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ABSTRACT

To support drivers in the future to be fit to drive a system that assess the physical, cog-
nitive, and psychological Fitness-to-Drive of commercial drivers have been developed.
In cases of impairment, a complementary cloud-based countermeasures and coach-
ing tool deploy appropriate solutions targeting drivers, operators, and enforcement.
The work to identify the use cases and relevant functions were done in the EU funded
project PANACEA (Grant Agreement: 953426). To understand what such a “system
of system” brings, an evaluation framework incorporating components from several
previous frameworks was developed. The framework sets the plan for data collec-
tion, analysis, and reporting and is expected to be used in all studies included in the
PANACEA project to achieve effective and systematic data collection to provide a solid
evidence base for assessment of progress and impact over time. The new evaluation
framework was developed by reviewing and combining components from commonly
used frameworks in both the automotive and clinical research field, using the FESTA
framework as the foundation.
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INTRODUCTION

Commercial drivers have a challenging work environment and often report
being fatigued or stressed while driving (Filtness, Anund et al., 2019). Key
considerations are the impact of shift work, task related fatigue, and impair-
ment due to alcohol or drug use. The PANACEA project aims to create a
holistic pre-, during and roadside driving ability monitoring and assessment
system i.e. ‘Commercial Health Toolkits’ (CHT). The system will assess the
physical, cognitive, and psychological Fitness-to-Drive of commercial drivers.
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In cases of impairment, a complementary cloud-based countermeasures and
coaching tool will deploy appropriate solutions targeting drivers, operators,
and enforcement. It is intended that the PANACEA system will detect fitness-
to-drive prior to starting work and during the work shift. In addition, it will
prepare drivers ahead of their future shifts. To enable a systematic evaluation
of the PANACEA system in various commercial driver groups, an evaluation
framework was developed.

Commonly used frameworks from different fields were reviewed. Previous
reviews of evaluation frameworks have concluded that there is an abundance
of frameworks available but no single framework that covers all aspects of
evaluation (Fynn, Hardeman et al., 2020, Newman-Askins, Ferreira et al.,
2003, Yusof, Kuljis et al., 2008). Several transportation system evaluation
frameworks exist, but these mostly focus on evaluation of the societal impact
and economic benefits (He, Zeng et al., 2010, Newman-Askins, Ferreira et al.,
2003) or environmental impact (Jansuwan, Liu et al., 2021).

The PANACEA project has its starting point in the project objectives,
which are a combination of technology development, technology evaluation,
knowledge creation, and impact assessment objectives. The development
itself has it starting point in identified use cases. The framework needs to be
flexible enough to allow for a range of different study designs. Moreover, the
development of the PANACEA system follows an iterative development pro-
cess, where the results of initial data collections are to be fed back to refine
the PANACEA solutions. Lastly, the framework needs to cover the evalu-
ation of the final PANACEA system, including the technical performance,
usefulness and operability, user experiences, safety, socioeconomic impact
etc. The purpose of the PANACEA evaluation framework is to create a com-
mon framework to be used in all studies in the project to make sure the data
are collected in a way that makes it possible to consolidate the results at the
end and to provide what is needed for impact analysis.

METHODS

Six frameworks were selected for a review. This was not intended as a sys-
tematic review of frameworks, rather a comparison of a few commonly
used frameworks from different fields. The objective was not to identify and
adopt the optimal model for integration into PANACEA; rather, it was to
derive inspiration from preceding research in order to establish a customized
framework tailored specifically for PANACEA.

The frameworks chosen for review were the transportation related
frameworks FESTA, Trilateral Impact Assessment Framework and System
Dynamic modelling, the more general Rainbow framework, and the health-
care related initiatives STROBE and CONSORT and the Framework for
Program Evaluation in public health.

The selection of the six frameworks for review was a decision aimed at
incorporating expertise and insights from multiple sectors. This approach
guarantees that the PANACEA framework is both thorough and flexible,
designed to accommodate the specific characteristics and requirements of
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various fields. The framework was then used for the planning of data collec-
tions within the PANACEA project as described in project deliverable D6.1:
Evaluation framework, plans and material (Sjors Dahlman, Anund et al.,
2022).

FESTA

The methodology was developed for Field Operational Tests (FOTs) by
the European union funded project FESTA (Field opErational teSt supporT
Action). The FESTA project developed a handbook on FOT methodology to
improve comparability and significance of results at national and European
levels (Barnard, Innamaa et al., 2016). A FOT is here defined as a study under-
taken to evaluate a function, or functions, under normal operating conditions
in road traffic environments typically encountered by the participants to iden-
tify real world effects and benefits. FOTs were introduced as an evaluation
method for driver support systems and functions with the aim of proving that
such systems can deliver real-world benefits. Although the FESTA method-
ology and handbook was originally developed for FOTs, its basic steps are
applicable for a wide range of field and user tests.

