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A B S T R A C T

Cities worldwide are rethinking the use of curbside space to balance accessibility, sustainability, and urban 
liveability. Yet, increasingly complex curbside regulations face low enforcement capacities and high misuse. This 
undermines policy objectives for efficient goods movement, sustainable urban mobility, and equitable access to 
the curbside. In response, municipalities explore static Internet of Things (IoT) technologies to digitalize curbside 
management. However, past implementations of static IoT technologies, such as in-ground sensors and cameras, 
have often failed to achieve long-term operation. This study investigates how static IoT technologies can support 
digital curbside management while recognizing local contexts. We examine this question through the lens of 
innovating mindfully, which conceptualizes innovating as a context-sensitive process that balances outside 
experience with decision-making grounded in local facts and specifics. Combining this lens with expert in
terviews and Design Science Research, we derive 16 principles and testable propositions for innovation adoption 
in the three phases that entertain outside experience: comprehension, adoption, and implementation. Our results 
show that IoT technologies are initially most suitable for enforcement challenges in no-parking, time-limited, and 
permitted parking. These lay the foundation for future user-oriented services. We thus propose an iterative 
process for innovating mindfully with IoT technologies. It allows cities to assess feasibility and avoid premature 
commitment, while iteratively building internal sensitivity and external legitimacy. The study advances transport 
policy research by offering a transferable framework for evidence-based policy designs and actionable guidance 
to enhance parking compliance, operational efficiency, and the integration of IoT technologies into urban 
mobility strategies.

1. Introduction

The curbside status quo in many regions is characterized by 
numerous regulations combined with low patrolling by traffic wardens 
(Manville and Pinski, 2021). Curbside users, including parcel deliverers, 
ride-hailing and taxi drivers, but also mobility-impaired citizens and 
other motorists, suffer from a low-compliance, low-quality equilibrium. 
In this equilibrium, violations of parking regulations are common and, 
to counteract this, parking fines are high to punish violations (Manville 
and Pinski, 2021; Nourinejad and Roorda, 2017).

The equilibrium is set to deteriorate further. Novel policies that 
reallocate curbside space to improve urban life reduce parking space for 
cars and similar vehicles (Gregg and Maisel, 2025). Curbside space is 
repurposed to facilitate environmentally friendly transportation modes 

like micromobility and new uses such as outdoor dining (Gregg and 
Maisel, 2025; UN-Habitat, 2022). To mitigate impacts on advantaged 
user groups, cities implement novel regulations. These include loading 
zones for last-mile deliveries and passenger pickup and drop-off zones 
for ride-hailing. To improve turnover at the remaining curbside parking 
spaces, cities expand paid and time-limited parking (Diehl et al., 2021). 
The proliferation of regulations increases complexity and undersupply 
of curbside parking space. Undersupply induces competitive parking 
searches, lengthening search times and raising illegal parking 
(Abdelghaffar et al., 2024).

High rates of misuse and weak enforcement commonly undermine 
curbside interventions and policy goals (Diehl et al., 2021; Palacio
s-Argüello et al., 2025). Cities regularly collect more from fines than 
from fees paid by compliant users, which reduces the steering impact of 
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price- and regulation-based curbside parking management (Manville 
and Pinski, 2021). Misuse thus leads to congestion, hinders emissions 
reductions, impairs goods and passenger transport, reduces accessibility 
for mobility-impaired citizens, and obstructs emergency vehicle routes 
(Bäßmann et al., 2023; Gregg and Maisel, 2025).

To counter this trend, cities aim to improve compliance and curbside 
parking quality. Beyond hiring additional traffic wardens for manual 
patrolling (Butrina et al., 2020), policy documents show increasing 
optimism that regulatory adaptations can be balanced by technology 
investments (Gregg and Maisel, 2025). But a plethora of technology 
investments has faced persistent challenges to achieve long-term oper
ation (Palacios-Argüello et al., 2025). For example, analyzing payment 
data from pay-by-phone and meters only includes compliant users 
(Butrina et al., 2020). Automated license plate recognition through scan 
cars faces issues including undigitized permits and surveillance concerns 
(Lyons, 2023; Tang et al., 2022). Furthermore, we posit that relying only 
on data samples from patrolling traffic wardens, scan cars, and 
compliant users insufficiently accounts for the low-enforcement, low-
compliance equilibrium. By definition, the informative value is inferior 
to static Internet of Things (IoT) technologies that provide continuous 
real-time monitoring. We therefore focus on static IoT technologies.

However, these also face challenges. For example, large-scale real- 
time occupancy projects in San Francisco (SFMTA, 2014) and Wash
ington, D.C. (Dey et al., 2018) were dismantled after the projects ended. 
Thus, a gap in the literature remains to investigate which challenges 
cities can meaningfully address by using IoT technologies along the 
curbside. Literature argues that this gap must be addressed by learning 
from the experience of other cities. Gregg and Maisel (2025) state that 
learning from existing policies can address contradictions regarding 
mobility challenges, emergency vehicle access, and equity in access to 
the curbside. Palacios-Argüello et al. (2025) find that knowledge sharing 
is a mimetic driver influencing curbside freight pilots. However, they 
note that replication requires an a priori city-specific suitability assess
ment, which the authors do not examine. There is, in particular, a need 
to examine how technology-related findings transfer across contexts, e. 
g., the most suitable technology for digital loading zones (Castrellon 
et al., 2024). Accordingly, we examine how outside experience in using 
static IoT technologies for curbside management can be assessed for 
local, city, and user suitability, formulating our research question as:

How can a city use outside experience in static IoT technologies to support 
the digitalization of curbside management while recognizing the city's local 
context?

We address the research question through the lens of innovating 
mindfully (Swanson and Ramiller, 2004). Innovating mindfully asks to 
structure the integration of outside experience into steps of compre
hension, adoption, and implementation, while grounding the assess
ment of outside experience in the city's own facts and specifics (Swanson 
and Ramiller, 2004). To draw on outside experience, and to identify and 
distill meaningful adoptable elements, we build on expert interviews 
(Mayring, 2022; Yin, 2016) and add Design Science Research (DSR) 
practices (Schoormann et al., 2024). Our findings offer a twofold 
contribution. First, our applied research framework can serve as a 
transferable tool for scholars investigating similar public sector in
novations. Second, we provide decision-makers with actionable guid
ance on how to advance curbside parking management using static IoT 
technologies. Thus, cities can leverage the potential of real-time curb
side parking management to implement urban policy goals.

2. Research design

2.1. Innovating mindfully

Although organizations in a field initially have diversity in their 
approaches, they push toward homogeneity once a field becomes well 
established (Powell and DiMaggio, 1991). This homogenization process 
is termed isomorphism. Isomorphism forces one unit in a population to 

resemble others facing the same environmental conditions (Powell and 
DiMaggio, 1991). One mechanism of isomorphic change are mimetic 
processes, a response to poorly understood technologies or environ
mental uncertainty. Mimetic processes start with a problemistic search 
to identify models perceived as more successful in combating respective 
challenges (Powell and DiMaggio, 1991). Organizations then mimic a 
narrow set of structures, strategies, and processes from models (De Vries 
et al., 2016; Powell and DiMaggio, 1991). Ideally, organizations 
significantly profit from mimicking models as outside experience pro
vides viable solutions at little expense and organizations obtain legiti
macy (Powell and DiMaggio, 1991). Because of limited municipal 
resources, mimetic processes are especially pertinent in public sector 
innovation (Meijer, 2015; Powell and DiMaggio, 1991).

In curbside management, cities engage in mimetic processes to cope 
with uncertainty from the curbside transformation, new regulations, and 
high misuse, while exploring whether innovative IoT technologies can 
mitigate these challenges (Palacios-Argüello et al., 2025). Depending on 
the city's organizational structure, the responsible units can be, e.g., 
parking authorities, departments of transportation, or police de
partments, often supported by smart city or digitalization departments. 
Throughout this paper, we use the term city and its plural cities to 
collectively refer to the organizational units responsible for curbside 
management within the municipal organization.

But mimetic processes are prone to exploitation by decision-makers 
seeking legitimacy, showcasing that ′something is done′ while objec
tive attainment is of minimal importance (Galaskiewicz and Wasserman, 
1989; Powell and DiMaggio, 1991). Through mimetic processes, 
decision-makers are further prone to shift causality from technical effi
ciency to ideology (Tingling and Parent, 2002) and may be dragged 
toward innovation by influential norms or organizations (Swanson and 
Ramiller, 2004). Causes include the non-transparent nature and unclear 
processes of problemistic searches. They suffer from biases and often 
yield ambiguous results (Posen et al., 2018). This mindless approach 
leads to simply replicating or imitating innovations, resulting in confu
sion and resistance by users. Decision-makers then blame these conflicts 
on shortcomings of users themselves (Swanson and Ramiller, 2004).

In contrast, the theoretical lens of innovating mindfully asks to 
attend “to [an] innovation with reasoning grounded in the [organiza
tion]'s own facts and specifics” (Swanson and Ramiller, 2004, p. 561). 
An organization should not simply aim to imitate an innovation, it must 
discriminate choices to best fit the organization's unique circumstances 
(Fiol and O’Connor, 2003). To do so, Swanson and Ramiller (2004)
propose that the organization must continuously reflect outside expe
rience against three stances: the organization's own objectives, its 
structure and processes, and its relationship to the environment. Inno
vating mindfully uses three phases to structure the examination of 
outside experience against the three stances. Thus, premature commit
ment or shortfalls of resources are avoided (Swanson and Ramiller, 
2004).

