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ARTICLE INFO ABSTRACT

Keywords: Despite extensive literature on transport planning, research has so far been sparse in exploring the socio-political

CCAM aspects of transport innovations, which is particularly scarce within the emerging Cooperative, Connected and

Interdisciplinary innovation Automated Mobility (CCAM) literature. This study sets out to assess how the public administration in the

E:E:ggg E;SIEZQ transport authorities in Norway perceive CCAM and what they see as the drivers and barriers for CCAM
deployment. Our analysis is based on a unique combination of different data collection methods: interviews,
survey and workshop, a mixed-method approach using a stepwise-deductive induction research design. The
research design is tailored to understand individuals working with deploying CCAM policies in the public
administration, an issue that is not well understood today because research is lacking. We investigate both how
they perceive the deployment of CCAM, and how they suggest that the public sector should work to act as en-
ablers of deployment of CCAM. The most prominent drivers identified in the analysis are competence, followed
by cooperation, while the most prominent barriers are resources and technical maturity. Political steering and
regulations are considered as being neither drivers nor barriers. Based on our results we provide three policy
recommendations: first, there is a need for more clear and powerful strategies, second, there is a need to increase
focus on learning-oriented approaches, and three, a need to expand cooperation and interest across the
organizations.

1. Introduction into the mobility and transport system, its infrastructure, operations,

and new services” (European Commission, 2021b). In this picture,

The transport sector is undergoing significant technological changes
that have the potential to change mobility fundamentally in a positive
way, e.g., increase traffic safety, increase efficiency in traffic flow, better
utilization of space, environmental benefits, and increased mobility.
Roadmaps and strategies for the future mobility system have high ex-
pectations of the positive effects offered by technology, and “making
connected and automated multimodal mobility a reality” is identified as
one of the flagships in the Sustainable and smart mobility strategy devel-
oped by the European Commission (2021c, p.12). This strategy lays the
foundation for how the transport system in Europe will contribute to the
fulfillment of the European Green Deal (2021a) where the aim is to cut
emissions in the transport sector by 90% by 2050. Technology is
important for reaching these ambitious goals and should be “integrated

* Corresponding author at: no, S.P.Andersens vei 3, 7031 Trondheim, Norway.
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Cooperative, Connected and Automated Mobility (ccamh technologies
and services are introduced where automated vehicles are supported by
data exchange between vehicles and infrastructure. By using advanced
technologies and communication between vehicles and infrastructure,
CCAM aims to create a safer, more efficient, and sustainable trans-
portation system for the future.

Research on automated vehicles continues to articulate the consid-
erable potential for enhancing safety, improving transport efficiency,
and the overall mobility, and car manufacturers increasingly implement
new functionalities in vehicles, such as advanced driver assistance sys-
tems (ADAS), connectivity features, and Vehicle-to-everything (V2X).
However, the vision of CCAM, where the automated vehicles are coop-
erative and connected to each other and the infrastructure, requires

1 Throughout this paper, the term CCAM is used to explore the deployment of the broader concept of connected, cooperative, and automated transportation
systems. It encompasses various elements beyond autonomous vehicles (AVs) alone, including intelligent transportation systems and cooperative mobility solutions.
However, it is important to note that some studies referenced in this paper specifically focus on Connected Autonomous Vehicles (CAVs) or AVs. While CAVs are a
subset of CCAM, this clarification is provided to ensure clarity for readers who may encounter references to CAVs or AVs within the context of CCAM.
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large changes to the complex socio-technical system that the transport
system represents. Wide-scale deployment of CCAM will require many
changes in infrastructure, policies, industry, consumers, and in our
culture in general (Bansal & Kockelman, 2017; Cohen et al., 2020;
Milakis, 2019; Milakis & Miiller, 2021). To enable the positive effects of
new technology, coordinated action across sectors and stakeholders is
required (Glaser et al., 2019), but this cooperation takes place in a
complex landscape with many involved stakeholders (Puerari et al.,
2018).

This development calls for research that combines technical per-
spectives and social sciences (see Cohen et al., 2020; Waltermann &
Henkel, 2023), to address the challenges facing the transport sector.
While the technological perspectives focus on the development of core
technologies, social science seeks to understand the societal dimension
and how interaction across different stakeholders could be carried out in
a way that facilitates learning across professions, domains, and sectors
(Ryghaug et al., 2023) which ultimately should lead to deployment of
CCAM. Still, there is a lack of knowledge on the role of the public sector
in the deployment of CCAM. A literature review also points to this: only
13% of the papers in the review consider specific aspects of the policy
cycle2 (Marsden & Reardon, 2017). Policies may help accelerate
development and innovation, control some of the uncertainties related
to CCAM, and help maximize the potential benefits, or the exact oppo-
site: policies can also hamper innovation and generate more uncertainty
(Li et al., 2019; Taeihagh & Lim, 2019). To start unravelling the
complexity of these issues, a deeper understanding of how the policy
system works in the face of CCAM is needed. Particularly interesting is a
deeper understanding of the humans involved in decision-making. This
is an area where there is a considerable lack of research and knowledge,
although one exception is Fraedrich et al. (2019) who interviews urban
planning authorities in Germany with regards to the deployment of
automated vehicles.

The added value of this paper lies in exploring the perception of the
Norwegian public administration on the deployment of CCAM. Our
approach is based on a unique combination of different data collection
methods, including interviews, survey and workshop, a mixed-method
approach that is tailored to understanding individuals working with
deploying CCAM policies in the public administration. This triangula-
tion of data collection methods enables us to investigate how common
the perceptions found in the interviews are in a larger survey sample and
investigate in-depth data and acquire information about the lifeworld of
the informants. Understanding the perceived drivers and barriers for
deploying CCAM, seen from the public administration’s point of view is
interesting because the “lack of awareness, acceptance and adoption by
citizens and policymakers” is suggested to be one of the main challenges
for deploying CCAM (European Commission, 2021c, p.22). As aware-
ness, acceptance and adoption by policymakers is brough forward as one
of the main challenges, this paper asks: 1) What do the Norwegian public
administration perceive to be the drivers and barriers for the deploy-
ment of CCAM? And 2) How do the public administration suggest that
the public sector should work to act as enablers for deployment of
CCAM?

We use a stepwise-deductive induction research design, as there is
not much existing research on how the public administration perceives
deployment of CCAM. This research design is a systematic approach
where we start with in-depth qualitative data collection on what the
drivers and barriers for CCAM deployment are perceived to be among
the public administration. After an initial coding and analysis of the
interviews we identified nine main factors and developed a survey, sent
to a larger sample representing the public administration in Norway. In

2 The policy cycle is a framework that organizes and guides research on
public policy, encompassing stages such as agenda-setting, policy formulation,
decision-making, policy implementation, and policy evaluation (see Marsden &
Reardon, 2017).
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the end of our data collection, we hosted a workshop to consult with an
expert panel. Based on this systematic approach it is possible to give
recommendations to how the public administration could act as an
enabler of CCAM deployment. This paper offers a contribution to the
research field of CCAM by giving insights into how CCAM is perceived
and met by the public administration, and we give specific recommen-
dations based on empirical data on how this stakeholder group could
function as enablers of CCAM deployment.

The remainder of the paper is structured as follows: first, a literature
review over barriers, the nature of policymaking and a description of
collaborative approaches for addressing complexity in transport systems
is presented. Second, the Norwegian context and the methodology is
described. Third, we present our main results. Last, we provide three
main policy recommendations and our conclusions.

