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Abstract  
Technological innovations hold a potential to change the way transport is performed, giving rise to 
previously unknown possibilities, but also new challenges as well. To obtain beneficial impacts for users 
and society, policy makers are in urgent need of knowledge to increase the understanding on how 
automated and connected transport services should be developed and implemented. Research and 
evaluations within the transport sector commonly follow a method-driven tradition with the scientific 
experimental model being the norm for assessing benefits and impacts. However, impact assessment of 
connected and automated transport services has proven to be challenging. The prerequisites for use of 
the experimental model are rarely fulfilled when it comes to highly innovative and complex systems. 
Limited empirical evidence, complex causal mechanisms, baseline issues and contextual influence are 
some of the methodological challenges to be faced in the evaluation process. The introduction of a 
theory-based evaluation approach is suggested to be beneficial in impact assessment of connected and 
automated transport services, based on available research literature combined with three Norwegian 
case studies. The theory-based approach has proven to generate applicable knowledge as a basis for 
policy decisions on future development and deployment in situations where the experimental model fails 
to provide evidence. In summary, the theory-based evaluations are suggested to make a valuable 
supplement to conventional designs when the purpose of the evaluation is to generate knowledge in a 
formative learning perspective and in complex evaluations with limited empirical evidence on causal 
relationships and impacts.  
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Introduction  
Technological innovations have made an emphatic entry into the transport sector, giving rise to previously 
unimagined possibilities and considerable new challenges as well. Digitalization and autonomy, internet of 
things and connectivity, artificial intelligence and deep learning, are just some of the emerging 
technologies that prime the transport system for the future. From the introduction of ITS and advanced 
driver support systems in the 1990s, to the progressive piloting of self-driving vehicles, there has been an 
accelerating development driven by the automotive industry and technology providers. The progress has 
to a large extent been supported by the political community and transport authorities that are captivated 
by the promising impacts for society. Considerable research on development and piloting of ITS have 
been conducted during the last decades, showing promising results in terms of collective improvements in 
safety, efficiency, mobility and environmental costs. Although recognising that there are still technological, 
legislative, cultural and financial issues to be addressed, the connected and automated transport services 
hold a substantial potential for efficient and sustainable future transport systems. The progress is further 
enhanced by the introduction of new business models and increasing transport consumer demand, as the 
transport users experience the new services to be beneficial in their everyday life as illustrated by 
mobility-on-demand-services, real time travel information, on-line planning, booking and payment 
services and advanced driver support systems in private vehicles. 
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The rapid technology development and the great societal anticipations place great demand on policy 
makers that must make strategic long-term plans as new technology becomes available. Important 
decisions are however often based on limited empirical evidence on what the true impacts will be. In 
order to efficiently select and integrate new transport services and mobility concepts for the future, there 
is an urgent need of knowledge on benefits and impacts (including unintended effects) for individuals and 
the society. To address this knowledge gap, emphasize is put on deployment of pilots and field 
operational tests to gain experience with best practice, and to identify and understand constraints and 
prerequisites for beneficial large-scale implementations in the future.  
 
Building empirical knowledge and evidence on benefits and impacts requires the presence of appropriate 
and valid evaluation models and methods. The evaluation assessment of intelligent transport services 
serves two main purposes; 1) to generate knowledge on how the variety of measures affect users, 
transport system and society, and 2) to obtain evidence on the efficiency in terms of accountability. The 
first purpose gives reason for conducting impact assessments in a learning perspective. This includes 
analyses of results and outcome, revealing any unintended effects to be considered, studying to what 
extent the users will accept and utilise the service, how the technology and service should be 
implemented to realize the full potential, as well as situational conditions that influence the attained 
outcome. The second perspective involves the purpose of control and management, with the focus being 
to predict or document whether the measure or project achieves satisfactory results. Although there is a 
wide range of evaluation models available, research and evaluation studies within the transport sector 
seem to follow a rather strict method-driven tradition with the scientific experimental model (Randomized 
Controlled Trials) as the gold standard for impact assessments and socio-economic analyses based on 
cost-benefit calculations. The prevailing methodological framework is however developed for and adapted 
to conventional road and traffic measures and it has yet proven inadequate for assessment of intelligent 
transport services for several reasons that will be elaborated in this paper.    
 
