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A B S T R A C T   

The timely payment of municipal parking fines signifies people’s acceptance of parking regulations, reduces 
administrative enforcement costs, and prevents additional late-payment fees for individuals. However, public 
administrations face challenges in enforcing the timely payment of parking fines. A large group of people fail to 
pay their fines on time, which requires additional enforcement actions that can result in extra late-payment costs 
and payment-related stress. In this study we collaborate with the Belgian city of Mechelen and the Behavioral 
Insights Team of the Flemish regional government to test the compounded effects of three communicative 
nudges. i.e., simplification, explicit penalty, and social norm, on the timely payment of parking fines. In a cluster- 
randomized field experiment, parking offenders received either the original notification letter, a simplified 
notification letter, a simplified notification letter accompanied by an explicit reference to the potential penalties, 
or a simplified notification letter accompanied by an explicit penalty and a social norm message. The results 
indicate that people can be nudged to pay their fines on time, but only when multiple nudges are combined and 
used simultaneously.   

1. Introduction 

Managing people’s parking behavior is a challenge for local public 
administrations. People’s compliance with municipal parking regula
tions helps reduce road accidents, emissions and traffic congestion, and 
stimulates a better, more inclusive urban environment (Marsden, 2006). 
Well-designed parking policies increase the overall safety, health, 
viability, and attractiveness of inner-city residential and commercial 
areas (Bantjes et al., 2021; Du Plessis et al., 2020; Makowsky & Strat
mann, 2011), and are an important source of revenue for the local 
administration (Lofstrom & Raphael, 2016; Marsden, 2006; Piehl & 
Williams, 2010; Su, 2020). For these policies to work effectively, people 
have to accept them and pay their fines correctly (Manville & Pinski, 
2021; Tyler, 2006a, 2006b). 

However, the timely payment rate of parking fines is relatively low 
and increasing this rate is an important issue for many local, regional, 
and national governments (Du Plessis et al., 2020; GASAM, 2020; 
Haynes et al., 2013). Because unpaid parking fines comprise a large 
number of payments of relatively small amounts, enforcement is costly. 
The timely payment rate of traffic and parking fines in cities such as 
Berlin (75%), Chicago (67%) and New York (60%) shows that there is 

room for improvement (Dušek et al., 2022; Heffetz et al., 2022). 
Increasing the timely payment rate has clear benefits for both public 
administrations and individual citizens. Timely payment reduces 
administrative enforcement costs (i.e., payment reminders, collection by 
a bailiff and legal proceedings) and related costs for the offender (i.e., 
late-payment fees and interest, legal fees, financial distress). Moreover, 
studies indicate that these additional costs disproportionally impact 
low-income households, who, on average, are less likely to pay their 
fines in a timely manner (Dušek et al., 2022; Harris et al., 2010; Heffetz 
et al., 2022; Mello, 2018). 

One way to increase timely payment rates is by applying nudging 
techniques and behavioral interventions. Nudges are low-cost and 
effective policy instruments designed to subtly alter people’s behavior 
without forbidding any options or significantly changing their economic 
incentives (Migchelbrink & Raymaekers, 2022; Thaler & Sunstein, 2008; 
Tummers, 2019). When applied to government communications such as 
brochures, application forms, and notification letters, nudges can 
sometimes lead to sizable effects at modest cost (Benartzi et al., 2017; 
Hummel & Maedche, 2019; John, 2018; Mertens et al., 2022). 
Furthermore, recent studies also show that the literature on nudging in 
general is often characterized by publication bias, low statistical power 
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and unexplained heterogeneity, raising questions as to whether nudges 
really are the effective behavioral change tools they are often made out 
to be (DellaVigna & Linos, 2022; Maier et al., 2022; Szaszi et al., 2018, 
2022). 

