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Short Communication 

Road-safety-II: Opportunities and barriers for an enhanced road 
safety vision 

Eleonora Papadimitriou *, Amir Pooyan Afghari, Dimitrios Tselentis, Pieter van Gelder 
Delft University of Technology, Faculty of Technology, Policy & Management, Section Safety & Security Science, Jaffalaan 5, 2628 BX Delft, the Netherlands   
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A B S T R A C T   

Road safety research is largely focused on prediction and prevention of technical, human or organisational 
failures that may result in critical conflicts or crashes. Indicators of traffic risk aim to capture the passage to 
unsafe states. However, research in other industries has shown that it is meaningful to analyse safety along the 
whole spectrum of behaviours. Knowing the causes and patterns of “successful” interactions, rather than failures, 
could give new insights on the complexity of the system and the adaptability and resilience of its users in 
handling the inherent risks. The concept is known as Safety-II and has been extensively explored in the aviation, 
healthcare and process engineering domains. In this paper, we explore a new Safety-II paradigm for road safety 
research. We briefly review Safety-II applications in other sectors. We then present a Safety-II model for road 
safety, by means of an inverse version of Hyden’s “safety pyramid”. Furthermore, we discuss a number of key 
road safety goals, theories, analysis methods and data sources and map them into a tentative taxonomy of Safety- 
I and Safety-II applications. It is concluded that there can be opportunities and benefits from adopting this new 
mindset, in order to complement existing approaches.   

1. Introduction 

Road safety research is largely focused on prevention of human error, 
as the primary cause of roadway crashes. In the Safe Systems approach, 
the shared responsibility between users, operators and authorities is 
aiming at prevention of failures or the correction or tolerance of errors. 
This has been expressed in a number of safety visions and management 
programmes, at the international or national level e.g. the EC Vision 
Zero (European Union, 2019) and the UN Sustainable Development 
target 3.6, the Dutch Sustainable Safety Vision (SWOV, 2018). 

In the recent years, a more proactive approach to road safety man-
agement is promoted. Instead of looking at historical crash data to 
identify crash causes and patterns, research is looking into critical events 
and near misses, through studying traffic conflicts (Arun et al. 2021). 
Driver assistance and dynamic traffic management systems are also 
aiming to learn from real-time data, in order to prevent errors and 
conflicts. Connected and automated vehicles vision to prevent and cor-
rect these errors and failures by removing the human component from 
the system, and optimizing the technical component (vehicle automa-
tion and connectivity, digital infrastructures, V2X communication etc.). 

The above examples are not exhaustive, however they are 

representative of what can be understood as an underpinning common 
rationale: the study of critical events is aiming to learn about the causes 
of incidents before they occur. This, however, may not present a com-
plete picture of the reality on the roads. First of all, humans learn from 
their mistakes, and therefore preventing failures and errors may deprive 
them of the required skills to adequately handle critical events should 
those failures and errors occur. For example, inexperienced drowsy 
drivers are less likely to anticipate traffic hazards, whereas more expe-
rienced drowsy drivers develop this hazard anticipation over time 
(Smith et al., 2009). In addition, road users can perform positive be-
haviours (or “successes”), which may reduce traffic risk, and are not 
necessarily the opposite of failures or errors. For example, electric 
scooters who give hand signals while turning, allow drivers to anticipate 
their movement and are less likely to be involved in potential conflicts 
(Uluk et al., 2020); yet, not giving a hand signal is not an error or a 
failure. 

At the same time, existing definitions of risk in road safety cannot 
fully reflect these characteristics of adaptive human behaviour, because 
they are focused on two states for safety, safe or unsafe. In this paper, we 
suggest a shift of mindset in road safety research, focusing not only on 
“what can go wrong”, but also on “how to keep things going right”. The 
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concept is not new; it has been popular in aviation safety, but also in 
broader safety related disciplines, such as process engineering, occu-
pational safety and healthcare –referred to as Safety-II. 

