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Introduction

On a daily basis road users have to share the roads with a great number of 
other road users, each of them with the major goal to move from one place to 
another, with a minimum of disruptions and at a pleasant speed (Bjørnskau, 
1993; Shinar, 1998). To reach their destinations road users continuously 
have to negotiate with or avoid actual and potential obstacles in the traffic 
environment. These obstacles can be stationary (e.g., curbs, walls, trees, and 
parking cars) or mobile (e.g., other road users such as cars, buses, cyclists, 
and pedestrians, but also various animals that suddenly appear on the road). 

Predicting other road users’ behaviour is more difficult than predicting 
the road environment because other road users, in contrast to stationary ob-
jects, are in motion and the driver has to estimate their speed and direction to 
be able to avoid them. Furthermore, the road is often well known to the driv-
ers, whereas other road users must be considered as unknown and therefore 
more unpredictable. To make the driving task possible every road user has to 
take the intentions and behaviours of other road users into account. In other 
words, the road users have to interact with each other. This would be a diffi-
cult task for the individual road user without the help of formal traffic rules 
that prescribe the proper way to behave in different situations. The formal 
rules also indicate the intentions and behaviours of other road users. How-
ever, for various reasons, road users do not always act according to road 
traffic regulations. Now and then, some persons do deliberately violate the 
formal rules to get personal favours. Some persons also use other ways to 
communicate and interact, that is, by means of informal rules and signals, to 
improve road user interactions. The informal rules supplement or contradict 
the formal rules. Some of them may facilitate interaction between road users, 
but some may lead to conflicts or accidents, such as when different drivers 
comply with different rules. 

In traffic, in contrast to most other situations where people have to inter-
act, the participants are relatively anonymous, the interactions are short and 
the possibilities to communicate are more restricted (Bjørnskau, 1993). Be-
cause of the limited means for communication in traffic misunderstandings 
and misinterpretations often occur, which may result in irritation among road 
users. Besides the fact that irritation as such turns drivers into “bad” drivers, 
irritated drivers are also disposed to act aggressively (e.g., Dahlen, Martin, 
Ragan, & Kuhlman, 2005; Deffenbacher, Deffenbacher, Lynch, & Richards, 
2003; Lajunen & Parker, 2001). According to Shinar (1998), it is when a 
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person perceives the behaviour of others as unfair, against the norms, or 
against expected behaviour that frustration might grow into aggression di-
rected towards these persons. Studies have shown that drivers are subject to 
different kinds of cognitive biases when judging the behaviour of other road 
users (e.g., Åberg, Larsen, Glad, & Beilinsson, 1997; Baxter, MacRae, Man-
stead, Stradling, & Parker, 1990; Knapper & Cropley, 1978; Manstead, 
Parker, Stradling, Reason, & Baxter, 1992). These biases may be the founda-
tion to irritation in some of the encounters between road users. 

Three studies, applying a social psychological view of driving, provide 
the empirical basis for the present thesis. In the first study it was investigated 
how the rules of priority, the design of the intersection, and the behaviour of 
other drivers influence yielding behaviour in intersections. The second study 
examined driver irritation and its relationship with aggressive behaviours. In 
the third study, drivers’ attributions of their own and others’ behaviour were 
investigated in connection with driver irritation. The thesis also includes a 
minor field study with two specific aims: (1) to examine to what extent in-
formal traffic rules are used by experienced versus novice drivers in intersec-
tions and in roundabouts and (2) to measure the validity of self-reports. Be-
fore the empirical studies are presented, a background to this research area is 
provided, including studies of social factors in driving, informal rules, driver 
irritation and aggression, and attribution biases. 

Social and interpersonal factors in driving 
The direction of traffic research has largely been guided by the general 
trends in psychological research (for a review, see Englund, Gregersen, Hy-
dén, Lövsund, & Åberg, 1998). After the Second World War, there was great 
interest in psychological research to measure differences between individu-
als. The dominating view in traffic safety research was that some road users, 
because of specific characteristics, were believed to be more accident-prone 
than others. During the 1960s, psychological research focused on human 
perception. Road users were then, because of limited perceptual abilities, 
regarded as victims in a complex traffic environment. In other words, the 
human being was the weaker link in the human-machine-environment sys-
tem. The perceptual view was later replaced by a cognitive one, and indi-
viduals’ motives to act in certain ways were of particular interest. Driving 
was regarded as a self-paced task, meaning that road users could, through 
their own choices, reduce the risks they were subject to. Finally, the fourth 
view emphasizes individuals’ ability to automate their behaviour in many of 
the tasks road users have to perform. 

As shown, traffic psychology research has focused for a long time on the 
individual road user and more or less neglected problems of social psychol-
ogy in traffic. It is clear that there is still a strong need for knowledge about 
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how road users interact in traffic and how they influence the behaviour of 
each other. The present thesis aims at increasing this knowledge. 

According to Zaidel (1992), every individual driver is influenced by the 
social environment consisting of other road users, general social norms, and 
formal traffic rules. At the same time, every road user is a part in other road 
users’ social environment.  

Zaidel (1992) has stated four important ways the social environment can 
influence a driver: 

Others’ behaviour can be used as a source of information 
As long as the drivers share a common driving culture, the informative value 
of others’ behaviour is high; in other cases, misunderstandings can easily 
occur. Observing others’ behaviour in a novel situation can also be a clue to 
the required behaviour. 

Communication with others 
Communication in traffic can clarify intentions of the drivers and explain 
otherwise puzzling or offensive behaviour, and in that way reduce misunder-
standings, frustration, and conflicts. Improved communication may facilitate 
co-operative behaviours among drivers, and thereby create a more positive 
social climate in traffic. 

