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Preface 
The reported project was initiated 2007 by the Norwegian Public Roads Administration 
(Statens Vegvesen) by an order with a specification to perform research about older car 
drivers. The project focus is on one of total five ‘risk groups’ identified by the 
Norwegian Public Roads Administration. The other groups are: young car drivers (esp. 
young male drivers), motorcyclists, alcohol and drug users, and immigrants. 

The project about older car drivers was carried out in collaboration between VTI 
(Swedish National Road and Transport Research Institute) in Sweden and TØI (The 
Institute of Transport Economics) in Norway. Both research environments have exten-
sive experience about traffic safety research and have during many years accomplished 
research on older car drivers.  

A research team was put together and had regularly meetings and discussions on the 
topic area during the project. The responsibility for each part of the project was 
distributed as follows:  

Lena Levin, Ph.D. (VTI) – Project management and editor of the report.  

Per Henriksson, B.A. (VTI) – Accident analyses and tests of Swedish drivers. 

Selina Mårdh, Psychologist (VTI) – Literature review. 

Tania Dukic, Ph.D. (VTI) – Tests and analyses of Swedish car drivers. 

Fridulv Sagberg, Cand.Psychol. (TØI) – Tests and analyses of Norwegian car drivers. 
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Older car drivers in Norway and Sweden – studies of accident involvement, visual 
search behaviour, attention and hazard perception 

by Lena Levin, Tania Dukic, Per Henriksson, Selina Mårdh and Fridulv Sagberg∗ 
VTI (Swedish National and Transport Research Institute) 
SE-581 95  Linköping  Sweden 

 
Summary 
By investigations on risky situations in older people’s everyday travelling it is possible 
to minimize their suffering and death rates from road accidents. Older people will in the 
future, to a larger proportion than today have a driving license and access to a car, 
especially older women will be car drivers to a larger proportion than today and they 
will probably use their car as long as possible. At the same time, recent years’ accident 
figures have shown an increased risk in road traffic for older people. The patterns of 
accidents vary between different groups of older people and also between older drivers 
and drivers from other age groups.  

The present project identifies hazardous situations for older drivers and analyses older 
drivers’ accident involvement and visual behaviour in complex traffic situations. 
Typical and atypical older driver accidents are identified. Three main methods have 
been used: 1) a thorough accident analysis of police reported accidents in Norway, 2) a 
literature study on existing research on older drivers’ behaviour (i.e. cognitive aspects 
on car driving) and accident involvement, and 3) experimental studies comprising visual 
and perception tests accomplished in Norway and Sweden and a field study on the road, 
accomplished in Sweden.  

In the experimental study and in the field study it was found significantly more indivi-
dual differences among the older than among the younger drivers in the samples from 
Norway and Sweden. From in depth analyses of fatal crashes in Norway during the 
years 2005-2007 it was found that tiredness was the most often suspected cause of the 
accident among the group aged 35-55 years (28 %) and the second most often suspected 
cause in the group aged 75+ (19 %). Illness could be the cause of the accident twice as 
often among the older drivers (28 %) as in the younger control group (14 %). Concer-
ning suicide, the situation could be the reverse with more deliberate actions among the 
younger (11 %) compared to the older drivers (6 %).  

The definition of older people as a problem (e.g. risky car drivers), and as a homogene-
ous group based on chronological age, may obscure the differences between groups and 
individuals based on variations in health, gender, ethnicity, living or economy. There is 
nothing in the results that supports age based limitations for renewal of driving license 
for otherwise healthy older people. Instead the study strengthens arguments for further 
research and refining of methods for identifying hazardous behaviour in complex 
situations, i.e. testing of drivers in complex situations; behaviour due to temporary 
illness or tiredness; and in depth studies of drivers’ perspectives, experiences and 
strategies to avoid road accidents. Furthermore research on intelligent technical systems 
(e.g. information access, and recommended route and speed) plus other adaptive 
systems in the vehicles that support older car drivers, are suggested. Also, how the 
ageing drivers give priority to and afford new technological solutions.  

                                                 
∗ TØI, Norway 
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Äldre bilförare i Norge och Sverige – studier av olycksinblandning, visuellt 
sökbeteende, uppmärksamhet och riskmedvetande 

av Lena Levin, Tania Dukic, Per Henriksson, Selina Mårdh och Fridul Sagberg∗ 
VTI 
581 95  Linköping 

 
Sammanfattning 
Med grundliga analyser av riskfyllda situationer i äldre personers vardagliga resande 
kan man eliminera lidandet hos de äldre som riskerar skadas allvarligt och minska döds-
talen på grund av trafikolyckor. Fler äldre än idag kommer i framtiden att ha körkort 
och tillgång till bil, speciellt bland kvinnorna förväntas en ökning av körkortsinnehav i 
den äldre populationen och de kommer troligen att vilja köra bil så länge som möjligt. 
Samtidigt visar de senaste årens olycksstatistik en ökad risk för äldre personer att skadas 
allvarligt i samband med trafikolyckor. Men olycksmönstren varierar mellan olika 
grupper av äldre och också mellan äldre bilförare och bilförare från andra åldersgrupper. 

I det här projektet identifieras riskfyllda situationer för äldre bilförare och analyseras 
äldre förares olycksinblandning samt deras visuella beteende i komplexa trafiksitua-
tioner. Typiska och atypiska olyckor bland de äldre förarna identifieras. Projektet an-
vänder huvudsakligen tre metoder: 1) en grundlig analys av polisrapporterade trafik-
olyckor i Norge, 2) en litteraturstudie över tidigare forskning om äldre förares beteende 
(det vill säga kognitiva aspekter på bilkörning) och deras olycksinblandning, och 
3) experimentella studier i Norge och Sverige med test av visuellt beteende och percep-
tion samt en fältstudie med körning på väg som genomfördes i Sverige. I fältstudien och 
testerna ingick 100 försökspersoner i Norge och Sverige, varav 53 ”äldre” (65–81 år) 
och 47 ”yngre” (27–55 år). Samtliga försökspersoner var vana bilförare. 

I det här projektet framträder signifikant fler individuella skillnader i gruppen äldre 
bilförare än i gruppen yngre bilförare som ingår i fältstudien och de experimentella 
studierna i Norge och Sverige. Djupanalysen av allvarliga olyckor i Norge under åren 
2005–2007 visar att trötthet var den troligaste orsaken i åldersgruppen 35–55 år (28 %) 
och den näst mest troliga orsaken i den äldre åldersgruppen 75+ (19 %). Sjukdom kunde 
vara olycksorsaken dubbelt så ofta bland de äldre förarna (28 %) jämfört med den yngre 
kontrollgruppen (14 %). När det gäller självmord var situationen den omvända: fler 
självmord förekom bland den yngre förargruppen (11 %) jämfört med den äldre (6 %).  

Om man pekar ut äldre personer som problem (riskabla bilförare) och utifrån deras 
kronologiska ålder kategoriserar dem som en homogen grupp, reducerar man på ett 
olyckligt vis sådana skillnader mellan individer och grupper av individer som baseras på 
andra faktorer exempelvis hälsoaspekter, genus, etnisk härkomst, boende och ekono-
miska förutsättningar som inverkar på individers resande och deras tillgång till trafik-
säkra fordon och säkerhetsutrustning i fordonen. Det finns inget i resultaten i projektet 
som talar för en begränsning av bilkörning och körkortsinnehav för en viss åldersgrupp 
äldre personer. Resultaten pekar snarare på ett stort behov av forskning om individuella 
variationer och mer förfinade forskningsmetoder för att identifiera riskfyllda beteenden i 
komplexa situationer samt metoder som kan reducera antal förare med trötthet och sjuk-
dom som kan påverka körförmågan (dessa finns i alla åldersgrupper). Man bör vidareut-
veckla test av förare i komplexa situationer, fördjupa studierna av bilförares perception, 

                                                 
∗ TØI, Norge 
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deras erfarenheter och egna strategier för att undvika olyckor. Fortsatt forskning föreslås 
också omfatta utveckling av intelligenta tekniska system som kan vara stödjande för 
individen (till exempel informationsaccess och rekommendationer för väg och hastig-
het) plus andra adaptiva system i fordonen som stödjer äldre bilförare. Det finns också 
behov av studier av hur äldre bilförare prioriterar och använder stödsystemen samt hur 
stödjande säkerhetssystem kan göras mer tillgängliga för gruppen äldre bilförare. 
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1 Introduction 
The entire European population is ageing. According to demographic figures there will 
be several older people in the future. However, what the prognosis means for the 
Europeans still needs more research. One important issue both for societal and indivi-
dual reasons is older people’s mobility and security. This project deals with car driving 
and traffic safety for older people. Underlying questions concern for example, what sort 
of accidents older drivers have, older drivers’ hazard perception compared to that of 
younger drivers’, and older drivers vision and reacting time in complex traffic situa-
tions.  

Many of the older people today have a driving license and are driving later in life. The 
past 30 years there has been an increase in drivers who are 65 years or older and this 
increase is most markedly found amongst female drivers. This rise is also expected to 
continue (Hjorthol, 2003; Hjorthol & Nordbakke, 2008; Musselwhite & Haddad, 2008). 
The overall aim of this project is to increase understanding of an ageing population and 
its behaviour and needs as car drivers. 

 
Ageing in the Nordic countries 
Studies of older car drivers are motivated for several reasons. Demographics and 
societal values are important to consider but also individual values, such as independent 
living and mobility. 

Today 17–18 percent of the European population is 65 years and above. Figures from 
OECD (e.g. 2001 report Ageing and Transport) show that within 20–25 years about 
25 percent of the Europeans will be over 65 years old. In most industrialised countries 
(Western Europe, North America, Japan and Australia) the populations are relatively 
healthy and independent at old age. Older people today are more active and mobile than 
generations before, which may have effects on road safety. Also, statistics show that the 
prognoses are depending not only on birth rates and healthy living but on migration 
figures. Comparisons of prognoses show variations between cohorts within countries 
and between countries (Lundström, 2004), which means that the picture of the older 
road users may end up different in a couple of years. 

At the same time as Norway and Sweden have similar demographic profiles there are 
small variations between them. In the year of 2000 in Sweden 17.2 percentages of the 
population were aged 65 or more whereas 15.3 percentages of the Norwegian popula-
tion were aged 65 or more. According to the prognosis for the next 50 years the count-
ries will end up in 2050 with 27.4 percentages (Sweden) and 28.7 percentages (Norway) 
aged 65 or more (See Figure 1). The oldest part of the population (i.e. ages 80 or above) 
were for a few years ago prognosticated to increase from about 5 to over 10 percentages 
(See Figure 2) but recent population prognoses from Sweden and Norway forecast 
slightly different figures. The percentage of 80 year olds will not increase as fast as 
prognosticated in OECD (2001), and in both countries immigration can be the main 
influence (Brunborg, Texmon & Pettersen, 2008; Eriksson, Lundström & Skarman, 
2008).  
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Figure 1  Percentage of the population aged 65 or more in Norway and Sweden, 2000–
2050. (Source: OECD 2001.) 
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Figure 2  Percentage of the population aged 80 or more in Norway and Sweden, 
2000–2050. (Source: OECD 2001.) 
 

Not only demographics are important to consider in this case but also individual values 
such as independent living and mobility. The car is seen as one of the most important 
artefacts for the ageing people today (Hagberg, 2008; Hakamies-Blomqvist, Siren & 
Davidse, 2004; Spolander 2003). During their life course road traffic has developed and 
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the car has been the symbol of freedom, convenience and practical life. Furthermore, 
there is a discourse in society today about ageing and car driving which also influences 
the older drivers themselves (D'Ambrosio et al., 2007; Heikkinen, 2008). Older people 
for example, consider their own abilities and capacity as drivers in connection with e.g. 
mass media reports, political discourse and other publicly expressed opinions about car 
driving and old age. A recent Swedish study about technical artifacts and their impacts 
on every day life of older people shows that the car is highly valued. Moreover older 
people seem to regularly consider their capacity as car drivers and they talk about to 
cease driving as a coming problematic issue (e.g. Hagberg, 2008). 

 
Mobility versus security 
Previous research has noticed that older people’s freedom to influence the physical and 
social environment is dependent on mobility and experience of security within the 
community (Phillipson, 2007). Statistical prognoses of retired people in the future point 
out that the majority will differ from older people of today, e.g. they will be better 
educated, have higher income and better resources in general than older people a few 
years ago (e.g. see ECMT, 2002). Several older people will have a driving license and 
access to a car. Especially the older women will be car drivers to a larger proportion 
than today and they will probably use their car as long as possible (ECMT, 2002; 
OECD, 2001). At the same time older people without a car or other accessible transport 
will have much less freedom and could be excluded from social activities and services. 
Phillipson (2007) has brought to the fore questions about the quality of life for older 
people living in urban areas and he has pointed out sharp differentials among older 
people. Whereas some older citizens are able to make conscious decisions about where 
and with whom to live, others are relatively disempowered and feel marginalised and 
alienated by changes in the communities. 

Mobility related aspects are increasingly recognized as important dimensions of citizen-
ship. A report from the European Conference of Ministers of Transport (ECMT) fore-
casts that the industrialised countries will end up with two, sometimes overlapping, 
groups of older people: those unable to meet their mobility needs and unable to get 
access to adequate services and those who imperfectly meet their mobility needs in 
order to receive adequate services. 

The first group will include people with serious physical and emotional difficulties and those 
without access to a car or other modes of travel or the means to pay people to provide them 
with transportation. The second group may include many people who continue to drive to 
meet their needs, even though they are no longer competent drivers (ECMT, 2002: 7).  

The dichotomy of that forecast appears dramatic. During recent years analyses of 
accident figures have shown increased risk in road traffic for older drivers. However, 
the patterns of accidents vary between different groups of older people and also between 
older drivers and drivers from other age groups. Previous research show that due to the 
general frailty of older people there is an increased risk for older road-users to be 
injured or killed by an accident (SWOV, 2005). At the same time recent Swedish 
accident figures show that the category of older drivers (65+) is underrepresented in 
severe accidents in general and older people have actually decreased their involvement 
in fatal crashes during the period from 1996 to 2006, which complies with the work 
period of the Vision Zero. Police reports on accident involvement are counted monthly 
by VTI for all age groups. The age group 65 and above is the only group where fatal 
accidents have decreased during the period (Brüde & Björketun 2007). Unfortunately in 
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this case there is a lack of knowledge about the whole group of older drivers’ travelling 
trajectories because the national travel surveys are only conducted with informants up to 
the age of 84 years. Meanwhile, from surveys it is known that the majority of older 
people nowadays have driving license and access to a private car to a larger extent than 
previous cohorts in both Norway and Sweden (Engebretsen, 2006; SIKA 2007).  

The number of older drivers has increased in Sweden and Norway during the past few 
years. Especially the number of older female drivers has increased and this trend is 
supposed to continue in both Norway and Sweden (Dillén, 2005, Dillén et al., 2007; 
Hjorthol & Sagberg, 2000; Nenseth & Hjorthol, 2007). In accident statistics older car 
drivers are also found to be overrepresented in crashes at intersections whereas they are 
underrepresented in e.g. single-car accidents (OECD, 2001). Some researchers have 
concluded that it is likely that perceptual problems and problems with cognitive 
functions (which effect their estimation of traffic situations and traffic flow) are 
underlying causes (e.g. Mc Gwin & Brown, 1999). From that point of view the 
underlying questions of this project have been developed. The aim will be described in 
next section and the background will be discussed further below. 