The objective of this research is to assess the potential for a Safety-II 
approach in road safety. We propose that road safety should not be seen 
as a dual state, but as a continuum along which road users could behave 
differently and develop mobility skills from safer parts of this continuum 
to deal with less safe parts. 

This paper starts with the presentation of the concept, and its char-
acteristics compared to the “traditional” approach – referred to as 
Safety-I (section 2). It summarizes relevant findings from other disci-
plines on the strengths and weaknesses of the concept (section 3). 
Finally, it proposes a set of context-specific applications and explores the 
potential opportunities and benefits from introducing it in road safety 
research (section 4). 

2. The Safety-II concept 

Safety-II was introduced in 2014 by Erik Hollnagel, as an alternative 
paradigm to managing safety in various domains (Hollnagel, 2014). 
While originally intended for the healthcare sector, it was quickly 
endorsed by the aviation industry and the chemical industry. Hollnagel 
et al. (2015) define the goal of Safety-II as “how to keep things going 
right”, as opposed to focusing on “what can go wrong” (Safety-I). 
Traditionally, Safety-I management is looking into human, technical and 
organisational factors that cause accidents, by investigating previous 
events, analysing historical data and decomposing the system into 
components, on which failures can be attached. The main goal is to 
either eliminate failures, or keep their number “as low as reasonably 
practicable” (Hollnagel, 2014). 

In this context, humans are considered the main cause of accidents, 
however it has been argued that this is a no longer meaningful focus: 
first, the mechanisms of human ‘failures’ are far more complex than that 
of technical failures. Second, systems are becoming increasingly com-
plex and therefore harder to decompose. In most modern systems, 
humans engage in a complex interaction with infrastructure, technol-
ogy, environment, other humans etc., while following existing regula-
tions, rules and norms that govern the system. Therefore, the Safety-II 
approach emerged from the need to understand safety in complex socio- 
technical systems. 

Safety-II is further based on the principle that, in most systems, 
failures are from extremely rare to occasional, whereas successes are 
abundant. Therefore, not only there are learnings to be uptaken by the 
successful system operation, but also the variability in the system 
operation can be exploited to ensure safety, rather than be discarded. 

It is thereby stressed that “successes” are based on the skills, flexi-
bility and adjustment potential of humans in the increasingly variable 
conditions that are experienced in routine operations (Sujan et al., 
2017), and less so to the pertinence of rules and regulations or the 
compliance of humans to them. Hollnagel et al. (2015) note that safety 
management is often made under the assumption of operations taking 
place in an ideal or “work-as-imagined” mode, and largely ignoring the 
value of studying the “work-as-done”, particularly in terms of successes 
in daily practice. Martinetti et al. (2019) note that, as a consequence, the 
aim of Safety-I is to standardise safety rules and procedures, while 
Safety-II aims to learn from anomalies and deviations in a visioning 
towards evolving rules and procedures. 

The idea is directly linked to resilience engineering, which assumes 
that both positive and adverse outcomes are based on the daily perfor-
mance adjustments of human operators. Quoting Shorrock and Licu 
(2014), “we need to understand the variability that we need and want, and 
the variability that we do not want”. As a result of this rationale, safety is 
seen as a continuum entailing the wide variability of system perfor-
mance. Provan et al. (2020) underline that Safety-I is based on the no-
tions of control and ‘centralised’ safety management, while Safety-II 
deviates from that model towards adaptive and decentralised safety 

management. 
Finally, it should be underlined that Safety-I and Safety-II concepts 

are considered complementary by most researchers (e.g. Ham, 2021); 
both are valuable in specific contexts and can give useful insights. It is 
argued however that Safety-II should be used when the system’s vari-
ability of conditions exceeds a certain threshold, because it is found that 
humans exhibit the highest resilience and adaptability (Kubo & Naka-
nishi, 2019). 