In the field of tax compliance, numerous studies demonstrate that 
communicative nudges, such as simplification, explicit penalty, and 
social norms, can have a positive impact on timely payment (Antinyan & 
Asatryan, 2019; Bott et al., 2019; Brockmeyer et al., 2019; De Neve 
et al., 2021; Hallsworth et al., 2017; John & Blume, 2018; OECD, 2021; 
Vainre et al., 2020). Nevertheless, some behavioral tax studies show null 
(Kettle et al., 2017) or even negative (John & Blume, 2018) effects. 
Behavioral interventions in other enforcement domains such as 
compliance with municipal housing codes (Linos et al., 2020), payment 
for public utilities (Szabó & Ujhelyi, 2015), and the timely payment of 
delinquency fines (Haynes et al., 2013), speeding fines (Dušek et al., 
2022), and parking fines (Heffetz et al., 2022) indicate that nudges can 
stimulate timely payment behavior in different law enforcement 
settings. 

Based on this research, we test whether communicative nudges can 
also be used to increase timely payment of municipal parking fines. We 
formulate the following research question: 

What is the effect of communicative nudges (simplification, explicit 
penalty, social norm) on people’s timely payment of parking fines? 

More specifically, we use a cluster-randomized field experiment to 
test whether the compounded use of (1) simplification, (2) simplifica
tion and explicit penalty, and (3) simplification, explicit penalty and 
social norms in parking-violation notification letters increases timely 
payment of parking fines. For this experiment, we cooperated with field 
and policy experts from the city of Mechelen (GASAM, 2014b) and the 
Behavioral Insights Team of the Flemish regional government (De Smedt 
et al., 2018). Between 2015 and 2019, almost 40 percent of parking fines 
incurred by individuals in the city of Mechelen were paid late or not at 
all (Raymaekers, Fobé, Migchelbrink, Lerusse, & Brans, 2021). There
fore, Mechelen is an interesting case to test whether nudges can be used 
to increase timely payment. 

We make three contributions to the literature. First, we test whether 
behavioral interventions used to increase people’s timely payment of 
taxes are also applicable to the timely payment of parking fines. 
Although these interventions have proven their effectiveness in the field 
of tax compliance, there is little evidence that they translate into other 
enforcement domains and types of payment behaviors. We build on the 
findings of two recent studies that tested and revealed the potential ef
fect of nudges on the timely payment of parking tickets and speeding 
tickets. Using administrative data covering a two-year period Heffetz 
et al. (2022) investigated the responsiveness to notification letters 
serving as reminders among New York City parking ticket recipients. By 
analyzing exogenous variation in the timing of the notification letters 
they found that such reminders have a significant positive effect on 
aggregate response behavior. Dušek et al. (2022) tested the effect of 
simplification and salience nudges on the timely payment of another 
type of traffic fines, i.e. speeding tickets by automated camera systems. 
Using a randomized controlled field experiment in the suburbs of Pra
gue, Czech Republic, as well as a complementary survey experiment, 
they found that emphasizing the payment deadline and the late-payment 
penalties significantly increased payment rates. 

Second, we contribute to the diversification of the methodological 
toolbox of public administration research by applying a cluster- 
randomized field experiment approach (CRT: cluster-randomized trial) 

where randomization at the individual level is not possible or not 
desirable (Gerber & Green, 2012; Moerbeek, 2006). 
Randomized-controlled trials (RCTs) are considered the gold standard in 
applied experimental research (Cartwright, 2007; Podsakoff & Podsak
off, 2019). However, not all empirical puzzles or administrative systems 
allow for such designs and it would not seem appropriate to limit our 
study to only those policy issues that allow for individual-level 
randomization (Moynihan, 2018; Van de Walle, 2017). 

Third, this study addresses an actual real-world administrative 
challenge. Behavioral public administration research has been criticized 
for focusing on universalistic theory development at the expense of 
contextual dependencies and incremental developments in local policy 
making and management (Hallsworth, 2023; John, 2017; Van Ryzin, 
2021). Instead, this study demonstrates that several insights and 
methods from behavioral public administration can also help to improve 
actual administrative procedures and processes in the field. 

In the first section, we discuss previous research on the use of 
behavioral insights in stimulating the timely payment of taxes and apply 
this research to three hypotheses on people’s timely payment of parking 
fines. In the second section, we discuss the design and implementation of 
our cluster-randomized field experiment. In section three we present the 
results. We use the final section to discuss the experiment’s results, 
policy implications, and to draw our final conclusions. 