Innovating mindfully begins with the comprehension of the inno
vation. Based on the bigger picture and the community's reaction, the 
organization forms an initial stance toward the innovation. The orga
nization's members do not take the innovation's benefits at face value 
but critically examine their local validity and ask ′Would this be true for 
us?′ and ′How so?′. If this is found not to be true, organizations will 
decide not to proceed with adoption (Swanson and Ramiller, 2004).

If the initial assessment is positive, the organization undertakes 
deeper consideration during the adoption phase. It critically assesses 
claims of revolutionary advances by identifying local, context-specific 
application cases, supporting rationales, and weighing value creation 
against prospective challenges. The organization maintains a preoccu
pation with failure, keeping open the option to still reject the innovation 
to prevent premature commitment or shortfalls of resources (Swanson 
and Ramiller, 2004).

If the organization decides to continue with the innovation, it starts 
the implementation. The organization leverages early adopters’ 
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experiences, but prioritizes organization-specific learning and considers 
reinventing the innovation to fit its circumstances (Swanson and Ram
iller, 2004).

Afterward, the mindfully innovating organization moves from 
outside experience to inside expertise (Swanson and Ramiller, 2004). 
During the assimilation phase, the organization cultivates users' devel
oped sensitivity to the innovation and their respective operations. 
Recognizing the innovation is not yet fully constituted, persistent 
problems may lead to ex post rejection. Alternatively, routinization and 
adaptive change weave the innovation into the organization's fabric.

Furthermore, future adoption assessments are informed by reflecting 
on organizational benefits of the innovation that may still be realized. 
Through this, the mindful approach enhances collective intelligence and 
responsiveness amid uncertainty, and builds legitimacy with peers in the 
context of the innovation (Swanson and Ramiller, 2004).

To center our study on the research need for structuring outside 
experience, as identified by scholars, we focus our research on the first 
three phases. These entertain outside experience, while the latter two 
phases, assimilation and reflection, rely on inside expertise for pro
gressing with the innovation. Recognizing the information cycle, i.e., 
that learning activities in the latter phases inform future adoption, we 
then later discuss how this allows for an iterative process to transfer 
structured outside experience into organizational expertise (Swanson 
and Ramiller, 2004).

Hence, we first conduct a transparent and reproducible problemistic 
search. We then use the lens of innovating mindfully to study outside 
experience along the three stances, structuring it in the three phases that 
entertain outside experience. Lastly, we discuss how this structured 
outside experience can be used iteratively, to allow cities to innovate 
digital curbside management mindfully, providing early results, while 
preventing cities from common pitfalls by using outside experience 
mindlessly.

2.2. Literature review

To foster innovating mindfully with IoT technologies in curbside 
management, we reviewed the literature for outside experience. We 
present it along the three phases that entertain outside experience and 
the three stances outlined in Section 2.1.

For comprehension, prior research shows that municipal policies 
view novel technologies as crucial organizational objectives to address 
curbside challenges (Gregg and Maisel, 2025). Scholars promote curb
side guidance as a user-centric public service that attracts users to digital 
platforms (Ahmadian et al., 2024; Aljohani et al., 2022). Curbside 
guidance systems can furthermore communicate dynamically changing 
parking regulations and digitalize permitted parking, advancing cities’ 
long-term objective of an asset-free curbside, free of physical signs and 
parking meters (Ahmadian et al., 2024; Butrina et al., 2020). Further
more, automated systems for enforcement and monetization are argued 
to recover revenue and save staff hours for municipalities, though they 
entail high up-front investment costs (Diehl et al., 2021). Scholars 
further find that the generated data allows cities to better understand 
parking durations (Castrellon et al., 2023), user, and vehicles types 
(Butrina et al., 2020).

During the adoption phase, municipal policies and literature focus on 
curbside freight management application cases (Gregg and Maisel, 
2025). Other application cases for different curbside user groups, or 
focused on enforcement, are largely neglected. For example, loading 
zone guidance is argued to improve organizational objectives related to 
traffic congestion and parcel deliverers’ cruising time (Dalla Chiara 
et al., 2022; Dalla Chiara and Goodchild, 2020). Some curbside freight 
models strengthen enforcement objectives by providing real-time data 
on arrivals and departures of vehicles to traffic wardens 
(Palacios-Argüello et al., 2025). But before committing prematurely, 
literature highlights adoption considerations. Regarding the internal 
structure and processes, city representatives may fear that the sum of 

parking fee and fine revenues will drop when the curbside equilibrium 
changes (Butrina et al., 2020). In the relationship to the environment, 
regulatory constraints and privacy concerns commonly hinder imple
mentation of respective technologies (Palacios-Argüello et al., 2025).

Prior literature also identifies challenges in implementing IoT-based 
curbside innovations. Scholars argue that the feasibility of large-scale 
guidance systems has been overlooked, partly due to the volatility of 
curbside parking, making guidance predictions difficult (Aljohani et al., 
2022). The effort required of users must also be considered when 
providing any new IoT-based service. Castrellon et al. (2024) call for 
identifying which mobile technologies and stationary technologies are 
most suitable to register loading zone permits. Palacios-Argüello et al. 
(2025) report poor adoption of loading zone booking services due to 
cumbersome booking processes. Hence, curbside users should be 
involved in the design process to achieve high user acceptance.

Scholars have studied static and mobile IoT technologies for their 
suitability to address these points, through, e.g., technology overviews 
or cost and accuracy comparisons (Aljohani et al., 2022; Al-Turjman and 
Malekloo, 2019; Khoshelham, 2021; Lin et al., 2017; Xiao et al., 2023). 
Practitioners have evaluated technology suitability in pilot projects 
(Malik, 2024; SFMTA, 2014). Static installations of IoT sensors include 
electromagnetic in-ground sensors, cameras, and Radio Frequency 
Identification (RFID) or Bluetooth Low Energy (BLE) endpoints. These 
technologies detect curbside occupancy for guidance purposes (Dey 
et al., 2017; SFMTA, 2014), extend curbside registration services from 
parking tickets to parking permits (Palacios-Argüello et al., 2025), and 
are integrated into pilots of novel services such as loading-zone bookings 
(e.g., SmaLa, 2023).

Also, mobile IoT technologies can be used. Mobile smartphone-based 
sensing can detect where users park their vehicle (Krieg et al., 2018). 
Mobile IoT sensors on private vehicles can be used for occupancy 
detection (Bock et al., 2020), and cities use scan cars with automated 
license plate recognition to increase the process efficiency of issuing 
fines (City of Amsterdam, 2022; Tang et al., 2022). We present a sum
mary of the most relevant technology groups for our research aim in 
Table 1.

Concerning the internal structure and processes, long-term effec
tiveness is found to require aggressive enforcement of new permitted 
parking regulations and routing practices for traffic wardens (Castrellon 
et al., 2024; Diehl et al., 2021). Implementing curbside interventions 
involves multiple departments and organizations and strong internal 
coordination between them, often leading to project failure 
(Palacios-Argüello et al., 2025). In the relationship to the environment, 
data sharing and data partnerships with external organizations, such as 
logistics companies, are determinants of successful curbside freight 
management pilots (Castrellon et al., 2024; Diehl et al., 2021).

2.3. Research methods

Innovating mindfully builds on critically assessing real-world models 
and examining their experiences for local validity. We use expert in
terviews as the main method of data collection. They allow interviewees 
to share their experience and explicitly account for local, real-world 
contextual conditions (Yin, 2016). To align data collection and anal
ysis with the theoretical lens of innovating mindfully, we apply a 
deductive interview approach (Mayring, 2022). The theoretical 
anchoring of a deductive category system reduces uncertainty during 
data collection, improves resource use, and yields results focused on the 
theoretical lens of interest (Yin, 2016). To enrich the data collection and 
analysis, we apply practices from DSR, as DSR emphasizes collaboration 
among the researcher, model, and addressee to derive applicable 
knowledge from real-world implementations (e.g., Gregor and Hevner, 
2013; Jones and Gregor, 2007; Schoormann et al., 2024). Building on 
DSR, we separate the initialization of our research, data collection and 
analysis, and evaluation into three steps in which theoretical and 
practical data is reconciled with the research question and addressee. 
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Thus, relevance and usefulness of our findings to support innovating 
mindfully with IoT technologies in local contexts is ensured (Hevner and 
Chatterjee, 2010).

In step one we set up the prerequisites for valid and reliable data 
collection. For the deductive approach, this entails the category system. 
It is defined from theory after formulating the research question and 
describing the literature background (Mayring, 2022). To identify 
relevant literature for both, we used Google Scholar and domain-specific 
leading journals (Vom Brocke et al., 2015), and built on search methods 
assisted by artificial intelligence (Wagner et al., 2022).

We then conducted initial pilot interviews. For initial and subsequent 
interviews, we searched for relevant models using three channels, 
beyond literature. First, we used the company database Crunchbase to 
identify providers. We then reviewed respective company websites to 
identify models through advertised references. Second, we conducted 
Google searches in English, French, German, Portuguese, Polish, and 
Spanish for municipal websites, additional companies, and newspaper 
articles. Third, we used snowballing, i.e., asking participants at the start 
of each interview if specific projects or cities served as orientation. 
Projects entered the basket of potential models if they included static IoT 
technologies for curbside management and a contact address or repre
sentative could be identified.

For the interviews, we developed a semi-structured interview guide 
based on the deductive category system (Adams, 2015; Yin, 2016). 
Semi-structured interviews enable open-ended questions about the in
dividuals’ thoughts on the topic at hand and support program evalua
tions from multiple perspectives (Adams, 2015). The pilot interviews 
allowed us to test the interview guide and deductive category system 
(Mayring, 2022), and to validate the actual problem, practical need, and 
contextual settings (Schoormann et al., 2024).