2. Literature review
2.1. Barriers and drivers

The deployment of CCAM in the transport sector faces various
challenges and barriers that hinder the realization of its intended ben-
efits, such as safety, mobility, and sustainability (Li et al., 2019; Sharma
& Mishra, 2022). This is highlighted in the literature and reiterated
across multiple studies (see Sharma & Mishra, 2022 for a recent review).
Based on Sharma & Mishra (2022) review, the barriers identified in
studies regarding the adoption of CAVs can be categorized into different
clusters: 1) User Acceptance/Reaction Cluster: This cluster encompasses
barriers related to the acceptance and perception of CAVs by the public.
It includes factors such as user acceptance, public perception of CAV
usage, and the cost associated with CAV adoption (Bezai et al., 2021;
Fagnant & Kockelman, 2015). 2) Safety Cluster: Safety concerns are a
significant barrier to CAV adoption. This cluster includes issues such as
crash liability, lack of control safety, and cybersecurity threats that can
compromise the safety and reliability of CAV systems (Konig & Neu-
mayr, 2017; Raj et al., 2020). 3) Regulations Cluster: Regulatory barriers
play a crucial role in CAV adoption. Disparate state legislations and
standards create inconsistencies and complexities in the legal frame-
work for CAV deployment. Insufficient standards and regulations can
hinder the progress and implementation of CAV technology (Bezai et al.,
2021; Fagnant & Kockelman, 2015). 4) Employment and Economic
Cluster: This cluster focuses on the potential impact of CAV adoption on
employment opportunities and manufacturing costs. Barriers include
decreased employment opportunities and high manufacturing costs
associated with CAV technology (Raj et al., 2020). 5) Privacy and Ethical
Issues Cluster: This cluster highlights concerns regarding privacy
infringement, ethical considerations, and cybersecurity risks associated
with CAVs. Issues such as data privacy, ethical implications of autono-
mous decision-making, licensing standards, and cybersecurity threats
are considered barriers to CAV adoption (Bagloee et al., 2016; Raj et al.,
2020).

On the other hand, there is limited specific research on drivers for the
deployment of CCAM or CAVs. Most studies tend to focus on barriers and
challenges rather than drivers. However, some broader factors can be
considered as potential drivers for CAV deployment, such as policy and
government initiatives and investments in CCAM infrastructure, regu-
latory framework aimed at fostering innovation and creating an
enabling environment for CCAM (both in Norway and in the EU), or
stakeholder collaborations including government agencies, industry
players, research institutions that facilitate knowledge sharing, resource
pooling and coordinated decision-making.

2.2. Policymaking for deploying CCAM
Policymaking concerns making choices regarding a system, such as

the transport system, to change the system outcomes in a desirable
manner (Walker & Marchau, 2017). The world is changing faster and
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becoming increasingly complex because of new knowledge and prior-
ities, more advanced technologies, and innovative business models
(Abbott, 2005; Taeihagh & Lim, 2019). More ADAS are becoming
available, and many ADAS are now sold as standard equipment in new
cars, which means that the driver can increasingly hand over tasks to the
vehicle. The shared responsibility between the driver and the vehicle is
described in the SAE International (2018) scale, which describes
increased levels of automation ranging from level O to level 5. In level 1
and 2, the driver is still responsible, and the vehicle assists with driver
assistance systems. In level 3, the vehicle can drive itself, but the driver
needs to be prepared to take control at any time. This is called condi-
tional driving automation. In level 4, the vehicle can drive itself within
its operational domain, while in level 5, the vehicle can drive itself
everywhere, always. This transformation is highly complex because
today the roads, legislations, and regulations within the transport sys-
tem are maximized in terms of being functional for the human driver.

When starting to move driving tasks from the driver to the vehicle,
decision-making becomes increasingly complex as the transport sector
becomes more multi-level and cross-sectoral. At the same time, there are
also substantial changes to ownership and management within the
transportation system. There has been a rise of shared mobility and
other innovative services (e.g., Uber, car-sharing services, micro-
mobility), electrification of cars, and a transition referred to as “smart
mobility” (Docherty et al., 2018). At the same time, much of the “push”
toward smart mobility comes from the technology sector, which has
products to sell and where there is a strong interest in creating a market
(Docherty et al., 2018; Milakis & Miiller, 2021). Emerging innovations
often depend on excitement, interest, and hype (Hopkins & Schwanen,
2021). An illustrating example is the proclamations of when the self-
driving car will be available on public roads, which has followed a
classic “hype cycle” pattern (Shladover, 2022).

This article focuses on the authorities and their role in the deploy-
ment of CCAM. Moreover, it explores how the public sector should
proceed in deploying CCAM. There has been a notable shift away from
policy is being *done by the state’ and passively 'received by the system’
and instead an increasingly complex negotiation through networks of
private and public actors (Dudley & Richardson, 2000; Marsden &
Reardon, 2017). Marsden & Reardon (2017, p.249) argue that it is
essential to know the 'who, what, and why’ of influence in a policy
sphere to understand the potential barriers and opportunities for policy
change, as well as recognize the informal networks and sub-systems of
actors that coalesce around policy issues. Understanding more of the
complexity of the network of actors, and the management of the issues,
would help highlight some of the elements that are poorly accounted for
in transport policies today (Vigar, 2017).

Overall, policies on transport tend to lag the introduction of new
technology, and the risk of allowing new technology must be seen up
against the potential benefit (Mordue et al., 2020). This can be seen as a
balancing act between industrial policy and regulatory policy, where the
pros and the cons are weighed against each other (Wiener, 2004).
Within the issue of automated vehicles, one of the key issues is that the
current international laws and regulations require a human driver to be
in control of the vehicle, and the individual countries have laws on ex-
emptions from this to allow testing of highly automated vehicles
(Hansson, 2020). A second issue is that public organizations can be
argued to be “organized anarchies”, implying that the organization is
characterized by unclear preferences and unstable goals and dynamics
(Metzger et al., 2021). A third issue is the decoupling of decision-makers
and the implementation of the decisions. There is often a considerable
underestimation of the administrative requirements of a policy (Metzger
et al., 2021).

2.3. Collaborative approaches in complex transport systems

The deployment of CCAM in the transport sector encounters a sig-
nificant complication: its reliance on technological advancements from
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other sectors (Lyons & Davidson, 2016). This necessitates collaboration
with these sectors, marking a potential shift from the transport domain’s
historical isolation (Docherty et al., 2018). As a complex socio-economic
system, the transition of the transport system involves interconnected
changes in various areas, including technology, economy, institutions,
behavior, culture, ecology, and belief systems (Rotmans & Kemp,
2003:9). Consequently, transport authorities must reassess their roles
and responsibilities regarding other sectors to steer the transport system
effectively and achieve political goals (Docherty et al., 2018).

Deploying CCAM and reaping its societal benefits require going
beyond the involvement of traditional actors solely within the transport
sector. It demands a collaborative, multi-actor process encompassing
strategy formulation, resource mobilization across different actors, and
policy implementation (Malekpour et al., 2020). With different sectors
converging in the transport sector, successful CCAM deployment and the
realization of its societal benefits depend on collaboration between
established players in the transport sector and new actors (Wockatz &
Schartau, 2015). Road authorities must adapt the infrastructure to
accommodate new technology and the requirements of CCAM, relying
on competence, knowledge, and collaboration with other sectors, such
as communication and positioning authorities.