2. Theory 

The use of behavioral insights in government communications is a 
particularly interesting and cost-effective way to increase citizens’ 
timely payment behavior (Benartzi et al., 2017; De Neve et al., 2021; 
Esmark, 2019; Raymaekers et al., 2023). Governments use brochures, 
forms, and letters to communicate and interact with citizens. According 
to Esmark (2019), changing the choice architecture and information 
content of such communications can help to alter, guide and encourage 
people’s choices and behaviors. 

In the aftermath of the financial crisis of 2008, policy and academic 
attention toward tax administration and enforcement increased drasti
cally and led to a new wave of theoretical and empirical research into 
the determinants of tax evasion and compliance (Hallsworth, 2014; 
Slemrod & Weber, 2012). The basic deterence model of criminal 
behavior states that individual citizens and businesses rationally weigh 
the costs and benefits of undesirable behavior (Allingham & Sandmo, 
1972; Becker, 1968). According to this perspective, the threat of a tax 
audit or legal sanctions such as tax penalties and incarceration increase 
people’s willingness to comply with tax regulations (Doran, 2009; 
Slemrod, 2019). More recently, behavioral considerations challenged 
this utility maximization model and instead emphasized psychological 
determinants such as perceived moral costs, social norms, payment 
habits and attitudes of individuals toward the general concept of taxes 
(Botzem, 2019; Kirchler, 2007). As part of this behavioral agenda, the 
effect of government communication on people’s compliance behavior 
has also been studied in more detail (Antinyan & Asatryan, 2019; 
Chirico et al., 2019; Slemrod et al., 2001). 

Most studies that test the effects of behavioral insights and nudges in 
government communications only target a single intervention at a time. 
While this approach allows for the identification of the causal effects of 
individual interventions, it often does not result in statistically signifi
cant or durable behavioral change. According to Vainre et al. (2020) the 
use of single interventions in the field of compliance “may not be 
optimal for maximizing intervention effectiveness” (p. 1). Instead, they 
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propose a tailored compound intervention (TCI) approach and argue for 
the use of combinations of multiple nudges based on an analysis of 
relevant behavioral information. Moreover, behavioral studies in 
different policy domains such as agriculture (Howley & Ocean, 2021), 
electricity consumption (Brandon et al., 2019) and tax compliance 
(Antinyan & Asatryan, 2019; De Neve et al., 2021; Vainre et al., 2020) 
suggest that there is a scope for combining nudges to increase the effect 
size of an intervention. This allows for a more practice-oriented appli
cation of behavioral insights, optimizing the use of nudging where it 
matters most. 

The first nudge we test to stimulate people’s timely payment is 
simplification. People often have difficulty in understanding govern
ment communication and in distilling action relevant information, 
resulting in miscommunications and delay (Bhargava & Manoli, 2015; 
Zarcadoolas, 2011). Simplification facilitates people’s understanding of 
government communications by reducing the cognitive load of reading 
and comprehending official texts, and by highlighting action relevant 
payment information (Antinyan & Asatryan, 2019; De Neve et al., 2021; 
John & Blume, 2018). Limiting the use of jargon and non-relevant 
administrative information, as well as highlighting action relevant in
formation, can make it easier for people to understand what is expected 
of them. De Neve et al. (2021) demonstrate that simplifying tax corre
spondence can increase tax compliance by up to 10 percentage points. 
Similarly, John and Blume (2017, 2018) show that simplification can 
increase the timely payment of municipal taxes by 3.8 percentage 
points, as well as other preferred behaviors such as online renewals for 
disability parking permits. However, Holzmeister et al. (2022), find no 
effect of the mere simplification of letters on consumer debt repayments 
and response rates. In line with most studies, we expect simplification to 
increase the timely payment of fines and thus formulate the following 
hypothesis: 

H1: A simplified notification letter increases citizens’ timely payment 
of parking fines as compared to the control notification letter. 