The pilot interviews revealed a gap in our initial category definitions 
of organizational objectives. Thus, we revised the coding system and 
interview guideline. We present the detailed literature search process, 
relevant theoretical contributions for the category system, and its defi
nition process in Appendix A. From this process, a final system of eleven 
categories emerged, which are displayed in Table 2. The resulting 
interview guideline, excluding interviewee-specific terms, is docu
mented in Appendix B.

In step two, we conducted the main data collection. Experts were 
informed they remain anonymous to avoid biased responses (Myers and 
Newman, 2007). They are described with general information to prevent 
traceability. All experts from step one were contacted for recurring 
participation, and additional experts were identified through the 
above-named channels. Based on replies, experts participated once or 
multiple times. Differing functions of experts ensured a rich dataset that 
captures relevant determinants of models. These are Project Leaders 
(PLs), Product Managers (PMs), executives, i.e., a Chief Product Man
ager (CPM), a Chief Operating Officer (COO), and a Chief Marketing 
Officer (CMO), Sales Representatives (SRs), City Representatives (CRs), 

Table 1 
Summary of most relevant IoT technology groups for curbside management.

IoT technology Data collected Deployment 
mode

Use characteristics

In-ground sensors Occupancy; 
Parking duration

Static No identifying data 
collected from 
pedestrians and 
curbside users; 
Continuous 
monitoring; 
One sensor for each 
parking spot required; 
Costs and reliability 
depend on exact 
technology used

Cameras Occupancy; 
Parking duration; 
License plate

Static Rich data source; 
Data protection 
concerns of curbside 
users and pedestrians; 
Automated permit 
registration and 
violation fining 
feasible; 
Continuous 
monitoring depends 
on day/night (lighting 
conditions); 
Amount of parking 
spots monitored and 
license plate 
recognition depend on 
camera type and 
position

RFID/BLE 
beacons

Vehicle/user 
identification via 
digital license plate 
or user ID

Static +
mobile

Data is only collected 
from participating 
users; 
No (continuous) 
occupancy detection; 
Limited precision of 
parking position; 
Manual/automated 
digital permit 
registration; 
Amount of parking 
spots monitored 
depends on RFID/BLE 
gateway type and 
position; 
Requires hardware 
within the user 
vehicle or use of an 
app

Smartphone- 
based user 
crowdsensing 
(e.g., GPS)

GPS-position; 
Parking duration

Mobile Data is only collected 
from participating 
users; 
No (continuous) 
occupancy detection; 
Limited precision of 
parking position; 
Manual/automated 
digital permit 
registration; 
No sensor needs to be 
installed by the city, 
but hardware needs 
for users

Sensor-based 
vehicle fleet 
crowdsensing

Occupancy; 
License plate; 
Vehicle type

Mobile Data collected 
depends on type of 
sensors used (see 
comparison in-ground 
vs. cameras); 
Data can be collected 
by private vehicles, e. 
g., taxis, or by the 
city's fleet, e.g., scan 
cars or buses, for 
license plate  

Table 1 (continued )

IoT technology Data collected Deployment 
mode 

Use characteristics

recognition; 
Update interval 
depends on the 
number of 
participating vehicles, 
makes occupancy and 
parking duration data 
potentially very 
imprecise (i.e., no 
continuous 
monitoring); 
Doesn't require static 
sensors for parking 
spots
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experts in Intelligent Transport Systems (ITS), and a Researcher (R).
Interviews were conducted from May 2024 to January 2025, 

depending on the iteration cycle, lasted 60–90 min, and were recorded, 
transcribed, coded, and analyzed directly thereafter. As described by 
Vom Brocke et al. (2015), adding sources yields decreasing returns on 
the investment of time, as coverage is a matter of relevance. We there
fore conducted interviews until saturation was reached, i.e., when 
additional data from interviews was unlikely to provide new insights 
(Corbin and Strauss, 2015). Theoretical saturation was determined 
when the first and second author agreed that the last two interviews 
produced no new insights in any category. Table 3 summarizes the ex
perts and respective interview participations for each round. Coded 
anchor examples are provided in Appendix A.

We then again built on DSR to formulate principles of form and 
function and testable propositions from the coded data (Jones and 
Gregor, 2007). Testable propositions allow cities to critically examine 
the principles’ local validity for innovating mindfully with static IoT 
technologies in curbside management (Jones and Gregor, 2007). In line 
with Swanson and Ramiller (2004), we allocated the principles and 
propositions into one of the three innovating phases where outside 
experience is entertained: comprehension (initial stance or bigger pic
ture of the innovation), adoption (local context-specific application 
cases, supporting rationales, and respective challenges like premature 
commitment), and implementation (real-world implementation, adap
tations to the innovation, and organizational learning during 
implementation).

In step three, the evaluation, following DSR, we presented our pro
cess of innovating mindfully and the testable propositions to practi
tioners for evaluation (Schoormann et al., 2024). This activity first 
occurred at the Smart City Expo World Congress, a large international 
practitioner Trade Fair (TF) focused on smart cities. There, we partici
pated for three days with a booth and in a workshop, engaging 40 
domain experts in 3-15 min conversations to present and discuss our 
findings. The background of the domain experts was documented based 
on business cards or written-down mutual information. Afterward, as 
displayed in Table 3, we again invited experts for the evaluation in 
60-90 min online meetings.

3. Results

3.1. Comprehension

From the outside experience of the interviewed experts, we identify 
three principles for formulating an initial stance toward the innovation. 
We present these in Table 4 and outline their data basis below.

Experts noted that the bigger picture can stall progress on curbside 
innovations. The bigger picture is shaped by anticipated negative public 
reactions to the curbside transformation (C1). One workshop participant 
and PL5 noted that in some local contexts political decision-makers fear 
that new regulations, stronger enforcement, and associated IoT tech
nologies jeopardize re-election plans. CR14 argued that this affects the 
legislative framework and enforcement options their municipality can 
deploy along the curbside. Political, public, and media influences may 

Table 2 
Categories and definitions of the category system.

Stance Category Source

Organization's 
objectives

Relative advantage: 
The user's cognitive trade-off 
between the perceived gains 
created or pains relieved from 
using the technology compared 
to the status quo. The 
perception of work facilitation, 
cost reductions, energy savings, 
time savings or improvements 
through reliable or high-quality 
services introduced by the 
benefits of the technology.

(De Vries et al., 2016; 
Habib et al., 2020; Meijer, 
2015; Sepasgozar et al., 
2019; Venkatesh et al., 
2012)

Effort expectancy and habit 
formation: 
The degree of ease associated 
by the user with the use of the 
technology and that too much 
technology might overwhelm 
the user and prevent them from 
performing a previously simple 
task, i.e., how easy it is to 
integrate the innovation into 
daily routines.

(De Vries et al., 2016; 
Habib et al., 2020; Meijer, 
2015; Sepasgozar et al., 
2019; Venkatesh et al., 
2012)

Assistance and 
communication: 
Users' perceptions of the 
resources and support available 
to perform a behavior.

Venkatesh et al. (2012)

Perceived privacy, and 
security: 
Perception of users how data 
will be collected and stored, 
and to what extent services 
provide secure platforms for 
storing and sharing sensitive 
data and protect personal 
information.

(Habib et al., 2020; 
Sepasgozar et al., 2019)

Structure and 
processes

Personnel, financial, and 
skill resources: 
Slack resources and their 
absence, e.g., a lack of finances, 
shortages in personnel, and 
skills impact the trialability of 
pilot projects.

(De Vries et al., 2016; 
Meijer, 2015)

Coordination, structures, and 
management support: 
The impact of internal 
organizational structures on 
task progression and the 
involvement of management, in 
coordination, conflict solving, 
as well as the influence of 
leadership styles.

(De Vries et al., 2016; 
Meijer, 2015)

Employees' acceptance of 
innovation: 
Employees' perceived risk 
aversion driven by, e.g., fears 
that innovation undermines the 
robustness of government or 
the bureaucratic culture.

(De Vries et al., 2016; 
Meijer, 2015)

Relationship to 
the 
environment

Trust in government: 
The public's assessment of 
government, based on their 
perceptions of political 
authorities', agencies', and 
institutions' integrity and 
ability to provide services 
according to the expectations of 
citizens.

(Habib et al., 2020; Meijer, 
2015)

Political, public, or media 
influences: 
The relevance of political 
support, media, or demands of 
the general public.

(De Vries et al., 2016; 
Meijer, 2015; Venkatesh 
et al., 2012)

Table 2 (continued )

Stance Category Source

Legal framework: 
The relevance of existing laws 
and regulatory aspects.

(De Vries et al., 2016; 
Meijer, 2015)

Coordination or competition 
with other organizations: 
The relevance and existence of 
information sharing between 
cities and organizations or 
existing competition between 
them.

De Vries et al. (2016)
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also foster negative perceptions of improvements for curbside users. 
Regarding curbside guidance services, PL3 stated: “You also have to look 
at the major political framework conditions. It's hard to talk about fewer cars 
and then you make it more and more appealing for curbside users."