Others as a reference group 
Drivers compare their behaviour with that of others, (e.g., in the case of 
speed chosen). The concept “social norms” (or informal traffic rules) might 
be thought of as the summary representation of the opinion of others. To the 
extent that individuals accept the collective expressions of opinions as their 
own, they hold similar norms and may share common rules of behaviour.  

Imitation of others 
Imitation refers to following someone else’s behaviour without directly be-
ing instructed or forced to do so and with no direct communication between 
the imitator and the person whose behaviour is imitated. Attributes that make 
a group or an individual salient (e.g., behaviours that stand out or deviate in 
some other way) increase the likelihood of these persons being imitated. The 
potential imitator must have the ability to perform the behaviour and also 
some prior inclination to behave in that way or, at least, not having any 
strong objections against it. 

Imitation in traffic has been found in several situations, including use of 
indicators, pedestrians crossing streets at red lights, running yellow and red 
lights, and use of safety equipment in the vehicle (see Wilde, 1978, for a 
review).
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The mere presence of other road users could also influence drivers’ be-
haviour. For instance, Yinon and Levian (1995) found that the probability 
that drivers would enter an intersection before the light turned green in-
creased when there were other cars behind or to either side of the vehicle. 
The women tended to be less affected than men by the presence of other 
drivers.

The presence of passengers can also influence drivers in one way or an-
other. According to Dannefer (1977), passengers heighten the driver’s con-
cern to appear competent, which may result either in greater caution and 
alertness or in more thrilling, high-risk driving. 

It has also been shown that drivers’ attitudes and intentions to commit 
driving violations (drinking and driving, speeding, close following, and 
overtaking in risky circumstances) are influenced by their beliefs concerning 
social expectations to perform the behaviours (Parker, Manstead, Stradling, 
Reason, & Baxter, 1992). 

Rothengatter (1991) claims that normative behaviour becomes attractive 
to road users if they perceive that most other road users comply with it and 
those who do not are getting punished. One can expect that it is not only 
punishment from the road authorities, but also punishment from fellow road 
users that have this effect. 

Informal traffic rules 
To facilitate social interaction in traffic formal rules regulate road users’ 
behaviour. However, sometimes road users do not comply with the formal 
rules. Reasons for failures to follow traffic laws could be a lack of motiva-
tion or a lack of knowledge about the formal rules in specific situations. 
Sometimes traffic laws are vague or ambiguous and are understood differ-
ently by different persons. Furthermore, some traffic rules are not congruent 
with the road design, or the rules are not adjusted to human requirements or 
natural behaviour patterns (e.g., Helmers & Åberg, 1978; Johannessen, 
1984). In some situations formal rules may be too rigid and insufficiently 
adaptable to cope with the situation (Deehy, 1968). If behaviours, which 
supplement or contradict formal traffic rules, become common in a specific 
situation or place, it is an indication that a (social) norm might has developed 
(i.e., an informal traffic rule). 

Informal rules are composed of expectations. When some expectations are 
regularly provoked in a specific situation, it indicates that an informal rule is 
in effect (Hjorthol, Assum, & Solheim, 1984). Informal rules (norms) have 
been defined by Cialdini and Trost (1998) as: 

Rules and standards that are understood by members of a group, and that 
guide and/or constrain social behavior without the force of laws. These norms 
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emerge out of interaction with others; they may or may not be stated explic-
itly, and any sanctions for deviating from them come from social networks, 
not the legal system. (p. 152) 

A driver’s behaviour is largely determined by what he or she expects another 
road user to do. Expectations of other drivers’ future behaviour might be 
based on formal traffic rules, informal traffic rules, road design (which often 
is the reason for developing informal traffic rules) and/or the other drivers’ 
present behaviour.

However, sometimes drivers’ expectations can be wrong. An important 
error in traffic is a lapse of cognitive expectation, illustrated by a failure to 
look for a specific type of road user, or a failure to look in the direction of 
the road user in question (Rumar, 1990). For instance, it has been shown that 
drivers entering T-junctions from the connecting road and were going to turn 
left both looked to the left and to the right, whereas right-turning drivers 
almost entirely looked to the left before they turned, although they had to 
cross a cycle path before turning (Summala, Pasanen, Räsänen, & Sievänen, 
1996). This type of driving behaviour seems to indicate that drivers mostly 
concentrate on cars and other motor vehicles while ignoring or paying little 
attention to bicyclists. While turning left the driver has to be aware of cars 
coming both from the left and right; however, while turning right the driver 
has a conflicting path with cars coming from the left only. During a three-
year period in the city of Helsinki, 69% of all collisions between bicycles 
and cars occurring at non-signalised intersections involved drivers making a 
right turn and cyclists coming from the right (Summala et al., 1996). 

Lurie (1968) was one of the first claiming that there are two kinds of rules 
in traffic: formal and informal. He studied traffic from a game theory per-
spective and argued that rules do not tell us what is morally right or wrong; 
rather, they merely tell us whether what we are doing is part of the game. In 
some situations it is useful to use a formal rule while in other situations an 
informal rule is more appropriate. The difference between the rules is that 
the formal ones are legitimised and officially entered into the regulations 
(e.g., pedestrians must not cross on red light), whereas the informal ones 
prescribe acceptable behaviour under certain conditions (pedestrians may 
cross on a red light if there are no cars coming). According to Lurie, a higher 
rate of accidents would be expected as a consequence of what he called “so-
cial disorganisation”. Disorganisation can arise in situations when the exist-
ing formal or informal rules are inadequate (e.g., in dense traffic where it is 
hard to keep legal distances to cars in front), when a situation is completely 
unstructured (e.g., the first snow fall, resulting in icy road surfaces), when 
the rules are contradictory or overlap with each other (e.g., flashing head-
lights when overtaking in the dark in order to inform the other driver of 
one’s intentions, which also could blind the other driver [according to Lurie, 
different instruction manuals stated different behaviours]), and when the 
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rules are not clear (e.g., in intersections with stop signs at each corner). So-
cial disorganisation might also occur when drivers who are relatively inexpe-
rienced drive, or when experienced drivers drive under unusual circum-
stances.