However, simplification alone may not be sufficient. People’s timely 
payment of parking fines could be further increased using an explicit 
penalty message (Ariel, 2012; De Neve et al., 2021; Vainre et al., 2020). 
Whereas simplification is based on the assumption that people’s 
compliance can be facilitated by reducing cognitive load, the explicit 
reference to a potential penalty is based on the rationalist assumption 
that people choose whether to comply by subtracting the perceived risks 
and consequences of noncompliance from the perceived costs of 
compliance (Allingham & Sandmo, 1972; Ehrlich, 1973; Jensen et al., 
2018; Nussim & Tabbach, 2009). By making an explicit reference to the 
risks and consequences of noncompliance, explicit penalty messages can 
increase people’s tendency toward compliance and desirable behaviors 
(Alm et al., 2009; Chirico et al., 2019; Dušek et al., 2022; Hallsworth, 
2014; Jensen et al., 2018). 

Vainre et al. (2020) demonstrate that an explicit penalty message, 
combined with several constituent nudges, could increase employers’ 
payroll tax compliance by 5.1 to 6.1 percent. Similarly, De Neve et al. 
(2021) show that the use of an explicit penalty message, in combination 
with simplified tax correspondence, additionally increased citizens’ 
timely tax filings and payment by up to 1.2 percentage points. Moreover, 
Dušek et al. (2022) show that the use of an explicit penalty nudge can 
increase the payment of speeding tickets by about 1.2 percent. Based on 
these results, we hypothesize that adding a deterrence message to a 
simplified letter can further increase the probability of the timely pay
ment for parking fines: 

H2: Adding an explicit penalty nudge to a simplified notification 
letter increases citizens’ timely payment of parking fines as 
compared to the control notification letter. 

Finally, we expect that citizens’ timely payment of parking fines can 
be further improved by adding a descriptive social norm to a simplified 
letter in the form of a deterrence message (Cialdini, 2003; Cialdini & 
Goldstein, 2004; Hallsworth et al., 2017; John et al., 2019; Larkin et al., 
2019). Although the use of social norms in government communications 
is a popular nudge, their effectiveness remains disputed (John et al., 
2019; Silva & John, 2017), because of null results (Bird et al., 2021; 
Dimant et al., 2020; Fellner et al., 2013; Kettle et al., 2017; Martuza 
et al., 2022) and even backfiring effects (Beshears et al., 2015; Bicchieri 
& Dimant, 2022; Holzmeister et al., 2022). Descriptive social norms are 
based on social conformity theory (Bernheim, 1994) and the assumption 
that people adapt their behavior to the stated norm out of fear of 
non-conformity and due to the risk of social isolation (Cialdini & 
Goldstein, 2004; John & Blume, 2018). Evidence on the effectiveness of 
descriptive social norms in stimulating desirable behaviors is found 
across a wide range of policy domains, including waste recycling 
(Cialdini & Jacobson, 2021), sustainable consumption (Loschelder et al., 
2019), energy conservation (Allcott, 2011), charitable donations 
(Agerström et al., 2016), the use of antibiotics (Hallsworth et al., 2016), 
and vaccination (Belle & Cantarelli, 2021). Based on these studies, we 
expect that the use of descriptive norms in combination with simplifi
cation and an explicit penalty message can positively impact the timely 
payment of parking fines: 

H3: Adding a social norm message to a simplified notification letter 
with an explicit penalty message increases citizens’ timely payment 
of parking fines as compared to the control notification letter. 

3. Data and method 

We test the effects of simplification, an explicit penalty message, and 
a social norm nudge on people’s timely payment of parking violations in 
the Flemish municipality of Mechelen using a cluster-randomized trial 
(CRT) (Hayes & Moulton, Lawrence, 2017; Moerbeek, 2006). The mu
nicipality of Mechelen, a medium-sized city of about 90,000 inhabitants, 
is responsible for sanctioning public nuisance violations, including 
minor parking violations, using municipal administrative sanctions 
(Schram & Lievens, 2015). In the case of Mechelen, administrative 
sanctions are administered by a local intermunicipal organization called 
the Municipal Administrative Sanctions District of Mechelen (GASAM: 
Gemeentelijke Administratieve Sancties Arrondissement Mechelen). These 
sanctions include category 1 (parking on the wrong side of the road, 
ignoring the car-free zone) and category 2 (unauthorised use of parking 
spaces reserved for people with a disability) parking violations. Cate
gory 1 violations are sanctioned with a €58 fine and category 2 viola
tions are sanctioned with a €116 fine (GASAM, 2014a, 2014b). We use 
the notification letters for category 1 and 2 parking violations to test our 
hypotheses. 