Engaging other sectors poses a key challenge in this collaborative
endeavor (Vigar, 2017). Policymakers, in general, face an overwhelming
abundance of information of varying quality. Thus, filtering relevant
information and assessing its quality become crucial, particularly in the
context of multi-sectoral collaborations (Jones & Baumgartner, 2005).
One potential approach is the creation of forums for discussion and
communication. Such collaborative forums provide an equal platform
for participants to exchange arguments, promote cooperation between
different sectors, and reduce transaction costs associated with knowl-
edge and information sharing (Vigar, 2017;Jones & Baumgartner,
2005).

The collaborative approach recognizes the limitations of disciplinary
boundaries in addressing the complexity of the transport system, which
operates as a highly intricate socio-technological entity requiring opti-
mization from both technical and societal sub-systems (Milakis, 2019;
Vigar, 2017). Addressing these challenges necessitates collaboration
across disciplines and sectors, allowing experts from diverse fields to
provide new insights and foster mutual learning, where “different dis-
ciplines work together to benefit from each other’s areas of expertise”
(Kalinauskaite et al., 2021, p.1).

3. The Norwegian case, methods, and data
3.1. The Norwegian case

This paper addresses a global issue and shows insights from the
Norwegian context. As a testing area (e.g. Eitrheim et al., (2022) and the
NordicWay EU projects (NordicWay, 2022), for instance Seter & Arne-
sen, (2017)), Norway has a harsh winter climate and a challenging ge-
ography where most of the industry is located along the coast.
Commodities must therefore be transported along the road network or
by sea. Therefore, Norway represents a country with significant chal-
lenges in its existing infrastructure. This is vital for the future deploy-
ment of CCAM - vehicles will never be isolated to the major highways
located around urban areas. The same vehicles will also drive on small
roads located in rural areas and experience various climatic conditions.

Further, Norway is a frontrunner in readiness for self-driving cars
and autonomous vehicles and was ranked third in KPMG’s global
Autonomous Vehicle Readiness Index (AVRI) from 2017 to 2020 (KPMG
International, 2020). This is caused by a population that is particularly
open to new transport technology, has a high concentration of electric-
powered vehicles, and is rated second on the availability of the latest
technologies (KPMG International, 2020). Furthermore, Norway has
excellent broadband and 4G (and increasingly 5G) coverage, and in
2021 The Norwegian Parliament introduced a requirement for 4G
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coverage along all new highways throughout Norway (Meld.St. 28,
2021). In this view, the Norwegian case could represent a frontrunner in
implementing new technology in the transport system. Hence, other
countries with less “societal readiness for automation” can learn from
the lessons made in Norway.

One of the significant uncertainties associated with CCAM is how
much additional technology development will be needed (Shladover,
2022). This relates to the vehicle manufacturers, but it also relates to the
authorities because they are responsible for providing the physical
infrastructure the vehicles use. Furthermore, the road infrastructure
may need to be changed because the automated driver has different
needs than a human driver (Storsater et al., 2021).

In Norway, the Norwegian Public Road Administration (NRPA)
serves as the national road authority, responsible for the physical
infrastructure, and fulfills the roles of a road owner and administrative
agency. Their overall responsibility is to provide an efficient and
accessible road system to avoid human or environmental damage
(NRPA, 2022). Nye veier “New roads” (NV) is a state-limited con-
struction organization owned by the Norwegian Ministry of Transport.
This company serves as a road builder, planner, operator, and main-
tainer of main roads in Norway. In addition, the Counties and Munic-
ipalities also own, operate, and maintain roads. When it comes to
digital infrastructure, the picture becomes even more complex. The
Norwegian mapping authority (NMA) has the national responsibility
of managing geographical information in Norway, including maps, ac-
curate positioning services, and the national reference frame. The NPRA
and the NMA have had a long history of collaboration, for instance
related to the National Road Databank (NVDB), a public system for
handling road data. The Norwegian Communications Authority
(NKOM) is the authority for digital communication infrastructure and is
responsible for communication and frequency resources needed to
provide wireless communication services such as telecom and short-
range communication (ITS-G5). The NPRA and NKOM have collabo-
rated on communication systems in tunnels, but more extensive
collaboration on issues related to vehicle-to-vehicle (V2V) communi-
cation or vehicle-to-infrastructure (V2I) communication is just getting
started. The Norwegian Space Agency (NSA) is a government agency
coordinating Norwegian space activity and is an actor in the transport
system because of the use of satellites in transport. Fig. 1 shows the
physical and digital infrastructure surrounding CCAM in Norway. It
encompasses A) the road infrastructure, including maps, which are
connected to the authorities NRPA and NMA, B) communication
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infrastructure overseen by NKOM, and C) positioning infrastructure for
which NMA holds authority responsibility.

In addition to the public actors mentioned above, a wide range of
private actors is involved in providing products and services to the
physical and digital infrastructure around the road. Examples from the
digital infrastructure include digital communication used by vehicles
such as telecom (3G/4G/5G) or short-range communication (e.g., ITS-
G5). Private telecom operators are currently providing digital commu-
nication along the road. However, there needs to be more knowledge on
how well the quality of this communication is good enough for different
SAE levels (Khan et al., 2023). There is also much uncertainty con-
cerning when 5G will be realized to a large extent in public networks and
what this technology can provide (Aggarwal, 2021; Moqaddamerad &
Tapinos, 2022).

Research design

Given the lack of preexisting research on transport authorities’
collaboration toward CCAM, we take an exploratory, abductive
approach and collect data through a stepwise-deductive induction
flexible research design, illustrated in Fig. 2. This method was chosen
because it aims to elaborate on new ideas from empirical data. The
deductive approach scans existing research (theories and empirical
studies) and derives hypotheses from these, and then tests these hy-
potheses using empirical information. The inductive approach uses
empirical observations to suggest theoretical propositions (Tjora, 2018).
Similar research designs can be found in other similar studies (Fraedrich
et al., 2019).

As there is little preexisting knowledge on this subject, a pure
deductive approach where hypotheses are developed based on theory
and previous studies was not feasible. We, therefore, used a combination
of data collections, which include:

e Interviews; ten focus group interviews

e Survey conducted among authorities and professionals in relevant
sectors in the transport system

e In-depth discussions (workshops and round tables) with leading ex-
perts to enable deeper understanding of the survey results

First, we assessed interview data from two research projects
(LambdaRoad and TEAPOT), consisting of 10 in-depth semi-structured
focus group interviews of professionals and state administrators

Fig. 1. Physical and digital infrastructure related to A) the road including maps (NPRA and NMA), B) communication (yellow arrows) (NKOM), and C) positioning

(blue arrows) surrounding CCAM (NMA).
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A stepwise-deductive induction flexible research design

Y
Interviews |—
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Inductive approach

Tentative
hypothesis

Deductive approach

Fig. 2. A stepwise-deductive induction flexible research design.

representing stakeholders within the physical and digital infrastructure
of the transport system. More specifically we interviewed several pro-
fessionals in the NRPA, both within the role as a road owner, and in the
administrative agency in NRPA. Several interviews were conducted with
professionals in the NMA and NKOM, as well as interviews with pro-
fessionals in two companies developing technology for autonomous
vehicles, and a Norwegian telecom company. For each interview we
defined an interview guide, with focus on roles, responsibilities, and
collaboration to employ the respective technologies. In these interviews,
we were interested in these individual’s experiences, knowledge, and
attitudes toward deployment of CCAM. Interviews were transcribed,
preliminary coded and analyzed. The in-depth interviews helped pro-
vide information on how the respondents experienced roles and re-
sponsibilities in CCAM deployment. The interviews were also
instrumental in gaining information on what the different stakeholders
perceive the drivers and barriers to be for such a development. This issue
is characterized by a lack of pre-existing knowledge (some notable ex-
ceptions, e.g., Bezai et al., 2021; Fagnant & Kockelman, 2015). This
information was used to create questions and categories in the survey,
hence, the interviews were critical for designing the survey.