3. Experiences from Safety-II applications in various domains 

A literature search was carried out in Scopus with the search term 
“Safety II” (in abstract, title, keywords). The search returned 235 ‘hits’, 
and the items were screened for relevance on the basis of the title and the 
abstract. Given that the experiences from the aviation sector were under- 
represented in the scientific literature, several additional sources (re-
ports, communication briefs and other informal publications) were 
retrieved by means of a web search on Safety-II in aviation. Moreover, 
certain road safety studies may have taken a Safety-II approach without 
using the term as such, therefore an additional search was made by 
means of broader terms such as “optimal driving”, “white spots OR zero- 
fatality-roads” etc. Taking into account accessibility and relevance of 
full texts, eventually, 39 articles were selected, which can be broadly 
categorized as follows: 17 from the transport sector, 7 from the chemical 
industry, construction etc., 14 from the health & occupational safety 
sector, and 4 of a general scope on Safety-II. 

A detailed review of these studies is beyond the scope of this short 
communication. We hereby summarise the main insights from the ex-
periences in other domains, as follows: In several cases, individual and 
technical factors tend to be approached with Safety-I, while organisa-
tional and safety culture factors are more often understood as Safety-II, 
e.g. in Qiao et al. (2021), Wang et al. (2020). Nævestad et al. (2021) 
reviewed safety culture factors in the transport and pertroleum in-
dustries and underline the potential for positive contribution of the 
human element, as well as for more flexible regulatory and organisa-
tional models, in enhancing safety culture. 

Safety-II methods used to identify and feed-forward what went 
wrong and what went well in various operations include questionnaire 
surveys (e.g. Wang et al., 2020), focus groups (e.g. Wahl et al., 2020), 
and in-depth interviews (e.g. Saward & Stanton, 2018, McCarthy, 2020); 
these were found to enable the sharing of knowledge and learning-by- 
doing experiences in several domains, including maritime and avia-
tion. The use of empirical observations or simulator experiment data is 
also used in some studies to monitor the operator behaviour. Intelligent 
applications for operator monitoring and their integration with training 
material have also been used to identify positive behaviours, e.g. in Qiao 
et al. (2021) in maritime. 

Formal methods to detect anomalies in Safety-II mostly studies 
include qualitative and descriptive methods, such as the FRAM (func-
tional reasonance analysis method) (Danial et al. (2021); semi- 
quantative and quantitative methods may include clustering tech-
niques to identify performance patterns (e.g. Patriarca et al. (2017), or 
regression trees to identify both failures and successes e.g. (Ham & Park, 
2020). The lack of concrete quantitative applications is one of the main 
criticisms received by Safety-II e.g. in Cooper (2020) regarding occu-
pational safety. 

Researchers underline that the digitalization of transport operations 
and the abundance of Big Data and related analytics tools provide new 
opportunities to apply the Safety-II idea specifically in transport e.g. 
Walker (2017) for aviation, Parkinson and Bamford (2016) for railways. 
However, new metrics to measure the number of “successes” and posi-
tive outcomes need to be explicitly identified in each domain. 

In road safety, there has been a small number of studies that have 
taken a Safety-II perspective, without explicitly using the term. For 
instance, from the road infrastructure perspective, the European Road 
Federation (ERF) White Roads project (https://erf. 
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be/projects/white-roads/) analysed road sections of Trans-European 
Road Networks with zero fatalities over the last 5 years, followed by a 
similar study on Spanish motorways (de la Peña-González & Zaragoza- 
Ramírez, 2015). 

A limited number of studies has also taken a Safety-II approach from 
a driver behaviour perspective. Shinar et al. (2001) studied the associ-
ations between demographic characteristics and safe driving behaviours 
regarding seat belt use, speeding and alcohol impairment while driving. 
Safe driving behaviour characteristics such as safe distance and driving 
under the speed limit have also been studied in Mazureck & van Hattem 
(2006). Safe driver profiles have also been explored by Tselentis et al. 
(2019) in comparison to other more risky practices. 