Figure 1 shows the FESTA V-diagram, i.e. the steps that are followed dur-
ing the evaluation. The blue boxes represent the sequential steps to follow
and the grey arrows show how to work through these steps from preparing
the study, to using the prepared material during data acquisition and finally
analysing the collected data.

The starting point in the FESTA is the function or system that will be eval-
uated. This can be an Advanced Driver Assistance System (ADAS) that has
already passed the basic verification but now will be evaluated in an opera-
tional environment. In FESTA it is reccommended that the system is compared
with a baseline condition (i.e., driving without the system).
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Figure 1: FESTA V-diagram (Barnard, Innamaa et al., 2016).
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Trilateral Impact Assessment Framework for Automation in Road
Transportation

The trilateral Impact Assessment Framework for Automation in Road Trans-
portation was developed in cooperation between EU, US and Japan (Innamaa,
Smith et al., 2018). The purpose was to harmonize the impact assessments
performed in the field of automated driving, across the three regions (EC, US
and Japan). The framework does not give detailed methodological recom-
mendations, but it aims to facilitate meta-analysis across different studies.
Therefore, the focus is on providing recommendations on how to describe
the impact assessment study in a way that the user of the results under-
stands what was evaluated and under which conditions. The framework
is partly based on the FESTA framework. It is a high-level framework and
includes recommendations and advice on; classification of evaluated sys-
tem/service, common vocabulary, direct and indirect impacts in 12 impact
areas, impact mechanisms and paths, recommendations for experimental
procedures, recommendations for data sharing, and Key Performance Indi-
cator (KPI) repository. Although, this framework was based on FESTA, it
really focuses on impact assessment and automation, hence, only partially
fitting the evaluation objectives of the PANACEA project.

System Dynamic Modelling

As a continuation and refinement of the trilateral framework, EU-US-Japan
Trilateral Sub-Working Group for Impact Assessment, under the Trilateral
Working Group for Automation in Road Transportation, has begun to use
system dynamics to gain further insights into potential impacts (Rakoff,
Smith et al., 2020). They developed a general framework from which detailed
system dynamics models can be created for specific research questions. The
work is ongoing, and the goal is to develop a quantitative tool that can
help planners and policy-makers understand how highly automated vehicles
may fit within the transport system, and to begin to explore consequences
of potential actions under various scenarios. The attention is on AVs, but
to understand the wider context the framework identifies the major generic
roles within the transportation system and considers how they interact within
the context of both traditional and new modes. This framework works well
in identifying latent variables and complex interrelations, but it requires to
be fed with considerable amounts of data, the types usually collected in large
scale naturalistic and/ or field tests.

Rainbow Framework

The Rainbow framework developed by BetterEvaluation (betterevaluation
.org) describes the evaluation process in 34 different evaluation tasks,
grouped by 7 colour-coded clusters. The purpose is to make it easy to
choose and use appropriate methods, strategies or processes. It is a general
framework that can be used for various types of studies, including Random-
ized Controlled Trials (RCTs) and Outcome Mapping (OM). The planning
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tool can be used to: commission and manage an evaluation; plan an eval-
uation; check the quality of an ongoing evaluation; embed participation
thoughtfully in evaluation; develop evaluation capacity.

The clusters are named manage, define, frame, describe, understand causes,
synthesize, and report and support use. Within each cluster, several tasks are
listed and for each task a set of options are given. The framework provides
many details around the planning, conduction, and reporting of data collec-
tions. It also covers general project management aspects that are out of the
scope for the PANACEA evaluation framework. Moreover, the tasks in the
define cluster and parts of the frame cluster were performed already in the
application process and described in the grant agreement.

Framework for Program Evaluation in Public Health

The Framework for Program Evaluation in public health developed by the
Centers for Disease Control and Prevention (CDC) is a practical, nonpre-
scriptive tool, designed to summarize and organize essential elements of
program evaluation (Milstein and Wetterhall, 1999). The general aim is to
improve how program evaluations are conceived and conducted. The frame-
work emphasizes six connected steps that together can be a starting point
to tailor an evaluation for a particular effort, at a particular point in time.
Because the steps are all interdependent, they might be encountered in a non-
linear sequence; however, an order exists for fulfilling each step and earlier
steps provide the foundation for subsequent progress. The framework is pur-
posefully general and thus provides a guide for designing and conducting
evaluation projects across many different program areas.