Second, leaning on insights from the interviews, we developed an
online questionnaire survey. The initial coding of the qualitative in-
terviews enabled us to develop questions and categories. We distributed
the survey to experts in various Norwegian authorities and regulatory
bodies that play or will play a role in the future transport system. The
questionnaire was distributed digitally using Survey Design, from
September to October 2021. As the paper’s subjects are highly special-
ized, cross-sectoral, and complex, it was essential to target respondents,
and we used snowballing as a sampling method where gatekeepers
identified relevant individuals. Snowball sampling is a time-efficient,
cost-effective way to access people who otherwise could be difficult to
reach (Tjora, 2018). When we reached a sufficient selection of re-
spondents, we conducted the survey where all stakeholder sectors were
well represented. The survey covered three main topics: (1) Knowledge
and competence, (2) Drivers and barriers, and (3) Collaboration and
interaction. The topic on drivers and barriers for deploying CCAM was
particularly complex to translate from qualitative data to a measurable
variable. We chose an approach where we used a 5-point Likert scale.
We identified nine factors, and the respondents were asked to categorize
these as either drivers (5) or barriers (1) for deploying CCAM. One of the
key interests was that we wanted to capture not just the barriers, but also
the drivers. Similar studies have focused on identifying the importance
of barriers only (e.g., Raj et al, 2020). Hence, we believe our

operationalization of this variable gives more detailed insight. Addi-
tional detailed insight could be gained if one divides the question into
two questions, where the first asks whether the respondent perceive the
factor to be a driver or a barrier, and second, asks to what extent. This
would force the respondents to rank all the factors. In addition, we asked
an open-ended question to gain more qualitative insights into which
areas of cooperation the respondents have attended, how useful they
were and how their organization can be better prepared to contribute to
the deployment of CCAM. The survey represents the deductive approach
of our study, where we used the information gained in the interviews to
deduce questions and categories used in the survey (Tjora, 2018).

As the third step, we invited 13 experts to a workshop to discuss the
survey results. The experts were all employed in the public sector and
working on CCAM-related issues. The experts represented three sectors;
the transport sector (represented by the road authorities at different
levels), the communication authority (represented by NKOM), and the
mapping and positioning authority (represented by NMA). The work-
shop represents a deductive approach, leaning on the results from the
survey (Tjora, 2018). The workshop helped to deepen and explain the
results from the survey, and was based on a collaborative process where
a common understanding is generated (Neeley et al., 2019). Therefore,
workshops are particularly well suited for tracing this exploration of the
need for realizing the implementation of new technology in the trans-
port system. The in-depth discussions effectively allowed the experts to
understand the survey results seen from each sector’s point of view and
thus enabled a data collection leading to a deeper understanding of the
findings made in the survey.

To sum up the methodological approach of this paper (see Fig. 2), we
started with conducting interviews, which were analyzed and catego-
rized in patterns, which we again used to pose tentative hypotheses. The
tentative hypotheses were then adjusted with regards to existing theory
and previous research when this was available (Bezai et al., 2021; Raj
et al., 2020; Sharma & Mishra, 2022). Based on the revised hypotheses
we developed the survey. We then analyzed the descriptive statistics
from the survey results, looked for patterns, and suggested tentative
hypotheses that we discussed at the expert workshop.

Some additional issues should be addressed in terms of using this
methodological approach. These data represent a snapshot of the per-
ceptions of this group at a specific time. We expect perceptions of CCAM
to be dynamic and that perceptions evolve over time. One can expect for
instance technological advancements in vehicles, new regulatory
frameworks, and public perceptions to change over time, sometimes
such changes can happen rather fast, such as if a new law is passed or if
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there is a radical improvement of in-vehicle technology. In addition,
new drivers and barriers may emerge, while existing ones may diminish
or be addressed. In this perspective, it is likely that the perceptions of the
public administration in Norway will evolve over time. Furthermore, we
expect that the geographical context in which the data is collected will
influence the perceptions of the public administration. It is likely that
the results found in Norway will be different from the results in for
instance Germany or the US. Similar studies should therefore be
executed in other countries as well.

3.3. Data assessment

In a small country with 5.3 million inhabitants, the number of our
targeted population (i.e., people working in the public administration
with the deployment of CCAM) is limited. As one expert participating in
the workshop emphasized: “I am practically the only one in our orga-
nization interested in this topic”. Hence, this study is based on a small
sample (n = 53). We have utilized this to our advantage by using
collaboration platforms, CCAM professional networks, and their gate-
keepers to distribute the survey, i.e., snowballing (Goodman, 1961). Our
findings also emphasize this line of reasoning. This approach could limit
the generalizability of the sample. However, in-depth studies that
contribute to cumulative knowledge and understanding are vital to
understanding the bigger picture of the subject in focus. Hence, studies
should not only work towards uncovering a “generalizable truth” but
consider other ways of acquiring knowledge that widens the approach
(Richardson, 2018). More qualitative research is needed to expand the
description of a particular phenomenon.

One significant contribution to the research field of CCAM is giving
insights into how this is met by the bureaucracy in a specific place and at
a specific time. Qualitative research has a clear advantage in offering
insights into the complex lifeworld of those working within the bu-
reaucracy and how these acts to shape the future of CCAM. Exploring
how this stakeholder group works with developing public policies, how
the bureaucracy collaborates, and how they work on executing the
current political framework is difficult to capture in extensive sample
correlations.

Results and discussion

The survey aims to study the experiences of the experts within the
public administration in Norway working with deploying CCAM. The
survey was distributed to 99 respondents fitting this definition. It is hard
to know how large the actual population is, but a survey distribution of
99 respondents is likely to give reasonable representability for this
population within Norway. In the end, 54% of the survey distribution
did answer the survey, i.e., n = 53 responses in total, which constitutes
an acceptable result in a Norwegian context when studying this
population.

In Table 1, some main characteristics of the sample are shown.
Overall, the sample is quite evenly distributed regarding sector, type of
position, and years of experience.

First, respondents were divided into (1) “road owners” representing
NPRA, municipalities, and counties, and (2) “not road owners”

Table 1
Main characteristics of the studied experts (n = 53).

Categories Frequency %
Sector Not road owner 22 42
Road owner 31 58
Position Leader 25 47
Holds a professional position 28 53
Experience in the position 0-4 years 13 24.5
5-9 years 14 26.5
10-15 years 13 24.5
More than 15 years 13 24.5

Transportation Research Interdisciplinary Perspectives 21 (2023) 100874

representing the Norwegian Communications Authority (NKOM), the
Norwegian Mapping Authority (NMA), and other non-road authorities
involved. As we can see, the near fifty-fifty split suggests that our sample
should capture the opinions of those working more directly in the
transport sector and those working more indirectly on the subject.
Second, we count whether the respondents hold a position as a (1) leader
or (2) have a role aimed towards executing day-to-day tasks. Those who
work on the future vision of CCAM in Norway tend to hold leading
positions. Hence, the distribution between leaders and professionals
seems balanced in this perspective. Third, we make four groups sepa-
rated by the years the respondents have had their current position, also
deemed sufficiently representative.