Recently, safe driving behaviour recognition such as smooth steering 
manoeuvring has been researched as an approach to empower autono-
mous driving technologies (Farag, 2019). To this end, approaches were 
also developed to separate typical (safe) driving behaviour from 
anomalous (unsafe) ones (Tejada et al., 2020), in order to identify safe 
driving patterns from human behaviour and adopt them to improve the 
safety of autonomous vehicles. 

The above review showed that the application of Safety-II in road 
safety has not been explicitly examined so far. In the following sections, 
we demonstrate that the nature of road risk on the one hand, and the 
availability of data and tools on the other hand, make road safety a 
promising field to benefit from the Safety-II paradigm. 

4. A framework for Road-Safety-II 

4.1. Enhanced road safety goals 

In order to highlight the potential for Safety-II approaches in road 
safety, we use the pyramid of road safety outcomes (Hydén, 1987), 
which largely forms the basis of road safety research in the current state 
of the art (Fig. 1). This pyramid indicates that the actual crashes 
occurring are only the ‘tip of the iceberg’, and much more insights may 
be obtained by analysing the causes of serious incidents (near-misses) or 
slight incidents (conflicts). This is based on the assumption that in 
several – yet not all – contexts, conflicts correlate very well with crashes. 
At the bottom of this pyramid are the undisturbed interactions, which 
consist the vast majority of traffic movements in the system. 

We thereby suggest that a Safety-II approach would result from 
inversing Hyden’s pyramid, by considering near-misses and conflicts as 
successful operations that control or mitigate risk, rather than failures 
that increase risk (see Fig. 1). Moreover, Road-Safety-II would put strong 
focus on the large yet seldom explored ‘undisturbed interactions’ layer, 
by considering it as a manifestation of the management of the inherent 
risks of the traffic system during every day driving, rather than an area 
of uninteresting ‘noise’. Finally, the ‘undisturbed interactions’ layer 

would offer the potential of identifying and understanding conditions in 
which the road system and its users exhibit an optimal safe performance. 

In that sense, Safety-II can be considered to have two main research 
goals: (i) to learn from the whole spectrum of traffic behaviour, and (ii) 
to identify optimal safe traffic behaviour. 

4.1.1. Learning from the whole spectrum of traffic behaviour 
There may be significant benefits in learning from the flexibility and 

adaptability of traffic participants in keeping the system safe. Road rules 
and regulations are primarily established to reduce the number of con-
flicts. However, a paradoxical consequence of this low number of con-
flicts – referred to as “the paradox of safety and risk” (James, 1980) – is 
that road users are less exposed to risky manoeuvres and therefore, they 
may not develop safe human driving patterns with the required skills to 
handle these manoeuvers. Alternatively, road users may acquire such 
skills if they are exposed (in an unharmful way such as via simulators or 
virtual reality) to a chaotic environment over and over. Moreover, it is 
often the case that experimental road safety evaluations result in non- 
significant effects of measures over time, because (among other 
things) road users tend to adapt their behaviour to the introduction of 
measures, therefore “measures tend to erode as they become more 
commonly used” (quoting Elvik, 2021). 

In addition, not all types of road users’ behaviours are negative and 
risky. Drivers who timely adhere to advisory speed limit on highway 
ramps are less likely to be involved in certain types of crashes (Lee and 
Abdel-Aty, 2009). Pedestrians who let a speeding car pass, even if they 
have priority, are less likely to be involved in risky events. None of these 
two behaviours’ ‘opposite’ would be seen as a failure or an error that 
could be prevented by discouragement. These behaviours are simply 
successes or positive behaviours that could be encouraged among road 
users once identified. 

Positive behaviours may also be used to further improve the safety of 
autonomous driving technologies (Farag, 2019, Tejada et al., 2020)). It 
is shown that it is feasible to teach entire driving tasks such as lane and 
road following using advanced technologies and sophisticated meth-
odologies. Another example is newer motor insurance industry concepts 
such as the Pay-How-You-Drive (PAYD) scheme, which are considering 
both risky and safe driving characteristics to ‘score’ drivers and adjust 
their insurance premiums (Tselentis et al., 2017). 