 
1.1 The aim of the project 
This project took its starting point in the question of older drivers’ accident proneness. 
The overall aim was to investigate risky situations in older people’s everyday travelling 
as car drivers. The project was a cooperation between traffic safety researchers in 
Norway and Sweden. The study design deepens knowledge about older drivers in two 
Nordic countries. Norway and Sweden were chosen since they have similar demo-
graphics as well as travel and traffic situations (Engebretsen, 2006; SIKA 2007). 

 

Research questions 
• In which traffic situations and traffic environments are the older car drivers 

involved in accidents? 
• In which traffic situations and traffic environments are the older drivers not an 

accident prone group? 
• In connection with which factors can older car drivers’ behaviour be related to 

accident involvement? 
• What differences can be found in connection with the identified situations and 

factors if we compare older car drivers to younger car drivers? 
• Are there differences in attention and visual behaviour between older and 

younger car drivers which may be related to accident involvement? 

 
1.2 Background 
When the present project started in 2007 there was a generally expressed need for more 
and deeper analyses of accident data (Brüde & Björketun, 2007; Sagberg, 2007). 
Parallel to this study another Swedish project started in 2007 (Henriksson & Levin, 
2009). A starting-point for that study was to try to divide the category “older car 
drivers” in subcategories and consider what specific accidents happen in various groups. 
Next section will give an overview of how the concept of age and ageing in later life has 
been considered from a gerontological viewpoint.  



 

VTI rapport 656A 15 

 
Who are the older people? 
The simplest way to understand age and ageing is to define it in chronological time and 
to divide lifetime into different stages according to a person’s year of birth. The tradi-
tional categorization of lifetime is three-fold: childhood, adulthood and old age. But in 
more complex situations for example in discussions of what it means to be an older car 
driver there is a need to problematize and dissolve the categorizations. People often 
retire when they are 60–65 years old and are then considered as “older” during the rest 
of their lifetime. Gerontologists nowadays usually divide older age in two or three 
stages and also discuss ageing in terms of e.g. biological and psychological ageing. 
According to their classification, they identify several groups of older people, i.e. a 
group of “young old” with the age from 65 to about 75 (sometimes the concept of 
young old describes the ages 65–79) and “old old” from about 75–76 and above 
(sometimes described in terms of the years above 80). Other concepts such as third and 
fourth ages work in a similar way, i.e. the third age is associated with good health, well-
being and mobility whereas the fourth age is associated with frailty, impairments and 
immobility. For an overview of age categorizations in later life see for example 
Andersson (2002), Macnicol (2004). Närvänen (2004) and Öberg (2002). 

However, exact chronological age is not always the most important issue. Interesting is 
also descriptions of the ageing process and its limitations and possibilities in connection 
to older people’s independence and freedom of movement. 

Ageing has traditionally been defined in terms of a process that involves declines in 
physiological/biological and cognitive functions. Biological ageing results inevitably in 
functional changes due to the ageing process (senescence), which also vary between 
individuals and groups and sexes. There is also within gerontology discussions on how 
an individual’s chronological ageing refers to other individuals’ chronology. Närvänen 
(2004) points out that it is socially and culturally significant. ‘Age in this sense places 
an individual in the social structure through status differentiation, which occurs for 
instance, through age-graded laws that govern rights and obligations in society (e.g. age 
of majority, age of military conscription, age of retirement)’ (Närvänen, 2004:67). In 
that sense chronological age may constitute grounds for the categorization of 
individuals and groups.  

 
Ageing and car driving 

A lot of research hitherto is done in US and Australia whose populations of all ages are 
highly dependent on motor traffic (Andrea, Fildes & Triggs, 1999; Charlton et al., 2001; 
Seymour et al., 2006; Whelan et al., 2006). There are also studies on support for older 
drivers, e.g. handbooks with instructions for older drivers (Stefano, Di, & Lovell, 2002) 
and older drivers’ access to freeways with intelligent transportation system technologies 
(Kihl, 2005). This project is accomplished in Norway and Sweden and thus compre-
hends North European conditions with partly different traffic situations and also more 
variations in the use of transport modes. The study takes the background in previous 
research reviews and perspectives from Norway and Sweden (e.g. Hakamies Blomqvist, 
Hjorthol; Sirén & Davidse, 2004; Levin et al., 2007; Sagberg & Glad, 1999). Still, many 
people are dependent on the car for their daily activities and in relation to car driving 
several perspectives of the ageing process may be relevant. First there are functional 
changes and limitations accompanying older age, due to motoric functions. Often a 
reduced vision comes with age and perhaps also impaired hearing, perception and some 
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cognitive functions. There are also a number of diseases and disorders that are found to 
be related to crash proneness: e.g. visual disorders, Parkinson’s disease, stroke, 
cardiovascular diseases and diabetes. Those are more common among older adults than 
younger adults, but at the same time, they can occur in every age and individual 
differences are significant (Davidse, 2007). Meanwhile previous research also shows 
that there is an obvious decrease in visual and cognitive functioning associated with 
later life. The cognitive impairments accompanying the ageing process can affect on the 
older driver’s interaction with other road users. The research in this area is extensive 
and will be further analysed in chapter 3. In concordance researchers (e.g. Lu and 
Pernia, 2000) have suggested that these aspects of older drivers in the traffic should be 
considered in adjusting intersection capacity and design procedures.  

In fact, evaluation of the prerequisites for good driving has to take into account which 
behaviour is connected to diseases and disorders (which may occur in every age), that 
being a question for medical services, and what behaviour can be due to aspects of 
“natural” ageing and therefore a question for driver support, road and vehicle design, as 
well as an area for development of individual training programmes. Deeper knowledge 
about to what extent gradual ageing changes affect traffic safety among otherwise 
healthy individuals will be of great interest as the older population increases, and there-
fore there is a need for further analyses. As the number of older drivers increases, more 
research is required that has its starting point in the older drivers’ own abilities and 
activities, in how they use the transport system and which possibilities and limitations 
arise in their daily movements (Levin et al., 2007).  

Taking into consideration the proportion of driver kilometres per year in relation to 
accidents, it appears that older drivers might be riskier than other age groups on the 
roads. However, risks are not higher for all sorts of injuries (Jakobsson et al., 2000). A 
recent Norwegian study (Sagberg & Ulleberg, 2006) shows that older drivers (75+) are 
over-represented in injury crashes partly because of their increased fragility. That could 
also be because of involvement in crashes due to lower mileage. According to previous 
research the typical older driver accident occurs at intersections imposing high visual 
load and high demands on perceptive and cognitive skills (Scheiber, 1999). 

Older drivers often avoid difficult situations (driving in the dark, busy traffic, etc.) 
(Helmers et al., 2004). This is usually referred to as a compensation for age related 
impairments. However, this sort of change in driving behaviour could also be due to 
more time for planning that is related to the travelling as retired. As pointed out before, 
there is great variability: i.e. a few drivers with very high risk contribute to an increased 
average risk and it is therefore important to identify the accident prone drivers among 
different groups of road users. The main conclusion from the tests in the recent 
Norwegian study was that both visual and cognitive functions are significant predictors 
of driving performance (Sagberg & Ulleberg, 2006). Regarding vision the Norwegian 
study tested: acuity during glare (Brightness Acuity Test under high glare conditions – 
BAT-HI) and regarding cognition: visual attention (Useful Field of View – UFOV), and 
visual search and tracking speed (Trail Making Test, version B – TMT-B). Prediction 
improves by combining tests, but the researchers found that some tests were too 
complicated and also that replication is needed to find the most appropriate cut-off 
points. Further validation is needed. More testing is needed with tests that are easily 
administered and therefore potentially useful for screening purposes (Sagberg & 
Ulleberg, 2006), and further research on intelligent technical systems (e.g. information 
access, and recommended way and speed) plus other adaptive systems in vehicles 
(Levin et al., 2007) 
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To sum up this short background discussion, complex and inconsistent images of the 
older drivers appear in previous research. On the one hand, older drivers could be 
considered an accident prone group according to some limitations due to perception and 
cognitive declines, and due to some individuals’ behaviour in complex traffic situations. 
On the other hand, older drivers are generally not involved in more accidents but as a 
group they are more often severely injured when they are involved in crashes. Li et al. 
(2003) showed that older drivers have a higher “death rate per crash” than younger. 
Accordingly, the research results so far are ambiguous about the question on how 
accident prone the older drivers actually are. Thus it is also important not to look at 
older people as a homogeneous group. The older the population, the more heterogene-
ous is the group that is called “older people”. To understand what heterogeneity among 
the older people means on the roads we need more in-depth analyses of e.g. accident 
figures and relevant psychological and sociological knowledge following up the ageing 
process. Furthermore we need to complete previous knowledge with field studies, and 
tests that measure older drivers’ reaction time, vision and driving skills. The present 
project will contribute in that direction. 

 
1.3 Methods and study design 
According to the background knowledge sketched above, the current project was carried 
out in three parts. Each of the three parts used different data and methods. The parts are 
sometimes overlapping and sometimes paralleling each other (see Table 1 for an over-
view of the different parts and how they were accomplished in Norway and Sweden). 
The aim of the parts together was to problematize the topic area and increase knowledge 
about older people as car drivers. 

The following studies are comprehended:  
• analysis of accident statistics accomplished in Norway (presented in chapter 2) 
• review of international research literature on decline of cognitive functions 

with implications for car driving (presented in chapter 3) 
• tests of older drivers’ visual attention and perception in computer simulated 

situations and in a field study on the road (presented in chapter 4). 
 
Table 1  Overview of the studies and where they were accomplished. 

           Ch 2     Ch 3                                Ch 4 

Methods Accident 
analysis  

Literature 
review 

Computer test 
(UFOV) 

Computer test 
(Hazard 
perception) 

Field study  
on road 

Data/ 
Sources  

Statistics/ 
Accident 
databases 

Text/ Research 
databases 

Subject: 
Younger and 
older drivers 

Subject: 
Younger and 
older drivers 

Subject: 
Younger and 
older drivers 

Norway x x x  

Sweden  

 

International  
x x x 
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Methodological considerations 
The project was carried out by the commission of the Norwegian Public Roads 
Administration and that is why Norwegian accident data bases have been used in this 
case.1 Two tests were accomplished in both countries: Useful Field Of View (UFOV) 
and the hazard perception test; while the field study with driving on the road was 
accomplished in Sweden. UFOV was tested before in both Norway and Sweden by the 
research team and it was considered easy to use with a PC-equipment. The hazard 
perception test has been developed in Norway and was also tested by the research team 
before the study began; it is also easy to use with DVD and PC-equipment. Thus the 
computer soft ware was shared between researchers in the two countries and the driver 
groups in Norway and Sweden could be tested in the same way. The field study with 
driving on the road requires more technical equipment which could not have been 
shared between the researchers in two countries during the project. The field study 
equipment was also tested before by the research team that decided to accomplish the 
field study in Linköping in Sweden from practical reasons. The special equipped car is 
at VTI in Linköping and the personnel competences are at VTI in Linköping and 
Göteborg. Thus it was “natural” that the driving test was accomplished in Sweden and 
the analyses done by Swedish researchers at VTI. However, researchers from Norway 
and Sweden have met regularly and the researcher from Norway took part of the 
analyses from the driving test. 

The methods are further described in each chapter. 

 
1.4 Contents of the report  
This report is divided in five chapters:  

Ch. 1. ‘Introduction’ introduces the study, presents the aim and research questions and 
a short background to the topic. 

Ch. 2. ‘Accident analysis’ presents statistics of older car drivers’ involvement in traffic 
accidents. Deepened analyses of data from in-depth investigations of accidents 
involving older drivers in Norway are also included.  

Ch. 3. ‘Accidents involving older drivers’ contains an overview of the literature on 
cognitive functional decline accompanying old age that may affect driving skills. 

Ch. 4. ‘Older drivers’ visual search behaviour, attention, and hazard perception’ 
presents the results from each of the three different tests in this study. 

Ch. 5. ‘Overall discussion and conclusions’ synthesizes the results from the three 
main parts of the study and a discussion on how we can interpret them in a more holistic 
way. It has also a brief discussion on further research, e.g. refining of methods and 
support for older drivers. 

 

 

                                                 
1 Another study comprehends an accident analysis on older car drivers in Sweden (Levin & Henriksson, 
forthcoming) so a comparison of the Norwegian and Swedish accident analysis results can be done later.  
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2 Accident analysis 
2.1 Introduction 
Older drivers have been regarded as a high risk group in Norwegian traffic (Sagberg, 
2007). When estimating risks for passenger car drivers of being killed/injured in an 
accident and when relating the number of killed/injured to exposure, the following 
figure can be obtained. 
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Figure 3  Risks as a passenger car driver in different age groups in Norway, per 
1 000 000 km travelled. 
 

According to this data, which is based on exposure data from the national travel surveys 
and police reported accidents with personal injuries, young (especially those aged 
18-19 years) and older drivers aged 75 years or more have a higher risk of being killed 
or injured in a traffic accident compared to other groups. But between 2001 and 2005, 
the risk for 75+ seems to have decreased; both for men and women, and, further, 
women aged 55–74 also showed decreasing trend. However, these changes are not 
statistically significant. The very high risk for the youngest men in 2005 is probably not 
reflecting a real increase in risk for being killed or injured; it should rather be explained 
by limited data for this group causing variation from one year to another year. 

In this part of the study we have analysed data on road traffic accidents in Norway. Two 
data sets have been investigated: 

• police reported personal injury traffic accidents from the period 1983–2006 
• in-depth analysis of fatal accidents from 2005–2007. 

 

The aim was to find out more about the older drivers’ accident involvement and which 
traffic situations and road environments that seems to be crucial for the safety of older 
drivers according to the available accident data.  
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2.2 Police reported accidents 1983–2006 
2.2.1 Material and method 
Statistics Norway (Statistisk sentralbyrå, SSB) registers data from police reported 
personal injury traffic accidents in Norway. The results that are presented in this chapter 
are based on this accident register for the years 1983–2006. The analyses have been 
carried out at the Institute of Transport Economics (TØI), and the results have been 
summarised in a TØI Working Report (Henriksson & Sagberg, 2008), on which the 
present report is based. For further details we refer to the mentioned working report. In 
2000–2001 SSB revised some variables and others were excluded. 

The data file comprised data for a total of 233,855 passenger car drivers over 18 years 
old, who had been involved in an injury accident. Both injured and uninjured drivers 
were included. Passenger cars were defined as any car that can be driven with a 
category B or BE driving licence and included types were selected to be concordant 
with the types used to cover private transportation used by TØI when calculating risks, 
(Bjørnskau, 2003). Due to changes in coding over the years there were some exceptions 
to this rule, but they are minor and do not have significant impact on the results.  

A large number of simple cross tables were obtained with the most interesting variables 
for this study. Distributions on the variables are presented; hence exposure has not been 
considered because there is no detailed exposure data available on a national level. For 
example, we don’t know the proportion of driving in daylight and darkness for a 
specific age group.  