In contrast, experts argued that IoT technologies provide a relative 
advantage through technological process innovations and new services 
(C2). Reliance on labor-intensive processes makes enforcing curbside 
regulations difficult, impeding the provision of curbside parking as 
intended. PL4 stated for their city: “Because more and more parking space 
is managed, it makes it difficult to have continuous patrolling.” This un
derscores the need to adopt new solutions to combat misuse and viola
tions. Using digital means, especially IoT technologies and targeted 
violation routing, was said to secure desperately needed efficiency gains 
relative to patrolling. PL3 stated with regard to their local context: “No, 
I'm definitely pushing this topic. I can't give enough emphasis towards this 
project. In the end, it's our last chance to survive in times of demographic 
change and skilled labor shortages.” PL1 added that external processes, 
such as permit registrations and parking ticket purchases, can also be 

improved in efficiency and quality. CR12 emphasized the value of 
curbside guidance services for curbside users and for a city's mobility 
strategy: "Let's use the digital approach to tell citizens where it makes sense to 
park. I would find this steering aspect incredibly important for digital mobility 
solutions."

We also find that the initial stance toward IoT technologies within 
local city departments can be favorable as a way to secure trust in 
government (C3). The increasingly sophisticated use of smartphones and 
vehicle infotainment systems by citizens shifts expectations. It makes 
curbside services more intuitive and increases acceptance of IoT tech
nologies. Driven to act, decision-makers aim to signal local citizens the 
city's ability to provide public services that meet citizens' expectations. 
COO7: “Managing the change is always difficult. But over time the behavior 
of people will evolve with digital information through the apps, but it will take 
time, it's difficult for cities because it's a political decision, a change on the 
citizens life and so we'll go step by step.” But the increasingly sophisticated 
use of digital technologies also shapes the local management support for 
innovations and city employees' acceptance. Reflecting on implement
ing IoT technologies to monitor no-parking zones, PL3 added: “Traffic 
wardens of course nowadays just also use a smartphone (…) and my su
pervisor is also very committed to digitalization. Thus, I had full support from 
the top.” Trust in government is further expected to be reinforced by 
improved compliance with parking regulations, as it ensures traffic flow 
and the availability of permitted parking in line with citizens' 
expectations.

3.2. Adoption

Analyzing the interview data for in-depth assessments and applica
tion cases aligned with the adoption phase yields six principles, dis
played in Table 5.

Interviewees already sensitive to the innovation reported three 
application cases successfully implemented in local contexts, providing 
a relative advantage for the enforcement of curbside regulations (A1). 
The first is improved enforcement of no-parking zones. Experts elabo
rated that if properly enforced, static technologies, compared to scan 
cars or manual patrols, offer a stronger deterrent through continuous 
presence. The second is time-limited parking. Existing solutions, i.e., 

Table 3 
Interviewed experts and respective participations.

Inter- 
viewee

Position Country/Region Domain 
Experience

Prere- 
quisites

Main data 
collection

Eval- 
uation

PL1 Project Lead of multiple smart parking projects Germany 11 years x x x
PL2 Project Lead of a real-time curbside management project Germany 4 years ​ x ​
PL3 Project Lead of a real-time curbside management project Germany 5 years ​ x x
PL4 Project Lead of a real-time curbside management project Germany 2 years ​ x ​
PL5 Project Lead of a real-time curbside management project Germany 6 years ​ x x
PL6 Project Lead at a smart parking company Europe 4.5 years ​ x x
COO7 Chief Operating Officer of a smart parking company Europe (Middle East; 

The Americas)
13 years ​ x ​

CPM8 Chief Product Manager at a smart parking company Europe (Middle East; 
The Americas)

3.5 years ​ ​ x

CMO9 Chief Marketing Officer of a smart parking company Italy 11 years ​ x x
SR10 Sales Representative of a smart parking company Poland 6 years ​ x x
SR11 Sales Representative of a smart parking company Europe 1 year ​ x ​
CR12 City Representative focused on smart mobility Germany 6 years x x ​
CR13 City Representative focused on smart mobility Germany 2 years x x ​
CR14 City Representative focused on smart mobility Germany 6.5 years x x x
CR15 City Representative focused on smart mobility Spain 12 years ​ x ​
CR16 City Representative heading smart city department Germany 12 years x x x
CR17 City Representative heading smart city department Spain 6 years ​ ​ x
ITS18 Intelligent Transportation Systems Engineer Germany 4 years ​ x ​
ITS19 Intelligent Transportation Systems Engineer Spain 6.5 years ​ x ​
R20 Researcher focused on urban smart mobility Germany 6 years x x ​
TF Trade Fair booth (9 Company Representatives, 8 Researchers, 5 City 

Representatives) 
Workshop (10 City Representatives, 4 Representatives of State or National 
Transport Ministries, 4 Representatives Non-Government Organizations)

Europe - ​ ​ x

Table 4 
Resulting principles and propositions for the comprehension phase.

Index Category Principle Testable proposition

C1 Political, public, or 
media influence

Additional curbside 
regulations, enhanced 
enforcement but also 
guidance 
improvements can 
cause public backlash.

Do we expect strong 
local opposition 
against novel curbside 
regulations, enhanced 
enforcement, or 
improved vehicle 
guidance?

C2 Relative advantage IoT technologies can 
improve internal and 
external processes and 
provide new services.

Do local curbside 
processes require 
improvements or new 
services?

C3 Coordination, 
structures, and 
management support; 
Employees' 
acceptance of 
innovation; 
Trust in government

Increasingly 
sophisticated use of 
digital tools can lead 
stakeholders to expect 
digital solutions for 
curbside management.

How do local 
stakeholders perceive 
and use digital 
technologies?

F.N. Bäßmann et al.                                                                                                                                                                                                                            Transport Policy 183 (2026) 104134 

6 



scan cars and traffic wardens, perform poorly here, as patrolling can 
hardly measure parking durations precisely. The third is the enforce
ment of permitted parking spots. Experts argued that static IoT tech
nologies automate steps of the permit registration process and detect 
non-permitted vehicles. All three application cases enable traffic war
dens and scan cars to be routed in real-time to violations and, depending 
on the technology, allow the automation of violation fining instead of 
requiring street patrols. PL3: “In the end the app determines where my 
employee goes next, which is very good for us. I don't have to be called 

separately. It's much more pleasant from a workflow perspective."
Interviewees further noted that services for curbside users generate a 

relative advantage only when perceived economic costs are sufficiently 
high (A2). PL2 pointed out truck drivers, for whom parking searches 
consume legally permitted driving time and create high economic costs, 
spurring demand for novel services. PL4 nurtured a nuanced perspective 
for automated curbside registration processes and booking services, as 
services must reflect curbside users' purpose of parking, associated 
routines, processes, and effort for registration. PL4: “My opinion is that 
the longer someone parks there, the more willingness exists to manually 
register or book a space. If it is a parcel deliverer that only parks for 1 min or 
5 min, then perhaps they don't feel as much need to register. Someone who has 
to stand somewhere for 2 h, for them that would of course be a completely 
different stress level.” PL1 saw potential for new services, but argued that 
in many local contexts parking searches are often not long or difficult 
enough. PL1: “Acceptance (…) is always given when the economic pain 
point is there, when I realize from day to day, I just can't find a parking spot. 
Then you probably look for an alternative and for solutions that help you.” 
For large-scale curbside guidance services, like SFpark or parkDC, PL3, 
CR14, and CR16 had an opposing standpoint. Given their respective 
local contexts, they argued that the cost-benefit ratio does not justify an 
investment due to high hardware costs relative to expected benefits.

To make an in-depth assessment of local validity during the adoption 
phase, PL3 and COO7 emphasized resources. Innovating mindfully re
quires skilled leaders sensitive to the innovation. This enables public 
servants to address the city's particular curbside challenges while 
recognizing tight budgets (A3). COO7: “So a city where there is someone 
who has a vision, who has the operational and technological knowledge and 
believes in the cause at an operational level, not at a political level, but at a 
high operational level (…) That's the main difference: cities where there are 
these people are the ones that change. And then, over time, there are the 
followers.” As described under C2, IoT technologies can positively affect 
personnel resources and save costs. PL3: “From a financing perspective, 
these technologies pay for themselves by simply taking a lot of workload off 
traffic wardens.” However, experts stressed a locally grounded, critical 
assessment to ensure up-front investments and lasting financial sus
tainability of the innovation. A lack thereof often prevents proceeding to 
implementation. CR16: “A public funding program can be a catalyst. But it 
all has to grow somehow so that it is sustainable. The worst thing that could 
happen to us would be to buy more and more sensors through the funding 
program and the day after the program expires, we order a truck for e-waste 
and nothing of lasting value has been created.” For that, city size and 
respective budget flexibility matter. CR16: “It simply takes time to build up 
structures and any economies of scale that you might achieve. That's easy of 
course, if you have 10 million inhabitants but for smaller cities this might be 
different and you have to find your own way.” Thus, the benefits and local 
paths for innovating must be carefully investigated.

Experts independently identified underdeveloped legal frameworks 
in their local contexts that impede digital curbside management (A4). 
Monitoring no-parking zones was considered to have little to no legal 
obstacles.

In contrast, many countries lack legislation mandating the digital 
registration of permits apart from parking tickets. PL6: “In one of our 
pilot projects, and I would argue that is an issue for many projects, we set up a 
pilot project about registration, permitted under temporary regulatory ap
provals and after this permitted time frame, we had to dismantle everything.” 
Another expert added that, under the temporary regulatory permit for 
their pilot, any enforcement by towing illegally parked vehicles was 
forbidden. CR14 noted their legal framework does not allow differen
tiation among relevant potential user groups for permitted parking, e.g., 
user groups with reasonable economic interests like home care or 
craftsmen. In that context PL5 noted that also booking timeslots at the 
curbside is rarely legally feasible. Even then, regulations must ensure 
fair market participation. For example, for loading zones, no logistics 
provider can be excluded from the market because large providers book 
all relevant time slots.

Table 5 
Resulting principles and propositions for the adoption phase.