The current Safety-I road safety mindset also considers a linear one- 
way effect of external factors on risk; it is assumed that by removing a 
risk factor, the level of risk decreases as much as it would increase when 
that risk factor is present, while in reality interactions may be much 
more complex. For example, while mobile phone distraction is associ-
ated with increased risk, distracted drivers tend to reduce their speed, 
increase their headway, or scan their environment more often as a result 
of risk-compensating behaviour (Oviedo-Trespalacios et al., 2020). This 

Fig. 1. Road-Safety-I and Road-Safety-II models.  
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is in line with the risk homeostasis theory, which proposes that, for any 
activity, people accept a particular level of subjectively evaluated risk to 
their health and safety in order to gain from a range of benefits associ-
ated with that activity (Wilde, 1982). Moreover, while automated ve-
hicles may increase safety on the roads by detecting pedestrians in 
advance of most fatal collisions (Combs et al., 2019), fully automated 
vehicles will be risk-averse and thus pedestrians will be able to behave 
with impunity when interacting with these vehicles, due to the secure 
knowledge that they will yield (Afghari et al, 2021). 

Hauer (2021) demonstrates the biases that can arise in crash 
causation investigations when only the presence of certain factors, and 
not also the absence of certain others, is taken into account; the author 
argues that road user behaviour should not be compared to a certain 
norm or expectation, but to a more sensitive and context-specific 
framework that will be highly variable. 

These complexities exist in the effects of engineering design on risk 
too, because design promotes human behaviour. Therefore, infrastruc-
ture and vehicle safety factors can also be better understood through the 
observation of human behaviour in all contexts, and not only in critical 
situations. For example, there are mixed findings about the effects of 
horizontal curves on the likelihood of motor vehicle crashes; some 
studies have found that sharper radius increases this likelihood (Gee-
dipally et al., 2019) whereas other studies have found an opposite effect 
(Schneider et al., 2010). The unobserved heterogeneity in the behaviour 
of road users amplifies the complexity of such interaction between risk 
and its contributing factors. In addition, the pattern of behaviours may 
change across time due to changes in external factors over time (Man-
nering, 2018). While many advanced methodologies have been intro-
duced to capture such a between-individual heterogeneity (Mannering 
et al., 2016), their aim has been to predict more accurately the occur-
rence of risk, while the possibilities to study and disentangle this het-
erogeneity itself as a source of knowledge has received little attention. 

4.1.2. Identifying optimal safe behaviour 
The tip of the Safety-II inverse iceberg is the observation of optimal 

safe behaviour. From a conceptual viewpoint, “optimal driving” can be 
defined as the limitation or minimization of those driving behavioural 
characteristics that increase road risk. It should be understood as 
different from an “excellent” or “perfect” behaviour, because the latter 
cannot be consistently achieved by human road users; because of the 
increased complexity and variability of driving conditions, human 
drivers are mostly able to “optimise” their behaviour under their mul-
tiple objectives and system constraints. 

The question of optimal driving has been the focus on several studies 
on automated vehicles safety, in which two broad approaches have been 
examined (Papadimitriou et al., 2022): (i) a data-driven approach, in 
which machine learning is used to identify driving patterns associated 
with low risk on the basis of naturalistic driving data, vs. (ii) an expert- 
based approach, resulting from knowledge, experience and consensus of 
experts. For Road-Safety-II, the first option would be preferable, so that 
the identification of optimal driving is a distinct task within the analysis 
of the whole spectrum of behaviour. 

Such a data-driven approach would use the common metrics of 
driver safety performance, e.g. speeding, lateral position, headway, the 
number of harsh events (i.e. acceleration, braking and cornering), mo-
bile phone use. For example, a risky driver is one for whom we observe a 
higher number of harsh accelerations or speed limit violations and 
therefore a driver who performs significantly less such events is closer to 
“optimal driving” (Tselentis et al., 2019). 