This paper discusses how moving from today's method-driven impact assessments to a theory-based 
evaluation approach are likely to improve our knowledge and understanding of how automated and 
connected transport services should be developed and implemented in future transportation systems. The 
theory-based approach involves a way of structuring and undertaking analysis which facilitates a flexibility 
in choice of method and evaluation designs. 
 
Methodological challenges  
Impact assessment of intelligent transport services within the prevailing methodological basis for road and 
traffic measures are subject to substantial difficulties. First, the prerequisites for use of the traditional 
experimental model (RCT) and cost-benefit analysis (CBA) are rarely fulfilled when it comes to 
assessment of highly innovative and complex systems. There is yet limited empirical knowledge on 
benefits and impact, and thus the evidence on often complex causal mechanisms are sparse. The cost 
benefit model also has deficiencies regarding sensitivity, measurement and valuation of the qualitative 
effects that are rather typical for ITS implementations (Kolosz and Grant-Muller, 2015; Newman-Askins et 
al., 2003; Stevens 2004, 2000). Second, the continuous technology development and maturity issues 
influence both efficiency and cost of ITS services, and therefore the results from impact studies are rarely 
valid over time or between different applications. Third, the counterfactual analysis with establishment of a 
baseline is a crucial part of the scientific experimental model. This forms the causality basis for 
comparison of effects before/after or with/without the ITS implementation. The establishment of a baseline 
is however concerned with substantial challenges regarding both data collection and relevance issues, as 
the technology is already increasingly adopted into the transport system. Finally, the experimental model 
do not provide knowledge on contextual factors that may constrain or enhance the benefits and impact, 
as it prerequisites that all external influences is limited or excluded from the analysis.  
 
Effort has been put in development of a common evaluation framework for ITS, with the FESTA 
methodology being one of the most recognized models (FESTA, 2014). The FESTA framework provides 
practical guidelines for carrying out field operational tests of driver assistance systems based on the 
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experimental model and CBA. Although providing a systematic and scientific approach, the FESTA scope 
is exclusively focused on driver behaviour, and the scope is limited to ready-to-market solutions as 
technological concerns are not included in the model. Neither are the shortcomings associated with the 
use of the experimental model resolved. Academic discussions on whether the methodology can be 
adapted to fit future automated and connected services are proceeding, with the main concern being 
establishment of a sound and applicable baseline (Barnard et al., 2016; FOT-NET, 2016). 
 
Considering the methodological challenges in impact assessment of intelligent transport services, two 
principal statements for evaluation of automated and connected services are addressed in this paper: 
1) The evaluation framework needs to address the technological development and maturity of the ITS 

service as this will have considerable implications for the impacts achieved, the data collection 
possibilities and the transferability of results between different projects or test sites. 

2) The evaluation design must be developed according to the evaluation purpose and research 
questions of interest, with a flexibility in choice of method and causality principles. 

 
(1) Technological development and maturity 
Technology development has provided us with ever more data processing power, increased access to 
communication technology and decreasing costs for consumer electronics, all together resulting in 
continuously improved services from ITS. This implies that the ITS applications are not expected to 
achieve their best potential when first initiated and deployed in early stage pilots, but rather undergo 
incremental improvements. The continuous improvement and development of applicable technologies 
have severe implications for the evaluation process. In traditional experimental evaluation designs, the 
traffic measures involved is understood as steady-state entity in an infinite horizon; with the underlying 
assumption being that it is possible to find generic evidence of one true and unconditional impact. This 
constitutes the core of all evidence-based evaluations. On the contrary, viewing the development of the 
ITS service as an evolutionary process with inherent lifecycle qualities, calls for an evaluation approach 
that considers the level of technology or system maturity. As suggested by Urban et al. (2014) the 
assessment needs to focus on where the measure (or "program") is in its development, and how it can be 
moved along to the next phase or otherwise abandoned. The evaluation design and choice of methods 
should be defined with regard to technological development and maturity. For ITS services the importance 
of this statement can be illustrated with the example of Technology Readiness Levels and the SAE levels 
of automation (SAE J3016). 
 