3.1. Treatment 

Treatments were administered as alterations of the existing notifi
cation letter, whether it be changes (simplification) or additions (an 
explicit penalty message and social norm nudge). The control and 
treatment versions of the notification letter were randomized across 
clusters of notification letters and implemented repeatedly until the end 
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of the experiment. This way, each time a different version of the noti
fication letter was sent out to a new group of parking offenders.1 

The treatment consisted of four versions of the original notification 
letter. The original notification letter (letter A) served as the control 
condition to which the effect of the treatment of the other letters was 
compared. The first treatment letter (letter B) was used to test the first 
hypothesis and consisted of a simplified version of the original notifi
cation letter. The simplification consisted of a reduction of administra
tive and legal jargon, the visual restructuring of sentences and 
paragraphs, and the increase of salience of action-relevant payment 
information. The second treatment letter (letter C) was used to test the 
second hypothesis and consisted of the simplified letter (B) and the in
clusion of an explicit penalty message related to the late-payment pen
alty: “Watch out: avoid additional costs by paying your fine within 30 
days. These additional costs can amount to 197 euros”, placed directly 
below the action-relevant payment information. The third treatment 
letter (letter D) was used to test hypothesis 3 and consisted of the 
simplified letter with an explicit penalty message (C) and the inclusion 
of an additional social norm message “Two out of three people pay their 
administrative fine on time. Will you follow this example?”, placed directly 
above the action-relevant payment information. The treatment mate
rials are included in appendix A. 

Timely payment was operationalized as payment within 33 days 
after the postage date of the notification letter. Individuals are requested 
to pay their fine within 30 days after receiving their notification letter, 
and GASAM maintains an additional grace period of 3 days for admin
istrative delays. Timely payment is recorded dichotomously, in which no 
timely payment, i.e., late or no payment, is coded as 0 and payment 
within 33 days as 1. This way, we take right censoring, which is defined 
as no payment at the end of the experiment, into account. Timely pay
ment was recorded by GASAM. Participants’ gender (male vs. female) 
and age (in years) were obtained from the Belgian population register. 
The experiment received administrative and political approval from the 
city of Mechelen and was approved by the ethics board of our in
stitutions (SMEC: G-2020-1435). The study was not preregistered. See 
Fig. 1 for the implementation flow of the experiment. 

3.2. Estimation procedure 

We estimated the effects of treatment using a generalized linear 
mixed effects regression analysis (glmer; Bates et al., 2020), using the 
statistical software ‘R’ (R Core Team, 2020), version 4.0.2. The data and 
code for replication are available at: osf.io/7qab2 (Migchelbrink & 
Raymaekers, 2023). We accounted for the dependency in outcomes due 
to the clustered application of treatments by modeling the clusters as 
fixed effects (Hayes & Moulton, Lawrence, 2017; Moerbeek, 2006; 
Raudenbush, 1997). To assess the effects of treatment in relation to the 
control letter (letter A), we included the treatment letters (letters B, C, & 
D) as dummy-coded explanatory variables into the analysis. 

4. Results 

The experiment was fielded between June 2020 and February 2021. 
During that time, n = 2664 individuals incurred a fine for a category 1 or 
2 parking violation in the city of Mechelen. All were included in the 
experiment. This sample consisted of n = 1723 men (64.7%) and n = 941 
women (35.3%), with an average age of 42.7 years. n = 2152 of these 
participants received a sanction for a category 1 parking violation and n 
= 512 for a category 2 violation. In total, the participants incurred 
€184,208 in parking fines, of which n = 939 were overdue. Letters were 
sent out in 34 clusters, totaling 8 or 9 clusters per letter. Each cluster 
comprised between 70 and 89 subjects (see Table 1). 

We assessed the success of cluster-randomized assignment based on 
participants’ age, gender, and the category of the violation. The results 
(Appendix B) indicate a certain degree of variation in participants’ age, 
gender, and category of violation depending on the type of notification 
letter, but no significant differences. The cluster-randomized assignment 
of notification letters resulted in equivalent groups based on these 
covariates. 