From an analytics perspective, the outlier behaviours, both safe and 
risky, can be detected by observing the tails of the distributions of these 
driving metrics. This is a common Safety-II hypothesis adopted by 
Hollnagel et al. (2015), assuming that, while one tail corresponds to 
‘things that go wrong’, the other one indicates “positive surprises” 
resulting from timeliness, excellence or innovation. The detection of 
these positive outliers of driving behaviour could lead to the 

identification of a new threshold for a certain metric, and therefore to 
the definition of an optimal driving benchmark. 

Of course, this benchmark will differ depending on the road type, the 
weather conditions, the drivers’ sample characteristics (e.g. country, age 
distribution). Therefore, this bottom-up exercise should be performed 
for various scenarios, and for several combinations of driving metrics, 
not limited to those mentioned above. Recent studies in this direction (e. 
g. Tejada et al., 2020) suggest a multivariate characterization of safe 
driving, taking into account both proximity metrics and kinematic var-
iables. There may be additional context-specific variables, as well as 
qualitative information that could be added in this respect. Moreover, 
not all distributions will have two tails, and therefore the shape for each 
behavioural aspect examined is itself a first step to understanding how 
and whether optimal driving can be defined. 

4.2. Taxonomy of Road-Safety-I and Road-Safety-II 

A tentative classification of the features of the two models is shown 
in Table 1. Particular focus is put on the pertinence and relevance of 
basic road safety theories, methodologies and data sources. Regarding 
the theories, the Poisson-theorem or the Extreme Value theory for 
modelling rare events have long been the foundations of predicting 
crashes and other undesirable incidents in the traffic system (e.g. 
Papadimitriou et al., 2013; Songchitruksa & Tarko, 2006; Afghari et al., 
2018). These models aim to quantify exceedance probabilities of 
thresholds or boundaries of a “safe envelope”, such as the operation 
boundary, the controllable boundary, the viable boundary (Fig. 2), each 
one of them indicating a deviation from normal operations. For example, 
the recent i-Dreams naturalistic driving study is developing a ‘safety 
tolerance zone’ concept with 3 phases (normal driving, danger phase 
and avoidable crash phase) (Michelaraki et al., 2022). 

Table 1 
Taxonomy of Safety-I and Safety-II objectives and methods for road safety.   

Safety-I Safety-II 

Objectives Reactive/Proactive Proactive 
Prevent failures/errors Maintain “safe” status 

Detection of anomalies and deviations 
Learn from past accidents Learn from (successful) everyday 

operations 
Identify causes (linear 
causality) 

Understand complexity 

Common 
assumptions 

Causes are linearly related to 
impacts 

Causes and impacts can be 
related in diverse context- 
specific ways 

Conflicts and near-misses 
are pre-cursors of crashes 

Conflicts and near-misses are 
positive outcomes 

Relevant 
theories 

Theory of planned 
behaviour 

Risk compensation, behavioural 
adaptation  

Rare events/Poisson 
statistics   
Rare events/Extreme value 
theory  

Common 
methods 

Crash Prediction Models  
Crash severity models  

Discrete choice (outcome) models 
Structural Equation Models (SEM) 
Bayesian probabilistic modelling 

Artificial Intelligence/Machine Learning 
Data Crash statistics  

Attitudinal/behavioural data 
Traffic conflicts & SMoS (simulation, naturalistic & observational 

studies) 
Big data, crowdsourcing 

Outputs Definition of unacceptable 
risk level 

Definition of desirable risk level 

Crash prediction Identification of optimal driving 
Driver error prediction and 
mitigation 

Driver education, information 
and alert 

Standardization of measures Learnings and evolution of 
measures  
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At the same time, human factors based theories, e.g. the theory of 
planned behaviour (e.g. Parker et al., 1992) or Fuller’s task capability 
model (Fuller, 2000) are similarly oriented towards the understanding 
of causes of errors and failures. On the other hand, the theories of risk 
compensation or behavioural adaptation (Summala, 1997), that are 
applied in risk moderation hypotheses, are very suitable in a Safety-II 
context as they reflect a “keeping the system safe” approach. 