Index Category Principle Testable proposition

A1 Relative 
advantage

Static IoT technologies 
can improve the 
enforcement of no- 
parking zones, time- 
limited parking, and 
permitted parking.

Can we improve local 
enforcement efficiency 
and efficacy through 
continuous occupancy 
detection, precise 
parking time 
measurements, or 
automatization of 
permit registrations and 
violation fining?

A2 Relative 
advantage

If curbside users 
perceive economic costs 
as high, they are more 
likely to appraise 
benefits from curbside 
occupancy information, 
navigation to free 
parking spots, and 
automated permit 
registrations.

Do specific local 
curbside user groups 
perceive economic costs 
as sufficiently high, that 
expected benefits justify 
investments in novel 
curbside services, for, e. 
g., long parking 
searches?

A3 Personnel, 
financial, and skill 
resources

Skill resources 
determine in-depth 
innovation-analysis 
capabilities and, 
together with financial 
and personnel resources, 
the objectives and path 
for innovating.

Do we have the 
technological and 
operational capabilities 
to understand the local 
complexities, 
challenges, and 
opportunities of the 
innovation? 
Which application cases 
are feasible to 
implement with the 
local budget? 
How do we finance local 
ramp-up costs of the 
innovation and achieve 
economies of scale?

A4 Legal framework Maturity of the legal 
framework for curbside 
management determines 
innovating 
opportunities.

Which application cases, 
e.g., monitoring no- 
parking, time-limited 
parking, or permitted 
parking, are feasible to 
implement given local 
legislation?

A5 Trust in 
government; 
Political, public, 
or media 
influence

Surveillance concerns 
raised by the public 
impact which 
innovations can be 
adopted.

Do local public 
surveillance concerns 
challenge digital 
curbside management in 
general? 
How is objective 
attainment restricted 
due to local users' data 
protection concerns?

A6 Assistance and 
communication

Communication eases 
objective attainment.

Which local 
stakeholders should we 
target with 
communication 
activities to better attain 
the objectives? 
Which expected local 
benefits can we 
communicate to 
increase user 
acceptance?
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For time-limited parking, experts criticized the absence of standards 
from regulatory and enforcement bodies. COO7: “So detecting when 
someone parks and doesn't pay, is not authorized, overstays, you need to 
detect accurately the parking session. There is no good description of that in 
the market, and there is for us no tender that details how they will check the 
accuracy. If cities want to go further than occupancy monitoring, then there is 
a need to define accuracy on the parking sessions and define how they will 
check this accuracy."

Further focusing on the perception of digital technologies, some in
terviewees observed local stakeholders’ surveillance concerns regarding 
data collected by curbside management systems (A5). PL6 emphasized 
that scanning a license plate with a camera and linking it to a location, 
potentially in addition to user credentials, is highly sensitive data. In 
that regard, PL1 reported issues with deploying cameras, even when 
data is processed at the edge: “As soon as I put up a camera, many data 
protection officers think I want to record some civilians there."

In this context, a supporting narrative and associated communication 
improve the organization's ability to meet objectives (A6). CR12 and PL3 
stated communicating expected benefits to local internal and external 
stakeholders increases acceptance. For example, communicating that 
static technologies address enforcement staff shortages and reduce stress 
while serving citizens. PL3: “I think we have a pretty good case here, you 
can tell people monitoring no-parking zones in narrow street sections will save 
lives and everybody agrees on that."

3.3. Implementation

For implementation, we aggregate seven principles from the inter
view data shown in Table 6.

To realize a relative advantage, experts highlighted the need for high 
data and service quality (I1). For enforcement, this entails precise 
localization of violating vehicles. But especially that static IoT technol
ogies cover violation hotspots with critical impact, e.g., no-parking 
zones at pinch points that ensure access for emergency vehicles. PL3 
stated: “It is truly a relieving feeling if you know that this critical area is now 
monitored in real-time."

For curbside users, high service quality requires complete curbside 
occupancy data, PL2: “Time spent searching for a parking space is not 
invested in the effective transport time and if it is a lot of time, of course not 
only the legal parking spots are used. Thus, for guidance, you have to think 
about not only the regular parking spaces but also what to do about the 
tolerated, irregular parking spaces.” This can require monitoring entire 
street sections in inner-city districts, e.g., between different parking lots. 
If this is not feasible, PL2 argued that cities should clearly communicate 
that the service is only a pilot. But CR12 stated how to design guidance 
solutions to provide high service quality remains nebulous. CR12: “The 
question is how can I present information in such a way that I really become 
aware of the advantages and disadvantages of, e.g., driving to an off-street 
garage or circle around the block?” PL1 further argued that information 
about a single free parking spot is relevant to curbside users. In contrast, 
COO7, CR15, and CR16 preferred relative occupancy rates or green, 
yellow, and red color codes aggregated at a street or area level. PL3 and 
COO7 warned that guiding to a single curbside spot can spur undesirable 
competition between vehicles coming from different directions, unlike 
off-street parking lots.

IoT technologies were further argued to improve the reliability of 
curbside occupancy information. They detect all occupied parking spots 
in real-time, rather than inferring occupancy from compliant users of 
booking and registration services or from vehicles with mobile sensors 
(I2). For traffic wardens, PL3 stressed service reliability means not only 
detecting all occupancy events but also collecting all data required to 
flag a vehicle as violating parking regulations. Building on their current 
use in no-parking zones, PL3 stated: “You could use additional sensor 
technology or options for quickly registering [your permit] with, e.g., a QR 
code. But if I just put our current sensors there, I have the problem that I have 
to go and look for the permit. For enforcement, I have gained relatively little. 

Without prior approval you also cannot use the system for measuring the time 
spent in the parking spot in a court-admissible way.” Required data varies 
with local regulation mixes and advantaged user groups per spot.

Service reliability also matters for novel curbside services and 
curbside users, which is directly related to IoT-dependent enforcement 
efficacy. For guidance services, PL2 argued that IoT technologies in
crease data reliability and thus user acceptance, as users will quickly 
discontinue a service with poor data reliability. PL4 reported that their 
bookable curbside spots were predominantly misused without prior 
bookings, undermining acceptance: “I think with every booking that 
cannot be executed because there is misuse or a violation, the user is not 
willing to use it again if they not already had a positive experience. (…) From 
my point of view, enforcement is not so strong here and of course that makes 

Table 6 
Resulting principles and propositions for the implementation phase.

Index Category Principle Testable proposition

I1 Relative advantage High service quality 
of any provided 
service.

Where and how much 
static IoT technologies do 
we need to deploy locally 
to provide high service 
quality? 
How do we design a 
curbside guidance system 
which qualities serve our 
local objectives?

I2 Relative advantage High service 
reliability of any 
provided service.

Which IoT technologies 
do we need to collect all 
data relevant for local 
regulations, to provide 
reliable services to traffic 
wardens? 
Is the provision of novel 
curbside services or 
regulations restricted due 
to limited local 
enforcement resources?

I3 Effort expectancy 
and habit 
formation

Different curbside 
user groups and 
permit types have 
differing expected 
effort with 
registration, thus 
differing hardware 
needs.

Can we leverage or 
redesign existing 
registration interfaces to 
attain local objectives and 
cause little effort for our 
targeted user group?

I4 Perceived privacy 
and security

Cultural and social 
sentiments of users 
determine system 
designs, e.g., 
accessibility of 
databases, camera 
use, and/or location 
tracking.

How can we limit data 
collection while 
considering data needs to 
enforce local regulations? 
Do surveillance concerns 
interfere with effort 
reduction in the system 
design?

I5 Coordination, 
structures, and 
management 
support

Many internal 
authorities are 
involved, limiting 
innovation speed.

How can we involve key 
local authorities and 
stakeholders early, to 
fasten up implementation, 
then increase outreach?

I6 Coordination or 
competition with 
other organizations

Networks to improve 
data collection and 
guidance provision.

Through which channel 
service provision is most 
suitable for our local 
users? 
Which data providers are 
relevant for our city and 
how can we combine data 
from different providers? 
Which data gaps must be 
addressed by IoT 
technologies?

I7 Employees' 
acceptance of 
innovation

Full-service providers 
ensure seamless 
process integration 
and reduce perceived 
risk to government 
robustness.

Can we leverage or 
redesign the portfolio 
from full-service 
providers to attain our 
local objectives?
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the booking service hard to implement."
In this regard, IoT technologies were further recognized to affect 

effort expectancy and habit formation in curbside registration systems 
(I3). The manual effort required from curbside users for registration 
varies by application case and technology used. No manual actions were 
needed when IoT technologies monitored no-parking zones. In some 
models, users had to enter information via a smartphone or smart kiosk. 
Other models used IoT technologies for automated registrations without 
manual actions. PL1, COO7, and CR16 emphasized that low-effort tasks 
integrate better into routines, favoring automated IoT permit registra
tion. PL3 added that IoT-based registration should consolidate curbside 
services, avoiding traffic wardens’ inefficient cross-referencing across 
databases.

We further find that IoT technology and system architecture shape 
perceived privacy and security (I4). To address this, service providers 
reported thoughtful data practices according to local needs, PL6: “We 
can integrate as many databases as there are available, and each makes 
processes for traffic wardens and curbside users easier. But you should also 
make this data available in a reasonable manner.” PL3 highlighted the 
perceived data scarcity of in-ground sensors as a crucial advantage over 
cameras, making them preferable: “They don't collect any personal data 
whatsoever and that is well received by the general public.” By contrast, 
CMO9 noted that their city had already installed 300 cameras for public 
safety. Adding 200 cameras for parking enforcement was therefore not 
perceived negatively by the public. Thus, we find that the local public 
emphasis on data scarcity is influenced by historic uses of monitoring 
hardware in public spaces. Privacy concerns partly determine func
tionality and the degree of automation, impacting the number of con
nected databases, the automated location tracking of users, and 
automated fines through camera-based license plate recognition. PL3 
and PL4 elaborated that integrating end users into the implementation 
process can mitigate surveillance concerns.