The results of the generalized linear mixed effects regression analysis 
are presented as average marginal effects in Table 2 and are displayed in 
Fig. 2. Model 1 contains dummy variables for the experimental treat
ments and displays the average marginal effects of treatment on par
ticipants’ timely payment depending on the communicative nudges 
compared to the original control notification letter. Model 2 takes 
additional information into account, such as participants’ age, gender, 
and the category of the parking violation. 

According to these results, about 1.6 percent of the variance in the 
logits of timely payment was attributable to differences between the 
clusters in which the treatments were administered. The design effects 
show that the clustering resulted in a loss of statistical efficiency of 
between 2.08 and 2.37, indicating that the variance of the proportions 
more than doubled due to clustering as compared to individual-level 

Fig. 1. Implementation flow of the experiment.  

1 The choice for a cluster-based randomization design followed the admin
istrative procedures and ICT practicalities of the local administration we 
collaborated with to field the experiment. Every few days the local police sends 
the local administration a so-called batch containing an average of approxi
mately 75 police reports related to parking violations. The local administration 
uses this these police reports to determine the parking fine and send out the 
notification letters, together with the police report. Because the organization 
was not technically equipped to randomize treatments at an individual level, we 
randomly assigned a different treatment letter to each new batch of letters. The 
clustering of letters in batches was controlled for using fixed effects for the 
clusters in the estimation of the effects of treatment. 
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assignment.2 

The results indicate that one treatment significantly affected the 
likelihood of timely versus non-timely payment of parking fines (Figs. 2 
& 3).3 Participants who received the existing control letter were about 
56 percent more likely to pay their sanction on time than they were to 
pay late (OR=1.56, 95% CI [1.25, 1.95]). Participants who received the 
simplified letter were about 4.6 percent less likely to pay their sanction 

on time than those who received the control letter (OR=0.95, 95% CI 
[.69, 1.32]), an estimated 1.1 percentage points difference. However, 
this difference was not statistically significant. Participants who 
received the simplified letter with an explicit penalty message were 
about 32 percent more likely to pay their sanction on time than par
ticipants who received the control letter (OR=1.32, 95% CI [.95, 1.82]), 
an estimated 5.1 percentage points difference. However, this difference 
was also not statistically significant. Finally, participants who received 
the simplified letter with both a deterrence message and a social norm 
message were about 43.5 percent more likely to pay their sanction on 
time (OR=1.44, 95% CI [1.04, 1.98]), an estimated 7.9 percentage 
points difference. This difference was significant, at a 95% confidence 
level. 

The difference in the estimated likelihoods of timely payments be
tween the simplified letter with a deterrence and social norm messages 
and the control letter equals a standard deviation difference of 
approximately 0.2 (Cohen’s d = 0.197). Consequently, this 43% increase 
represents a relatively small increase in the likelihood of timely payment 
of parking fines due to the simplification, deterrence, and social norm 

Table 2 
Effects of treatment, results in average marginal effects.   

Model 1 Model 2  
AME (se) 95% CI AME (se) 95% CI 

Control letter – – – – 
Simplified letter − .011 (0.038) [− .084, 0.063] − .009 (0.037) [− .082, 0.064] 
Simplified letter + deterrence message .051 (0.036) [− .009, 0.130] .063 (0.035) [− .006, 0.132] 
Simplified letter + deterrence and social norm message .079* (0.035) [.012, 0.147] .084* (0.034) [.016, 0.151] 
Gender (male)   − .018 (0.019) [− .056, 0.020] 
Age (years)   .002** (0.001) [.001, 0.003] 
Violation (Cat. 1)   .032 (0.024) [− .014, 0.078] 
Intraclass correlation coefficient (ICC) .016 .015   
Number of participants (n1) 2664 2664   
Number of clusters (n2) 34 34   

Notes: * p < .05, ** p < .01, *** p < .001 (two-tailed test). 

Fig. 2. Percentage rates of timely payment for the control and treat
ment condition. 