Conflicts between road users might arise when different participants in a 
specific situation act according to discrepant formal or informal traffic rules. 
This is because a road user’s ability to correctly predict another road user’s 
behaviour is reduced if the other road user complies with a different rule 
system (Wilde, 1976). According to Wilde, there are four types of behaviour 
in traffic: (1) behaviours that are in conformity with both the formal and the 
informal rules, (2) behaviours that deviate from the formal rules but conform 
to the informal, (3) behaviours that conform to the formal rules but deviate 
from the informal, and (4) behaviours that deviate from both rule systems. 

In an exploratory study, Helmers and Åberg (1978) investigated the be-
haviour of six experienced drivers in intersections of varying design and 
with different priority rules. In intersections where traffic signs were set up 
to order which driver should yield the right of way, good concordance was 
found between formal traffic rules and reported driver behaviour. This was 
not the case, however, in intersections where drivers have to yield the right 
of way to traffic approaching from the right (henceforth called “the right-
hand rule”). In these four-way intersections the drivers reported in 65% of 
the crossing situations that they would drive as if they had the right of way, 
though, by law, they should yield to vehicles from the right. In three-way 
intersections where the right-hand rule was in force and where the drivers 
drove on the straight through road, they reported in only 7% of the crossing 
situations that they would drive in accordance with traffic regulations. In the 
other crossing situations the drivers reported that they would drive as if they 
had the right of way. When the drivers drove on the connecting road, they 
reported in all crossing situations that they would yield to another driver 
even though they came from the right. The drivers’ reported driving behav-
iour was independent of knowledge of the traffic rules. It was also found that 
in intersections where the drivers reported that they drove as if they had the 
right of way, independent of the actual traffic rule, their horizontal head 
movements were small in amplitude and their speed was relatively high. In 
the intersections where the drivers reported that they would yield to another 
vehicle, independent of the actual traffic rule, their head movements were 
large in amplitude and their speed was low. Helmers and Åberg concluded 
that when formal traffic rules do not correspond with the road design, infor-
mal traffic rules, based on expectations on other road users’ behaviour, are 
developed through interaction between road users.  

Drivers’ behaviours are not only influenced by formal and informal traffic 
rules. Other normative systems in which road users are involved might also 
influence their driving behaviour. The novice teenage driver, for instance, 
might be a careful and cautious driver when alone or accompanied by par-
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ents, but makes other, risky, driving decisions in the company of peers 
(Deehy, 1968). 

Novice drivers and informal traffic rules 
As mentioned, drivers’ expectations are sometimes wrong. One reason for 
wrong expectations of other drivers’ behaviour is an inadequate mental 
model of the traffic network. A mental model is an internal representation of 
a complex system that is used to predict and explain interactions with the 
system (McKenna & Crick, 1994). It could be expected that drivers’ mental 
models not only vary between individuals but also within individuals across 
time, for example, when changing from being a novice to becoming an ex-
perienced driver. 

Novice drivers learn the formal traffic rules in driving schools, whereas 
the informal rules are learned through interplay with other drivers (Shor, 
1964). Such interplay in traffic was studied in Norway by Bjørnskau (1993). 
In Norway, novice drivers were taught in driving school to dip their head-
lights at a particular distance when meeting other vehicles in the dark. How-
ever, this dipping of the headlights was done considerably later than what 
was common in real traffic situations. Therefore, the experienced drivers 
“educated” the novice drivers to dip their headlights earlier by flashing their 
own headlights until the novice drivers dipped their headlights. To dip head-
lights at a long distance could be seen as an informal traffic rule that has 
been evolved by road users to avoid dazzling effects. 

Driver irritation and aggressive behaviour 
Interactions between road users are normally short and can simply be seen as 
a consequence of road users’ simultaneous wish for mobility – to reach their 
destinations they have to interact with each other (Bjørnskau, 1993). Be-
cause of restricted possibilities for communication in traffic, misunderstand-
ings and misinterpretations often occur, which may result in irritation among 
road users.

An irritated driver is a poor driver. Anger while driving may interfere 
with attention, perception, information processing, and motor performance 
and in that way increase the likelihood of an accident (Deffenbacher, Oet-
ting, & Lynch, 1994). An irritated driver is also more disposed to perform 
what is called aggressive behaviours (e.g., Dahlen et al., 2005; Deffenbacher 
et al., 2003; Lajunen & Parker, 2001), such as weaving in and out of traffic, 
“cutting” in front of other drivers, tailgating, speeding, and “running” red 
traffic lights, some of them behaviours known to be associated with acci-
dents (for a review, see Ulleberg, 2004). Other aggressive behaviours (such 
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as headlight flashing) may not be dangerous as such, but may provoke other 
drivers and make them irritated and behave aggressively as well.  