As regards methods and data, earlier road safety research was based 
on crash statistics (historical data). In the last decades, traffic conflicts 
and surrogate measures of safety (SMoS) were adopted as the basis of 
more proactive risk assessment (Arun et al., 2021). The relevant data 
come from driving simulator studies or other experimental setups, as 
well as from naturalistic driving studies. Moreover, a wealth of data are 
available from in to vehicle sensors, road user portable devices or 
wearables, and other Big Data that are collected by various service 
providers (Stylianou et al., 2019). 

While this data cover the ‘undisturbed interactions’ system states, 
they are mostly used for crash risk prediction, investigation of the 
relationship between traffic flow and safety, and ADAS (Advanced 
Driver Assistance Systems) development. For instance, most in-vehicle 
systems constantly monitor the vehicle/driver, but are designed to 
generate risk alerts and the data provided by these devices are typically 
event-based. As Walker (2017) points out, the introduction of Flight 
Data Recorders (FDR) in aviation led to an abundance of data on suc-
cessful handling of critical operations, while the emergence of AI and big 
data analytics shed new light to the determinants of safety in aviation. 
Given the recent developments in road safety data availability through 
vehicle, user or infrastructure sensors, the road sector can test similar 
safety scenarios. 

Table 1 is certainly not exhaustive on road safety methods, theories 
and data; it includes a number of common and representative features of 
road safety research in order to demonstrate the main particularities and 
potential synergies of the two models. Overall, it can be said that, while 
Road-Safety-I and Road-Safety-II differ in terms of objectives, main as-
sumptions and final outputs, they can be both tested and implemented 
by means of the same data sources and quantitative techniques. 

For instance, Extreme Value theory and discrete choice models can 
be used to predict optimal vehicle headways, instead of critical ones, and 
test whether the determinants and their effects are similar in sign and 
magnitude. Structural equation models are also pertinent for Safety-II 
analyses, by aiming to model the complex interactions of road, vehicle 
and individual constructs within the ‘undisturbed interactions’ layer. 
Big Data on driving behaviour can be analysed with ML techniques, for 
profiling the whole population of drivers and identifying behavioural 
patterns among them, with the aim of identifying compensation mech-
anisms, driver adaptability and other resilience patterns. 

4.3. Opportunities and barriers 

There are several opportunities from developing Safety-II research 
applications in road safety. First of all, the analysis of the state of the art 
shows that there is a large number of suitable and promising existing 
data sources and methods to support Road-Safety-II; further research 
and specific applications can be implemented rather directly, by means 
of a shift of focus in the objectives. 

Second, the Safety-II approach has the potential to tackle different 
types of urgent road safety problems. On the one hand, in most indus-
trialised countries there is a stagnation in road fatalities, and a more 
complete understanding of the complexity of the system is needed. On 
the other hand, the number of fatalities in low-to-middle-income 
countries remains unacceptable, while the traffic and behavioural pat-
terns in these settings have not been explored in-depth. In both cases, 
Safety-II can reveal new traffic interaction mechanisms that are hidden 
in the broad “undisturbed interactions” or “slight conflicts” layers of the 
pyramid and enhance our knowledge on the capabilities and limitations 
of traffic participants. 

Third, the Safety-II goals can assist in the development of more 
trustworthy road safety technology applications, e.g. setting enhanced 
safety goals for ADAS, developing new AI algorithms for automated 
driving, that are more human-mimic and thus more predictable. 