The use of Technology Readiness Levels (TRL) as measurement of the maturity of particular ITS services 
provide a common understanding of technology status and address the entire innovation chain. The TRL 
concept outlines in details the different research and deployment steps, which support the innovation 
process of technologies from concept development to market deployment. It is recommended by Horizon 
2020 that all activities on key enabling technologies are aligned on the TRL scale. 
 

TRL 1 TRL 2 TRL 3 TRL 4 TRL 5 TRL 6 TRL 7 TRL 8 TRL 9 

Basic 
principles 
observed 

Technology 
concept 

formulated 

Experimental 
proof of 
concept 

Technology 
validated in 

lab 

Technology 
validated in 

relevant 
environment 

Technology 
demonstrated 

in relevant 
environment 

System 
prototype 

demonstrated 
in operational 
environment 

System 
complete and 

qualified 

Actual 
system 

proven in 
operational 
environment 

Concept development Proof of principle Proof of performance 

Technology Readiness Levels Scale 

Impact assessment on a lower level of TRL (typical pilot studies at TRL 3-5) will require a different focus 
than assessment of services with a higher grade of technology maturity (typical demonstration and 
implementation studies at TRL 6-9). Similarly, the available data and appropriate evaluation designs will 
change according to the levels of maturity, making room for more rigorous methods as the technology 



ITS World Congress 2017 Montreal, October 29 – November 2 
 

Impact assessment of connected and automated transport services:  
Moving from the method-driven tradition to a theory-based evaluation approach  

 
 

4 

readiness increases. Data collection methods at lower levels will typically include expert evaluations, 
modelling and simulations, while field operational tests and impact monitoring require a higher degree of 
technology maturity. Ex-post evaluations in line with the experimental model is only possible to achieve 
when the technology has reached a high level of readiness and the implementation phase is completed.  
Even so, the importance of performing evaluations in an early phase should be emphasized, as it 
provides valuable feedback and enables efficient improvements to the development process, even before 
the ITS service is implemented in real traffic.   
 
Neglecting a consideration of the technological development and method applicability in the evaluation 
design are likely to render difficulties in the evaluation process as the need for adjustments will risk the 
data quality and results subjected to uncertainty. This is further discussed in Lervåg (2016) with the 
example of an automatic pre-clearance system of commercial vehicles that were supposed to be 
evaluated within the framework of the traditional quasi-experimental before- and after study. However, the 
project faced challenges related to the technology maturity and data collection, and it was recognized that 
it would not be appropriate or possible to pursue the evaluation study within the experimental framework. 
Significant adaptations of scope and methodology was made, and the evaluation assessment was 
accomplished in line with a theory-based approach (Chen, 2012), thus producing applicable knowledge 
for policy makers on future development, deployment and impacts of the pre-clearance system. The study 
concluded that the timing of evaluation in terms of ITS service life cycle and technology readiness is 
crucial for selection of an appropriate evaluation design. 
 
Automated vehicles are classified according to their level of automation (SAE J3016), from level 0 with no 
driving assistance from the vehicle system to level 5 with full vehicle autonomy. There is a clear 
distinction between levels 0-2 where the driver is in charge of the vehicle and levels 3-5 where the driving 
process is entrusted to the computers and the driver no longer needs to continuously supervise the 
system. 

 

The SAE levels of automated driving 
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The different SAE levels illustrate a wide span in functionality and range of applicability of the automated 
vehicles. Hence, the problems and issues to be addressed in an evaluation assessment will vary as the 
vehicle systems turn from driver assistance and partly automation to operating highly automated at low 
speeds in segregated areas, and finally become driverless vehicles in mixed traffic. There is a great deal 
of concern about Human Factors and the driver's ability to change between different modes of control at 
levels 2-3 (Kyriakidis et al., 2017). The out-of-the-loop issues however ceases when higher levels of 
automation are achieved. In the same way, driver distraction and human machine interface is a main 
concern at levels 1-2, but have decreasing relevance as the driver's role change into a supervisor and 
finally into a passenger. At higher levels (3-5) driving context will play a major part of an impact 
assessment as the complexity increases when moving from specific driving scenarios (dedicated lanes, 
favorable weather conditions etc) to interaction with other road users in mixed traffic and real life 
conditions. Understanding the technological functionality and variations of applicability, demonstrates the 
need for research questions and objectives of the evaluation assessment to be accommodated to the 
respective state of the present ITS service.  
 