According to Manstead (1997), the common belief that other road users 
exhibit a large and growing amount of aggression is founded upon people’s 
own feelings of anger in reaction to what they perceive to be aggressive be-
haviours of other road users. In fact, at least some of these behaviours may 
not be aggressive; instead, what drivers are responding to is behaviours that 
do not conform to what ordinary road users regard as acceptable and normal 
behaviour on the roads (Manstead, 1997). However, there exist different 
definitions of the concept aggressive driver behaviour. In a review of aggres-
sive driving, Ulleberg (2004) discussed the pros and cons of three definitions 
of aggressive driving. The first definition includes behaviours that harm 
another driver, physically or psychically, and is, according to Ulleberg, the 
same phenomenon that is usually called road rage. This phenomenon has 
actually little to do with traffic and is seen more as violence or criminal ac-
tions expressed in traffic rather than driver behaviour (Vaa, 2000). The sec-
ond definition states that it is the intention to frighten, threaten, or harm 
other road users that characterize aggressive driving. However, it is hard to 
know the intention of other road users. The third definition states that driving 
is aggressive if it apprehends frightening or threatening to other road users, 
irrespective of the intention behind the behaviours. Ulleberg concluded that 
this third definition should be the most useful one, but for the sake of plain-
ness, the term for this definition should be aggressive and reckless behav-
iours.

According to Bjørnskau (1993, 1996) and Shinar (1998), the primary rea-
son for drivers’ irritation is that other road users are obstructive. This idea 
has its origin in the frustration-aggression hypothesis, originally proposed by 
Dollard, Doob, Miller, Mowrer, and Sears (1939). This classical hypothesis 
states that frustration, defined as “that condition which exists when a goal-
response suffers interference” (Dollard et al., 1939, p. 11), always leads to 
some form of aggression and that aggression is always a consequence of 
frustration. The increase of reported aggressive actions on the roads could 
therefore be a consequence of the growing amount of traffic (Shinar, 1998). 
Hennessy and Wiesenthal (1999) found that both driver stress and aggres-
sion were greater in high- than in low-congestion conditions. However, the 
connection between congestion and aggression is not clear-cut. For example, 
Shinar and Compton (2004) found that when congestion is coupled with a 
sense of urgency it induces aggressive behaviour, but not necessarily when 
the value of time is low. Results of other studies indicate that there is no 
direct relationship between traffic congestion and aggressive behaviours 
(Lajunen, Parker, & Summala, 1999). Some studies have shown that ob-
structive, or otherwise delaying, situations that do not involve some interper-
sonal element induce a lower amount of anger than situations in which an-
other road user could be blamed for the obstruction (Lajunen, Parker, & 
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Stradling, 1998; Mesken, 2003). According to appraisal theory, the quality 
and intensity of emotion in a particular situation depends on how the situa-
tion is interpreted and evaluated (Lazarus, 1991). Smith and Lazarus (1993) 
claim that anger arises from appraisal of “other-blame”, which consists of 
three components: motivational relevance (the encounter is relevant to any 
personal goal), motivational incongruence (the encounter is inconsistent with 
this goal), and other-accountability (someone else could be blamed for the 
incongruence).  

It seems to be that anger or irritation arises in interactions between road 
users (e.g., when another road user is obstructive). However, the degree of 
irritation evoked might be dependent on how the negative behaviour of other 
road users is interpreted, that is, how the behaviour is attributed. 

Driver attributions 
Attribution refers to the process by which individuals arrive at causal expla-
nations for their own and others’ behaviour (Ross, 1977). Several studies 
have shown that drivers are subject to attributional biases when judging the 
behaviour of other road users. One such bias is false consensus, which refers 
to a tendency of persons “to see their own behavioral choices and judge-
ments as relatively common and appropriate to existing circumstances while 
viewing alternative responses as uncommon, deviant, or inappropriate” 
(Ross, Greene, & House, 1977, p. 280). For instance, it has been found that 
drivers who kept a higher speed than other drivers also perceived others to 
drive fast (Åberg et al., 1997; Haglund & Åberg, 2000). Further, Manstead et 
al. (1992) found that drivers who personally engaged in specific violations 
and errors perceived these behaviours as being committed by a higher pro-
portion of other drivers than what drivers who did not commit these behav-
iours did. It is plausible to think that false consensus also is in effect in the 
case of irritation, that is, drivers who easily get irritated perceive other driv-
ers as more irritated than these drivers actually are.  

According to Baxter et al. (1990), drivers’ causal attributions of others’ 
behaviour may be a source of stress and aggression on the roads. These au-
thors claim that if some drivers habitually assume that the aggressive behav-
iour of other road users is due to steady qualities of those observed, they 
might be more frustrated and angry than they would if they recognize that 
other road users, like themselves, make mistakes now and then, especially 
when under pressure. Conversely, drivers may underestimate the extent to 
which their own “bad” behaviours, which they themselves might consider 
relatively innocent, induce irritation in other road users (Baxter et al., 1990).  

The tendency to overestimate the importance of personal or dispositional 
factors relative to environmental influences – even when situational factors 
that can account for the behaviour are available – are called the fundamental 
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attribution error (Ross, 1977). Closely related to this bias is the actor-
observer effect, which refers to a “pervasive tendency for actors to attribute 
their actions to situational requirements, whereas observers tend to attribute 
the same actions to stable personal dispositions” (Jones & Nisbett, 1972, p. 
80). Baxter et al. (1990) found tendencies in drivers to attribute their own 
behaviour to situational causes and the behaviour of others to more personal 
dispositions when explaining two relatively common traffic violations – 
close following and running traffic lights. 

Most of the studies investigating attribution biases in traffic concern the 
false consensus bias, whereas the actor-observer effect has been paid less 
attention to. However, the results of the study by Baxter et al. (1990) indi-
cate that the actor-observer effect exists even in traffic. 
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Aims of the thesis 

The general aim of this thesis was to examine components in the interaction 
between road users, that is, factors that regulate and influence the interac-
tion. In order to examine these factors three studies were conducted.  

The primary aim of Paper I was to investigate to what extent drivers’ behav-
iour in intersections is influenced by informal traffic rules and to what extent 
such rules are related to such factors as road design, other drivers’ behaviour 
(i.e., speed), and formal traffic rules (i.e., the right-hand rule). A secondary 
aim was to investigate differences among drivers in their compliance with 
formal and informal rules.  