At the same time, there are a number of technical and organisational 
barriers that need to be addressed. The Safety-II approach was initially 
developed for very rare safety incidents and accidents that concern a 
specific task or operation – this may be more relevant to industrial, 
aviation and maritime accidents, as well as in healthcare. It has been 
mostly tested in operations involving trained professionals. Road driving 
involves an infinite number of (often simultaneous) tasks in a dynamic 
environment with very small time scales. Moreover, ‘everybody’ is a 
driver, while the road safety sector is relatively loosely regulated 
compared to the other domains. However, the availability of data and 
methods enabling the testing of Safety-II application can ensure an 
efficient testing in the road safety domain. 

5. Conclusions 

This paper makes an exploratory analysis of the potential of Safety-II 
approach in road safety, and proposes a conceptual model, and a set of 
research goals, methods and data from the current state of the art for its 
testing and pilot implementation. In the next steps of this research, we 
will test the proposed road safety goals with actual data in order to 
explore the added value of the concept in concrete road safety issues. 

Our study has some limitations, and further research is needed to 
reveal the full potential of a Road-Safety-II model. The much more 

Fig. 2. The use of multiple boundaries in a “safe envelope”.  
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extensive experiences of the application of the concept in the healthcare 
and occupational safety domains need to be reviewed, as this was out of 
the scope of the present paper. Moreover, a broader consultation is 
needed to identify additional road safety theories, models and data 
sources that have the potential to be exploited for Safety-II analyses. 

In this paper we demonstrate that focusing solely on risk identifi-
cation is not sufficient. The identification of good practice in preventing 
or mitigating traffic risk needs to be complemented with the identifi-
cation of good practice in keeping the traffic system safe, through the 
analysis of drivers’ experience, adaptability and resilience in handling 
traffic interactions and recovering from deviations. This will lead to a 
much more complete and clear depiction of ‘how the system works’ in all 
its complexity. It will also broaden the research on safety culture, by 
explicitly identifying the aspects that need to be more strongly 
‘defended’. 

The road safety visions can be similarly enhanced. The Safety-II 
approach can provide new insights on the factors that contribute to 
safe behaviours and the road users’ practices in staying safe in traffic, 
and allow to identify new ideas and areas of intervention for halving 
traffic fatalities by 2030 (European Commission, 2019). Given the ur-
gency in addressing the ongoing road safety ‘pandemic’, Safety-II seems 
a promising and meaningful new research direction, in order to com-
plement and strengthen the important existing efforts in the field. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgment 

This work has been partially funded by the European Union’s Hori-
zon 2020 research and innovation programme under the Marie Skło-
dowska-Curie grant agreement No. 101027222. 

References 

Afghari, A.P., Washington, S., Haque, M.M., Li, Z., 2018. A comprehensive joint 
econometric model of motor vehicle crashes arising from multiple sources of risk. 
Analyt. Methods Accid. Res. 18, 1–14. 

Afghari, A.P., Papadimitriou, E., Li, X., Kaye, S.-A., Oviedo-Trespalacios, O., 2021. How 
much should a pedestrian be fined for intentionally blocking a fully automated 
vehicle? A random parameters beta hurdle model with heterogeneity in the variance 
of the beta distribution. Analyt. Methods Accid. Res. 32 (2021), 100186. 

Arun, A., Haque, M.M., Bhaskar, A., Washington, S., Sayed, T., 2021. A systematic 
mapping review of surrogate safety assessment using traffic conflict techniques. 
Accid. Anal. Prevent. 153, 106016. 

Combs, T.S., Sandt, L.S., Clamann, M.P., McDonald, N.C., 2019. Automated vehicles and 
pedestrian safety: exploring the promise and limits of pedestrian detection. Am. J. 
Prev. Med. 56 (1), 1–7. 

Cooper M.D. (2020). The Emperor has no clothes: A critique of Safety-II. Article In Press, 
Corrected Proof, Safety Science 105047. 

Danial, S.N., Smith, D., Veitch, B., 2021. A method to detect anomalies in complex socio- 
technical operations using structural similarity. J. Mar. Sci. Eng. 9, 212. 
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