Coordination with other organizational units also affects imple
mentation success (I5). It helps locate hotspots of illegal use and needs 
for permitted parking. Yet it can also slow down innovation in curbside 
parking. One expert noted that, in their city, three authorities are 
involved in examining the need, placement, and regulatory compliance 
of loading zones, excluding data protection officers who then assess the 
deployment of IoT technologies. Focusing first on internal customers, i. 
e., traffic wardens, and then incorporating curbside users reduces initial 
coordination effort.

Furthermore, external coordination and networks with the environ
ment support collaborative data collection and service provision. This 
lowers costs while providing high-quality services for internal and 
external users via preferred channels (I6). For parking guidance, PL1 
stated: “You first have to create a data approach that allows you to create a 
database across all available parking spaces, i.e., one central platform so that 
all private and all public parking spaces can be brought together centrally. 
(…) Because only when this data, which is already available, is made 
available to everyone will I have created a good solution.” Then, cities can 
act as data providers within that central data platform with navigation 
service providers acting as data consumers, explicating data needs. 
CR16: “We had initial contact with a navigation provider and a vehicle 
manufacturer with the open question, what is the actual need that you have, 
what do you perceive via your market research or testing, what is in demand, 
and to build a system based on that. To say I have open data, use it in your 
system, because your system is the one that has the highest penetration in the 
market, instead of using city apps. And we focus on how to become a good 
data provider. Technologically, in the preparation of the data, and with the 
relevance and quantity of the data."

Experts from public authorities further observed that a full-service 
provider fosters employee acceptance (I7). A full-service provider 
manages all deployment tasks, from curbside hardware installation to 
the provision of user interfaces, e.g., smartphone or desktop apps. Ex
perts argued that these reduce employees’ efforts. By contrast, 
hardware-only vendors or consortia in which individual partners handle 

separate steps of the deployment require more oversight and involve
ment by public employees.

4. Discussion

We find that many cities experience similar local contexts that affect 
the adoption of IoT technologies for curbside management. While not 
explicitly conducting comprehension, most cities have identified poorly 
managed curbsides. Political decision-makers fear strong opposition to 
stricter enforcement and lack determination to introduce novel curbside 
regulations. Thus, cities are characterized by low compliance with given 
parking regulations. But the increasingly sophisticated use of digital 
tools drives demand for new solutions to curbside transformation 
challenges.

This leads to a majority of mindlessly started projects in our data 
sample. Legal frameworks were often not sufficiently mature to mandate 
advanced curbside management practices, e.g., digitalizing permissions 
with RFID or BLE beacons. Due to low compliance, curbside guidance 
services often lacked sufficient economic justification and other services, 
e.g., for permitted parking, suffered unreliability. Pilot projects were 
pursued while cities lacked budgets as well as skills and personnel re
sources familiar with IoT technologies for curbside management. 
Furthermore, when proceeding to implement IoT technologies, most 
interviewees reported stakeholder reservations about cameras due to 
privacy concerns, while simultaneously seeking low-effort system 
designs.

For cities facing these local contexts, we operationalize innovating 
mindfully as follows. In the iterative process of innovating mindfully, 
grounded in the phases of Swanson and Ramiller (2004), reflection in
forms adoption (Fig. 1). Following a positive decision in the compre
hension phase, this process enables cities to address the testable 
propositions in successive cycles. With each iteration, the city's sensi
tivity to the innovation and external legitimacy with stakeholders and 
regulators increase. Thus, we propose a path consisting of three itera
tions of the process of innovating mindfully to adopt static IoT tech
nologies for digital curbside management.

For the first iteration, monitoring no-parking zones is a particularly 
fertile starting point. There is a strong rationale for cities to first prior
itize application cases for enforcement authorities and traffic wardens. 
Beyond the mentioned operational and economic constraints, low 
compliance with novel curbside regulations reduces acceptance of 
curbside policy changes (Manville and Pinski, 2021). Static IoT tech
nologies strengthen compliance in violation hotspots where violations 
are short-lived or impose high economic costs, addressing critical 
shortcomings of current curbside policies (Gregg and Maisel, 2025). 
Given the testable propositions for the adoption phase, complementary 
communication activities can assist the implementation, emphasizing 
that no-parking zones ensure access for emergency vehicles, buses, and 
waste collection.

Furthermore, this application case is well suited because occupancy 
can be detected with in-ground sensors and users do not need to register. 
It reduces surveillance concerns and typically requires little to no leg
islative changes, while enabling real-time routing of traffic wardens. For 
the implementation phase, this application case is favorable because no 
curbside user interfaces are required, reducing the number of involved 
stakeholders and organizations. As only binary occupancy information is 
needed, in-ground occupancy sensors can deliver high service quality 
and reliability. This application case builds internal sensitivity to sta
tionary IoT technologies and routing of traffic wardens (Castrellon et al., 
2024). Furthermore, it establishes outside legitimacy. This includes 
application cases where implementation was rejected ex post. When 
successful, this case strengthens the curbside transformation, frees re
sources for further innovations through early returns, and establishes 
initial networks.

After the initial iteration, we propose two alternatives for the second 
iteration, depending on the local context. The first alternative 
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emphasizes time-limited parking. During the adoption phase, it must be 
examined whether sensor-based parking time monitoring is legally 
permitted and court-admissible. If not permitted, cities must leverage 
the obtained sensitivity and legitimacy to advocate for legislative 
changes to progress the use of static IoT technologies. Sensitivity gained 
in the initial iteration can be used for specifying technical definitions for 
automated time measurements.

This application case advances today's solutions, especially for short- 
duration permitted parking. Current solutions require high patrolling 
intervals, user-reliant, effort-inducing, mobile apps, or imprecise park
ing discs. Shorter parking time limits are the foundation for various 
novel curbside policies, e.g., loading zones, passenger pickup and drop- 
off zones, and higher turnover in commercial districts (Diehl et al., 
2021). At the same time, these regulated parking sections face high rates 
of misuse (Saki and Hagen, 2024), providing a strong supporting 
rationale for improvements. During implementation, the data can also 
be used to build sensitivity for user guidance in time-limited parking 
through initial pilot studies.

In the second alternative, sensitivity and legitimacy are leveraged to 
use IoT technologies for the digitalization of curbside registration sys
tems for permitted parking. Again, legislative changes are a prerequisite 
to be examined in the adoption phase. The supporting rationale is that 
misuse of permitted parking spots creates barriers and costs. Mobility- 
impaired citizens are hindered from participating equally in day-to- 
day life and the misuse of loading zones impedes the movement of 
goods, causes congestion, and leads to fines for logistics operators due to 
double parking (Dalla Chiara et al., 2022). Improved compliance and 
habit formation among curbside users can substantially improve cities' 
objective attainment. To foster habit formation, during the imple
mentation phase, sensitivity must be developed for user-specific designs 
of low-effort IoT-based registration systems, while acknowledging users’ 
surveillance concerns. Complexity is driven by additional stakeholders 
and required collaboration, even though initial networks exist from the 
first iteration. Here again, both data and user interfaces can be used to 
build sensitivity for user guidance through pilots.

In the last iteration, curbside monitoring expands to the complete 
curbside. Despite established sensitivity to the innovation through the 
previous iterations, feasibility and supporting rationale for this iteration 
must be rigorously evaluated. Today, full-curbside monitoring to pro
vide complete curbside data is largely financially unsustainable with 
limited economic user-side justification (Morell et al., 2025). It makes ex 
ante rejection likely.

But in the long term, policies reducing curbside parking space and 
improved enforcement raise economic costs and increase incentives to 
find legal parking. Under these circumstances, complete curbside 
guidance services can address a significant economic pain point. They 
will then prove valuable for mitigating misuse and congestion-causing 
traffic patterns, i.e., double parking and long parking searches. 

Discontinued services such as SFpark or parkDC will then become 
appealing again. They can also provide a supporting rationale to miti
gate curbside user aversion to the curbside transformation and can 
attract users to mobile apps (Ahmadian et al., 2024). Through apps, 
dynamic parking regulations can be communicated and digital payment 
options provided, allowing retirement of parking meters. Among other 
outcomes, this can promote curbside booking, which today is not real
istically feasible to implement and enforce due to limited digital 
communication channels. Implementing these services requires design 
studies on communicating curbside occupancy information as well as 
comprehensive data sharing and provisioning networks.

However, cities may find different answers when addressing the 
testable propositions. In local contexts different from the dominant 
characteristics, cities may benefit from fewer privacy concerns. For 
example, in testable proposition I4, different perceptions about the use 
of cameras are evident. Our findings are supported by literature about 
regional differences in the acceptance of automated video stream anal
ysis (Bates et al., 2025). Using license plate recognizing cameras instead 
of in-ground sensors allows automated violation fining instead of rout
ing traffic wardens (Malik, 2024).

If city employees and curbside users are already sophisticated in the 
use of digital technologies and legal frameworks are mature, cities can 
directly move to implementing time-limited parking or digitalized 
curbside registration. Benefits for curbside users from prioritizing these 
parking improvements over the enforcement of no-parking zones can 
increase curbside users’ acceptance of novel curbside management ap
proaches (Palacios-Argüello et al., 2025).