The first aim of Paper II was to apply the UK Driving Anger Scale (the UK 
DAS) on a Swedish sample of drivers in an attempt to replicate the three-
factor structure reported by Lajunen et al. (1998). A second aim was to in-
vestigate to what extent different situations lead to openly aggressive reac-
tions as reported by the respondents. A third aim was to test models of rela-
tionships between drivers’ irritation and aggressive behaviour.  

The aim of Paper III was to investigate some of the cognitive biases drivers 
might be subject to when judging the behaviour of other road users in irrita-
tion-provoking situations. A comparison was made between obstructed driv-
ers’ irritation reported by the obstructed drivers themselves and estimated by 
obstructive drivers. The same comparison was made for obstructive drivers’ 
botheration. Botheration in this study is defined as drivers’ feelings of dis-
comfort coming from their knowledge of being an obstruction to drivers 
behind them. Based on the false consensus bias, it was investigated if drivers 
who reported a high degree of irritation also perceive other drivers as irri-
tated. Further, it was studied to what extent drivers attribute the behaviours 
of their own and other drivers according to the actor-observer effect. Finally, 
the relation between drivers’ attribution and reported degree of irritation was 
examined. 

Additional to these studies, a minor field study was carried out. The aim of 
this study was to investigate to what extent informal rules are used in inter-
sections and roundabouts and to measure the validity of self-reports. 



18

Empirical studies 

Paper I: 
Driver behaviour in intersections: Formal and
informal traffic rules 
Helmers and Åberg (1978) have identified three variables in the traffic envi-
ronment that are important to drivers when they enter an intersection: the 
design of the intersection, other road users’ expected and actual behaviour, 
and the rules of priority in the intersection. Previous results indicate that all 
three variables appear to have an influence on the behaviour of drivers (e.g., 
Helmers & Åberg, 1978; Janssen, van der Horst, Bakker, & ten Broeke, 
1988; Johannessen, 1984; Kulmala, 1991). If behaviours that supplement or 
contradict formal traffic rules become common in a particular traffic inter-
section, it is an indication that an informal traffic rule has been developed 
and put in practice.  

The primary aim of Paper I was to investigate to what extent drivers’ be-
haviour in intersections is influenced by road design, other drivers’ behav-
iour (i.e., speed), and road traffic regulations (i.e., the right-hand rule). A 
secondary aim was to identify groups of drivers based on differences in for-
mal and informal rule compliance. 

A sample of 2,500 drivers, randomly drawn from the Swedish register of 
car owners, was sent a questionnaire composed of different traffic situations 
in which the respondents were asked to indicate how often they commit the 
actions described. The items were assessed on a 5-point scale with response 
alternatives never (1), rarely (2), occasionally (3), frequently (4), and always
(5). Ten of the questions regarded yielding behaviour in hypothetical cross-
ing situations. In all crossing situations the respondents were told that there 
was no major road, implying that they should always yield the right of way 
to traffic coming from the right, based on the right-hand rule. Three designs 
of intersections were used as scenarios (see Figure 1). Two of the intersec-
tions were four-way, in which one was with equally broad roads and one 
with narrower roads crossing a broader road. The third intersection was 
three-way with equally broad roads.  
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(a) (c)(b)

Figure 1. The three types of intersection used in the questionnaire. From the left: (a) 
a four-way intersection with equally broad roads, (b) a four-way intersection with 
narrower roads crossing a broader road, and (c) a three-way intersection with equally 
broad roads.  

Four questions were asked to each of the two four-way intersections. The 
questions regarded how often the respondents would yield to another car if 
this car (1) was coming from the right and was slowing down, (2) was com-
ing from the right and was maintaining its speed, (3) was coming from the 
left and was slowing down, and (4) was coming from the left and was main-
taining its speed. Two questions were asked regarding the three-way inter-
section. In one of these the respondents were asked how often they would 
yield to a car approaching from the right on the connecting road, and in the 
other the respondents were asked how often they would yield to a car ap-
proaching from the left on the straight through road. In the three-way inter-
section the condition was such that the car on the connecting road was al-
ways slowing down. Nothing was said about the speed of the car on the 
straight through road. Because the right-hand rule was in force, differences 
in the respondents’ reported behaviour when another driver was coming 
from the left or the right could be used as a measure of the importance of the 
traffic regulations. After two reminders, 1,342 completed questionnaires 
were returned, yielding a response rate of 54%. However, some of the re-
spondents had not answered all the questions about the crossing situations 
and were removed from the analyses through listwise deletion, which re-
duced the number of respondents to 1,276. Of these, 52% were men and 
48% were women. The mean age of the respondents was 47 years (range 18-
74 years) and the respondents had held a driver’s licence for a mean period 
of 26 years. The median mileage driven last year was in the range 10,010 to 
15,000 kilometres. 

The results showed a substantial variation in yielding behaviour for the 
different crossing situations. The proportion of drivers who reported that 
they always yielded varied from 27% to 76% when the other driver came 
from the right and from 1% to 32% when the other driver came from the left. 
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The least ambiguous situation was a four-way intersection with equally 
broad roads, where the other driver came from the right and was maintaining 
his or her speed. Three fourths of the drivers reported that they always 
yielded to the other driver in this crossing situation. This observation is not 
surprising as the yielding behaviour was in accordance with the law and the 
other driver showed no intention to yield. Furthermore, because of equal 
status of the roads there was no reason for any driver to experience any 
“psychological right of way” (e.g., Wilde, 1976).  