In the rest of the paper, separate results for the groups made in
Table 1 will not be presented, as no significant difference in opinions
between groups was found for any of the groupings and questions. These
results, therefore, reflect a coherent group of experts, strengthening the
results of the sample.

4.1. The perception of the public administration on deployment of CCAM

After the initial interviews were conducted and a preliminary coding
of the transcribed interviews, we identified nine factors to be domi-
nating subjects among the respondents (see Table 2). Leaning on the
stepwise-deductive induction research design, the interviews and coding
represents the first steps in our methodology. The respondents were
asked in the survey to rank the nine factors seen in Table 2 as either
drivers or barriers to deploying CCAM on a scale from significant barrier
(1) to the significant driver (5), and in addition the option “Do not
know”. From visually inspecting the percentages, one can see that some
of the factors are leaning more in the direction of being a barrier, others
are leaning more towards being a driver, while others are neither. The
scale offers a structured framework for participants to express their
perceptions and judgments regarding the drivers and barriers being
evaluated. It allows for a systematic approach to gathering data and
facilitates the process of analysis and interpretation. The use of a stan-
dardized scale also enables comparisons across different factors and
contexts, making it easier to identify patterns and trends.

In the assessment of whether a factor is a driver or barrier certain
challenges may arise. For instance, if individuals perceive a factor to be
of great importance but are unsure whether it functions as an enabler or
a barrier, they may select the middle category, “neither a barrier nor a
driver”. However, if individuals believe a factor to be irrelevant, they
may also choose the middle category. Consequently, interpreting the
results can become challenging. This situation can lead to ambiguity in
understanding the true nature of the factor and its impact on CCAM
deployment. The inability to distinguish between factors that are neutral
and those that truly do not contribute significantly can hinder the ac-
curacy and validity of the findings. It can become difficult to discern
whether the lack of categorization indicates that the factor does not play
a substantial role or if it is merely a result of uncertainty or inadequate
information. However, the scale provides a level of granularity by
allowing respondents to select values between 1 and 5. This allows for a
more nuanced assessment of the factors’ impact, capturing subtle dif-
ferences in their perceived importance. It helps to avoid over-
simplification and provides a more detailed understanding of the
complexities involved in assessing drivers and barriers.

To address the challenges concerning the use of a 5-point scale, it was
crucial to encourage participants to provide clear justifications for their
assessments and consider additional qualitative data and complemen-
tary data in the workshop to gain a more comprehensive understanding
of the factors in question. The survey results were discussed in detail at
the workshop where key experts representing each sector and discipline
participated, giving in-depth reflections on what represents drivers and
barriers to deploying CCAM in the transport system. The main aim was
to provide more insight into how the results from the survey could be
understood and interpreted. This approach helped us gain deeper
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Table 2

Barriers and drivers for CCAM deployment in % (n = 53).
Factors Significant barrier Small barrier Of no consequence Small driver Significant driver Do not know Total
Competence in own sector 4 13 19 44 19 0 100
Competence in other sectors 4 11 23 45 13 4 100
Cooperation between sectors 4 28 25 17 23 4 100
Political steering 9 26 32 23 8 2 100
Regulations 15 36 28 2 6 13 100
GDPR 21 32 34 4 2 8 100
Economy 26 30 25 11 8 0 100
Technological maturity 32 28 11 11 15 2 100
Time and personnel resources 25 38 26 9 2 0 100

insights into the factors that influence the deployment of CCAM and
allowed us a more nuanced interpretation of the results.

To ease the interpretation of Table 2 and with inputs from the
workshop discussions regarding these scores, the results can be illus-
trated using Fig. 3. The green color illustrates the variables being
drivers, the orange color illustrates the variables being neither a driver
nor a barrier, and the red color illustrates the variables being barriers.
We arrived at these colors using a combination of the response in the
workshop (presented in Section 4.2 to 4.4 below) and a numeric
approach where we assign green for the three factors with highest score
for the driver categories (small driver + significant driver), red for the
three factors with highest score for the barrier categories (small barrier
+ significant barrier), and yellow for the three that is left.

4.2. Drivers: Competence and cooperation

Competence and cooperation have clustered as drivers at the top of
Fig. 3. The experts underlined that each sector lends credence to the
competence in their different professional areas. The representatives
from the different sectors all emphasize that they possess CCAM
competence. Supporting this, 94 percent of the sample highly prioritize
updating themselves on new knowledge and competence. However, one
interesting observation made in the workshop was that some experts
experience that they need more competence from other sectors than
previously. According to one participant, the authorities want to be
“competency-driven and knowledge-based, not just experience-based”. Thus,
they rely on a multidisciplinary collaboration to integrate complemen-
tary resources and competencies. As one expert underlines: “CCAM is not

Political steering
Regulations
GDPR

Fig. 3. An illustration of the drivers and barriers for CCAM deployment.

based on one subject area. One single sector is not able to handle this alone”.

A strong motivation for cooperation across organizations and sectors
is the need to overcome a lack of resources. Other organizations can
obtain significant resources, such as economy, staff, premises, infor-
mation, legitimacy, and legal authority on relevant issues. The survey
revealed that 70 percent participate in collaborating forums where the
focus is related to CCAM. Participating in such forums was expressed as
valuable for expanding their professional network, having informal
discussions, closing the knowledge gap between sectors, and asking
critical questions, as shown in Table 3 (see full table in Appendix 1).

However, on the negative side, cooperation can be complicated and
costly, resulting in a loss of autonomy (Lundin, 2007). Several of the
participants in the workshop emphasize that they are participating in
building a collaborative environment. One expert representing the
communication sector emphasized the following: “Competence in other
sectors and the cooperation between sectors could just as easily have been a
barrier. We must work with those who build infrastructure. Representing the
public sector, we cannot oppose such collaborations”. However, there needs
to be certainty about the overall objective and strategies for the agencies
and sectors involved. 30 percent disagree with having a good overview
of other sectors’ overall objectives and strategy, as shown in Table 4.

Various coordination techniques, such as interagency committees
and taskforces, are examples of ways to assess how organizations work
together (Lundin, 2007). We asked both the respondents in the survey in
open text answers and the experts at the workshop to summarize which
areas of cooperation they attended and how useful they were. Several
cooperative national and international forums were mentioned. The
forums were underlined as critical: for a) expanding the professional
network and having informal professional discussions, b) for closing the
knowledge gap between sectors, c) for asking critical questions, and d)
as a formal meeting point for top executives to put the topic on the
agenda in each sector and speed up crucial decision-making.

In addition to collaborative forums, research projects and research
and development collaborations were highlighted as innovative plat-
forms for new ideas to arise. One example is that traditionally the
geodetic community and NMA have been concerned with stationary
measurements. However, the development of CCAM might set new re-
quirements for positioning, as vehicles move. This challenge has been

Table 3
Assessment of cooperation forums, activities are measured from 1 to 5, to no
extent — to a very large extent (n = 37).

How useful are the following associated with the cooperative

forums?
Mean  Std.
err.
Expanding professional network 4.54 0.106
Informal discussions 4.189 0.108
Close the knowledge gap between sectors 3.972 0.157
Ask critical questions 3.891 0.143
Formal discussions related to decisions 3.675 0.164
Challenge regulations 3.459 0.167
New project development 3459 0.175
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Table 4
CCAM competence development, statements measured from 1 to 5, strongly
disagree — strongly agree (n = 53).