Fig. 3. Effects of treatment in average marginal effects.  

Table 1 
Number of participants and clusters.  

Letter Intervention n. participants per treatment n. clusters per treatment x participants per cluster 

A Control 629 9 70 
B Simplification 680 9 76 
C Simplification & explicit penalty 645 8 81 
D Simplification, explicit penalty & social norm 710 8 89  

Total 2664 34   

2 Cluster sizes per treatment condition were moderately imbalanced. 
Following the approach used by Guittet, Ravaud, and Giraudeau (2006), we 
calculated design effects based on the average cluster size per treatment con
dition. The design effects ranged from 2.068 for the control letter and 2.160 for 
the simplified letter, to 2.238 for the simplified letter with a deterrence message 
and 2.362 for the simplified letter with a deterrence and social norm message.  

3 We examined whether our results were robust against multiple comparisons 
by calculating and the adjusted p-values using the Benjamini and Yekutieli 
(2001) correction (p.adjust) in R. The result of this analysis shows that the 
effects of treatment are not completely robust against multiple comparisons. 
Adjusting for multiple comparison pushes our results beyond statistical signif
icance at the 95% level. This is likely a consequence of the relatively low level 
of statistical power we obtained in our experiment. For more details, see 
Appendix C. 
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messages combined. In addition to the main effects of treatment, we 
analyzed the influence of the control variables in Model 2. The results 
indicate that participants’ age significantly impacted the estimated odds 
ratio for timely payment (OR=1.01, 95% CI [1.00, 1.02]). At the same 
time, participants’ gender and the category of violation did not appear to 
significantly affect the timely payment of administrative sanctions. 

5. Discussion and conclusion 

Can people be nudged to pay their parking fines on time? This study 
indicated that they can, especially when multiple nudges are used 
simultaneously. Letter simplification did not result in a significant in
crease in people’s timely payment of parking fines. As such, the data 
offer no support for the first hypothesis (H1: not supported). Adding an 
explicit penalty message to the simplified notification letter did increase 
respondents’ timely payment of parking fines, both compared to the 
original notification letter and to the simplified notification letter, but 
these increases were not statistically significant at the 95 percent con
fidence level (H2: not supported). Finally, the compounded use of a so
cial norm message, an explicit penalty message and a simplified 
notification letter did result in a statistically significant increase in re
spondents’ timely payment of parking fines as compared to the original 
control letter (H3: supported). When they received this letter, re
spondents were about 44 percent more likely to pay their fine on time 
than when they received the original control letter. This means that they 
were about 124 percent more likely to pay their fines on time than to pay 
late or not at all. 

Contrary to De Neve et al. (2021) and John and Blume (2018), we 
find no evidence that simplification as a single intervention increases 
people’s timely payment behavior. We also do not find support for the 
effectiveness of explicit penalty messages, for example as discussed by 
Vainre et al. (2020) and by Dušek et al. (2022). Instead, we only observe 
a statistically significant increase in the timely payment of fines when 
we use multiple nudges simultaneously. Consequently, with these re
sults, we add evidence to the growing body of nudge literature sug
gesting that the relationship between nudge outputs and behavioral 
outcomes is complex. Nudge interventions and nudge combinations may 
work under certain conditions, but their effectiveness is characterized by 
heterogeneity across policy domains, nudge types, populations seg
ments, baseline attitudes, geographical locations and targeted behaviors 
(Dewies et al., 2021; Holzmeister et al., 2022; Osman et al., 2020; Szaszi 
et al., 2018, 2022). The mixed, contradictory and uncertain results of 
individual nudges and the struggle to confirm theoretical predictions 
about deterrence and non-deterrence nudges support our view that 
behavioral-based policy interventions can be compounded (Vainre et al., 
2020) and should be grounded in a practice-oriented design which takes 
the specific local context into consideration (Van Ryzin, 2021). 