CONSORT and STROBE Statements

In the field of clinical and epidemiological research, there have been several
initiatives to standardize the conduction and reporting of studies. Two of
them are the STrengthening the Reporting of OBservational studies in Epi-
demiology (STROBE) and the Consolidated Standards of Reporting Trials
(CONSORT) initiatives (Altman, Schulz et al., 2001, Von Elm, Altman et al.,
2007). Both provide a set of recommendations for the reporting of studies.
They offer a standard way for authors to prepare reports of study findings,
facilitating their complete and transparent reporting, and aiding their criti-
cal appraisal and interpretation. Checklists that focus on reporting how the
trial was designed, analysed, and interpreted are available for several types of
study designs, e.g., randomized controlled trials, case-control studies, cohort
studies, and cross-sectional studies. They emphasize the importance of trans-
parency in the reporting to enable critical judgement of the generalizability
and possible bias. These initiatives focus mainly on the reporting of research
and do not provide guidelines for the planning and implementation of data
collection. However, the checklists can also serve as guidelines of what to
consider in the planning of a study.

None of the reviewed frameworks provide a perfect fit for the type of
evaluation planned within the PANACEA project. Some of the reviewed
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frameworks are more suitable for research projects, driven by research ques-
tions, and other frameworks are suitable for innovation projects focusing on
evaluating a technical solution. As the PANACEA project is a research and
innovation action, it has a combined need and a starting point in specific use
cases.

A new evaluation framework was therefore developed by reviewing
and combining components from commonly used frameworks in both the
automotive and clinical research field. The FESTA methodology (Barnard,
Innamaa et al., 2016) was used as the foundation and the various steps in
the evaluation process were adapted to suit the purpose of the PANACEA
project.

RESULTS

The framework developed within the PANACEA project incorporates com-
ponents from several of the frameworks reviewed above. The development of
the PANACEA system is an iterative process where results from data collec-
tions are fed back to refine the system before the final evaluation (Figure 2).
Technical validation of the systems used in the data collections are performed
before the start of each data collection. The results of the validation are fed
back to the relevant activity responsible for the development or integration of
the technology. Any issues discovered are resolved before proceeding with the
evaluation process. Results from the initial data collections in simulator and
roadside pilots are utilized to refine the algorithms for the driver monitoring
and countermeasures tools.

lterafive development process

Technical
validation

Iterative Final Impact assessment
evaluation evaluation (WP7)

Figure 2: PANACEA iterative development process.

The PANACEA system validation and assessment pilots conduct valida-
tion tests to assess the readiness of the CHTs prior to the final evaluation of
the PANACEA system at three different pilot sites. Within each pilot site, the
aggregation of various technologies and devices connected to the PANACEA
system is designated as the Commercial Health Toolkit (CHT). This terminol-
ogy is chosen to highlight the toolkit’s applicability to commercial personnel,
such as coach drivers and delivery service riders, within the transportation
sector, underscoring its development to improve occupational health and
safety for these distinct professional categories. In contrast to the technical
validation, this validation focuses on the performance of the full PANACEA
system in operation, not the performance of individual sensors or parts. The
collected data was used to improve the technologies and their integration to
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CHTs and resolve any technology issues. Furthermore, the CHTs’ assessment
pilots were organised, monitored and executed, to provide data for the final
evaluation and impact assessment of the PANACEA system. Final evaluation
is about the realisation of the countermeasures’ pilots. The evaluation of both
the content and the actual online coaching system is performed at the three
pilot sites. The data collected was fed back, to further improve the system,
see Figure 2.

The various data collections in PANACEA, used for the iterative devel-
opment and for the final evaluation and impact assessment, will follow the
methodology of the framework. The PANACEA final evaluation process is
divided into three phases: planning, implementation, and analysis and report-
ing (Figure 3). Within each phase, there are several steps to follow in the
evaluation process. Each box represents a step to follow in the evaluation
process. The steps are described as sequential steps in a linear way, where
each step provides the necessary input for completion of the next step. The
evaluation framework has a mixed methods approach combining qualitative
and quantitative methods.

PANACEA evaluation framework

Planning

Implementation Analysis and reporting

Reporting Results Impact

Data analysis e
results consolidation assessment

Figure 3: PANACEA evaluation framework.

The steps of the PANACEA framework are used in the experimental
plans for the data collections in the project (Sjors Dahlman, Anund et al.,
2022). Each step becomes one chapter in the experimental plan, with a gen-
eral description and an overview of how this will be implemented in the
PANACEA project. In this way, various data collections can be harmonized
across project activities.

CONCLUSION

An evaluation framework incorporating components from several previous
frameworks was developed within the PANACEA project, setting the plan
for data collection, analysis, and reporting. The PANACEA framework is
used in all studies included in the project to achieve effective and systematic
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data collection to provide a solid evidence base for assessment of progress
and impact over time. The framework can be useful for similar research and
innovation projects.
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