Comparisons between intersections were analysed using two-way re-
peated measures analysis of variance (ANOVA). The analyses showed that 
the drivers reported that they yielded the right of way to a driver coming 
from the right more often when the other driver came from an equally broad 
road than when he or she came from a narrower road. When the drivers 
themselves were coming from the right, they reported that they yielded more 
often when the other driver was coming from a broader road than when the 
driver was coming from an equally broad road. The drivers also reported that 
they yielded more often when the other driver maintained his or her speed 
than when he or she decelerated. Finally, the drivers reported that they 
yielded more often when the other driver was coming from the right than 
when the other driver was coming from the left. Thus, the drivers’ behaviour 
was to some extent consistent with the right-hand rule. It was also shown 
that the drivers’ behaviour was more dependent on the other driver’s behav-
iour than on road breadth and that the right-hand rule was equally important 
as the other driver’s behaviour.  

Four groups of drivers were identified from their reported yielding behav-
iour in the three-way crossing situations. Unlike the four-way intersections, 
the three-way intersection consisted of only two situations, which easily 
could be contrasted with each other. A cross tabulation of drivers that rarely 
yielded versus those yielding most of the time is presented in Table 1. 

Table 1: Yielding frequency in the three-way intersection when the other driver was 
coming from the connecting road compared with yielding frequency when the other 
driver was coming from the straight through road  

The other driver was coming 
from the right from the  
connecting road 

The other driver was coming from the left 
from the straight through road 

Total

Never to  
occasionally

Frequently to  
always

Never to occasionally A: 162 (13%)     B: 353 (28%)   515 (40%) 

Frequently to always C: 489 (38%) D: 272 (21%)   761 (60%) 

Total      651 (51%)      625 (49%) 1,276 (100%) 
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The four groups of drivers were denoted as A, B, C, and D. Thirteen percent 
of the drivers (group A) reported that they rarely yielded, regardless of the 
crossing situation and traffic regulations (the “aggressive” group). The driv-
ers in group B, accounting for 28% of the drivers, reported that they yielded 
when they came from the connecting road but not when they came from the 
straight through road. Their behaviour appears to be largely dependent on 
road design and not on the formal rules (the “informal” group). The largest 
group (group C) comprises 38% of the drivers. Their behaviour was in com-
pliance with the traffic regulations (the right-hand rule), which implies that 
they reported that they yielded when they themselves came from the left but 
not when they came from the right (the “formal” group). Group D (21% of 
the drivers) includes drivers who reported that they mostly yielded, regard-
less of the crossing situation and traffic regulations (the “cautious” group). 

Chi-square tests indicated that the four groups did not differ with regard 
to sex or mileage driven the previous year. ANOVAs were used to compare 
the groups on yielding frequency in the four-way intersection situations, 
speeding, and age. The drivers in the cautious group (group D) evidenced 
higher yielding frequencies in the four-way intersections than most of the 
other drivers. They also complied with the speed limits to a greater extent 
than the drivers in the aggressive and the informal groups and were, on aver-
age, significantly older than the other drivers. The drivers in the formal 
group (group C) reported that they complied with the right-hand rule to a 
large extent in the four-way intersections and they also reported compliance 
with the speed limits. The aggressive drivers (group A) reported a low yield-
ing frequency in the four-way intersections, and like the informal drivers 
(group B), they reported more speeding. The connection between speeding 
and traffic violation in intersections supports the finding that drivers who 
drive fast are also likely to be involved in accidents when they had failed to 
yield the right of way (Parker, West, Stradling, & Manstead, 1995). In four-
way intersections the informal drivers reported less yielding to drivers from 
the right than more formal or cautious drivers and more yielding to drivers 
from the left than aggressive or formal drivers. 

The results of Paper I indicate that in addition to the formal rule drivers 
rely on informal rules based on road design (a driver from a narrower road 
yields to a driver from a broader road) and on other drivers’ behaviour (a 
driver yields if a crossing driver does not slow down). Furthermore, different 
drivers seem to have different strategies of yielding behaviour. Therefore, to 
better understand non-compliance with formal traffic rules and for improve-
ment in traffic safety it is important to learn more about how and why road 
users acquire informal rules. One way to acquire new behaviours is through 
learning from others. When road users do not behave as expected, for exam-
ple, they violate any formal or informal traffic rule, other road users may be 
irritated and try to educate the violators. Driver irritation and aggressive 
behaviour were therefore examined in Paper II. However, before proceeding 
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to Paper II, a short summary is provided of a field study in which it was in-
vestigated whether informal rules are used in intersections and roundabouts. 
The validity of self-reports was measured as well. 

Interlude
In Paper I, the respondents were asked to indicate how often they commit 
different actions. Data from self-reports might be problematic in that it might 
be difficult to translate previous experiences into expected behaviour in arti-
ficial traffic situations. Therefore, a minor field study was conducted to in-
vestigate behaviours in intersections and roundabouts. The field study is 
available in the Swedish language in its whole length (Björklund, 2003), but 
a short summary is provided here. 

Informal rules in intersections and roundabouts – a field study 
Earlier investigations have indicated that drivers use informal rules in inter-
sections instead of, for example, the right-hand rule (e.g., Helmers & Åberg, 
1978; Johannesen, 1984). The formal rules for roundabout driving are quite 
vague and it can therefore be expected that informal rules will develop in 
roundabout driving. It is also believed that drivers learn informal rules 
through interactions with other drivers, whereas driver training is focused on 
formal traffic rules (Bjørnskau, 1993). Accordingly, it is expected that ex-
perienced drivers use informal rules more frequently than novice drivers.  

The first aim of the field study was to investigate to what extent informal 
traffic rules are used by experienced versus novice drivers in intersections 
and in roundabouts A second aim was to measure the validity of self-reports 
by comparing drivers’ self-reported behaviour with real driving in round-
abouts. The study was largely a replication of the study by Helmers and 
Åberg (1978). However, the present study was extended to also investigate 
roundabouts and to compare novice drivers with experienced drivers. 