As a practice-oriented design science, public administration is 
uniquely equipped to collaborate with local governments and public 
organizations in designing and implementing policy-interventions to 

address social and administrative challenges (James et al., 2017; Van 
Ryzin, 2021). However, practice-based collaborations are not without 
their design and implementation challenges (John, 2017). In the case of 
this study, specific constraints result in at least three limitations. First, 
due to the administrative procedure for sending out notification letters 
to parking offenders, we were unable to randomize treatments at the 
individual level. Instead, we opted to assign the treatments based on the 
clusters in which these letters were distributed (Raudenbush, 1997). The 
resulting design effects indicated that this approach reduces the statis
tical power of our analysis by half (Crespi, 2019; Moerbeek, 2006). At 
the same time, the proportion of variance attributable to clustering was 
very low (1.7 percent), which we controlled for using cluster-based fixed 
effects (Bates et al., 2015). 

Second, the field experiment was conducted within a single local 
administration, i.e., the municipality of Mechelen. Although this 
approach allowed us to assess the effects of treatment in great detail 
(Baekgaard et al., 2015; John, 2017, 2020) and with high ecological 
validity (Hansen & Tummers, 2020) while keeping contextual factors 
constant, we cannot rule out that people in different localities react 
differently to our treatments. Replicating the current study in different 
localities could serve to further strengthen the external validity and 
reliability of the results (Walker et al., 2019). Third, due to the 
cluster-randomized design of the experiment, the statistical power of the 
analysis is relatively low (Appendix C).4 Future studies can replicate this 
study using an individual level randomized design or test the effects of 
compounding nudges in a full-factorial design. 

Our results indicate that people can be nudged to pay their parking 
fines on time, but only when multiple nudges are combined and used 
simultaneously. While the use of nudges in government communications 
are becoming more and more popular, our relatively modest and null 
findings serve as a cautionary reminder that the effectiveness of nudges 
is not guaranteed. Obtaining a better understanding of the settings and 
conditions in which nudges operate, both in isolation and in combina
tion, has the potential to improve their reliability and scalability. 

Data availability 

The data is available following the in-text reference. 
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Appendix A. Experimental materials (Notification letters) 

Letter A - Control 

4 We conducted a power analysis on the three treatment conditions in our model using the simr package (Green & MacLeod, 2016) for generalized linear mixed 
models (Bates et al., 2015) in R. Simr uses Monte Carlo simulations to calculate the power of an analysis. In this setup, the tested effect is known and so every positive 
test is a true positive and every negative test is a Type II error. This way, the probability that the test rejects the null hypothesis assuming the null hypothesis is falls 
can be straightforwardly calculated. Unsurprisingly, this rate is low for the two treatment conditions that did not result in a statistically significant change of the rate 
of timely payment. Both estimates of the treatment effect were surrounded by a lot of statistical uncertainty. The one effect of treatment that did result in a sta
tistically significant change in the rate of timely payment has a power of .63, which is generally understood to be underpowered. More details in Appendix C. 
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Letter B - Simplification
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Appendix B. Balance checks   

Age Gender (Male) Type (Cat. 2)  
Estimate (se) Logit (se) Logit (se) 

Intercept 43.582*** (0.636) − .677*** (0.084) 1.450*** (0.216) 
Control letter – – – 
Simplified letter − .090 (0.895) .191 (0.116) .377 (0.313) 
Simplified letter, deterrence message − 1.264 (0.906) .012 (0.118) .023 (0.313) 
Simplified letter, deterrence & social norm message − 1.389 (0.884) .073 (0.115) − .123 (0.310) 
ICC 0.003 0 0.086 
n1 2664 2664 2664 
n2 34 34 34 

Notes: * p < .05, ** p < .01, *** p < .001 (two-tailed test). Standard Deviations appear in the parentheses below the means. 

Appendix C. Corrections for multiple comparisons   

Logit (se) Adjusted p-value 

Intercept .444 <. 001 
Simplified letter − 0.047 (0.165) .776 
Simplified letter + deterrence message .274 (0.166) .131 
Simplified letter + deterrence and social norm message .361 (0.163) .054  

Power analysis on treatment conditions  

Treatment condition N simulations Alpha Power 95% CI 

Simplified letter 250 .05 .12 [.636, 0.20] 
Simplified letter + deterrence message 250 .05 .456 [.331, 0.533 
Simplified letter + deterrence and social norm message 250 .05 .632 [.528, 724]  
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