Mean  Std.
Dev.
It is absolutely essential for my organization to gain insight into ~ 4.18 0.83
the role of other sectors
I have good overview of the overall objective of other 3 0.75
organizations that work with the future transport system
When increasing my competence within the future transport 2.83 1.06

system, I am mainly interested in competence development
within my own subject area

In my daily work, the future transport system is a non-priority 1.98 1.11
topic

addressed in research projects and shows that a collaborative approach
can accelerate the technology and knowledge based on knowledge of
each other’s core business. Glaser et al. (2019) found that learning is an
integral part of the innovation process and may not be bound by pre-
determined outcomes but involve a constellation of complex, social,
and organizational conditions and mechanisms that shape each other. A
collaborative approach makes it possible to gain knowledge and chal-
lenge the sectors’ current services and technologies.

Other findings in the survey also support the focus on collaboration.
90 percent either strongly agree or agree that it is essential for their
organization to gain insight into the role of other sectors (see Appendix 1
for full table). This insight is likely to give positive outcomes in decision-
making, where including other relevant sectors make it easier to coor-
dinate complicated matters. In this way, decision-making becomes more
informed and holistic, and hopefully, avoid significant expenses by
having to undergo revisions due to a lack of knowledge on questions
related to other sectors. The experts strongly emphasize this; closer ties
between sectors make communication easier, more flexible, and more
accessible when new issues arise, echoing previous research (Laurian,
2009).

4.3. Between a rock and hard place: Political steering and regulations

Political steering and regulations are neither considered drivers nor
barriers at this point. This does not mean that these factors are not
important, however it can suggest that attention should be directed to-
wards other critical factors that influence CCAM deployment at this
stage. One of the experts interpreted the ranking for political steering in
the yellow area in Fig. 3 to imply that professionals were driving this
process: “It is positive that political steering is further down [on the ranking].
The process is run by people with expertise, not for political reasons. This
way, the topic can be prioritized in terms of finances”. However, some in-
terviewees stated that it might be unclear what comes first in political
steering and the organizations taking the lead, as the organization itself
can also set the agenda and the direction. A possible interpretation of
this result is that political steering can be both a driver and a barrier,
depending on the context.

The placement of regulation in the middle yellow part of Fig. 3
represents that this factor is neither barrier nor a driver, which the ex-
perts affirm as a reasonable position. Regulations are preventing and
slowing down new rapid innovations to hinder the unleashing of market
forces, where undesirable and risky situations can arise. Automated
driving at higher SAE levels is regulated by the Experimental Act (Prop.
152 L, 2016) in Norway. Through the act, piloting, and testing CCAM
technologies allows one to identify and solve potential problems with
the technology. Regulations such as the Experimental Act serve as both
restraint and facilitate pilot testing of the technology because “the
regulation does not interfere with the processes”, as one expert phrased it.
However, legislation must still be considered as a point for further
development and careful investigation. There is a difference between the
temporary Experimental Act and future permanent legislation. Thus,
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considerations must be made where risks are managed. GDPR is also
located in the middle of Fig. 3. However, the sum-up shows that GDPR is,
to a greater degree, a barrier than a driver. The experts discussed the
extensive need for data to accomplish autonomous driving. As of now,
personal data is not the primary concern; hence GDPR is not a significant
issue. Consequently, some experts disapprove that GDPR is a barrier:
“This is a double-edged sword; it depends on the implementation of the so-
lutions. GDPR is not an obstacle, but its knowledge can be an obstacle. The
knowledge about data aggregation must be disseminated. This is the barrier,
not the GDPR itself”.

4.4. Barriers: Resources and technological maturity

The lower red part of Fig. 3 shows that economy, technological
maturity, and time and personal resources are considered barriers.
Economy can be interpreted as the financial costs associated with
deploying CCAM (such as cost of upgrading infrastructure, investing in
advanced technology and the strategic emphasis on deploying CCAM).
The experts in the workshop elaborated on that physical infrastructure
(e.g., road infrastructure) is the “winner” financially in the transport
sector when looking at the national budget. Norway is also at the top of
the list when looking at transport infrastructure investments as a per-
centage of GDP compared to similar countries, see Fig. 4. At the same
time, digital infrastructure, which is the basis for future technological
innovations, needs more funding and strategic emphasis. It is expensive
to prepare the road with the physical infrastructure necessary for CCAM,
such as road sensors. An expert elaborated on possible causes of this
matter: “The benefits for making these investments are not prominent or
highlighted enough. Collecting information continuously along the road can
bring extensive benefits, such as traffic safety, but this has not been
communicated well enough”.

Technological maturity is rated a significant barrier and was inter-
preted differently in the workshop. Some are surprised that this is
considered a barrier. At the same time, most experts point out that key
technologies have yet to reach a sufficient technology readiness level to
be considered a driver. One expert said: “Much glossy paper has been sold.

B. Transport infrastructure investments as a
percentage of GDP. 1995-2018
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Fig. 4. Transport infrastructure as a percentage of GDP, 1995-2018. (Source:
The Ministry of Finance, 2021).
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CCAM is in the pilot stage. The industry must get some room to build up”.
Another expert points out that the level of ambition has been too high.
Positioning, for instance, must have high levels of accuracy to be used as
a feature of autonomous driving technology. At this point, most of the
technologies needed for realizing CCAM are not necessarily mature
enough: “Naturally, technology is at the bottom. 5G is completely premature,
and we do not have the technology. There is a gap between the ambitions and
technology’s progress”. One expert points to another possible reason for
the technology being oversold: the unsettled managing of the coopera-
tion between the actors involved in developing new technology:

“There must also be a demand among road users. One may ask
whether ITS (intelligent transport system) technology is still a nerdy
forum, missing leading professionals asking good questions. There is not
enough dialogue between the ITS-technologists and the road expertise,
e.g., at NRPA. The technology is sold as more finished than it is”.

This quote could imply that the authorities should engage more with
the industry to know more about the technology and its maturity. Lack
of demand from potential users is also listed as one of the main “problem
drivers” for CCAM in the CCAM Strategic Research and Innovation
Arena (SRIA, 2021).

Time and personal resources rank as the most significant barrier,
implication that this is not a prioritized field. Attention is often scarce in
organizations, particularly sustained attention over time. Over a period,
attaining attention to an issue means less attention to other competing
issues. Hence, this could generate competition between different issues
(Metzger et al., 2021).

Even though the sectors are confident that they possess relevant
competence internally and externally, the survey exposed a challenge
across the sectors: the sectors depend on a few individuals’ knowledge
and insights into the future transport system, as shown in Fig. 5. This is a
key challenge: how to utilize knowledge and competence internally and
between sectors when few individuals seem so essential? The workshop
thoroughly discussed this, and the experts recognized this as a known
issue. The experts stressed that preparing for deployment of CCAM is a
long-haul practice, which may take time to prioritize.

The development depends on explicit ambitions from the top man-
agement in each organization to gain continuity and build competence,
establishing this topic as a vital area of focus. However, this seems
contractionary to some findings to other questions asked in the survey: 4
out of 5 leaders “strongly disagree” or “disagree” that the future
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transport system is a non-priority topic in their daily work. One inter-
pretation could be that CCAM is somewhat on the agenda or manifested
in the different sectors at the management level. However, time or
personnel resources are only sometimes prioritized for this topic and
depend on a few key experts. The experts at the workshop underpin this
reasoning. One expert related this barrier to the fact that the sectors (for
instance, in the mapping authority or the county) core business is not
necessarily related to CCAM: “Time and personal resources, in general, are
an issue. The transport system is not necessarily the core business in these
sectors, so it can be difficult to get the topic on the agenda”. In this view,
CCAM competes with many other topics, making it problematic to shift
the focus away from the day-to-day business that needs to be addressed.

