rather than focusing on
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individual capability (“youcanimprove air quality”). This approach was used bsea
efficacy to conduct the relevant behavior (or sffieacy) was never in doubt: all drivers feel
they can switch off their ignition at will. We thedore focused on outcome efficacy, or the
belief in the impact of the individual action (Walins, 2010). It could be debated whether this
is best conceptualized as effectiveness knowleldgek(et al., 2004) or outcome efficacy.
Regardless, in our view the objective is the samamely, to remove doubt about the impact
of behavior on air quality.

Finally, an important finding is that we can nowrhere confident that the presence of
a human communicator is not necessary for theseigsive interventions to be effective. In
previous studies research assistants held the @gisady et al., 2017; Player et al., 2018;
Mahmood et al., 2019). Although the impact of thessages is somewhat lower in the
present than in past research (see Table 3), éseprevidence has much greater statistical
power and indicates that an important part of ffece at least for outcome efficacy and

norms, can be imputed to the message itself anthagiresence of a person to display it.

Table 3.Comparison of compliance rates (non-idling engineg)ast and current research.

Past research Present research
Intervention Compliance . Compliance :
Baseline Baseline
message rate rate
Player et al. , 0 0 0 0
(2018) Social norm 47% 28% 39% 26%
('\gggg‘)o"d etal. 5 tcome efficacy 49% 29% 34% 26%
Meleady et al. 3 , 0 0 0 0
(2017) Self-regulation 51% 20% 30% 26%

Note Previous research presented messages by hagegych assistants present signs on

handheld poles, whereas in the present reseanah wigre affixed to regular street poles.

4.3 Conclusions and Avenuesfor Future Research
The present research offers a substantial fisldaiepsychologically informed
interventions to reduce engine idling. It demortstlahe effectiveness of messages focusing
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on outcome efficacy and norms. A particularly intpat finding is that the norm
manipulation not only reduced engine idling bubataproved air quality more as the volume
of traffic increased, thereby reducing harmful esimss precisely when it was most urgent to
do so.

Future research should examine interventions m@dtover longer periods of time
and could examine impacts on more chronic and skfftomponents of air quality that are
less susceptible to moment-by-moment change (ssublOaand Q; Shancita et al., 2014). In
the present study messages were presented cordlgdoufive consecutive days, a timeline
that is too short to assess long-term impact. Lotrgd periods could help to sustain new
anti-idling habits and hence reduce idling durablgwever, it is also possible that efficacy
might decrease with repeated exposure becauseagihabituate to the presence of the road
sign and pay less attention to it. A more dynararotf of signage (e.g., electric signs that vary
a series of different messages) could be partiguddiective, especially if sensors could
adapt messages based on current traffic volumee &etcup, this would be a cost-effective
and straightforward way of implementing the findsran message content and mitigating the
risk that impact of the messages reduces owingdtumtion. In addition, because the present
testing was conducted in consecutive weeks witl ariew days between one message and
the next, we cannot exclude the possibility thateéhwas an effect from exposure to different
signs over time. Although randomizing the ordema&fssages across the two locations
relieves this concern to an extent, future studgagd explore this aspect by increasing the
length of time between different interventions. Eanhy, although the overall testing period
was quite short and within the same season, ahdugh we controlled for temperature and
weather conditions, it is possible that the basghieriod was in some way different from the

experimental periods in ways we had not measured.
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Future studies might also explore the impact ofagiyic norms, or different
combinations of static and dynamic norm cues, @inenidling, building on earlier work on
promoting pro-environmental behavior (Sparkman &téfg 2019). For example, it would
be interesting to know whether a dynamic norm ngsssuch as ‘more and more drivers are
choosing not to leave their engine idling’ can Hective even when the behavioral norms do
not match (e.g., a driver ahead in the queue lel@sengine running).

A similar scientific approach to deployment of persive messages could be used to
encourage other behaviors related to enhancinguaiity, such as the use of public transport,
cycling, and so on. Enforcement methods (e.g.,empinting anti-idling fees) can often elicit
counterproductive behavior because they are mbatgd on external motivation (Deci &
Ryan, 1980). Such motivation is often only effeetim the short-term. Behavior change that
is achieved through persuasion and normative gkiftsore likely to be sustained over the
long-term. In conclusion, our findings demonstriatethe first time that psychologically
derived messages can positively affect localizdbifpon levels by influencing drivers’
behavior, particularly benefiting from an (perha&asically named) accelerator effect when

traffic density is high and at its most deadly.
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5. Data availability statement
The data that support the findings of this studyarailable in [University XXX] Data

Repository with the identifier [BLINDED FOR PEER-REEW].
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Notes

' A reviewer pointed out that the manipulation uf®dutcome efficacy could also be
described as ‘effectiveness knowledge’ (Frick et20004). From our perspective, however,
the key is that the message removes uncertainiyt afeether the behavior will have an
effect. Of course, we cannot be sure that all dsivare about that effect or regard it as
important enough, although its importance is ingphg the very presence of the sign. Thus,
we believe that the message appropriately senegdulpose of removing any doubts in

drivers’ minds about the link between turning ¢i¢ir engines and consequent air quality.

" Although PM 5 concentration levels might descriptively seem higthe social norm
condition when the number of vehicles was lows@)}, it should be noted that this was not
significantly different from baselind,= .15, 95% CI [.009, .291,= 2.01,p = .064.
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Highlights

Observed 6049 drivers’ engine idling whilst waitiaigrailway level crossings
Baseline showed only 27.2% switched off their eagin

Tested persuasive messages using social norm noatefiicacy, private self-focus
Improved air quality, and increased compliance B84norms) and 13% (efficacy)

Effect of social norms effect on idling and PM2ceelerated as queues lengthened