(2) Research questions and principles for causality 
The wide range of evaluation models available are constructed on the basis of different scientific 
approaches to the assessment of impacts and validity. The traditional experimental approach is 
associated with inherent methodical stringency emphasizing internal validity. In other words, the 
experimental evaluation assessment focus on proving whether an observed effect is true; and not a result 
of randomness. Such evaluation studies generate evidence-based knowledge on whether an ITS service 
works or not. However, it does not explain why the measure provides a specific result, or otherwise why it 
fails to do so. This lack of explanatory capacity has led to widespread use of the term black box 
evaluations. The logic foundation for evidence making is rooted in a counterfactual approach to 
determining causality. This implies an understanding of a successive and constant relationship between 
the cause and effect, and that the effect cannot occur without the cause being present. The way to 
determine such a causality is by counterfactual analysis involving a comparison of observed results with 
what the situation would have been if the ITS service was not implemented (the baseline option).   
 
Alternative scientific approaches to determine causality exists. For instance, the generative mechanistic 
approach involves consideration of causality as a latent capacity which can be activated under certain 
circumstances – that is; the cause (here: the ITS service) increases the likelihood of an event to occur, 
but this also depend on the context and situational conditions. Hence, causality is determined by a logic-
based assessment of cause and effect relationships in order to identify the contribution of multiple causes 
to the observed outcome.    
 
As the field of research on connected and automated transport services is still novel and the accelerating 
technology development entail continuous modification and alteration of the applications and services in 
focus, there is still limited empirical knowledge from actual large-scale and long-term implementations 
available. Consequently, evidence on causal mechanisms is sparse. ITS services involve complex and 
case dependent cause and effect relationships, making it difficult to isolate or generalize the impact of 
one specific service. There is a need of empirical knowledge on how emerging services can contribute to 
efficient and sustainable solutions in the future. However, ITS is already an integrated and essential part 
of the transport system today. Thus, it is no longer a question of whether it will be possible or desirable to 
introduce automated and connected transport services in the transport system, but rather a question of 
how, when, and under which conditions (Kyriakidis et al., 2017; Barnard, 2016). To be able to efficiently 
select and deploy new services in a way that generate beneficial impacts for users and society, we need 
to identify and understand the prerequisites and constraints for a successful implementation. For 
instance; Does the technology cope with winter conditions? How can the user requirements be met in a 
way that ensures satisfactory user acceptance and substantial market penetration? How do we develop 
viable business models that facilitate collaboration between private and public actors?  As already 
discussed, performing impact assessments in line with the experimental tradition may not be the best way 
to gain such knowledge. The experimental model is constructed to provide answer to whether the 
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measure provide a specific result or not, but it does not explain what parts of the ITS measure that 
generates the effect, and neither does it include contextual factors that mediate the outcome. This fact 
stresses the importance of selecting an evaluation approach and developing an evaluation design in 
accordance to the evaluation purpose and research questions of interest, with a flexibility in choice of 
methods and causality principles applied. 
 
The present section on methodological challenges has discussed how method-driven evaluations in many 
cases fail to provide relevant and applicable knowledge for policy makers in the transport sector. This is 
not necessarily due to weaknesses or shortcomings in the conventional methods themselves, but the fact 
that they are applied without fulfilling the prerequisites for use. In the next section, we will discuss how a 
theory-based approach in impact assessments of intelligent transport services can improve the empirical 
knowledge base for ITS policy decisions. 
 
The theory-based evaluation approach 
The theory-based evaluation approach is driven by a conceptual model of how an intervention (or project) 
is expected to operate. This model is referred to as the program theory (or sometimes the intervention 
logic or logic model). The evaluation assessment articulates and tests the assumed connection between 
the intervention and anticipated impacts, as a mean to understand when and how a measure works. It is 
not a specific method, but rather a way of structuring and undertaking analysis in an evaluation, and it can 
be used in combination with most designs and data collection techniques (Chen, 2012; Funnel and 
Rogers, 2011; Hills and Junge, 2010). This implies that the theory-based approach facilitates for 
conventional experimental analyses to be elaborated with supplementary theory-based methods. 
 