No individual accidents are identifiable. Note that that the unit of analysis is individuals 
involved in accidents, and not the accidents themselves. Further, which one of the 
involved road users that was suspected to be at fault is not registered in the database. 

 
2.2.2 Results 
The total number of passenger car drivers involved in accidents with injured road users 
per age group is shown in Table 2. 

 
Table 2. Distribution on age for included cases. 

Age No of persons 
18–24 66,339 
25–34 51,996 
35–44 40,044 
45–54 28,234 
55–64 19,037 
65–69 6,704 
70–74 5,437 
75–79 4,110 
80–84 2,096 
85+                652 
Unknown age 9,206 
Total 233,855 
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The age groups have been defined especially for this study with more classes of older 
persons than usually. As can be seen in Table 2, the number of drivers aged 85 years or 
more was relatively small. This should be kept in mind when reading tables and figures 
when data has been divided into a large number of subcategories.  

The distribution of accidents for each age group for the most interesting background 
variables and conditions for the accident is presented in tables or commented below. 

Accident type 
Each accident is classified into categories based on the directions of own and other 
vehicles, if the involved vehicles were turning or going straight ahead and where 
(curves, straight sections) the accident took place etc. There are over 80 crash types 
defined in the Norwegian data base. The most frequent crash type was a rear-end 
collision which accounted for over 20 percent of all crashes. When comparing the 
percentage of rear-end collisions in the different age groups, a decreasing trend 
associated with age is found, see the following table. 

 
Table 3  Distribution on some interesting accident types. Number of accidents and 
percentage of all accidents within each age group. 

 
 

The seven accident types in Table 3 represent 55–60 percent of all accidents for those 
aged 24 years or more and 48 percent of all drivers’ accidents in the youngest age 
group. There is a clear declining age trend for rear-end collisions; the older drivers have 
a smaller percentage of all their accidents in this category compared to younger groups. 
This can be interpreted either as that the older drivers better pay attention to traffic 
ahead than the younger drivers or that the older drivers behave in an unexpected manner 
which makes it difficult for drivers behind them to avoid a crash. The similar trend in 
proportion of accidents, but less clear, can be seen for collisions in curves. No age trend 
was found for collisions on a straight road section. Negative age trends were most 
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pronounced for the two accident types when the older driver turned left and is hit in the 
right side (type 40) or left side of the car (type 64) by another vehicle. For the oldest, 
the proportion of all accident types these two subcategories were about twice as high as 
for other age groups. This indicates problems when estimating the speed of the on-
coming vehicles in intersections or that the oldest drivers are acting more slowly in 
comparison to other drivers. Further, according to the age trend in table 2 for the last 
accident type, it seems like that older drivers have more problems to detect pedestrians 
than younger groups at other places than adjacent to intersections. 

To get an overall picture of distribution of accident types, it is necessary to define main 
categories of accident types. When a categorizing of accident types into ten groups is 
done (defined by SSB), the following table can be obtained. 

 
Table 4 Distribution on ten accident categories. Number of accidents and percentage of 
all accidents within each age group. 

 
 

Accidents in intersections when at least one vehicle is turning (60–69), have a clear 
increasing percentage when age increases. The two first categories, driving in the same 
and opposite direction, show the opposite trend for the oldest groups. But we cannot 
conclude from the present data that older passenger car drivers in Norway are under-
represented in single crashes, a finding that often is reported in analysis of accident 
statistics in other countries (OECD, 2001). 
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Number of injured people in the accident 
The pattern was similar in all age groups and was not deviating very much from the 
overall percentages: in 67 percent of the accidents, only one person was killed/injured 
and in 21 percent two killed/injured persons were reported. 

 

Place (type of intersection etc.) 
As seen in Table 52 the percentage of an age group’s crashes that took place on a link 
(road section between two intersections) was decreasing with increasing age. Crashes in 
3-way intersections showed the opposite trend and were more frequent the older the 
driver was (consistent with the result when accident types were analysed). For the other 
places no age effects were present. 

 
Table 5  Distribution on type of intersection. Number of accidents and percentage of all 
accidents within each age group. 

 

 

Not shown in the table are accidents occurring in railway crossings or other places such 
as parking lots. Only 0.2 percent of the accidents took place in a railway crossing and 
about 5 percent in other places. There were no age trends for these two kinds of accident 
spots. 

 

Consequences of the crash 
The older the driver, the more likely it is that he or she will be killed in an accident, see 
Figure 4. About 1 percent of the youngest drivers are killed while about 4 percent of the 
oldest are killed, but accident type should be taken into consideration. 

                                                 
2 Omitted are new codes introduced in 2001 for bridges, tunnels and toll stations; very few accidents were 
reported in these places. 
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Figure 4  Distribution on consequences of the accidents by age groups. Omitted: cases 
when the consequence was unknown and the age of the driver was unknown. 
 

Looking deeper into statistics and taking accident type (when grouped into five main 
categories) into consideration, the age differences for crossing directions are greatest. 
The overall percentage of killed drivers for this group of accidents is only 0.3 percent 
but for age groups 80–84 years and 85+ it is 3.0 percent and 4.3 percent, respectively. 

 

Road type, 2001–2006 
Due to changes in coding, the variable of road type was analysed only for the years 
2001–2006. Only small differences between age groups were found. However, a smaller 
percentage of 65+ accidents occurred on highways compared (70–74 years 2.7 percent, 
75–79 years 2.1 percent and 80–84 years 1.3 percent) to the younger groups (about 
4 percent) and it was more common that 85+ accidents (5.8 percent) occurred in resi-
dential streets (“boliggate”) compared to all age groups (3.5 percent). It was not possib-
le from data to discern accidents that occurred in the driver’s neighbourhood from other 
accident spots. 

 

Regulation in intersection, 1983–2000 
The most apparent difference between the age groups when considering how traffic at 
the intersection was regulated was the high proportion of crashes that occurred when the 
older driver had to give right-of-way to other vehicles and this was regulated by a give 
way (yield) sign. From a proportion of about 10 percent for the youngest groups, this 
type of accidents counted for about 30 percent of the oldest drivers’ crashes. When there 
are no traffic lights or signs, and the road users who approach the intersection have to 
give right-of-way to traffic coming from the right, older drivers are less involved in 
accidents leading to personal injuries. Data from 2001 onwards do not exist. 
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Table 6  Distribution on type of regulation in intersection. Number of accidents and 
percentage of all accidents within each age group. 

 
 

Urban vs rural environment 
A slightly lower percentage of the older drivers’ crashes occurred in built-up areas, see 
Figure 5. It is the policeman reporting the accident that makes a subjective judgement of 
the environment, if it is a built-up area or not. This definition has obviously changed 
during the decades. From 1983 and about ten years ahead, the proportion was 55 per-
cent for built-up areas and 45 percent for not built-up areas. The last years, from about 
2001, this relation was about 20–80, i.e. most accidents were judged to have occurred 
outside built-up areas.  

42 40 38 37 38 37 35 34 36
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Figure 5  Distribution on environment for accidents by age groups. 
 

Speed limit 
No big differences were found concerning distribution of accidents depending on which 
speed limit the street had. 
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Figure 6  Distribution on speed limits of the accidents by age groups. The three most 
common speed limits in the accident material is indicated. 
 

State of the road 
A larger part of older driver’s crashes occur on snow-free dry roads compared to 
younger drivers. Consequently, a smaller proportion occurs on roads affected by snow 
or ice. This is probably an indicator of the “compensation” strategy among older 
drivers: they avoid in this case driving on slippery roads. 
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Figure 7  Distribution on state of the road for accidents by age groups. Omitted: cases 
when state of the road was unknown and age of the driver was unknown. 
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Weather condition 
It was also possible to analyse the variable weather condition in connection to age 
related patterns. Older drivers had proportionately more accidents which occurred in a 
condition with good weather and visibility and fewer when visibility was poor and it 
was raining or snowing. 
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Figure 8  Distribution on weather and visibility for accidents by age groups. Omitted: 
cases when weather/visibility was unknown and age of the driver was unknown. 
 

Light condition 
Driver habits among older drivers are also reflected in the third “environmental” 
variable, light, with a greater proportion of the olders’ crashes occurring during day 
light and a smaller proportion during darkness and dawn/dusk compared to younger 
groups. 

 

 



 

28 VTI rapport 656A 

0%

20%

40%

60%

80%

100%

18-24 25-34 35-44 45-54 55-64 65-69 70-74 75-79 80-84 85+

Daylight

Dawn/dusk

Darkness, road
lighting

Darkness, no road
lighting

 
Figure 9  Distribution on light condition for accidents by age groups. Omitted: cases 
when light condition was unknown and age of the driver was unknown. 
 

Season  
A new variable called Season was formed. For winter December, January and February 
were included; spring encompasses March, April and May, summer June, July, August 
and autumn September, October and November. 

The new variable season did not show any larger difference between the age groups. 
There was a tendency to higher percentage of older persons’ accidents in summer and 
lower in winter. 

 

Use of safety belts, 1983–2000 
Use of safety belt among accident involved drivers was most frequent for drivers aged 
55–74 years, see the following figure. 
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Figure 10  Use of seat belt in the accidents by age groups. 
 

It is interesting that the use rate decreases among the oldest, but at the same time we 
must consider that a lot of data on the use of the belt is lacking. Data exists from more 
recent years than 2000 but is of poor quality: about 45 percent of the accident cases 
have no data of the use of safety equipment. 
 

Driving under influence of alcohol or drugs, 1983–1999 
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Figure 11  Distribution on whether the driver was influenced by drugs and/or alcohol 
or not on age groups. 
 

The percentage of drivers with alcohol or drug intoxication involved in accidents was 
decreasing with age according to data from the 1980s and 1990s. About 7–8 percent of 
the drivers younger than 35 years were affected compared to 1–2 percent of those aged 
65 years or more.  
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2.3 In-depth analysis of fatalities 2005–2007 
In 2005, the Norwegian Public Roads Administration started to perform in depth ana-
lyses of all fatal crashes in Norway. In each region, an Accident Analysis Group was 
formed. This group consists of persons with different competences (driver, vehicle and 
road) and visits the accident spot as soon as possible. The aim is to find out which 
factors contributed to the accident and propose measures to prevent a similar accident to 
happen again. Each year a national report is written (see for example Vegvesen, 2007). 

 
2.3.1 Material and method 
Each fatal accident is documented in a report, usually 10–15 pages, which includes 

• administrative data about the accident 
• drawings or photos from the accident spot to explain the course 
• data about involved vehicles (often photos) and road users 
• possible factors contributing to why the accident happened 
• proposals of measures to be taken in order to prevent similar accidents. 

These reports are not public but VTI got access to them after an agreement with 
Ministry of Transport and Communications. From the five administrative regions that 
the Norwegian Public Roads Administration has divided Norway in, VTI received all 
reports from the period 2005–2007 except for the accidents that occurred in region East 
in 2007. The total number of fatal accidents was 548. Of those, 36 were accidents 
involving passenger car drivers aged 75 years or more, the group that this project is 
focused on. For comparison, an equal number of passenger car drivers aged 35–55 years 
were randomly selected among the other cases to form a “control” group. Because it is a 
small data material, the reader must be careful when drawing conclusions. Which years 
the selected accidents occurred is shown in the following table. 

 
Table 7  Distribution on accident years for the two compared groups. 

Accident year Older drivers, 75+ Middle aged drivers, 
35–55 years 

2005 11 12 

2006 23 18 

2007 2 6 

In total 36 36 

 
2.3.2 Results 
Due to limited resources, the extracted information from the accident reports is focused 
on which factor/factors the investigators mentioned as probable causes of the accident. 
Sometimes it can not be concluded that only one factor is contributing to the crash. The 
following table presents therefore the frequency of all different factors that are consi-
dered. 
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Table 8  Possible factors contributing to the fatal accident by age groups. More than 
one factor could be considered in an accident. 

Group Illness Tiredness Suicide Under influence 
of alcohol/drugs 

Older, 75+ 28% 19% 6% 0% 

Control group, 
35–55 years 

14% 28% 11% 11% 

 

Tiredness was the overall most often suspected cause of the accident. Illness could be 
the cause of the accident twice as often among the older drivers as in the control group. 
Concerning suicide, the situation could be the reverse with more deliberate actions 
among the control group like steering towards a lorry with trailer in the opposite 
direction or leaving the road. None of the involved older drivers were driving under 
influence of alcohol and/or drugs at the accident occasion. 

Ten drivers in the control group (=28 percent) did not use the safety belt. Of those, four 
are suspected to have committed suicide. Five in the 75+ group did not use the safety 
belt and probably one of them committed suicide (according to police report). Cases 
when the police found that the crash with a high probability was a suicide (e.g. a 
farewell letter is written) are excluded from the official accident statistics. It is estimated 
that 5 to 10 percent of all accidents are suicides (Vegvesen, 2007). Probably, the 
Accident Analysis Groups detected more cases in which suicide can be suspected and 
these cases are not excluded in the official statistics. 

The following table gives an overview of the distribution of the accidents on five main 
categories of accident types. 

 
Table 9  Involvement in accident type by age groups. Codes as used by SSB. 

Group Same or 
opposite 
direction 

(code 10–29) 

Crossing 
directions 

(code 
30–69) 

Pedestrians 
involved 

(code 
70–89) 

Single 

(code 
90–99) 

Other 

(code 
00–09) 

Total 

Older, 75+ 44% 25% 11% 19% 0% 100% 

Control group, 
35–55 years 

64% 11% 11% 11% 3% 100% 

 

Of the older drivers’ accidents in the first category, eight were classified as type 20 by 
SSB (head on collision on a straight section) and another eight as type 21 (head on 
collision in a curve). In five of the first cases, illness is considered as a contributing 
factor, but the causes could instead have been suicide (1 suspected case), tiredness 
(3 cases) or that the driver was dazzled by car lights in darkness (1 case). Concerning 
the eight accidents that occurred in a curve, weather and road conditions were bad with 
slippery roads or snow fall in half of the cases. In two other cases, both tiredness and 
illness was mentioned as a contributing factor in the accident report. In one case, the 
other car was perceived by the old driver as to cut a curve, causing the older driver to 
turn left. Finally, the last type of this accident type was caused by inattention by the old 
driver when operating the side window. 
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Looking at the control group’s accidents when vehicles in opposite direction are involv-
ed, reveals tiredness as the most often suspected factor for accident type 20 (6 of 11 ca-
ses). In only two of the accident reports illness is mentioned (in another case, illness for 
the driver in the other car is suspected). Two suspected suicides, both with drivers not 
using safety belt, are reported, but in one of these cases, also being dazzled by sun, 
illness and tiredness are discussed as contributing factors. Concerning accident type 21, 
in curves, two of the ten cases could have been illness-related and an equal number 
tiredness-related. In one of the tiredness-related accidents, the passenger car driver hits a 
lorry with trailer, survives but the lorry driver did not use safety belt and was thrown out 
of the coupé and died. Five cases occurred on winter roads and in one of them, tires in 
bad condition could have contributed to the course. Worn tires in combination with an 
overloaded trailer and high speed were the causes to another accident. Further, one 
accident occurred during overtaking in a right-curve (code 23) and one when a lorry 
with a trailer was trying to overtake a passenger car when the number of lanes changed 
from two to one and hit the car which in turn hit an oncoming car (code 12/20). 