Method and participants 
Eight participants, four experienced (two females and two males) and four 
novice drivers (two females and two males), participated in the study. The 
experienced drivers had a mean age of 43 years (range 34 to 51 years) and an 
annual mileage of 15,000 to 30,000 kilometres. The novice drivers were 19 
years old, had held a driver’s licence for less than one year, and had driven 
less than 10,000 kilometres during this time.  

Each participant drove a 30-minute long test route, with the instruction to 
drive as he or she normally would do. An observer sat in the passenger seat 
and kept records of which lane the participant got into and how he or she 
used the indicators in the roundabouts. Moreover, in selected intersections of 
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various regulations the participant was asked to verbally express how he or 
she would drive if crossing road users were approaching. After driving, the 
participant was asked to indicate on maps how he or she normally drove in 
the roundabouts along the route. However, the participant was not told that it 
was the same roundabouts. Finally, each participant viewed a video film of 
the route, which had been recorded during the driving, and was asked to 
report which priority rule that was in force at the selected intersections. 

Results
Most participants reported that they would yield to others in intersections 
with “give way” signs. In four-way intersections in which the right-hand rule 
was in force the drivers reported in 78% of the cases that they yielded to 
other drivers coming from the right. In three-way intersections they reported 
in 69% of the cases that they would yield to drivers coming from the right on 
the connecting road when they themselves drove on the straight road through 
the intersection. When coming on the connecting road, the most frequent 
reported behaviour was giving way to other vehicles, indicating an informal 
rule because crossing drivers from the left actually should give way to the 
participants.

No differences were observed between novice and experienced drivers in 
four-way intersections. In three-way intersections there was a non-significant 
tendency for novice drivers to comply with the formal rule more frequently 
than the experienced drivers. The novice drivers reported correct behaviour 
in 13 of 16 cases (81%) when driving on the straight through road, whereas 
the corresponding number for the experienced drivers was 9 of 16 (56%). 
When coming on the connecting road the novice drivers reported correct 
behaviour in 5 of 12 cases (42%) and the experienced drivers in 3 of 12 
cases (25%).  

Each participant encountered nine roundabouts during the route. There 
was a non-significant tendency for novice drivers to use the indicator more 
frequently than the experienced drivers when entering a roundabout at left 
turns. In the other situations (i.e., when turning right, when leaving round-
abouts at left turns, and when driving straight through) there were no differ-
ences between novice and experienced drivers. Almost all participants used 
the right indicator at right turns and when leaving the roundabouts at left 
turns. When driving straight through, the most frequent behaviour was to not 
indicate at all.

To measure the validity of self-reports a comparison was made between 
reported and observed behaviour in the roundabouts. The results showed a 
great concordance between reported and actual behaviour for the novice 
drivers. Only in one of 36 situations the reported behaviour differed from the 
observed regarding use of indicator or not. The experienced drivers, on the 
other hand, differed in reported and observed indicator behaviour in 11 of 36 
roundabout situations. 
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Discussion 
A comparison between compliance with the right-hand rule was made be-
tween the results in this study and the results in Paper I. In the present study 
the participants reported in 69% of the crossing situations that they would 
give way to another driver when they were driving on the straight through 
road in three-way intersections. In four-way intersections the proportion was 
78%. In Paper I, 60% of the respondents reported that they would yield the 
right of way (always and frequently yielding) in the three-way intersection 
scenario (where the other driver always slowed down); in the four-way inter-
sections on average 75% of the respondents reported that they would yield to 
another driver from the right. As shown, these two studies indicated yielding 
frequencies of about the same proportions. 

 The results in the study by Helmers and Åberg (1978) showed that in 
only 3% of the crossing situations that involved driving on a straight through 
road in three-way intersections the drivers reported that they would give way 
to another driver. In four-way intersections this proportion increased to 35%. 
There could be several reasons for differences in results between the present 
study and Helmers and Åberg’s study. First, two decades have passed be-
tween the first and the second study; second, the studies were not carried out 
in the same city; and third, there was a small number of participants. How-
ever, the present results were more in agreement with the results presented 
by Johannesen (1984) in which the frequency of yielding in four-way cross-
ings was 78% and in three-way crossings 56%. 

Only minor differences between novice and experienced drivers in re-
ported yielding behaviour could be found. However, there was a tendency 
that novice drivers more often than the experienced drivers complied with 
the right-hand rule in three-way intersections. The experienced drivers 
tended to be more influenced by the road design in deciding which road user 
should yield. 

The results of the comparison between reported and observed behaviour 
in the roundabouts showed that the novice drivers were more consistent in 
their behavioural strategies, whereas the behaviour of the experienced driv-
ers varied somewhat with different situations. 

It is difficult to draw any conclusions about validity from the present field 
study. However, there was a great concordance between actual and reported 
behaviour regarding use of indicator or not, at least for the novice drivers. 
There is also a small tendency of the results to support the idea that drivers 
are using informal rules in intersections and roundabouts.   
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Paper II: 
Driver irritation and aggressive behaviour 
To diminish irritation and aggressive behaviour on the roads it is necessary 
to learn why some drivers get irritated and to examine the connection be-
tween irritation and aggressive behaviour. By means of the UK Driving An-
ger Scale (UK DAS), which measures the amount of anger felt in different 
potentially provocative traffic situations, Lajunen et al. (1998) found three 
sources of anger-provoking situations: “progress impeded”, “reckless driv-
ing”, and “direct hostility”. 