The program theory is described as an explicit theory or model of how an intervention contributes to a 
chain of intermediate results and finally to the intended or observed outcome (Funnel and Rogers, 2011). 
The relationship between the intervention and the outcome is described in terms of 1) how the project is 
expected to result in changes, 2) why and in what context changes are expected to occur, and 3) the 
impacts and results in medium and long term. The program theory thus represents the underlying logic of 
a measure, describing the stakeholders' expectations of how the planned input and effort should lead to 
the desired outcome, involving assumptions, risks, causal mechanisms and external influences. In this 
way, the theory-based evaluations are distinguished from so-called black box evaluations, as they not 
only answer whether a measure works or not, but also why, how and in what context. Thus, the theory-
based approach has a capacity to increase the understanding of how the intervention operates in different 
circumstances.  
 

 
 
 

Schematic illustration of the program theory; the underlying logic of the ITS service 
 
 
The main differences between theory-based evaluations and conventional experimental designs concern 
the involvement of contextual matters and determination of causality (Government of Canada, 2012; 
Pawson and Tilley, 1997): 

 The influence of contextual factors on results and outcome of the intervention is included in the 
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theory-based evaluation design, as it is acknowledged that potential barriers and success factors 
may inhibit or enhance the impacts. 

 The theory-based evaluation design has a mechanistic rather than counterfactual approach to 
determining causality, by testing specific causal mechanisms in order to understand the 
contribution of multiple causes to an observed outcome, and thus evading the baseline issues.  

 
While the experimental designs are exclusively based on stringency and internal validity, the theory-based 
approach define the appropriate evaluation designs in accordance to the evaluation purpose and relevant 
research questions, facilitating a methodological flexibility that also may include experimental methods 
when appropriate.   
 
Theory-based methods 
Variations of the theory-based approach may offer slightly different ways of organizing and structuring the 
evaluation analyses, although the fundamental basics are similar. The theory of change method (Weiss, 
1995; Government of Canada, 2012; Hills & Junge, 2010) emphasizes the implementation theory with a 
systematic and cumulative study of the links between the activities, outcome and context of the 
intervention. This provides applicable knowledge on how the combination of instruments and resources 
contribute to the outcome. Theory of change is particularly suited in evaluations of measures concerned 
with limited empirical evidence and a high degree of innovation and complexity (e.g. involving several 
stakeholders, a package of instruments and addressing multiple objectives). The method provides 
knowledge on how a planned action will trigger a desired effect; it identifies external factors of importance 
and ensures the involvement of relevant stakeholders in the process (Blamey and Mackenzie, 2007).  
 
The realist evaluation method (Pawson, 2013; Pawson and Tilley, 1997) are more concerned about the 
(psychological) triggers that change human behavior as a result of the intervention. The realist designs 
are typically developed from context-mechanism-outcome matrixes explaining what works, for whom, 
under what circumstances. This approach implies that the same measure might trigger different effects in 
different situations and for different user groups; and it is regarded to be particularly useful in providing a 
comprehensive understanding of behavioral and motivational factors that will produce change (Hills and 
Junge, 2010). Thus, the method provides knowledge on how the interventions can be tailored to different 
situations in order to achieve the desired impact. With regard to the program theory illustration, the theory 
of change method focuses on activities within the different boxes, while the realist method emphasizes 
the underlying mechanisms between the boxes. The methods can very well be combined to obtain a 
complete understanding of the full operation and potential of the measure in focus.  
 
Applications of the theory-based approach 
A theory-based framework for assessment of intelligent transport services was developed and applied in 
three Norwegian case studies reported in Lervåg (2016), Lervåg and Meland (2014), Foss et al. (2016), 
Lervåg and Foss (2013; 2014) and Lervåg et al. (2016), and the theory-based approach is also to be 
applied in a commenced research project on autonomous public transport feeder services in Norway. 
Using a theory-based approach in development of evaluation studies has become increasingly prevalent 
within societal sciences as health, education and crime research (Karlsen and Jentoft, 2013; Funnel and 
Rogers, 2011). Still, the author is not aware of any previous traffic or ITS studies applying theory based 
methods in the impact assessment. A notable exception is however found in Hills and Junge (2010) 
providing guidelines for transport impact assessments in line with the theory-based evaluation approach, 
advocating a higher degree of methodological flexibility in development of evaluation designs. The 
following discussion on strengths and weaknesses of the theory-based approach with regard to ITS 
assessments is based on the Norwegian case studies.  
 