In the next category, crossing directions, the older drivers’ accidents comprised one 
coded as 32/40 (the older driver intends to turn left, is hit in the back and is in turn 
thrown towards an oncoming lorry), two as code 40 (left-turns: did not give way to a big 
passenger car; did not give way to a driver on a motorcycle who (no helmet, drug 
intoxicated, speeding) was killed), one as code 60 (right-turn, did not give way to a 
lorry with trailer) and five as code 64; hence in total nine accidents in this category. 
Concerning the latter ones, in four cases the older driver was killed when a lorry with a 
trailer hit the left side of the passenger car, in the fifth case the vehicle was a light lorry. 
Nothing was mentioned about illness or tiredness in the accident reports in connection 
with this accident category; hence inattention and/or misjudgements of speed and 
distance of oncoming vehicles should be explanations to why these accidents happened. 

Only four accidents with crossing vehicles were found in the control group’s sample, 
three of them included motorcycles: one case when a MC-driver overtakes two passeng-
er cars with high speed on only one wheel and was killed when he/she hits the leading 
car when it turns left (code 33) and two cases (code 40) when the passenger car driver 
did not observe the MC when turning left; MC-passengers were killed in both accidents. 
Contributing factors to the two latter cases could be reduced detectability of the MC for 
the passenger car drivers because driving against the sun light. In the fourth case, a 
passenger car driver overtakes a lorry that reduced speed in order to allow a child on a 
bicycle to cross the road; the bicyclist was not detected by the car driver before it was 
too late to stop. 

The frequency of accidents with pedestrians involved (code 70–89) was the same for the 
two groups. For two of the cases in the older driver group, it was speculated that the 
driver could have been tired and sick, respectively. In one of these cases, the driver had 
left the car and was on a highway when hit by the older driver. Being dazzled by car 
lights and reduced vision ability are mentioned as possible factors for the two other 
older driver accidents. Concerning the control group, one of the four cases occurred 
when the car driver was reversing after missing an exit, another when a driver lost 
control of the car on a slippery road exit and drives off the road but is able to leave the 
car and starts to walk back on the road and is then hit by a car. The two remaining 
accidents happened in darkness with reduced visibility. 

Finally, accidents when the vehicle left the road (code 90–99) were more common 
among the 75+ drivers than in the sampled control group (7 cases compared to 4 cases). 
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One case in each group was a suspected suicide; safety belt was not used and the driver 
in the control group was also drunk. No usage of safety belt was supposed in additional 
three older driver accidents and factors such as illness, tiredness and unfamiliar car were 
attributed to these cases, respectively. For the three remaining cases in the older driver 
group, one occurred when the driver handed over an object to the passenger and at the 
same time turned the wheel to the right (passenger was killed), another could be the 
result of an ill, inattentive or distracted driver and the third happened in a harbour, 
which was an unfamiliar place for the driver, in darkness and in rainy weather and the 
driver is drowned after falling over the quay-edge. Concerning the accidents in the 
control group besides the suspected suicide, two drivers were drunk (one of them was 
speeding, the other skidded in a curve in darkness without using a safety belt) and one 
driver fell probably asleep (did not use a safety belt). 

 
2.4 Conclusions from the accident analysis 
Two of the research questions have conducted this chapter: In which traffic situations 
and traffic environments are the older car drivers involved in accidents? In which traffic 
situations and traffic environments are the older drivers not an accident prone group? 

A few typical older driver accidents and a few atypical older driver accidents are 
pointed out in below. The accident analyses carried out in the previous chapter provide 
the background for the next chapter about cognitive functions. Thus more information 
and further analyses will be added in next chapter. 

 
Typical and atypical older driver accidents 
The most frequent accident type among all drivers in Norway was the rear-end collision 
(more than 20 percentage of all crashes). The rear-end collision was an atypical older 
driver accident. A similar conclusion can be done about collisions in curves, where 
younger drivers were overrepresented compared to the older. Contrary to accident 
statistics from other countries, the Norwegian older drivers were not underrepresented 
in single vehicle accidents. 

Two frequent accident types among the older drivers was when the driver turned left at 
an intersection and was hit by another vehicle in the right side or in the left side of the 
car. For the oldest drivers (80+) these two accident types accounted for about twice as 
high proportion as for other age groups. 

Below a summary is provided of typical accidents among older Norwegian drivers and 
environments/circumstances for the accidents that were more common for older than for 
younger groups, which have been identified and described in the previous chapter: 

• Specific accident types: left turn on-coming vehicle in the opposite direction; 
collision with pedestrians crossing the street outside an intersection 

• Groups of accidents: Accidents when vehicles are turning and have crossing or 
opposite direction of travel; pedestrians crossing carriageway 

• 3-way intersections 
• When an intersection is regulated with a give way sign; when a pedestrian 

crossing is not regulated with traffic signals 
• Dry roads 
• Good visibility and no rain- or snowfall 
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• Daylight 
• Not influenced by alcohol and/or drugs. 

 
Cause of the accidents 
According to in-depth reports of fatal accidents in Norway 2005-2007 none of the 
involved drivers aged 75 years or more were driving under influence of alcohol and/or 
drugs at the accident occasion (see 2.3.2). Tiredness was the overall most often 
suspected cause of the accident, and more often suspected in the middle-aged control 
group (35–55 years) of drivers than among the older. Illness could be the cause of the 
accident twice as often among the older drivers as in the control group. Concerning 
suicide, the situation could be the reverse with more deliberate actions in the control 
group. 
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3 Accidents involving older drivers 
3.1 Introduction 
In the previous chapter, an extensive analysis of accident data concerning older drivers 
has been undertaken. The statistics to shed light upon the question of older drivers’ 
accident involvement was gathered from Norway according to the overall aim of the 
present study. The following chapter was written to make the picture of the accident 
involvement of older drivers a bit more problematized. From chapter 2, we have a 
picture of where and how the accidents happen, it is now time to look into existing 
research in the area and to try to find literature on what may be the underlying causes of 
older driver’s accident involvement. The third research question from the list in chapter 
1 will be treated: In connection with which factors can older car drivers’ behaviour be 
related to accident involvement?  

Despite of an active life and a generally healthy ageing, there are still some consequen-
ces of growing old. Apart from physiological aspects such as visual impairment there is 
also a general cognitive decline (for a review, see Davies, Taylor & Dorn, 1992a). The 
cognitive decline due to ageing is individual in terms of onset, in terms of speed and in 
terms of extent. In some people the decline is progressive and comprehensive and is 
recognized as a disease – dementia. Previous research has shown that accidents in-
volving older drivers often occur at intersections and in concordance with a successive 
cognitive decline (Scheiber, 1999). An intersection is a traffic situation that imposes 
high visual load as well as high demands on perceptual and cognitive skills. To further 
study the involvement and cause of involvement of older drivers in traffic accidents, a 
limited literature review was undertaken. The literature review can be considered a brief 
look into existing relevant research on accidents involving older drivers. The focus of 
the literature review and hence the following chapter is twofold: firstly to investigate 
what kind of accidents older drivers are involved in and secondly what might be the 
underlying causes for elderly to end up in such accidents. The literature review deals 
with previous research in the area, hence not touching upon the existing extensive 
statistics that have been thoroughly penetrated in chapter 2 in the present report. It is 
important to bear in mind that the following text deals only with research on accidents 
that have occurred and investigations in individuals with possible cognitive impair-
ments, hence not including the whole older population. Again, problems related to 
cognitive ageing are not a universal or a general truth but individual in terms of onset, 
speed and extent. 

 

3.2 Method 
3.2.1 Search criteria 
The starting point of creating the search criteria for the literature review were two 
general questions that were in line with the purpose of the overall study, namely;  

• Are there any typical types of accidents involving older drivers? 
• What are the reasons for the elderly driver to end up in such accidents? 

The authors’ pre-knowledge on the ageing population and knowledge gained from the 
statistics on accidents among older drivers as well as knowledge from a recent extensive 
literature review The Elderly in the transport system – Mobility, design and training 
problems (Levin et al., 2007) served as background of the creation of the search 
criteria’s. The literature search was performed by a librarian at VTI. The search was 
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limited to the period of 1997–2007 and carried out according to the search criteria’s in 
Figure 12  Search criteria for the literature search of the study. In the search, the 
concepts “Elderly”, “Old age”, “Driver* /s (older driver)” and “Senior” were always 
used in combination with one or more of the concepts below the red arrow. The left 
column resulted mainly in hits exploring traffic related studies and old age, hence 
relating to the first research question of the study. The concepts in the right column 
resulted mostly in hits exploring older individuals in relation to states and cognitive 
status, issues related to the second research question. 
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Driver* /s (older driver) 
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Accident 

Intersection* (collision, crash) 
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Complex traffic situations 
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Figure 12  Search criteria for the literature search of the study. 
 

The whole project group was involved in the definition and choice of search criteria 
which resulted in search terms that have had some or much influence and importance 
for the researchers. One example of this is the search criteria “Medicine”. Medical 
treatment has been brought up as a possible influence regarding older drivers’ driving 
licence education. Also, medical treatment for cognitively related problems is consi-
dered more common among older people than among younger. It was considered some-
thing we needed to look into. On the other hand, some terms were excluded on the same 
premises, for example alcohol and drugs. As has been shown in the statistical material 
in chapter 2, only 1–2 percent of those aged 65 years or more and 0 percent of the 
persons older than 75 were driving under the influence of alcohol and/or drugs at the 
time of the accident. 
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3.3 Databases 
The references were mainly acquired from the three databases listed below. In addition 
to this, searches have been made in PsycINFO which is a database ranging from 1872 
till today, concerning psychology and adjoining subjects like psychiatry, medicine, 
physiology and sociology. In total there were 183 hits that were more or less relevant 
for the purpose of the present study. The most relevant hits were selected and included 
in the present chapter. 

 

International Transport Research Documentation, ITRD 
An international database with references concerning transport research. ITRD has been 
a part of the OECD transport research program since 1972 and contains more than 
350,000 references. 

www.itrd.org. 

 

Scopus  
Produced by Elsevier, Scopus is a bibliographic reference database including more than 
29 million references. It has a wide focus and covers natural sciences, health and life 
sciences, technology, social studies, economics, psychology and research on environ-
ment.  

http://info.scopus.com/. 

 

TRAX 
VTI specific library. The database started in 1976 and includes more than 120,000 
references to publications from the 19s and on. The database grows with 6,000 
references yearly. 

www.transguide.org. 

 
3.4 Literature review 
3.4.1 Are there any typical types of accidents involving older drivers? 
As a group, elderly are under-represented in accidents but when accidents do occur, the 
outcome is often more severe in the older driver group than in other age groups (for a 
review, see Hellinga & MacGregor, 1999; Helmers, Henriksson & Hakamies-
Blomqvist, 2004). In this context an older driver is often defined as being over the age 
of 65. In analyzing accidents, McGwin & Brown (1999), have compared different age 
groups and found that older drivers were over-represented in accidents at intersections, 
in turning and lane switching as compared to younger drivers. It has also been found 
that older drivers to a larger extent than younger drivers miss stop signs, miss stopping 
at red lights and are involved in crashes where they fail to perceive objects in the traffic 
situation (Garber & Srinivasan, 2001; Groeger, 2000; McGwin, Owsley & Ball, 1998). 
In the light of the characteristics of the accidents analyzed, McGwin and Brown (1999) 
further concluded that it is most likely that perceptual problems and problems in estima-
ting traffic situations and traffic flow are underlying causes in accidents involving older 
drivers.  
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3.4.2 What are the reasons for the older driver to end up in such accidents? 
Cognitive changes in ageing 
The concept of cognition involves the intellectual abilities of a human such as thinking, 
memory and language (Solso, 1998). In a normal ageing process, a general cognitive 
decline occurs. The ageing of the brain is due to a wearing out of brain cells and an 
inadequate nutrition to the brain (Dencker, 1992; Johansson, 1994; Persson, 1990). The 
general cognitive decline in ageing involves memory (episodic-, working-, spatial-, and 
to some extent procedural), perception and higher order cognition such as information 
handling and information understanding. Declining abilities can lead to problems in 
keeping and switching of attention, slower reaction times and a slowing in the process 
of decision making (Groeger, 2000; Dehlin et al., 2000), all of these factors could be 
crucial in handling a complex traffic situation (for a brief overview, see Davies, Taylor 
& Dorn, 1992b). In the text that follows, some of these abilities will be described in 
more detail.  

 

Information processing – handling and understanding 
The information processing of outer stimuli is an extremely complex ability that in-
volves many of the cognitive abilities that are affected by age. A slowing of mean 
reaction times in information processing rate is found in the elderly (for a meta analysis, 
see Cerella, 1985). The information processing and information understanding is the 
process that follows after the sensory input. The sensory input is interpreted and 
processed to result in a decision on how to react and after this an answer is supplied 
with an adequate reaction as a result. See Figure 13 for an overview of the information 
handling process. 
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Figure 13  The information handling process from the sensory registration of the outer 
stimuli to the answer /reaction to the same. Model by Selina Mårdh, 2008, developed 
within the project “Dimensionerande trafikant”. The knowledgebase of the model has 
been gathered from Banich, 1997; Cerella 1985; Solso, 1998; Wickens 1992 among 
others. 

 
Perception 

Perception is the first part of the cognitive information process which involves registra-
tion and interpretation of sensory information (visual, auditive, taste, smell and tactile 
sense) (Solso, 1998). As an individual grows older, his/her perceptual abilities decline. 
Driving a car is a complex ability which also requires a perceptual-motor skill. This 
means that the driver’s perceptual skill and information understanding and information 
handling processes are of great importance. Research on information understanding 
reveals that one of the most important aspects of information understanding involves 
looking at the right place at the right time that is, paying attention to the right things 
(Dewar & Olson, 2002). A normal individual is irrespective of age not able to pay 
attention to everything that is within his or her visual range. A selection of adequate 
stimuli needs to be made. Lack of attention and too high mental workload are conside-
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red the two major causes of accidents where the human factor is decisive (Treat et al., 
1997). 

 

Attention 
In relation to driving, selective and focused attention are abilities that are crucial (for an 
overview, see Shinar, 1993). Both selective and focused attentions are related to the 
ageing process, which means that the oldest drivers could have problems focusing on 
their driving task when other, distracting stimuli occur in the environment. Problems in 
selective attention can also mean difficulties in sorting impressions leading to the driver 
taking in all kinds of information of which some have no relevance for the driving task 
(Llaneras, Swezry & Brock, 1993). Another attention related skill crucial for driving is 
shared attention. Older drivers have been reported to have difficulties more often than 
younger when it comes to perceiving information in the peripheral visual field in situa-
tions where they need to share their attention between the traffic situation at hand and 
other traffic related information in the car. Some research also shows that older drivers’ 
variation in lateral lane positioning was increased in such situations as compared to 
younger drivers (Van Wolffelaar, Brouwer & Rothengatters, 1991).  