This contradiction is likely related to how well the topic is founded in
the organizations. Transport in general and CCAM especially are only
two of many issues that are prioritized in the organizations, both within
the road authorities and the other sectors (Meld. St. 20, 2020-2021). It
can also be related to the fact that the transport system and CCAM is
multidisciplinary fields of expertise, and none of the sectors are the ones
driving the process forward. The experts also point out that the discus-
sions of the future transport system lack the question of which sector
should take the lead.

4.5. Supplementary barrier

Another barrier the survey did not mention but that was voiced in the
workshop is the shift from physical infrastructure to digital infrastruc-
ture and funding this shift. There is a strong need for digitalization and
better data flow in the road sector. The Norwegian government platform
document from 2021 strongly emphasizes digitalization by encouraging
policy to give incentives to explore and use new technology, especially
in autonomous systems and IoT (Hurdalsplattformen 2021-2025, 2021).
In this document digitalization is highlighted as crucial to ensure a
sustainable and efficient transport sector. The platform suggests
reviewing Norwegian legislation to identify and remove obstacles to
innovation and digitalization. For the future evolution of the transport
system, the experts highlighted that it is important to plan and act ho-
listically in planning transport development, where digital infrastruc-
ture is equalized with other infrastructures such as roads and railways.
One expert elaborated:

“In Norway, when we talk about spending money on the road, we

Individuals in my organization are of great
importance for new insights into the future
transport system

= Strongly disagree
Neither disagree nor agree
= Strongly agree

38

Disagree
Agree

Fig. 5. Individuals’ importance for new insights (n = 52).
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immediately think of the number of meters of asphalt. We must talk
about digitalization and data as part of the road. If the transport au-
thorities cut a few kilometers of asphalt, they would have financed
innovation with ITS. We must think more in terms of data-driven eco-
nomics. Continuous updating of the data must take place and be
financed”.

One illustration of this digital shift discussed in the workshop is
updating the Norwegian National Road Data Bank (NVDB). The data-
bank was initially established in the 1970 s to serve state administration
users land measurement data. Today, the NVDB has challenges adapting
to new demands for updating and maintaining data. This becomes
especially problematic if the database is expected to be used for un-
derlying data for CCAM, where future users need more extensive and
real-time data. A significant challenge for the future is deciding whether
the NVDB should be adjusted for future needs or whether a new system
should be developed that is tailor-made for the needs of the future. This
is only one of many issues that require cross-sectoral action to fulfill the
deployment of CCAM.

5. Policy recommendations — how can the public sector be
enablers of CCAM deployment?

This study has aimed at increasing understanding of 1) What do the
Norwegian public administration perceive to be the drivers and barriers
for the deployment of CCAM? And 2) How do the public administration
suggest that the public sector should work to act as enablers for
deployment of CCAM? Our analysis is based on a stepwise-deductive
induction research design, where we find that competence and cooper-
ation are considered as being the strongest drivers for employment of
CCAM among the public administration in Norway. Political steering
and regulations are considered as being neither drivers nor barriers. The
strongest barriers are economy, technological maturity, and time and
personal resources. Based on this systematic approach, our recommen-
dation is that the public administration should use the enabling factors,
competence, and cooperation, as action points. When acting upon these
enabling factors, the public administration could in themselves be an
enabler of CCAM deployment.

The results show that the public administration is working to
reconcile their competence and knowledge across sectors. A specific
example is meeting arenas for collaboration. These are a characteristic
part of the collaborative culture established on this domain in Norway
and they are used to ensure progress and inclusion in the processes
initiated to prepare for deploying CCAM. Scharpf’s (1997) introduces
the concept of weak trust as expecting that the communicated prefer-
ences of other actors are honest and not purposefully misleading. Hence,
actors will stick to their commitments if the circumstances have not
altered dramatically. The experts in the workshop underlined that they
have “confidence that the sectors sensibly manage their expertise”, demon-
strating trust between the sectors. In general, the Norwegian public
administration is considered highly efficient (OECD, 2022), and one of
the reasons is the high levels of trust (Laurian, 2009). High levels of trust
and close-knit relationships make progress more efficient because fewer
resources and less time are spent on specific tasks. Trust can also
enhance the capacity of organizations to respond to crises (Laurian,
2009). The transparency and high levels of trust shown between the
sectors have, in this case, raised the levels of understanding of each
sector’s expertise and interests and lowered the levels of conflict.

The US DOT, (2018) highlights some similar experiences in the
Tampa connected vehicle pilot where vendors, vehicle integrators, and
infrastructure integrators worked in a close collaboration, which resul-
ted in a close-knit relationship where problems could be openly dis-
cussed without a confrontational attitude, resulting in that issues were
solved more efficiently. However, as Lundin (2007) underscores: “[T]
rust can make cooperation easier, but it is not something that boosts
cooperation if there are no other reasons”. The experts also stressed that
this trust must not be taken for granted: “Sometimes things can happen,
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and you want to take ownership of results yourself, so we have to take care of
the trust that has been built up between these organizations”. This is sup-
ported by Lundin (2007, p. 652), who emphasizes that similar priorities
have no importance if the sectors do not trust each other, and “if the
authorities’ objectives diverge to a large extent, trust does not increase
cooperation”. This underscores the importance of formalizing a common
strategy for the transport system and why one sector must take the lead.

Based on the main results discussed above, we have summarized our
policy recommendations into three main points: First, clear and
powerful strategies, second, increase focus on collaborative-oriented
approaches in the organizations, and third, expand cooperation and
interest across the organizations. These three recommendations aim at
solidifying the enabling factors for CCAM deployment (competence and
collaboration), and reducing the effect of the barriers (economy, tech-
nological maturity, and time and personal resources). As added value,
we have also coded qualitative data from an open-text question in the
survey, asking how the respondents’ organization can be better prepared
to contribute to the deployment of CCAM.

The first recommendation is 1) clear and powerful strategies, which
implies that if deployment of CCAM is a political goal (as seen in several
political documents such as European Commission, 2021c¢) it should be
rooted in strategies in each individual sector. Alternatively, there should
be a national strategy where the different sectors and stakeholders are
contributors. Clear CCAM strategies can help gain more attention to-
wards cross-sectoral collaboration. This could reduce the impact of the
barrier on time and personal resources. Furthermore, collaborating
across sectors on strategies may accelerate the deployment of CCAM
even further. The experts at the workshop stated that the management
level often interacts with other sectors, while the interaction among the
professionals across sectors is more random. Management level in-
teractions are often founded in formal obligations. In addition, only a
limited number of individuals exclusively focus on CCAM within their
respective sectors; rather, CCAM is integrated within broader disci-
plinary domains. Consequently, individuals play a crucial role in har-
nessing the sector-specific expertise pertaining to CCAM, as the number
of dedicated professionals working exclusively on this topic is limited.
Their knowledge and insights contribute significantly to the overall
understanding and advancement of CCAM within their sectors. The
multidisciplinary nature of CCAM necessitates collaboration and
knowledge sharing across sectors, where individuals’ expertise becomes
invaluable in bridging the gap and fostering a comprehensive under-
standing of CCAM-related challenges and opportunities. Hence, if cross-
sectoral collaboration on CCAM is rooted in formal strategies it will be
easier for professionals to establish more interaction with other sectors
working on related issues and achieving meaningful progress in the field
of CCAM. One specific idea suggested in the workshop was that trainees,
the future leaders, would have profited from conducting internships
across different sectors, for example in NPRA, NMA and NKOM. Such an
intersectoral trainee exchange would provide perspective and valuable
insights for future leaders in developing the transport system to get to
know each sector’s concerns, mode of work, interest, and domain.