Unlike SFpark and parkDC, some cities with fewer budget re
strictions or higher economic costs of parking searches may prioritize 
the implementation of complete curbside monitoring and guidance. This 
can be the case for tourist hotspots, where the local parking infrastruc
ture is seasonally overwhelmed by unfamiliar drivers (Anderson et al., 
2006; Hrvatski Telekom, 2019; Šarić and Mihaljević, 2018).

Ultimately, during comprehension or adoption, cities can conclude 
that, based on their local curbside parking policies, objectives, and 
budgets, static IoT technologies are not favorable. If the objective of 
continuous monitoring at violation hotspots is deprioritized and data 
samples are preferred instead, mobile technologies are appealing. To 
increase enforcement patrolling rates across large areas, vehicle fleet 
crowdsensing via scan cars offers a favorable cost-benefit ratio (City of 
Amsterdam, 2022). This is suited for areas regulated by district-wide 
paid curbside parking or resident parking permits. But respective 
curbside user information must be digitally linked to the license plate.

Smartphone-based or vehicle fleet mobile crowdsensing face earlier 
introduced limitations, e.g., obtaining data only from participating 
users, and furthermore users’ limited acceptance to provide access to 
data passively collected from their smartphone sensors to identify any 
parking violations of their own or other vehicles.

Fig. 1. Process for innovating mindfully with IoT technologies in curbside management (phases based on Swanson and Ramiller, 2004).
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5. Limitations and further research

Although we conducted a comprehensive assessment of real-time 
curbside management projects, our research has limitations. Data 
collected through qualitative expert interviews provides depth but sac
rifices breadth. Qualitative data is more exposed to subjectivism, relying 
on experts' self-reporting and potential retrospective bias relative to 
longitudinal, quantitative data (Mayring, 2022; Yin, 2016). Further
more, because curbside management depends on legislative frame
works, we interviewed only experts working in Europe to avoid overly 
divergent legal contexts. Thus, our results exhibit geographic bias and 
may not generalize to all settings, including differing urban layouts or 
societal positions on privacy and camera use (Bates et al., 2025). 
Although the relationship between regulation and innovation is complex 
(Bradford, 2024), the European Union's trust-based, regu
lation-intensive innovation approach to digital technologies, rooted in 
this societal position, may affect our findings and recommendations for 
innovating mindfully. Compared with, e.g., the USA or China, this may 
overemphasize an iterative innovation process (Jørgensen and Ma, 
2025). We also did not investigate in depth specifics of integrating 
curbside registration services and scan cars into enforcement and 
curbside user processes.

Thus, further research should enrich the breadth of local contexts 
and links to IoT technology decisions, e.g., privacy assessments when 
considering cameras. The integration into enforcement and user pro
cesses should be studied further, with emphasis on inside experience and 
the peculiarities of the assimilation and reflection phases of innovating 
mindfully. This will enhance our understanding of how cities can invest 
severely limited financial resources. In this regard, research should 
assess potential adverse impacts of increased curbside compliance on 
cities’ revenue streams. Consequently, to improve revenues, new busi
ness models originating from digital curbside management, and its data, 
should be investigated. In this direction, research opportunities include 
how cities organize curbside data collection, ownership, and distribu
tion, as well as how to steer high-quality service provision. To address 
current challenges of later iterations of digital curbside management, i. 
e., guidance systems and curbside registration interfaces, further 
research is required. Suitable system architectures for different curbside 
user profiles will generate high perceived usefulness and ease of use for 
curbside users and traffic wardens.

6. Conclusions

We answer our research question stating that cities must leverage 
outside experience by mimicking suitable, value-adding application 
cases, not by imitating the installation of IoT technologies. Static cam
eras and in-ground sensors detect curbside occupancy of all vehicles, 
enabling real-time routing to free parking spots for curbside users and to 
no-parking zone violations for traffic wardens. With additional data, 
permitted- and time-limited-parking violations can be targeted. The 
suitability of application cases depends on multiple aspects, e.g., cities’ 
budgets, privacy concerns, and legal frameworks. To reduce inherent 
complexity, we propose an iterative path to innovating mindfully, 
applicable to the majority of cities in our data sample. Using our testable 

propositions, cities can critically assess applicability to their own local 
contexts and leverage static IoT technologies to meet local challenges.

Thus, for practitioners we provide a method to assess static IoT 
technologies for curbside management in their local contexts. The pre
sented iterative path enables implementation of application cases that 
provide early returns on investment, build local organizational exper
tise, and reduce risks of premature commitment by preserving options to 
reject the innovation as a whole or specific application cases. Our con
tributions of innovating mindfully particularly emphasize that ex ante 
rejection is not a local failure of innovation but a critical component of 
mindful public governance that preserves resources.

Using a deductive category system, we contribute to theory princi
ples that define the a priori suitability assessment and transfer of IoT 
innovations in curbside management, a gap in prior work. The lens of 
innovating mindfully furthermore adds to literature on curbside man
agement by translating mindless optimism about technological in
novations for curbside challenges into a critical assessment of the 
validity of benefits in light of each city's own facts and specifics. While 
scholars have extensively presented IoT technologies and modeled 
curbside optimization, our findings show that the constraints of IoT 
technologies for curbside management are not primarily technical but 
environmental, organizational, and use-related. This offers a more 
granular theoretical understanding of why technically superior IoT 
technologies fail to reach long-term operation, shaping implications for 
transport policies and nurturing further research.
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Appendix A 

We constructed the category system by translating the research question into a set of theoretically grounded categories and then testing and 
refining these categories against the material (Mayring, 2022). When initially building and refining categories, emphasis must be put on a 
comprehensive and distinctive set of categories, that yet allow the researcher to obtain a clear picture of the topic of interest (Mayring, 2022). 
Accordingly, Mayring (2022) suggests between ten to thirty categories. Furthermore, in line with our elaborations on the interview data collection, 
reviewing literature provides decreasing returns on the investment of time (Vom Brocke et al., 2015). Thus, following the authors' suggestions, we 
prioritized seminal papers to identify relevant theoretical contributions for the category system. Seminal papers help identify and select key terms, 
allow researchers to acquire a structured overview of a topic and adjacent fields, and make these terms applicable to the study at hand, while using 
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resources efficiently (Vom Brocke et al., 2015). Papers were considered relevant if they conceptualize or identify constructs across the three stances, i. 
e., the organization's objectives, the structure and processes, and the relationship to the environment. To find relevant papers, we applied respective 
keywords.

After initially filtering for citations and scanning the content of the filtered papers, the first and second author agreed to use De Vries et al. (2016) as 
a starting point for the category system. De Vries et al. (2016) review literature on public sector innovation, identifying and differentiating individual, 
organizational, and environmental antecedents, innovation characteristics, innovation types, and outcomes of public sector innovation. Thus it was 
deemed highly suitable. Using forward and backward citations (Vom Brocke et al., 2015), we identified Meijer (2015) as a second seminal paper. The 
author finds four types of barriers to e-government combining structural and cultural, government and citizen barriers. The first and second author 
evaluated these as potentially highly relevant to identify persistent challenges in the long-term operation of static IoT technologies.

As elaborated, we aimed for about ten to thirty comprehensive and distinctive categories to keep the category system interpretable and tractable 
(Mayring, 2022). Hence, we grouped constructs and adjusted the level of abstraction as needed (Mayring, 2022). The first and second author 
independently mapped constructs from literature to the candidate categories and reconciled disagreements through discussion, thereby consolidating 
definitions and ensuring consistent application before the pilot interviews. For this, we built on the construct definitions provided in the respective 
papers. For example, we subsumed legal constraints (Meijer, 2015) and regulatory aspects (De Vries et al., 2016) under a broader legal framework 
category. Similarly, we grouped limited political support (Meijer, 2015) together with environmental pressures (De Vries et al., 2016) into political, 
public, and media influences.

We then conducted the semi-structured interviews in step one and used them for pilot coding, to refine and establish anchor examples, and to assess 
the clarity and usability of each category (Mayring, 2022). This process revealed a gap in our initial specification of organizational objectives when 
innovating. Only the review by De Vries et al. (2016) broadly distinguishes technological process innovations from product or service innovations. The 
first type of innovations aim to improve the quality and efficiency of internal and external processes through the creation or use of new technologies, 
while the latter create new public services or products (De Vries et al., 2016). This high-level distinction proved insufficient for the data at hand.

To better capture how user considerations impact the attainment of objectives, we integrated the extended unified theory of acceptance and use of 
technology (Venkatesh et al., 2012). We used this seminal work as it is one of the most widely used theories of technology use in information systems 
research. The extended unified theory presented by Venkatesh et al. (2012) synthesizes core adoption drivers, e.g., performance and effort expectancy, 
with consumer-specific dimensions of hedonic motivation, price value, and habit. By refining the model's workplace origins for the consumer domain, 
the extended theory provides a comprehensive lens for understanding how individual motivations and behavioral patterns drive technology use. 
Through further forward searches, we added two seminal papers with domain-specific focus, i.e., residents' acceptance of smart city technologies 
(Habib et al., 2020) and citizen-centric technology implementation in smart cities (Sepasgozar et al., 2019). Habib et al. (2020) and Sepasgozar et al. 
(2019) extend the variables introduced by Venkatesh et al. (2012) to account for the relationship between citizens and digital infrastructure. Their 
work illustrates how factors such as trust in government and perceived security act as critical determinants for the acceptance of large-scale tech
nological implementations.