 

Decision making 
Making a decision in a traffic situation is not only due to the information at hand but 
also to the drivers’ previous knowledge and experience of similar situations. Simply 
put, in the decision making process, the human brain seeks information and matches the 
information to earlier experience. This process involves several cognitive skills and 
interpretations. For example, in the case of complex traffic situations such as a left-turn 
in an intersection, it is crucial to be able to judge the traffic situation correctly and 
choose an appropriate moment to turn concerning distance to approaching vehicle (gap 
choice). Left-turns are complex when it comes to information processing and decision 
making and are often pointed out as particularly prone to accidents involving older 
drivers. Earlier research has shown that older people’s decision making may differ from 
younger people’s (Llaneras, Swezey & Brock, 1993). In analyzing accidents involving 
left-turns it has also been found that drivers involved in such accidents have signifi-
cantly slower decision-making times than drivers not involved in such accidents 
(Fergenson, 1971; Guerrier, Manivannan & Nair, 1999). 

 

3.4.3 Other reasons for traffic related problems of elderly  
Traffic flow 
It has been concluded that the presence of older drivers significantly lowers the capacity 
of intersections due to the older drivers’ slower start-up time and their lower saturation 
flow rates. Saturation flow rate refers to the flow capacity of a given intersection. 
Presences of many older drivers are according to Lu and Pernia (2000) a reason for a 
decrease in saturation flow rate. The decrease in capacity is particularly evident in left-
turns and driving through an intersection (Lu & Pernia, 2000). This might result in 
misconceptions and conflicts in the traffic situation as the older driver doesn’t have the 
same pattern of driving at intersections as large parts of the rest of the people driving in 
the intersection. These misconceptions might lead to accidents. 
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Medical treatment 
An example of a thorough analysis of medical treatment as a factor in older drivers’ 
accident involvement is a study conducted by Odell (2000). He elaborated on medical 
treatment as a possible cause of elderly being involved in fatal accidents. The study 
included all fatal accidents in 1996 and1997 in the Australian state of Victoria where the 
driver was older than 70 years. It was concluded that almost 20 percent (N=55) of the 
drivers who died had drugs in their bodies at the time of the accident that could 
potentially affect their driving skills. Many of the drugs taken by the drivers were not 
known by their treating doctor. This could be an effect of trying other people’s medicine 
or a case of multiple doctors prescribing medicine without being aware of each other. 

 
3.5 Some ideas about what to do about accidents involving older 

drivers 
3.5.1 What the elderly themselves do 
Many older people are aware of their decline, and avoid traffic situations that they are 
unsure whether or not they can handle (McGuinn, Owsley & Ball, 1998 in Groeger, 
2000; Rabbitt et al., 2002). Examples of this are avoiding driving at night, avoiding 
driving on wet roads and in busy traffic (Charlton et al., 2006). Studies involving older 
drivers in Australia reveal that the elderly themselves state that they drive less due to 
problems that they relate to their own ageing (Fildes et al., 1994). A focus group study 
performed at VTI, Sweden, confirms these findings. The participants in the focus group 
study said they drive less now than when they were younger. They also stated that they 
avoid going for long drives and that they avoid driving in darkness (Sörensen & 
Hakamies-Blomqvist, 2000). Also, it has been shown that self-regulation of driving 
behaviour in older drivers (60–91 years old) has a cognitive aspect as well. Older 
drivers with poor information processing speed and poor visuospatial ability orientation 
(i.e. localisations of objects that we see) are found to have an inadequate self-regulation 
of driving behaviour (Baldock et al., 2006).The term “self-regulation of driving be-
haviour” is in part a meta cognitive term in the sense that it refers to the ability to assess 
and monitor one’s own driving behaviour and adjust one’s own driving to that assess-
ment (Charlton et al., 2001).  

 
3.5.2 What society does 
To compensate for older drivers’ lost start-up time and lower saturation flow rates (see 
3.7.6), Lu & Pernia (2000) suggest that these aspects of older drivers in the traffic 
should be considered in adjusting intersection capacity and design procedures. There 
has been extensive research on road and traffic environment design that considers the 
special needs of older drivers. It has been suggested that intersections should have a 
simple design so that it is implicit how to drive through them. This aims at lowering the 
amount of information and traffic signs which otherwise adds to the complexity of an 
intersection. The intersection should be visible from a long distance so that the 
preparation time for the driver is as long as possible (Harkey, in Fitzpatrick & 
Woolridge, 2001; Helmers, Henriksson & Hakamies-Blomqvist, 2004). Furthermore, 
Garber & Srinivasan (1991) suggest that the yellow light at a traffic light should have a 
longer exposure time which would give the driver a longer time for decision making.  
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3.6 Conclusions from the literature review 
Some of the cognitive abilities that are crucial in handling complex traffic situations are 
more or less affected by age. In research that analyses traffic accidents it is often 
concluded that older drivers are involved in accidents with specific features. Older 
drivers are said to have problems in situations where there is a high demand on the 
whole chain of information processing, handling and understanding. Apart from a 
cognitive decline, other factors that might affect driving performance have been brought 
forward by the research community, such as medical treatment and physiological 
changes regarding for example vision. In our present and future society of a growing 
elderly population it is important to consider the knowledge on changes in driver 
behaviour of the elderly. In part, the older drivers themselves compensate for their 
decline by driving when they feel safe, avoiding demanding situations, high traffic flow 
and bad weather. Another important aspect of consideration for the ageing driver 
population is the design of the traffic environment. Efforts have been made to adjust 
roads, traffic signs, and design of intersections to increase safety for all road users and 
especially to fit an ageing population. Although the knowledge of the effect of ageing 
drivers in our traffic situation is still ahead of the practical implementation, the aware-
ness is growing and the will to change and adapt is considerable. These aspects and 
others are further discussed and analyzed in the light of all three parts of this report, 
dealing with statistics, literature review and field test (chapter 2–4). The discussion 
appears in “Overall discussion and conclusions” (chapter 5) at the end of the report. 
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4 Older drivers’ visual search behaviour, attention and hazard 
perception 

The accident data and theory brought from previous chapters will now be problematized 
with closer analyses of older drivers’ behaviour. The fourth and fifth research questions 
are in focus in this chapter: What differences can be found in connection with the identi-
fied situations and factors if we compare older car drivers to younger car drivers? Are 
there differences in attention and visual behaviour between older and younger car 
drivers which may be related to accident involvement?  

In this part of the project, data were generated in real driving situations and in situations 
relevant for car driving (i.e. attention and hazard perception). In three different tests, 
described further below, older and younger car drivers’ visual behaviour was compared. 
Field data were collected partly to examine visual behaviour at intersections and partly 
to understand if the factor age affected the visual scanning pattern of drivers. Further, 
correlations between the results from the UFOV compared to the field data and to the 
hazard perception test results were interesting to study in order to see if they could 
predict the same trends. 

 
4.1 Background 
Elderly people represent a growing group among drivers. They benefit from a large 
experience but at the same time they are as the ageing process comes further affected by 
a reduction of information processing and a number of impairments due to either normal 
age development or a consequence of disease (e.g. Dementia, stroke). Older drivers are 
mostly aware of their limitations and impairments leading to a adaptation behaviour 
avoiding situations as driving at night, on slippery roads and in busy traffic (Charlton 
et al., 2006). Due to the nature of this particular group (which is also very heterogene-
ous), older drivers would benefit from safety/support systems that concentrate on their 
special needs. Safety systems that support the older drivers’ special needs will also 
benefit the rest of the population.  

 
Reduced mobility versus reduced safety 
Data available through accident databases show that older drivers are overrepresented in 
intersection accidents (Oxley et al., 2006). In that study, intersections represented 
97 percent of black spot locations. Ten probable reasons were identified as contributing 
to crash among others: “inappropriate gap selections, high task complexity and presence 
of other users and high approach speeds of conflicting traffic” (Oxley et al., 2006). In 
the same study they identified road features associated to older driver crash. Top three 
was composed by: “lack of separate traffic control signals, limited/restricted sight 
distance at right turns and value of <2,5s for perception-reaction time”. A lot of research 
has been done in order to design roads and crossings to support older drivers. However, 
we do not know how older drivers’ visual search and behaviour look like when driving 
at intersections. By identifying search patterns of older drivers at crossings we can 
design support/safety system to help them doing the right things.  

To drive safely, drivers use their ability to perform multiple tasks, taking into account 
such factors as other road users, car signals and the road environment. In most cases, the 
interactions function smoothly. Now and then, however, a mistake is made and an 
accident happens. According to previous research the typical older-driver accident 
occurs at intersections (Scheiber, 1999), imposing high visual load and demands on 
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perceptive and cognitive skills.  In contrast, the typical young-driver accident often 
occurs on curves at high speeds (Evans, 1991). 

A Japanese study was performed where the authors video recorded a T-shaped inter-
section in order to examine the drivers’ habits depending on their age (Keskinen et al., 
1998). They coded from the video the following variables: age, sex, direction in which 
the driver looked first, the number of times the driver turned his head, the number of 
vehicles coming from the left and right before the driver turned right. Data showed that 
the turning time increased as a function of the number of passing vehicles and in-
creasing age of the turning driver. The number of head turns before the intersection was 
independent of the turning drivers’ age as was the direction of the first and last look: 
almost all drivers did look first to the right and then to the left. Lowest safety margins 
are found when the turning driver is old and when the driver from the left on the main 
road is young. Older drivers usually accelerate slowly (Hakamies-Blomqvist, 1996) and 
younger drivers accept shorter headway distances and drive faster. Specific behaviour 
among younger and older drivers may cause diffusion for different road users.  

 
4.2 Hazard perception  
A large amount of literature is found concerning changes in hazard perception during 
the driving life (Underwood et al., 2005; Sagberg & Bjørnskau, 2006).  

In order to drive safely car drivers must be able to detect potentially dangerous traffic 
situations early enough to take adequate action. They must have sufficient safety 
margins for braking, stopping or making avoidance manoeuvres. Research on hazard 
perception and its relationship to driving experience and to crash risk has been carried 
out since the mid-1960s. Hazard perception has been defined and measured in different 
ways. Some studies have measured drivers’ assessment of the degree of danger or crash 
risk associated with various traffic scenes, either by assessments made during presenta-
tion of pictures, verbal descriptions, film, video, or during driving in real traffic. Others 
have measured reaction time to traffic hazards, either based on a physical model of 
traffic situations, film, or more recently from video. Thus, there seem to be at least two 
separable components of hazard perception; one is the degree of perceived hazard 
associated with a situation, and the second is the perception-reaction time to the hazard 
(Sagberg & Bjørnskau, 2006). In our study we are primarily concerned with the latter 
phenomenon, i.e. hazard perception-reaction time. Two different measures – or opera-
tional definitions – of hazard perception are used in the study. First, it was recorded 
whether or not the driver responded to a given situation (a dichotomous measure), and 
second, for those who responded, the reaction time was measured. 

In most of the previous studies of hazard perception-reaction time mentioned above, the 
film or video was recorded from the driver’s eye position, and the test consisted of 
recording the latency of reactions to predefined critical situations.  The following 
findings have been reported from studies using this approach: a) young drivers have 
longer hazard perception latencies than middle-aged drivers; b) hazard perception 
latencies are inversely correlated with total driving distance; c) crash-involved drivers 
have longer hazard perception latencies than crash-free drivers  d) hazard perception 
latencies are negatively influenced by additional mental load as imposed by a dual task 
paradigm; and e) hazard perception latencies can be improved by hazard perception 
training. For references to the findings and the different methodological approaches 
mentioned above, see e.g. Sagberg and Bjørnskau (2006).  
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It should be noted that research on hazard perception so far has focused almost exclu-
sively on young or inexperienced drivers. However, hazard perception could be relevant 
also for explaining accident risk among elderly drivers. Although problems with hazard 
perception among the elderly cannot be explained by a lack of experience, which is the 
common explanation for novice drivers’ problems, the indications that hazard percep-
tion is influenced by mental load could be relevant. Impaired attentional capacity, as 
will be discussed below in conjunction with the “useful field of view”, could be likely 
to affect the detection of hazards in traffic. A recent study by Renge (2008) showed that 
performance on a hazard perception test was related to incidents during driving a 
standardised route in real traffic.  

 
4.3 Useful field of view – UFOV 
In driving, vision is the primary source of sensory input (Sivak, 1996). The ability to 
accommodate visually decreases with age and older people need more light than 
younger people to perform the same task (Olson, 1993). The near point distance, i.e. the 
closest point at which a person is able to accommodate, moves forward with age and 
visual acuity decreases (Sekular et al., 1982; Shaheen & Niemeier, 2001). A similar 
decline can be observed in the size of the visual field (Brug, 1968). One consequence 
for the driving task is that older drivers’ distance perception is reduced, and thus, they 
have less time to react than younger drivers (Sivak et al., 1981). Visual acuity alone, 
however, does not appear to be the major contributing factor to older drivers’ involve-
ment in accidents (Owsley et al., 1991). Instead, measurement of the useful field of 
view seems to have a greater predictive potential for accident involvement. The “Useful 
Field of View” (UFOV) test, developed by Ball et al. (1998), is a computer-based test of 
visual attention. It consists of three parts: measuring perceptual speed, divided attention, 
and selective attention. Several studies have shown significant relationships between 
test performance and both driving performance and crash involvement among elderly 
drivers. It is a measure that combines visual performance with complex processing abi-
lities (Maycock, 1997). Since the useful field of view seems to be a key factor for the 
driving task, it is of interest to take it into in the present study.  

 
4.4 Method 
4.4.1 Subjects 
Sweden  
Two groups of drivers were selected through advertisements in the local newspaper for 
the older group and through registration in subjects’ database through VTI’s website. 
All drivers were required to drive almost daily all the year around, more than 
5.000 km/year, to have no neck injuries, no diseases and they should not be professional 
drivers. The younger drivers were aged between 25 and 55 years and the older group 
drivers were older than 75 years. In total 50 subjects were recruited, 19 women and 
31 men. We aimed to have as many women as men but the female population is harder 
to convince to participate in studies. 

 

Table 10 summarizes the characteristics of the Swedish population tested in the study. 
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Table 10  Characteristics of Swedish driver samples. 

 Younger Older 

Sex 10 females 
14 males 

9 females 
17 males 

Age (years) 
 

39.8  
(27–49) 

77 
(73–80) 

Annual driving distance 
(km) 

20,900km 9,200 

Years with licence 22  
(8–32) 

55 
(40–60) 

 

The participants received three cinema tickets or flower checks for compensation for 
spending two hours performing all the tests.  

 
Norway 
Participants in the study were recruited in two turns. First, it was attempted to recruit 
younger drivers by running an advertisement on the website of the Institute of Transport 
Economics, and older drivers among participants at refreshment courses for older 
drivers, organised by the Norwegian Public Roads Administration. However, neither of 
these sources yielded a sufficient number of participants. The remaining participants 
were then recruited on the basis of telephone interviews carried out by the opinion poll 
company TNS Gallup. A random sample of persons in the age groups 35–55 years and 
65 years and above, and living in the larger Oslo area, were contacted and asked to 
participate if they complied with the following additional criteria: 

- holding a category B driver licence for at least 5 years 
- driving a car at least once a week 
- driving at least 5,000 km the latest year 
- not being a professional driver. 

The participants received a compensation of NOK 200 (approx. 25 euros) and they also 
participated in a lottery for a NOK 5.000 gift cheque. Table 11 shows the main 
characteristics of the two driver groups. 

 
Table 11  Characteristics of Norwegian driver samples. 