The theory-based approach is often discussed related to the experimental model with randomized 
controlled trials (RCT) as this largely represents the norm for all evidence-based methodology. The 
research literature is relatively consistent with regard to suitability and shortcomings of the two different 
approaches, finding the strengths of theory-based evaluations to become apparent in terms of the 
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following qualities (Weiss, 1995; Blamey & Mackenzie, 2007; Funnel and Rogers, 2011; Chen, 2012; 
Pawson & Tilley, 1997; Hills & Junge, 2010; Government of Canada, 2012; Bredgard et al., 2016):  
 

 It produces applicable knowledge on why an ITS service works or not. This makes it particularly 
suitable for impact assessments with a learning objective; when the purpose of evaluation is to 
generate knowledge as a basis for strategic decisions and implementation policies.  
 

 It deals with complex causal relationships. This makes it particularly suitable for assessment of 
highly innovative systems with the complexity of several stakeholders and instruments involved, 
as well as when the previous knowledge on expected impacts is limited or missing. Furthermore, 
the inclusion of both intended and side effects, together with considerations of the long-term 
outcome is beneficial in achieving a comprehensive understanding of how the ITS service 
operates.    

 
 It includes contextual factors. This makes it particularly suitable when external factors are 

expected to influence the actual outcome, and when the observed effects are assumed to vary 
between different user groups or implementation sites.   
 

 It is practical. The theory-based approach can generally be applied in most situations when the 
prerequisites of experimental designs are not fulfilled. This makes it possible to obtain useful 
knowledge also in situations where the ability to conduct an extensive data collection is limited, 
and in cases where carrying out experimental analyses is simply not practicable.  
 

 It has a formative capacity. The theory-based evaluations can be performed throughout the life 
cycle of the ITS service, thus providing continuous input and feedback as a basis for informed 
decisions and adjustments even before implementation in real traffic. This results in targeted 
efforts and effective use of project development and deployment resources.    
 

 It clarifies objectives and expectations among stakeholders prior to the assessment. The process 
of establishing the program theory facilitates participation from all relevant stakeholders and 
contributes to a common understanding of the ITS service objectives, the evaluation purpose and 
scope among all actors involved in the project. The program theory itself becomes a visual 
communicative instrument within the project as well as in dialogue with the outside world.   

 
The theory-based evaluation methods are less likely to provide quantitative evidence with the same 
scientific power that is attended with the experimental models (Weiss, 1997; Blamey and Mackenzie, 
2007; Hills and Junge, 2010). Thus, they are considered to be more beneficial in impact assessments 
with a learning perspective and less suitable in producing documentation of effectiveness as a basis for 
control and accountability decisions. This may however be compensated by the fact that the theory-based 
approach allows for a methodological flexibility which enables experimental analyses to be included in the 
assessment when appropriate. The evaluation assessment should therefore seek to combine 
complementary analyses in the evaluation design. Nevertheless, the close cooperation between the 
evaluator and project owner in developing the program theory and providing feedback throughout the 
evaluation process may question the evaluation objectivity, and thus be an argument against utilising the 
evaluation results in a control perspective. Another issue is the challenge of facilitating participation and 
achieving theoretical consensus among the actors involved. A high number of stakeholders with 
competing perceptions of reality may result in the process of building the program theory to be rather 
resource-intensive.    
 