The second main recommendation is to 2) increase focus on
collaborative-oriented approaches in the organizations. Learning-oriented
approaches would allow the organizations to benefit even more from
the drivers competence and cooperation. The survey results indicate that
the focus on collaborative-oriented approaches in the organizations is
key, aligning with the notion that competence in other sectors and
collaboration between sectors is widely recognized as a significant
driver for CCAM deployment. The high level of confirmation received
during the workshops further reinforces this notion. This is also sup-
ported by Glaser et al., (2019, p.8), who underscore the need for more
explicitly orient policy learning and transfer methodologies towards
social, group and collective learning processes and emergent dynamics.
Another clear finding in our analysis is the importance of collaboration
arenas. The respondents stated that participating in various collabora-
tion arenas and forums is important for gaining knowledge on future
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assignments, tasks, and challenges. Both informal and formal collabo-
ration arenas could be important as arenas for learning. Hence, going
from an approach based on status quo where the past is used to predict
the future, to a more learning-oriented approach (Vigar, 2017), could
help stimulate the deployment of CCAM.

The third recommendation is to 3) expand cooperation and interest
across the organizations. The findings from both our qualitative and
quantitative data strongly support the notion that there is a critical need
for expanding collaboration, which clearly would accelerate the drivers
on competence and cooperation even further. The transport sector is
witnessing a convergence of various sectors, necessitating collaboration
between both established players within the transport industry and
emerging actors, thereby transcending conventional sector boundaries.
This is particularly important as there are currently substantial changes
to the ownership and management of part of the transportation system.
The respondents in the analysis call for a triple helix model of innovation
to deploy CCAM, with public-private partnerships and R&D collabora-
tions between research institutions, the government, and the automotive
industry. By adopting this model, the collective expertise and resources
of these stakeholders can be harnessed to effectively address the chal-
lenges and complexities associated with CCAM deployment. The
convergence of sectors in the transport industry necessitates a paradigm
shift in thinking and operating beyond traditional sector boundaries.
Establishing collaborations and partnerships among diverse actors en-
ables the integration of cross-sectoral knowledge, perspectives, and re-
sources. Such collaborations facilitate the exploration of innovative
solutions, the exchange of best practices, and the realization of synergies
that can drive the successful deployment of CCAM.

The three recommendations emphasize that CCAM should be
deployed in a close, formalized, interdisciplinary collaboration. How-
ever, cooperation is a tool that must be administered sensibly. There has
already been a shift from coexistence, where the authorities exist and
affect each other indirectly, without direct interaction, towards coop-
eration in an interdisciplinary approach where they interact and
combine complementary knowledge or resources to achieve a common
goal (Lundin, 2007). The complexity and requirements set to the
transport system presuppose close cooperation between the authorities
in the road sector and other sectors, such as the communication sector or
the mapping authorities. These various sectors all hold competence that
can be associated with CCAM and innovation competence. However,
this is also risky because of the high emphasis on a few individuals’
competencies. As mentioned, policymaking is increasingly becoming a
complex negotiation through networks of actors (Dudley & Richardson,
2000), and in smaller countries, individuals may become more crucial
for CCAM processes than before.

The policy recommendations made here will not alone assure that
positive societal impacts from CCAM deployment. Here lies a dilemma
for the public administration and policymakers. There is a strong
incentive in terms of the possible gains of CCAM, but even when
following our three recommendations, there will still be many un-
certainties that are not controllable from an authority perspective, such
as technological maturity or lack of demand from potential users (see
European Commission, 2021b for elaboration on these two problem
drivers). While the findings from our data point to cooperation and
competence as essential ingredients in deploying CCAM, there is still
need for one authority to take a leading role. We therefore suggest that
there should be a collective process, but led by one organization, where
a common understanding is created around the complex issue of
deploying CCAM. Appointing one organization to take the lead will help
the process run more efficiently, increase cooperation, and help utilize
each sector’s expertise. In Norway it would be reasonable to appoint
NPRA to take the lead because of their position as both national road
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authority, road owner, and an administrative agency. This may differ
between the countries. There are also reasons to consider whether po-
litical measures and policies are needed to formalize the cooperation
between the sectors. Examples could be national strategies for auto-
mated transport or white papers that are cross sectoral.

6. Conclusion

This study contributes with insights into how the public adminis-
tration in Norway perceive CCAM and what they see as the drivers and
barriers for CCAM deployment. The strongest barriers we find based on
our analysis are economy, technological maturity, and time and per-
sonal resources, while the strongest drivers we find are collaboration
and competence. The suggested policy recommendations of this study
emphasize clear and powerful strategies, increased focus on
collaborative-oriented approaches in the organizations and expanding
cooperation and interest across the organizations. However, addressing
the uncertainties and complexities of CCAM deployment requires
continued efforts, strategic coordination, and the involvement of mul-
tiple stakeholders.

We would like to acknowledge that the drivers and barriers associ-
ated with the deployment of CCAM are dynamic and subject to change
over time. It is essential to recognize the evolving nature of these factors
and their influence on the adoption and implementation of CCAM
technologies. We also recognize that the drivers and barriers identified
in this study may not capture the entire complexity of the CCAM land-
scape, as the field is constantly evolving. Furthermore, we acknowledge
that the context in which these drivers and barriers operate can vary
across different countries and continents. Future research of the CCAM
ecosystem will be necessary as the complexity and dynamic nature of
CCAM necessitate a deeper exploration of the various factors influencing
their successful deployment both in the Norwegian context and beyond.
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Appendix 1

Table 1. Full table of assessment of cooperation forums in % (n = 37

Transportation Research Interdisciplinary Perspectives 21 (2023) 100874

To no extent To little extent Neither To a large extent To a very large extent Mean Std.err
Expanding professional network 0 3 0 38 59 4.54 0.106
Close the knowledge gap between sectors 0 11 14 43 32 4.189 0.108
Informal discussions 0 3 5 62 30 3.972 0.157
Ask critical questions 0 8 19 49 24 3.891 0.143
Challenge regulations 0 19 35 27 19 3.675 0.164
New project development 2.7 11 46 22 16 3.459 0.167
Formal discussions related to decisions 0 16 19 49 14 3.459 0.175
Table II. Full table of CCAM competence development in % (n = 53
Strongly Disagree  Neither agree Agree  Strongly Do not Mean  Std.
disagree nor disagree agree know Dev.
In my daily work, the future transport system is a non-priority topic 44 33 10 12 2 0 1,98 1,11
When increasing my competence within the future transport system, Tam 4 42 34 11 8 2 2,83 1,06
mainly interested in competence development within my own subject
area
It is absolutely essential for my organization to gain insight into the role of 2 4 4 55 36 0 4,18 0,83
other sectors
1 have good overview of the overall objective of other organizations that 0 28 43 28 0 0 3 0,75

work with the future transport system
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