 Younger Older 

Sex 14 females 
13 males 

11 females 
12 males 

Age (years) 
 

43.7  
(35–55) 

70.0  
(65–81) 

Annual driving distance 
(km) 

16,440  
(5,000–42,000) 

11,435  
(2,000–20,000) 

Years with licence 24.3  
(7–36) 

46.4  
(19–60) 
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4.4.2 Procedure: Sweden 
Subjects were welcomed to VTI facilities. They first read information about the study in 
general and signed a consent form (Appendix 1). Then the following procedure was 
followed for all the subjects (Figure 14): neck measurement with an inclinometer to 
check the drivers’ agility on a chair, moving to an instrumented vehicle parked inside 
the locale where the eye tracker was fitted and calibrated after the participant having 
found a comfortable driving posture. Two experiment leaders were present inside the 
vehicle during the drive, one sitting in the front reading the map for the subjects and the 
other one sitting in the back to check on-line measurements. After almost half an hour, 
the vehicle was back to the VTI premises where a questionnaire was filled in about their 
perception of the driving itself and a semistructured interview was performed to 
illustrate the subjects’ mental model of driving through an intersection.  

After this practical part, subjects were conducted to another room were they performed 
two computer-based tests: three parts of UFOV and a hazard perception test. The three 
different parts were always done in the same order and in total the subjects were present 
at VTI for two hours. 
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Figure 14  Procedure followed from top down and left to right: reading of the consent 
form, measurement of neck flexibility, experiment leader showing the route at the 
beginning of the driving, driving through the experimental route, interview after the 
driving and computer-based test performance.  
 
Route 
Several activities related to the choice of the route were conducted. We looked into 
documentation of the different crossings existing defined by the number of lanes and 
speed (Vadeby & Brüde, 2006). Then we looked into the accident data STRADA 
(Swedish Traffic Accident Data Acquisition) to identify a number of crossings and 
roundabouts where numerous accidents had happened in Linköping. Contacts were also 
taken with the local authorities responsible for traffic issues. A short analysis showed 
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that many accidents were caused by the driver being inattentive to the traffic 
environment, i.e. other vehicles.  

From the activities described above, a route was defined and selected for the study. A 
pilot test was conducted with an old driver in order to see if the route was adequate 
concerning length, traffic volume and perceived safety. This route is composed of 17 
intersections and roundabouts, and it started and ended at the same location, the VTI 
premises. The route included different speed limits (110, 90, 70, 50 and 30 km/h). The 
tests were performed in May during three weeks between 8 am to 18 pm. The weather 
was generally sunny.  

 

 
Figure 15  The experimental route through Linköping. The numbers indicate in which 
order the intersections were encountered. Green circles represent the intersections 
analysed in the present report. 

 

Since there are no data available in the literature on what type of intersections might be 
more dangerous than others (it is more about what kind of manoeuvres), we tried to 
include a large variety of intersections. The following types of intersections were 
included: T-crossings, crossings with a stop sign, two-road intersections, four-way 
intersections with traffic lights, and roundabouts.  

 
Instrumentation 
The SMI Iview® eye tracker was used to record eye movements during driving 
(Figure 16). This head mounted system has earlier been used successfully to record 
eye movements during driving. The sampling frequency used was 50Hz. 

An instrumented vehicle (Figure 16) was used when driving the experimental route ( 

Figure 15). The vehicle was equipped for logging the following parameters: speed, 
brake, turn signal left and right and steering wheel angle. Several cameras recorded 
from the front, the back and inside the vehicle to collect information on driver be-
haviour and traffic environment. The data from the vehicle were sampled at 10Hz. 
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Figure 16  A driver wearing the eye tracker outside the vehicle for set-up (left) and the 
instrumented vehicle (right).  
 

The two computer-based tests were the Useful Field of View tests and the hazard 
perception test: 

Useful Field of View test (UFOV®): The useful field of view is defined as the area 
from where one can extract visual information in a brief glance without head or eye 
movement. For this test, the subject is sitting in front of a computer with a computer 
mouse to give the answer. An UFOV® test is divided into three sub-tests (processing 
speed, divided attention and selective attention). In all three tests, the subject is invited 
to compare two figures presented one at a time on the screen (Visual Awareness Inc, 
2008) . By means of a click with the computer mouse, (s)he answers which objects were 
showed on the screen previously. At the end of the third test, four reports are generated. 
The fourth report that is generated is a risk report.  Based upon the performance of the 
participant on all three sub-tests, a crash risk is determined and provided in this 
summary report.  

Hazard perception test: The video test has been developed by Sagberg and Bjornskau 
(2006). The test consists of a 10 minute video presentation recorded from a driver’s 
viewpoint during driving in various traffic conditions. A critical situation included in 
the test is defined as any motion by some other road user, which could possibly develop 
into a hazard, and for which the driver had to be especially prepared for braking or 
steering. For each situation a critical interval is defined, during which a response is 
considered relevant for the situation. The video contains 13 critical situations. Subjects 
were instructed to push the space button on the keyboard as soon as possible whenever 
(s)he detected a possibly hazardous situation. Reaction time was computed for the first 
response occurring during each critical interval.  

 
4.4.3 Ethical issues 
Since 2005, all studies dealing with humans need to be approved by an ethical com-
mittee. The project was approved by an ethical committee for applied research in 
Linköping where the Swedish field study took place. All participants received infor-
mation about the project and signed an informed consent form before the tests. 
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4.4.4 Analysis  
Eye movement data were analysed by video analysis. Each video frame was attributed a 
position and an object (see Figure 16). Data from the instrumented vehicle were first 
corrected to compare data for all subjects since their trajectories were different. Vehicle 
data and eye tracking data were merged into one file and used for all further analysis. 
For the statistical analysis, a t-test was performed for the dependent variables speed, 
gaze and fixation time. A between group design was used with two groups: young and 
older drivers. For the hazard test, the mean reaction times were tested by two-way 
ANOVAs, with the factors "country" and "age group". 

 
4.4.5 Position, location and objects  
For each crossing and roundabout, three zones were identified in relation to crossing 
start: Zone 1 ‘Approaching’, Zone 2 ‘Preparation’ and Zone 3 ‘Execution’). Z1 is the 
point where the crossing begins to be visible to the driver. Z2 starts when the brake 
lamps switch on representing a soft brake. Z3 starts when you just passed the 
intersection point. Z3 was the part of the analysis to catch those “check gazes” behind 
when drivers have already entered the crossing (Land & Hayhoe, 2001). For fixations 
into those three zones both a location and an object were attributed.  

 
Figure 17  Illustration of the three zones and the three areas in relation to the 
intersection point.  
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Table 12  Locations used to define where the subjects were looking when driving 
through an intersection.  

Code “Where” 

1 In front of own car, even side walk 

2 On the left side of own car 

3 On the right side of own car 

4 Behind own car (rear mirror) 

5 Undefined 

 
Table 13  Area of interest divided into 17 different areas.  

Code Area of interest “What” 

1 Object moving towards own car (ex. vehicle) 

2 Object in front of own car in the same lane  

3 Object that may cross your path/trajectory (vehicle or road users that may cross the 
road in front of your path, undefined area in the crossing)   

4 Signs for direction (ex. Centrum) 

5 Signs for operations (ex. Stop) 

6 Traffic light  

7 Right rear view mirror 

8 Left rear view mirror  

9 Inner rear view mirror  

10 Vehicle instrument panel 

11 Interior of own car  

12 Road markings (stop line, zebra strips….marking helping to position own car)  

13 Zebra strips  

14 Road in front of own car 

15 Crossing (intersection included all the markings) 

16 Parked car on the side of the road  

17 Undefined    

 
4.4.6 Norway 
The tests were carried out in an office of the Institute of Transport Economics in Oslo. 
The participant was welcomed by the manager of the Norwegian part of the project, 
who also administered the tests. After receiving information about the project, the 
participant signed an informed consent form. After adjusting the chair and the reading 
distance to the screen (about 60 cm), the three parts of the UFOV test was carried out. 
During the subsequent hazard perception test, eye fixations were recorded, using 
SmartEye® equipment.3 This required the participant to wear a helmet with cameras for 

                                                 
3 Results for eye fixations during hazard perception testing are not included in this report.  
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recording of both eye movements and the scene ahead. After the helmet had been 
adjusted and the recording equipment calibrated, the hazard perception video test was 
administered. Finally the participant filled in a short questionnaire with background 
information (Appendix 2), before being paid and dismissed.  

 
4.5 Results 
4.5.1 Field driving 
Due to the amount of intersections recorded during the driving, 17 intersections in total, 
four were selected for further analysis. Intersections 4, 6, 10 and 14 were chosen for 
their different characters and for the good quality of collected data. Further, results from 
these four intersections are presented.  

Intersection 4 “STOP + turn right” Intersection 6 “traffic light + right turn 

 
Intersection 10 “traffic light + left turn” Intersection 14 “traffic light + right turn” 

Figure 18  The four intersections that was selected for analysis: 4, 6, 10 and 14. 
 
Driver’s behaviour 
The zones were partly defined with vehicle data and partly with pictures from the 
camera scene since no GPS points were available. The mean speed was calculated for 
three points: start of zone 1, end of zone 1 and end of zone 2 (Table 14). The differences 
in mean speed between groups were significant for intersection 4 composed by the stop 
sign: younger drivers arrived at a significant higher speed into the intersection than 
older drivers (t=5,643; p=0,000) and they also had a higher speed coming closer to the 
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stop sign (t=3,083; p=0,004). For the other three intersections no larger differences were 
observed between the groups.  

 
Table 14  Mean speed (standard deviation) at the beginning of the intersection 
(start Z1), before braking (stop Z1) and in the middle of the intersection (start Z2) for 
four intersections for each group of drivers.  

Intersection 4 Start Z1 End Z1 End Z2  

Young drivers 76.8 (5.6)* 68.5 (6.3)* – stop sign  

Old drivers  66.3 (5.1)* 62.5 (4.9)* – stop sign  

Intersection 6     

Young drivers 50.8 (6.2) 51.2 (2) 23.1 (1.8)  

Old drivers  50.9 (7.6) 50.8 (4.9) 20.1 (6.3)  

Intersection 10     

Young drivers 29.6 (8.4) 31.3 (7.3) 13.3 (4.8)  

Old drivers  30.8 (5) 32.2 (7.3) 13.3 (4.3)  

Intersection 14     

Young drivers 30.8 (5.1) 33.4 (4.9) 13.4 (5.1)  

Old drivers  32.8 (2.8) 34.5 (4.5) 13.5 (4.8)  

*p<0.05 

 
Gaze distribution 
The following figures show gaze distributions over time within the three zones 
(Figure 19). At intersection 4, composed by a STOP sign, drivers need to look to the left 
if any vehicle comes before turning to the right. Gaze distributions show that drivers 
look both to the left and to the right. Younger drivers do look in their rear-view mirror, 
too. No differences are significant between the groups.  

At intersection 6, a 4 way-crossing regulated by a traffic light where drivers had to 
make a right turn, drivers looked most of the time straight ahead and in the direction 
they intended to drive, e.g. to the right. Both groups of drivers looked to some extent in 
their rear-view mirror too. Statistically significant differences were observed in zone 2 
for the direction straight ahead (t(df=17)=-1,852; p=0.082) where older drivers looked 
more than the younger, and to the left (t(df=17)=0,002; p=.019) where younger drivers 
looked more than older ones.  
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Figure 19  Distribution of gaze over four intersections for young and older drivers.  
 

At intersection 10, a 4 way-crossing regulated by a traffic light where drivers had to 
make a left turn, they looked most of the time straight ahead and to the left, the direction 
they intended to drive. To some extent, both groups looked to the right and in their rear-
view mirror. The analysis for zone 2 revealed a significant difference between the 
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groups for the time spent looking straight ahead and to the left. Younger drivers spent 
more time looking to the left than older drivers did (t(df=37)=2,181; p=0.036). On the 
opposite, older drivers did look more straight ahead than younger drivers did 
(t(df=37)=-2,018; p=0.051).  

The intersection 14 is a 4-way intersection regulated with a traffic light where drivers 
did turn to the right. Drivers looked more straight ahead and to the right where they 
intended to turn. No statistical differences were observed between the groups for this 
intersection.  

 
Area of interest  
Further analysis is presented for the preparation zone (zone 2) to examine what area of 
interest (AOI) the drivers looked at preparing a turn at the four intersections (Figure 20). 
Area 17 is not defined and won’t be further analysed since the video could not tell 
where drivers were looking at.  

Intersection 4 “stop + turn right”: drivers preparing a right turn at this stop sign looked 
at the road in front of the car (14), at the crossing itself (15), at road marking (12), at 
vehicle coming from all directions (2, 3) and a traffic sign including stop sign (4, 5).  

Intersection 6 & 14 “traffic light + right run”: those two intersections have the same 
characteristics. Drivers spend most of the time looking at moving cars in all directions 
representing threat (1, 2, 3), traffic light (6), the road in front of own car (14) and the 
crossing itself (15).  

Intersection 10 traffic light/left turn: drivers look at cars coming from all directions 
(1, 2, 3), traffic light (6), the road in front of own car (14) and the crossing itself (15). 
Compared to the intersection where they made a right turn, they did spend more time 
looking at cars coming in front of them since they had to cross their path. 
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Figure 20  Distribution in percent of the area of interest looked at for young and old 
drivers at the four intersections selected. 
 

In general, where drivers are looking at is highly determined by the environment charac-
teristics and by actual threat (other cars) around own car.  

 
Head rotation 

For each intersection, an analysis was performed on the number of head rotations for 
each driver through an intersection. Head rotation is defined as a turn to the left or the 
right. 

 
Table 15  Number of head rotations at the intersections by driver age group. 

 Intersection 4 Intersection 6 Intersection 10 Intersection 14 

Young drivers 3.5 2.3 3.3 5.15 

Old drivers  3.8 1.9 2.2 5.8 

 
Fixation analysis 
A specific analysis was performed for the fixations identified during driving for each 
intersection (all zones together). Mean fixation times are summarised in Table 16.  
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Table 16  Mean fixation time in milliseconds (number of subjects) at four intersections 
for each group drivers. 

 Intersection 4 Intersection 6 Intersection 10 Intersection 14 

Young drivers 153 (16) 149 (9) 156 (22) 146 (21) 

Old drivers  159 (18) 167 (10) 174 (17) 147 (13) 

Significant level NS NS NS  

 
4.5.2 Useful Field of View (UFOV) 
Mean scores for older and younger drivers 
Results for the three UFOV subtests are presented in Figure 21 for Sweden and in 
Figure 22 for Norway. Results from the UFOV are reported in milliseconds for each of 
the three subtests. It is notable that the results are very similar for the two countries. 
There is a clear effect of the age variable for all the three subtests. There is also another 
effect of a subtest: the time to process information is faster for the processing speed test 
than for the divided attention test and faster for the divided attention test than for the 
selective attention test.  
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Figure 21  Useful Field of View results for the Swedish subjects. 
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Figure 22  Useful Field of View results for the Norwegian subjects. 
 

At the end of the UFOV test, a combination score is calculated based on the three sub-
scores. The result is divided between 1 to 5 categories of risk with category 1 being the 
lowest risk level4.  For the combination score, the same age effect is found (Table 17). 
Among the younger drivers, the risk scores are within category 1 and 2 which stand for 
a risk statement “very low” and “low” respectively. Among older drivers, the risk 
statement is spread from category 1 to category 4 which stands for moderate to high 
risk.  