The theory-based approach has proven to be beneficial in impact assessment of ITS services in terms of 
addressing the technology maturity issues of ITS and by developing the evaluation design in accordance 
with the evaluation purpose and research questions of interest. The capacity to explain cause-effect 
relationships and the ability to include contextual factors are particularly relevant for impact assessment 
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of connected and automated transport services, as it contributes to applicable knowledge for future 
transport strategies. To achieve the most beneficial impacts, decision makers and transport authorities 
need instruments to identify relevant target groups and promising conditions. By emphasising the causal 
relationship between the measure and the expected or observed outcome, the theory-based approach 
also contributes to a shift in focus from the ITS service itself (technology push) to user needs and 
problems to be solved (market pull). In addition to predict (or reveal) whether an ITS service will be (or is) 
successful, the methodology has the power to explain to what extent the combination of various 
instruments contributes to the final outcome, as well as the external factors that influence the 
achievement of a desired result. Having the evolutionary qualities of ITS services in mind, this is highly 
important also when the piloting of less mature services fails to provide the expected results. In order to 
fully understand the potential of the connected and automated transport services, the impact assessment 
needs to make a distinction between theory errors and implementation errors (Dahler-Larsen, 2013; 
Bredgard et al., 2016). When the underlying theory is proven wrong, one can assume that the ITS service 
does not produce the expected effects and outcome. However, when the missing results are explained by 
implementation errors, the outcome is likely to be affected by external factors that can be fixed to achieve 
better results in a future implementation. For policy makers and ITS service developers it is essential to 
know whether it is the concept itself that fails or whether there are circumstances of the implementation 
that prevents the desired outcome to be achieved. Examples on how theory-based impact assessments 
have been beneficial in producing wider applicable knowledge even when the ITS service fails to work are 
reported in Lervåg (2016).   
 
Assessment of behavioural change is a key activity in ITS evaluations, as the long-term impact of ITS 
services generally presuppose some change in traffic behaviour, e.g. in driver performance, trip demand 
or modal choice. The lack of a sufficient program theory in experimental models exposes the risk of 
overestimation of behaviour change, as the underlying assumptions are not sufficiently addressed. As 
stated by Kaplan & Garrett (2005), the assumption that people will change their behaviour or habits 
because of the introduction of a new type of technology without any further coaching or supplementary 
incentives, are particularly unreliable. The theory-based evaluation approach has the capacity to provide 
a realistic estimation of behaviour change through the development of the program theory: First, the 
logical framework includes the contextual factors that moderate the intentional effects of the ITS service 
(e.g. behavioural adaptation, user acceptance and market penetration) in terms of constraints and 
success factors. Second, the program theory is established based on relevant social behavioural theories 
that explain the triggers for behavioural change (e.g. theories of reasoned action by Fishbein and Ajzen 
(2010)).  
 
Conclusions 
Technological innovations hold a potential to change the way transport is performed, giving rise to 
previously unknown possibilities, but also new challenges. To obtain beneficial impacts for users and 
society, policy makers are in urgent need of knowledge to increase the understanding on how automated 
and connected transport services should be developed and implemented. Research and evaluations 
within the transport sector commonly follow a method-driven tradition with the scientific experimental 
model being the norm for assessing benefits and impacts. However, impact assessments of connected 
and automated transport services has proven to be challenging, as the prevailing methodological basis is 
developed for and adapted to conventional road and traffic measures. Prerequisites for use of the 
traditional experimental model and cost-benefit analyses are rarely fulfilled when it comes to highly 
innovative and complex systems, facing methodological challenges related to limited empirical evidence, 
complex causal mechanisms, baseline issues and contextual influence among other factors. The 
emerging field of ITS seems to be premature for evidence-based research within the experimental 
evaluation framework, due to the lack of empirical knowledge on impacts and causal mechanisms. In 
addition, the underlying research question of the experimental approach ("does the intervention work or 
not – yes or no") seems to be less relevant in a transport system where ITS is already an integrated and 
essential part. Rather, there is a question of how, when, and under what circumstances the connected 
and automated services will generate the most beneficial effects. To address these challenges, there is a 
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need to consider multiple types of evidence validity and stress the importance of methodological 
pluralism.  
 
The introduction of a theory-based evaluation approach is suggested to be beneficial in impact 
assessment of connected and automated transport services, as it has proven to generate applicable 
knowledge as a basis for policy decisions on future development and deployment, also in situations 
where the experimental model fails to provide evidence. The strengths of this approach include the 
assessment of causal effects that produce knowledge on why the ITS service works or not, and what 
parts of the implementation and contextual factors that contribute to the observed effects. Furthermore, it 
has a formative capacity to include the incremental improvements throughout the ITS service life cycle, 
contributing to efficient use of development and implementation resources. An additional advantage is the 
practicality and methodological flexibility, which leverage the data samples and research material by 
combining theory-based and experimental analyses. Based on a few case studies and available research 
literature, the theory-based methods are suggested to make a valuable supplement to conventional 
designs when the purpose of the evaluation is to generate knowledge in a formative learning perspective 
and in complex evaluations with limited empirical evidence on causal relationships and impacts.    
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