We then revised the identified 65 constructs to group them into a coherent system of ten to thirty categories. Throughout these revisions, we 
continuously adapted the category labels. For instance, different constructs related to usefulness appeared redundantly across papers. The first and 
second author agreed to use relative advantage as the label for the first category, as it reflects constructs of usefulness as well as more precise constructs 
through which a relative advantage can unfold (e.g., Sepasgozar et al., 2019). Furthermore, Habib et al. (2020) find that perceived privacy and 
perceived security directly impact trust in technology. We thus grouped these into perceived privacy and security. By contrast, we maintained a 
conceptual distinction between trust in technology and resistance to technology. In Sepasgozar et al. (2019), trust builds on perceived privacy and 
perceived security, whereas in Meijer (2015), citing Margetts and Dunleavy (2002, p.5), resistance to technology stems from viewing technology as a 
“terribly unforgiving place where the least jolt may trigger its complete collapse,” thereby assigning technology little perceived usefulness.

Other theoretical inconsistencies were resolved by privileging conceptual fit for our context. In Habib et al. (2020), trust in government affects 
price value, which then influences behavioral intention, while in Venkatesh et al. (2012), price value directly predicts behavioral intention. We treated 
price value as part of relative advantage that drives its use and created a separate category for trust in government. This placement recognizes that 
price value compares expected benefits against costs, a core evaluative logic of relative advantage, while preserving the distinct institutional 
dimension of trust in government that can shape those evaluations. The refined categories allowed for precise anchoring of coded material in 
theoretical constructs. For example, perceived privacy and security allowed us to better capture statements made by PL1: “I think cameras are still hard 
to implement in my country, because as soon as you want to put them up, you have a vocal group of people, that is complaining about the citizens or employees 
being recorded."

We then initiated the final work-through. After the first final work-through, we critically reassessed the updated category system for qualitative 
and quantitative relevance of each category and its underlying constructs (Mayring, 2022). For example, comments by PL3 about the strong positive 
impact of communication on project success motivated us to introduce assistance and communication as an independent category. These adjustments 
led to the final category system of eleven categories. We then reprocessed the data to ensure saturation, internal coherence, and consistent application 
across the entire corpus. The final relations between constructs and categories are displayed in Figure A.1, anchor examples for the respective cat
egories are displayed in Table A.1. 
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Fig. A.1. Relations between constructs and categories.

Table A.1 
Anchor examples for the deductive category system.

Stances Categories Sources Anchor Example

Organization's 
objectives

Relative advantage (De Vries et al., 2016; Habib et al., 2020; 
Meijer, 2015; Sepasgozar et al., 2019; 
Venkatesh et al., 2012)

“I believe acceptance is always given when this pain point is there, when 
the problem is really there and when I then realize from day to day, I just 
can't find any parking spot, then I probably look for an alternative and for 
solutions that help me."

(continued on next page)
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Table A.1 (continued )

Stances Categories Sources Anchor Example

Effort expectancy and habit 
formation

(De Vries et al., 2016; Habib et al., 2020; 
Meijer, 2015; Sepasgozar et al., 2019; 
Venkatesh et al., 2012)

“I think eventually it must be easy. It must be easy to understand and easy to 
use that it will receive broad acceptance."

Assistance and 
communication

Venkatesh et al. (2012) “It helps if you have an application case everybody can get behind (…) I 
haven't yet experienced anyone out there saying to me, well, whether the 
fire brigade gets through or not because of parked vehicles isn't that 
important."

Perceived privacy and 
security

(Habib et al., 2020; Sepasgozar et al., 2019) “I think cameras are still hard to implement in my country, because as soon 
as you want to put them up, you have a vocal group of people, that is 
complaining about the citizens or employees being recorded."

Structure and 
processes

Personnel, financial, and 
skill resources

(De Vries et al., 2016; Meijer, 2015) “But I think the biggest challenge is to make the solution permanent, and we 
are already concerned about how this will continue after the government 
funding program ends."

Coordination, structures, and 
management support

(De Vries et al., 2016; Meijer, 2015) “The colleagues from the digital transformation department reached out to 
me whether this innovation is of interest for us. And my supervisor is also 
very committed to digitalization. Thus, I had full support from the top."

Employees' acceptance of 
innovation

(De Vries et al., 2016; Meijer, 2015) “Traffic wardens of course nowadays just also use a smartphone."

Relationship to the 
environment

Trust in government (Habib et al., 2020; Meijer, 2015) “Managing the change is always difficult. This behavior of the people will 
be also a challenge, but over the time this will evolve with digital 
information through the apps, but it will take time."

Political, public, or media 
influences

(De Vries et al., 2016; Meijer, 2015; 
Venkatesh et al., 2012)

“You also have to look at the major political framework conditions. It's hard 
to talk about fewer cars and then you make it more and more attractive for 
curbside users."

Legal framework (De Vries et al., 2016; Meijer, 2015) “We are in constant exchange with the respective data protection 
supervisory authority to answer this very question. As a municipality, can I 
simply hang a camera on a lamppost to collect information about parking 
space utilization?"

Coordination or competition 
with other organizations

De Vries et al. (2016) “So there was this very successful pilot project and we made a visit to this 
city and took a look at it and spoke with the responsible persons, and you 
could see the results and we now have a cooperation to implement it in our 
city as well."

Appendix B 

1. Personal Background and Introduction:

• Background: Could you briefly outline your professional background to start with? Which conscious decisions or coincidental circumstances led 
you to your current position?

• Motivation: What personally appeals to you about combining traditional administrative tasks (e.g., enforcement services, traffic planning) with 
digitalization topics?

• Role in the project: How would you describe your role in the current project? Is your focus more on the strategic level, technical implementation, or 
mediating between these two worlds?

• Introduction of research topic: Do other cities or specific projects serve as orientation (“best practices”) for you? Have you adapted solutions from 
them?

2. The Organization's Objectives

• Relative Advantage: 
○ Which overarching strategic goal is your city/organization pursuing with the introduction of this digital solution (e.g., transport transition, 

emission-free delivery, efficiency increase)?
○ Which specific benefit is expected or functional gap or problem of the status quo is intended to be closed by this project? (e.g., time savings, cost 

reduction, work facilitation).
○ How do you define “success” for this project? Which indicators (KPIs) do you use to determine whether the innovation offers a relative advantage 

(e.g., reduction in parking search traffic, revenue, satisfaction)?
○ If the project “succeeded": 

⁃ What would you tell other organizations as the most important critical success factors that made your solution a lasting operational success?
○ If the project “failed": 

⁃ Which specific functions must the system offer? Where did the solution came short to provide an added value?
⁃ Which challenges within the system and its use must come down to provide a relative advantage compared to the status quo (e.g., navigation 

integration, booking capability, real-time data)?
• Effort Expectancy: 

○ Do you have any feedback from users how easy it is (citizens, logistics providers, administrative staff) to integrate the innovation into their daily 
routines?

○ What requirements do you have for the user interface (app, dashboard) so that it is used intuitively and creates no new barriers?
○ Do you see a risk that users might fall back into old patterns despite digital aid (e.g., “searching for parking by luck”)? How do you address this?

• Assistance and Communication: 
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○ How do you communicate the ‘Why’ behind the innovation to the public? Do you actively explain the benefits (e.g., less traffic, better air) to 
justify the behavior change?

○ A digital app for information or booking a space can initially create a barrier. How do you think the digital space and the analog/real one can be 
linked to reduce as many barriers as possible? Signs? Training?

• Perceived privacy, and security: 
○ Are there concerns from users regarding data storage or surveillance (e.g., “surveillance sensors”)? How do you address these?
○ What role do data protection and IT security (e.g., critical infrastructure requirements) play in the planning?

3. Structure and Processes

• Personnel, financial, and skill resources: 
○ How do you evaluate the available financial and personnel resources for implementation? Did you require external funding?
○ Do you rely on in-house developments or do you buy complete solutions from external full-service providers? What are the reasons for this 

decision?
○ What role do cost-benefit considerations play in the selection of technology?

• Coordination, structures, and management support: 
○ How is the project organized structurally? How does collaboration work between different departments (e.g., IT department, traffic planning, 

public order office)?
○ Are there specific “caretakers” or promoters in the administration who push the project forward against resistance? What role do these in

dividuals play?
• Employees' acceptance of innovation: 

○ How did you perceive the attitude of employees (e.g., enforcement officers) towards the new digital solution? Were there fears or resistance?
○ Can you name any particularly relevant organizational characteristics that impacted the employees' stance towards the innovation? (e.g., 

encouragement to test new ideas, leaders passionate about digitalization)
○ Has the innovation changed the self-image of the administration (e.g., from pure enforcement to data-based management)?

4. Relationship to the Environment

• Trust in Government: 
○ Do you believe that the digital solution strengthens citizens' trust in public administrations' ability to act or to provide services according to 

citizens' needs? (e.g., through improved enforcement or better services)?
• Legal Framework: 

○ Which legal or regulatory hurdles hindered or influenced implementation? (e.g., traffic regulations, catalog of fines, procurement law)
○ Do you see a need for adjustments at the federal or state level so that such digital innovations can be operated with legal certainty (e.g., 

automated enforcement)?
• Political, public, or media influences: 

○ How do you perceive public interest and media response? Were there critical voices and how do you deal with them?
○ What role does political pressure or citizen expectations play in prioritizing the project? (e.g., desire for more parking space vs. climate 

protection)
• Coordination or competition with other organizations 

○ Is there a genuine exchange of experiences (including failures) with other organizations, or are only technical codes/solutions shared?
○ Why, in your opinion, do we not yet see these solutions more often, even though many cities face similar problems?
○ Looking beyond the current project: To which other areas (e.g., inner cities, loading zones, other modes of transport) could this solution be 

transferred?

Data availability

Data will be made available on request.
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