 
Table 17  Combination scores for risk statement for young and old drivers in Sweden 
and Norway. 

  Score for the risk category 

 Age group 1 2 3 4 5 

Sweden Young 20 4    

 Old 12 7 3 2  

Norway Young 23 4    

 Old 5 5 6 5  

Total Young  43 8    

 Old 17 13 9 7  

 

                                                 
4 It should be noted that the interpretation of the test scores in relation to risk is based on the 
categorisation in the UFOV test manual (Visual Awareness, Inc., 2008), and does not necessarily imply 
that the test is validated in terms of actual crash involvement risk. 
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Variability between drivers 
An interesting hypothesis is that performance variability increases with age, which 
means that only some of the older drivers show impaired functions, whereas others may 
perform more or less like the younger drivers. To investigate this hypothesis we 
compared the standard deviations of the UFOV scores between older and younger 
drivers for the Swedish and Norwegian samples combined. As shown in Table 18 the 
older driver group shows much larger standard deviations than the younger group on all 
three subtests of the UFOV. 

 

Table 18  Standard deviations of UFOV scores, and F tests for differences in the 
variance between older and younger drivers. 

UFOV test Younger Older F 

Processing speed 4.90 36.48 55.4* 

Divided attention 47.56 79.42 2.79* 

Selective attention 54.27 106.84 10.0* 

* Statistically significant with p<0.001. 

 
4.5.3 Hazard perception test  
Mean reaction time 
Figure 23 shows the mean reaction times for the older and younger drivers when the 
data sets from Sweden and Norway are combined. The older drivers have longer 
reaction times for all of the 13 traffic situations, and the difference is statistically 
significant for 4 of the situations (situations 1, 3, 5, and 9). In two additional situations 
the difference approaches statistical significance (Situation 8: p=0.08. Situation 10: 
p=0.05).  

Figure 23  Mean reaction times of younger and older drivers to 13 video-presented 
traffic hazards. 
 

Separate results for the Swedish and Norwegian drivers are shown in Table 19. For the 
mentioned situations with significant difference between older and younger drivers for 
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the whole sample, there are significant differences in either one or both of the national 
samples. In addition, in the Swedish sample there is a significant difference for situation 
6. For this situation the interaction between country and age group is also significant, 
implying that the age group effect differs between the countries. Except for this 
situation, the results are fairly consistent across countries. It is, however, notable that 
the Swedish drivers (both young and old) had significantly longer reaction times in 3 
situations (Situation 5: p=0.007. Situation 9: p=0.015; Situation 10: p=0.015). 

 
Table 19  Mean hazard perception reaction times (seconds), by age group and country. 

Situation Country Older Younger p 

Norway 2.68 2.03 0.012  
1 Sweden 2.88 2.16 0.011 

Norway 2.80 2.31   
2 Sweden 2.81 2.65  

Norway 6.41 3.63 <0.001  
3 Sweden 6.24 5.41  

Norway 7.25 7.12   
4 Sweden 8.40 7.59  

Norway 8.79 3.87 <0.001  
5 Sweden 13.33 4.75 <0.001 

Norway 3.10 3.41   
6 Sweden 3.79 2.78 0.001 

Norway 3.83 3.76   
7 Sweden 4.43 4.19  

Norway 2.86 2.42   
8 Sweden 2.73 2.20 0.10 

Norway 2.63 2.09 <0.001  
9 Sweden 2.73 2.46  

Norway 2.87 2.24 0.013  
10 Sweden 2.53 2.45  

Norway 2.40 2.11   
11 Sweden 2.27 1.90  

Norway 3.60 3.02   
12 Sweden 3.61 3.55  

Norway 1.91 1.86   
13 Sweden 2.47 2.05  
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Inter-individual variation in hazard perception reaction time 
An interesting question is whether there are larger individual differences in performance 
among older drivers than among the younger. To see if this is the case for hazard 
perception reaction times we have compared the standard deviations of the two driver 
groups (Table 20). For four situations (1, 5, 11, and 13) the variability is larger among 
the older drivers, whereas there is a difference in the opposite direction for one situation 
(6)5. This indicates clearly that performance in this test situation varies more among the 
elderly drivers. 

 
Table 20  Standard deviations of hazard perception reaction times, and F tests for 
differences in variance between older and younger drivers. 

Situation Younger Older F 

1 0.726 1.083 2.225* 

2 0.883 0.843 1.096 

3 2.580 2.196 1.381 

4 1.546 1.851 1.434 

5 2.998 6.336 4.466* 

6 1.691 0.900 3.532* 

7 1.612 1.304 1.528 

8 1.202 1.432 1.420 

9 0.492 0.457 1.155 

10 0.750 0.859 1.310 

11 0.645 1.404 4.745* 

12 1.596 2.003 1.576 

13 0.427 0.705 2.730* 
* Statistically significant with p<0.001. 
 

For further illustration the frequency distributions of reaction times for the situations 
with significantly larger variation among elderly drivers are shown in Figure 24 through 
Figure 27. 

                                                 
5 The larger variance for the younger drivers in situation 6 is explained by one person in the youngest 
group having a reaction time of 12 seconds, whereas all other reaction times in both groups were 
6 seconds or shorter. Ignoring this person, the standard deviation of the younger group would be reduced 
to 1.09, and the difference from the older group would be negligible.  
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Figure 24  Frequency distribution of hazard perception reaction times of the two age 
groups for situation 1. 

 
Figure 25  Frequency distribution of hazard perception reaction times of the two age 
groups for situation 5. 

 

For situation 5 it is notable that the distribution of reaction times among the older 
drivers is clearly bimodal. Most younger drivers discovered the hazard (driving behind a 
car when overtaking a bicycle and meeting oncoming car at the same time, necessitating 
braking) well in advance, whereas many of the older drivers did not respond until the 
lead car actually braked. 
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Figure 26  Frequency distribution of hazard perception reaction times of the two age 
groups for situation 11. 

 
Figure 27  Frequency distribution of hazard perception reaction times of the two age 
groups for situation 13. 

 

The examples in Figure 24 through Figure 27 show that some of the older drivers have 
as good or even better hazard perception skills than the best younger drivers, whereas 
others are clearly poorer than all the young drivers. 

 
Number of responses to predefined hazards 
Some of the drivers did not respond to all the predefined hazards in the test. Thus, the 
proportion of drivers in each age group who responded to each hazard is an additional 
indicator of possible differences in hazard perception skills between the groups.  

Table 21 shows the percentage of responding drivers in each age group for all the 13 
traffic situations. There were significant differences between the age groups only for 

  

10,0008,0006,0004,0002,0000,000

25

20

15

10

5

0

25

20

15

10

5

0

Older 

Younger 

Reaction time (seconds)

Fr
eq

ue
nc

y 

4,0002,000 

12

10

8

6

4

2

0

12

10

8

6

4

2

0

Older 

Younger 

Reaction time (seconds)

Fr
eq

ue
nc

y 



 

VTI rapport 656A 65 

two situations (4 and 13), and both differences were in the direction of more responses 
among the younger drivers. 

 
Table 21  Percentage of drivers responding to hazard situations, by age group.  

Situation Younger 
(n=51) 

Older 
(n=49) 

χ2 P 

1 100 100   

2 71 59   

3 98 98   

4 69 41 6.726 0.01 

5 92 96   

6 98 94   

7 59 59   

8 94 96   

9 100 88   

10 78 84   

11 82 96   

12 80 65   

13 67 43 4.802 0.03 

 
Total number of responses 
In some cases drivers gave more than one response within the predefined time window 
of a hazardous situation. In addition, there were some responses to other situations than 
those that were defined as hazards in advance. If a driver presses the response button 
very frequently, there is also an increased probability of a quick response to a prede-
fined hazard by coincidence. It is therefore interesting to compare the total number of 
responses between the driver groups. 

 

Table 22 shows the mean number of ‘relevant’ and ‘irrelevant’ responses for the two 
age groups. A ‘relevant response’ is defined as the first response occurring within a 
predefined time window of a hazardous situation. An ‘irrelevant response’ is defined as 
any other response, either an additional response within a critical time window or a 
response outside the window. 

Although there is a tendency in the direction of more responses among the younger 
drivers, the difference is not statistically significant, and it does not seem likely that 
different frequency of responding may explain any of the differences in reaction time. 

It is notable that there were on the average more responses among the Norwegian than 
the Swedish drivers. The mean total number of responses was 24.4 for Norway and 20.6 
for Sweden. 
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Table 22  Mean number of relevant and irrelevant responses to hazard perception test, 
by age group.  

Response Younger Older 

Relevant 10.9 10.2 

Irrelevant 12.5 11.1 

All responses 23.4 21.3 

 
4.5.4 Can driver age or gender explain differences between Norwegian and 

Swedish results? 
It was shown above that the Swedish drivers had longer reaction times in three of the 
situations, and for two of them this difference was most notable for the older drivers. 
Since the mean age of the older drivers in the Swedish sample was about 5 years higher 
than in the Norwegian sample, the difference in reaction times could possibly be an 
effect of age. To look closer into the relationship between age and hazard perception we 
computed correlations between reaction time and age for the older driver group for each 
country sample, as shown in Table 23. The correlations are generally low and insigni-
ficant, which means that the differences between Norwegian and Swedish results are 
probably not due to the age difference between the two older driver samples. Another 
possible explanation could be gender, since there were relatively more males in the 
Swedish sample. However, there are no systematic differences in reaction times be-
tween male and female drivers neither in the Swedish nor the Norwegian sample. 

 
Table 23  Correlations (Pearson’s r) between age and hazard perception reaction time 
among elderly drivers, by gender.  

Situation Sweden Norway 

1 0.11 0.03 

2 0.23 -0.31 

3 -0.24 -0.33 

4 0.24 -0.10 

5 0.05 -0.04 

6 -0.15 -0.10 

7 0.35  0.47 

8 -0.19 -0.06 

9 -0.24 0.17 

10 0.10 -0.22 

11 -0.37  0.42* 

12 -0.27 -0.11 

13 0.17 0.40 
* p<0.05 
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The difference in reaction time may be related to the finding that the Norwegian drivers 
had more responses in general during the hazard perception test, but we have no indica-
tions about why they responded more frequently. 

Consequently, there is no obvious explanation of the difference in reaction time 
between the Swedish and Norwegian drivers. 

 
4.5.5 Correlation between UFOV and hazard by age 
No correlation is found in the present data between the UFOV and the hazard perception 
tests.  

 
4.6 Discussion and conclusions  
Eye movements provide an on-line measurement of the visual and cognitive processing 
of information and how humans acquire and store information when performing tasks. 
The present data did not indicate differences of the gaze distribution over the different 
zones (straight, left, right, rear). Gaze distributions over location and time seem to be 
highly controlled by top-down processes where experience, intentions and expectancies 
play a large role. Drivers also spend time on other directions opposite to where they 
intend to drive since a threat could arrive from other directions. Gaze backwards, 
representing time spent in all three rear mirrors, is interpreted as capacity to share their 
visual attention in order to have a full picture of the situation around their vehicle. 
Drivers collect information visually around the car to increase their level of situation 
awareness in order to be prepared to act or react as fast as possible when the situation 
will require it. 

The differences observed between younger and older drivers are a little surprising. From 
the literature we expected larger differences in terms of time spent in different areas 
where younger drivers would be expected to look more in different areas compared to 
older drivers, i.e. a difference in divided attention which is found in the Useful Field of 
View test. The effect might exist but is attenuated by interferences due to the traffic 
environment which is more a bottom-up processes.  

It is found in the literature that older drivers do behave in a specific way to compensate 
for the effect of aging. For driving through an intersection, one way to compensate 
would be to slow down earlier in order to get more time for scanning the intersection 
and other road-users. From the data collected in the present study, such compensatory 
behaviour was not observed. However, at the intersection with the stop sign data show 
that older drivers had significantly lower speed compared to younger drivers.  

 
Tests of visual attention and hazard perception 
All the tests that were used showed clearly impaired performance among the elderly 
drivers compared to the younger comparison group. This means that the elderly drivers 
have slower visual processing speed, poorer divided and selective attention, and take 
longer time to detect the upcoming hazards in the video test. It is notable that there is 
larger variability between the drivers in the older group both concerning the UFOV and 
the hazard perception test, and some of the elderly drivers perform as well as the best 
drivers in the younger group. Therefore, it cannot be concluded that elderly drivers in 
general show impaired performance. This is very important to keep in mind when it 
comes to the issue of finding adequate measures to improve safety among elderly 
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drivers. The results do not give any support whatsoever for the idea of setting an age 
limit for holding a driver’s license. 

Although it can be concluded that some of the older drivers do show impaired test 
performance, an important question is to what extent this implies increased crash risk. 
To the extent that drivers are aware of their impairments they may be able to compen-
sate both by driving more carefully and by avoiding driving under adverse traffic condi-
tions. For example, drivers who know that their vision is impaired, and especially night 
vision, are likely to avoid driving in darkness. However, when the useful field of view is 
impaired, as shown by poor UFOV performance, it may be difficult to compensate, 
because this is an impairment that the driver is less likely to be aware of. Since impaired 
useful field of view implies that information in the peripheral visual field is not fully 
processed and attended to, it is likely that the driver does not know that there are any 
stimuli to attend to or to compensate for. 

Concerning the hazard perception test, the older driver group had slower reaction times 
to all the 13 situations. For most of the situations the difference between the two groups 
was small (less than 1 second) and can possibly be explained as differences in simple 
reaction time, which has been shown by previous research to deteriorate with old age. 
There were, however, two situations where the average reaction time for the older 
drivers was several seconds longer than for the younger group. Both situations required 
the test person to attend to events at some distance ahead in traffic, in both cases in-
volving possible conflicts with vulnerable road users (bicyclists, pedestrians). A 
possible explanation of the age difference could be that the road users ahead could be 
difficult to see, due to impaired vision, and not necessarily that the older drivers had 
poorer appreciation of the potential hazard involved. But irrespective of the explanation, 
whether impaired vision or poor hazard perception, the impairment may indicate 
increased crash involvement risk. 

According to the field data collected, older drivers follow the same behavioural pattern 
as younger drivers. Their visual behaviour seems to be highly controlled by top-down 
processes which are based on a larger experience and expectancies for both groups. 
Results from the UFOV show a large effect of age on all three subtest results. More-
over, older drivers had a higher risk score compared to younger drivers.  

Thus, by way of conclusion, test performance indicates impaired attention and hazard 
perception among many of the older drivers, and this may probably explain part of the 
increased crash involvement risk in this age group. It is important that older drivers are 
made aware of such limitations in order to be able to compensate for the impairments 
when possible. However, those differences were difficult to highlight in the same way 
in the field study. It would be appropriate to conduct a simulator study in the future to 
further study driving behaviour at intersections because the unique possibility to control 
the traffic environment. 
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5 Overall discussion and conclusions 
Older drivers are sometimes (i.e. in some traffic environments and situations) consi-
dered an accident prone group and from traffic safety analyses identified as a “high risk 
group” (Sagberg, 2007). However this is not a consistent picture of older drivers.  

This study took its starting point with the question of older drivers’ accident proneness 
and consists of accident analyses, a literature study, a couple of tests and a field study. 
The overall aim was to investigate risk situations in older drivers’ everyday travelling. 

The project has studied older drivers with focus on the following questions: 
• In which traffic situations and traffic environments are the older car drivers 

involved in accidents? 
• In which traffic situations and traffic environments are the older drivers not an 

accident prone group? 
• In connection with which factors can older car drivers’ behaviour be related to 

accident involvement? 
• What differences can be found in connection with the identified situations and 

factors if we compare older car drivers to younger car drivers? 
• Are there differences in attention and visual behaviour between older and 

younger car drivers which may be related to accident involvement? 

 

The aim of the study design was to deepen knowledge about older drivers. By coopera-
tion between researchers in the two Nordic countries Norway and Sweden that have 
similar demographics and traffic situations, the project has a wider approach compared 
to national research on accident involvement and drivers behaviour. Three main 
methods have been used in the study: a thorough accident analysis in Norway, a litera-
ture study on existing research on older drivers’ behaviour (i.e. cognitive aspects on car 
driving) and accident involvement, and an experimental study comprising three visual 
and perception tests i.e. two tests in computer environment accomplished in Norway 
and Sweden, and one field study on the road conducted in Sweden. 

 
5.1 Accident involvement of older car drivers 
In the accident analyses each accident was classified into categories based on the direc-
tions of the older drivers’ own and other vehicles, if the involved vehicles were turning 
or going straight ahead, and where the accidents took place (in curves, straight sections, 
etc.). Over 80 crash types were identified in the Norwegian accident data base 
(see 2.2.2). The typical older driver accident and also the atypical older driver accident 
have been identified.  

 
Atypical older driver accidents: rear-end collisions and collisions in curves 
The most frequent accident type among all drivers was the rear-end collision which 
counted for more than 20 percent of all crashes. However, the rear-end collision was an 
atypical older driver accident. The older drivers had a smaller percentage of all their 
accidents in this category compared to younger drivers. This can be interpreted either as 
that the older drivers better pay attention to traffic ahead than the younger drivers or that 
the older drivers behave in an unexpected manner which is making it difficult for 
drivers behind them to avoid a crash. The similar trend was seen for collisions in curves, 
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where younger drivers were overrepresented compared to the older. This can be inter-
preted as differences in speed among the older and younger drivers. Younger drivers 
have in previous investigations been found more often to exceed speed limits and have 
single car accidents more often than older drivers. But we can not from the present data 
analyses conclude that older car drivers in Norway are underrepresented in single 
crashes, which is often reported in analyses of accident statistics from other countries. 

 
Typical older driver accident: left turn at intersections 
The most frequent accident type among older drivers was when the driver turned left at 
an intersection and was hit by another vehicle in the right side or the left side of the car. 
For the oldest drivers (80+) these two accident types accounted for about twice as high 
proportion as for the other age groups. This could be interpreted as a problem with 
estimating speed of oncoming vehicles in intersections or that the oldest drivers act 
more slowly in comparison to other drivers or that they have problem noticing/detecting 
oncoming vehicle. When one driver acts differently from other drivers (s)he may con-
fuse the others. When drivers misunderstand each other there is a higher risk to end up 
in an accident. Another accident occurring more often among the older drivers was 
collision with a pedestrian crossing the street. 

When considering how traffic at an intersection was regulated an apparent difference 
between the age groups was observed. A high proportion of crashes occurred when the 
older driver had to give right-of-way to other vehicles and this was regulated by a give 
way (yield) sign. From a proportion of about 10 percent for the youngest groups, this 
type of accidents counted for about 30 percent of the oldest drivers’ crashes. When there 
were no traffic lights or signs, and the road users who approached the intersection had 
to give right-of-way to traffic coming from the right, older drivers were less involved in 
accidents leading to personal injuries. 

 
The cause of the accidents 
A lot of behaviour (found from accident analyses) among younger drivers is not 
common among the older drivers. For example, use of alcohol and drugs is one of the 
highest risk factors on the roads together with high speed and identified as the most 
risky behaviour to cause accidents otherwise. According to the accident analysis and 
literature review, instead illness and tiredness could be higher risk factors among older 
drivers. In the in depth analyses of fatal crashes in Norway during the years 2005–2007 
tiredness was the most often suspected cause of the accident among the control group 
aged 35–55 years (28 %) and the second most often suspected cause in the group aged 
75+ (19 %). Illness could be the cause of the accident twice as often among the older 
drivers (28 %) as in the control group (14 %). Concerning suicide, the situation could be 
the reverse with more deliberate actions among the control group (11 %) compared to 
the older group (6 %). (See: Chapter 2.3.2, table 8). 

 
Road and weather conditions 

Older drivers had proportionately more accidents which occurred in a good weather and 
visibility and fewer when visibility was poor and it was raining or snowing. Older driver 
behaviour was also discernible in different light conditions. A greater proportion of the 
older drivers’ crashes occurred during day light and a smaller proportion during dark-
ness and dawn/dusk compared to younger groups. Whereas the season variable did not 
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show large differences between the age groups, there was a tendency to higher percent 
of older persons’ accidents in summer and lower in winter. 

Those findings are interesting from the view of analysing older car drivers’ accident 
involvement and accident proneness. The fact that older drivers are less involved in 
accidents in poor weather conditions, and in weak light and darkness, and that older 
drivers more often have accidents in summer than in winter indicates that most of them 
are aware of the traffic safety problems with these conditions, i.e. compensation 
strategy. Other studies have shown that older drivers avoid driving in busy traffic, in 
darkness, and when the roads are likely to be covered of ice or snow. If they did not – 
they would probably have more accidents in bad weather, too. From that point of view 
the analysis indicates that older drivers in general seem to be cautious and know their 
own capacity by compensating for another type of behaviour. 

 
5.2 Complex intersections increase the risk for older car drivers  
Older drivers are said to have problems in situations where there is a high demand on 
the whole chain of information processing, handling and understanding. Apart from a 
cognitive decline, other factors that might affect driving performance have been brought 
forward by the research community, regarding for example vision. 

Three different tests were accomplished: field study with eye movements measured in 
real traffic, Useful Field of View (UFOV) test in computer environment, and hazard 
perception test from traffic situations presented on video. 

 
Eye movements  
In the present study, eye movements were recorded during driving since they provide an 
on-line measurement of visual and cognitive processing of information, and it was 
studied how humans handle information in complex situations where visual information 
is important. From the accident statistics showing specific type of accidents for older 
drivers (left turn at intersection) we suspected we should observe a different visual 
behaviour between older drivers compared to younger drivers at intersections since 
visual information plays a large role in driving. Present data concerning the gaze distri-
bution during the approaching, preparation and execution phases of intersections were 
similar for both age groups. Both age groups look where they intend to drive, i.e. eye 
movements highly controlled by top-down processes where experiences and intentions 
played an important role. Drivers also spent time on gazes in other directions opposite 
to where they intended to drive – to check if a threat could arrive from other directions 
which is also a top-down mechanism where expectancies play a larger role. Data did not 
indicate large differences of the gaze between younger and older drivers, which is not in 
line with accident statistics nor with the results from the Useful Field of View. We also 
suspected to find indicators of the compensation among older drivers which is often 
described earlier. Literature shows that older drivers behave in certain ways to 
compensate effects of impairments due to the ageing process. For driving through an 
intersection, one way to compensate would be to slow down earlier, but that was not 
observable in the data. 

In conclusions, accident statistics revealed a higher rate at intersections, observation of 
visual behaviour did not show differences between older and younger drivers. It seems 
that older drivers are more sensitive to update their motoric and cognitive planning 
when something unpredictable happens in the traffic environment. In normal driving 
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conditions, when no accident happens as observed in our study, older drivers are as 
good as younger drivers to manoeuvre through an intersection. However, in case of an 
accident, when something suddenly changes in the environment not taken into account 
during the approaching and planning phase, the action to update the plan is more costly 
for an older than for a younger driver. Consequences should be noticeable in the 
execution phase, i.e. for an intersection when entering into the intersection being in the 
same path as another vehicle where no return is possible.  

 
UFOV and hazard perception 
The other tests (computer and video) showed clearly differences between the older and 
the younger drivers. The older drivers had slower visual processing speed, poorer 
divided and selective attention, and took longer time to detect the upcoming hazards in 
the video test. It is important to point out that the whole older group did not perform in 
the same way. Some of the older drivers performed as well as the best drivers in the 
younger group. Therefore, it can not be concluded that older drivers in general have 
impaired processing and although it can be concluded that some of the older drivers did 
show impaired test performance, we do not know to what extent this implies increased 
crash risk. According to the field study (driving on the road) older drivers follow the 
same behavioural patterns as younger drivers. Meanwhile many older drivers indicate 
impaired attention and hazard perception which may explain some of the occurring 
typical older age accidents. 

 
5.3 Chronological age as limitation for car driving 
One starting point was to problematize the definition of older people and to analyze 
what has been identified as problems (e.g. risky car drivers). The results from this 
project strengthen the idea that a definition of older people (i.e. people within a specific 
age span) and considered as a homogeneous group based on their chronological age, 
may obscure the differences between groups and individuals based on variations in 
functions, health, gender, ethnicity, living, economy, experiences, etc., which are crucial 
topics for studies about human beings. 

The test results from the study confirm the consideration: no significant differences 
were found between “young old” and “old old” drivers (the studies from Norway and 
Sweden were conducted with ages from 65 to 81 years old). Instead the test results 
show great individual variations within the test group of older drivers (see further in 
section 5.4). 

Thus there is nothing in the results of this study that supports age based limitations for 
renewal of driving license for otherwise healthy older people. Instead the study 
strengthens arguments for refining of methods to identify risky traffic behaviour among 
individuals of all ages. A few certain conditions and functions which may cause 
behaviour that jeopardize traffic security are more often found among older persons; 
meanwhile other certain conditions may be more common among younger persons. In 
both cases the interest will be on identifying potentially hazardous drivers. According to 
results from this project older drivers are not a general and dominating problem for road 
safety. Instead the variability within the older groups that were tested in Norway and 
Sweden indicated the opposite standpoint; many older drivers seem to be as careful 
drivers as other age groups while some older persons’ driving behaviour might be 
hazardous in crucial situations.  
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5.4 Individual differences discernible among the older drivers 
In this study we found significantly more individual differences among the older than 
among the younger drivers in the samples from Norway and Sweden. The younger 
drivers in the tests were aged between 27 and 55 and the older were aged between 65 
and 81 (see 4.4.2). Despite the larger age differences in the younger group (28 years in 
the younger and 16 in the older), the larger individual differences in performance 
appeared in the older group. 

In our present and future society of a growing elderly population it is important to 
consider the knowledge on changes in driver behaviour of older persons. In part, many 
of the older drivers themselves seem to compensate for their decline by driving when 
they feel safe, avoiding demanding situations, high traffic flow and bad weather. At the 
same time some of the tests indicate that there are older drivers that show poorer 
divided and selective attention, and take longer time to detect the upcoming hazards. It 
is important that older drivers are aware of the probable impairments associated with 
high age. It is also important to take into consideration what ageing persons need and 
expect from their society.  

 
5.5 Suggestions and further research 
One conclusion from this project is that using chronological age is not a pertinent 
method to identify unsuitable car drivers. Instead refining of methods to identify risky 
traffic behaviour among drivers of different ages is suggested. Methods to recognize 
unsuitable drivers could be refined due to sort out dangerous behaviour because of 
tiredness or illness which are the two most often suspected causes of accidents.  

The methods used in this project can be further developed and combined with more in-
depth studies of drivers’ own perspectives and considerations. What are the drivers’ 
own ideas and experiences about car driving and road safety? How could drivers be 
more aware of their limitations as drivers in causes of tiredness or temporary illness? It 
would also be interesting to emphasize what strategies they have and observe them as 
car drivers in different traffic situations. Also, training and education for uncertain 
(older) drivers could be a useful way to increase awareness and avoid hazardous 
behaviour on the roads. The mobility and welfare aspects have to be considered as well, 
since older people often need car driving to carry out their every day activities and reach 
service. 

We believe that methods to increase safety should be understandable and easy to adopt 
by the drivers. Also that causes of more than temporary tiredness and illness should not 
be left to the drivers’ own decisions but be further scrutinized by medical profession. 

An important aspect for the ageing driver population is the design of the vehicles and 
traffic environment. Larger differences between individuals also implicate need for 
more flexible solutions. This project’s results raise new questions on design and how to 
further deepen knowledge on technical solutions in vehicles and traffic environments 
that would support older drivers. Efforts have been made to adjust roads, traffic signs, 
and design of intersections to increase safety for all road users. This project actualises 
questions about different groups’ travel behaviour and their influence on the traffic 
system; and on cooperation in complex traffic situations between various groups of road 
users, with various ages and with various capacities. Because there are great variations 
within the group called “older drivers” it would be interesting to do further studies with 
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older drivers on the road. Driving behaviour that occurs among older people can also be 
found among younger people, and solutions for “older drivers” may also be advantage-
ous for “younger drivers”. 

Data collected of visual driver behaviour at intersections represent a fantastic opportu-
nity for system developers and human factor people to use in order to design intelligent 
transport systems and active safety systems in a vehicle (e.g. information access, and 
recommended way and speed) that support drivers at intersections no matter the age. 
Furthermore, an important issue is how the ageing drivers give priority to and afford 
new technological solutions.  
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Participation consent 
Samtykkeerklæring for deltakelse i forskningsprosjektet 
”Oppmerksomhet og oppfattelse av faresituasjoner i trafikken” 
 

Undertegnede har meldt seg frivillig til å delta i forskningsprosjekt 
om oppmerksomhet og oppfattelse av faresituasjoner i trafikken. 
Prosjektet består av følgende to tester, som gjennomføres foran en 
dataskjerm, under veiledning av en forsøksleder: 
 

1) Oppmerksomhet: Identifisering av objekter på dataskjermen 
2) Fareoppfattelse: Måling av reaksjonstid på faresituasjoner i en 

videofilm fra trafikken. 
Det vil også bli foretatt registrering av øyebevegelser ved hjelp av 
kamera montert i ”hjelm” på hodet. 
Testingen varer ca. 1 time.  
Deltakelsen er helt frivillig og jeg er informert om at jeg står fritt til å 
trekke meg fra undersøkelsen når som helst dersom jeg skulle 
ønske det. 
Jeg bekrefter at jeg har lest gjennom ovenstående informasjon, og 
jeg samtykker i å delta i undersøkelsen på disse betingelser. 
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Interview questionnaire 
Intervjuskjema O-3357 
 

Idnr:      Mann: Kvinne: Alder:   år 

 

 
I hvilket  år fikk du førerkort for bil? 1 9

 

 
Omtrent hvor mange kilometer kjørte du i alt i 2007? 0 0 0 km 

 

 
Har du vært innblandet i trafikkuhell som bilfører i løpet av de siste 3 årene? 
Regn med alle typer uhell med materiellskade eller personskade som har 
skjedd mens du har kjørt bil, også småbulker og lignende.. 

     ja      nei               

 

 
Hvis ”ja”, hvor mange uhell?   uhell        

 

 
 aldri av og til alltid 

Bruker du briller når du kjører bil          
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