The first aim of Paper II was to apply a Swedish version of the UK DAS 
to a sample of Swedish drivers in an attempt to replicate this three-factor 
structure. A second aim was to investigate to what extent different irritation-
provoking situations lead to openly aggressive reactions. A third aim was to 
test models of drivers’ irritation and aggressive behaviour. It was hypothe-
sised that a high amount of irritation is related to aggressive actions. Driver 
irritation, on its part, was predicted to be influenced by driver characteristics 
(i.e., sex, age and driving experience), but also by driving style (i.e., speed). 
This applies particularly to irritation provoked by progress impeded, because 
drivers who normally drive fast are more often obstructed by other road us-
ers than drivers who drive slower. 

One hundred drivers, students and employees at Dalarna University, a 
small university in the middle of Sweden, participated in the study. Two of 
the participants had not answered all the items investigated in this paper and 
were therefore omitted from the analyses, reducing the number of partici-
pants to 98. The remaining participants were, on average, 35 years old (range 
21-58 years) and had held a driver’s licence for a mean period of 16 years. 
The median category for mileage driven during the past year was 10,010 to 
15,000 kilometres. Of the participants, 48% were women and 52% were 
men. Each participant received a cinema voucher, worth approximately 75 
Swedish Kronor, as reimbursement. 

The original UK DAS-scale concerned degree of anger, but in the present 
questionnaire the participants were asked about degree of irritation. The 
reason for this was that the Swedish translation of the word anger denotes a 
quite strong feeling and consequently there was a possibility that the distri-
bution among the questions would be too small and skewed. The items were 
assessed on a 5-point scale with response alternatives not at all irritated (1), 
a little irritated (2), fairly irritated (3), very irritated (4), and extremely irri-
tated (5). To measure expressed irritation in addition to experienced irrita-
tion, the reactions of the drivers in each of the potentially provoking situa-
tions were measured by using the alternatives no reaction; mutter to myself;
beep horn and/or flash lights; gesture and/or yell at the other road user;
using the vehicle to tell what I think of the other road user, for example, 
follow or drive close to the other road user. Responses to any of the three 



26

latter alternatives were coded as aggressive reactions. The behaviour mutter
to myself was not defined as an aggressive behaviour because it does not 
have any influence on another driver.  

The results showed that the item provoking most irritation was “someone 
is driving very close to your rear bumper”. The distributional data indicated 
that only one person reported that this would not make him or her irritated at 
all, whereas 58% reported that they would get very irritated or extremely 
irritated. Next, most irritation was generated by having someone cutting in 
and taking the parking spot you have been waiting for. The first behaviour 
elicited aggressive reactions in 38% of the drivers (the most common reac-
tion was flashing the braking lights) and the second behaviour elicited reac-
tions in 36% of the drivers. To drive close to another car’s rear bumper could 
be very dangerous, whereas taking the parking spot someone else has been 
waiting for is more impolite. The two behaviours that elicited the largest 
amount of aggressive reactions were when someone coming towards you 
does not dim his or her headlights at night (90% reacting) and when some-
one backs out right in front of you without looking (71% reacting). In both 
these situations it is quite easy to express irritation by means of flashing 
lights or beeping the horn.  

An exploratory principal component factor analysis of the 21 items 
yielded four factors with eigenvalues exceeding 1.00, together explaining 
61.4% of the variance. However, the four-factor solution was difficult to 
interpret and therefore a three-factor solution was preferred, accounting for 
55.7% of the variance. The factor structure in the study by Lajunen et al. 
(1998), with the factors progress impeded, reckless driving, and direct hostil-
ity, was largely replicated. However, three of the items in the factor progress 
impeded in the present study loaded onto the factor reckless driving in the 
British study.  

The three items with highest factor loadings in every factor were used as 
indicator variables for that factor in subsequent analyses. By using LISREL 
8.54 (Jöreskog & Sörbom, 1993) – a computer program for structural equa-
tion modelling – factor scores for each latent irritation variable were ob-
tained. Scales for aggressive actions were also constructed for each source of 
irritation. Only the reactions to the three indicator variables for each latent 
variable were used and therefore the number of aggressive actions could 
vary between zero and three. In Figure 2 the number of aggressive actions 
for each of the three sources of irritation is shown. 
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Figure 2. Proportion of drivers who reported that they would react aggressively to 
the three sources of irritation. 

As shown in Figure 2, about half of the drivers (53%) reported that they 
would react, at least in one of the situations, when their progress was im-
peded. When the drivers were watching others’ reckless driving, 23% of 
them reported that they would react aggressively. The corresponding propor-
tion in the case of the direct hostility of other drivers was 43%. Eighteen 
drivers reported that they would behave aggressively in all three situations 
where other drivers showed their hostility. Of these drivers, 14 were men 
and 4 were women. There were no differences between these “high reacting” 
drivers and the other drivers regarding age or mileage driven during the pre-
vious year. However, the “high reacting” drivers reported a much higher 
irritation for others’ direct hostility as compared with the “low reacting” 
drivers, t(33.49) = -5.08, p < .001. 

For each source of irritation, a model was constructed that included irrita-
tion and speed as latent variables and sex, age, mileage, and aggressive ac-
tions as manifest variables. The models were based on the following as-
sumptions: (a) the degree of irritation determines the frequency of aggressive 
actions; (b) sex, age, and mileage may have a direct effect on aggressive 
actions or may be fully or partly mediated by speed and irritation; and (c) 
speed may have a direct effect on aggressive actions or may be mediated by 
irritation. However, speed was not included in the model of direct hostility 
because there is no reason to believe that the driving speed has any influence 
on experienced irritation in this case. In the model of progress impeded it 
was assumed that drivers who drive faster than other drivers become more 
irritated because they are impeded more often. Because speeding is a part of 
the concept of reckless driving, drivers’ own speed may have an impact on 
the degree of irritation also in this case. The final models are shown in Fig-
ure 3. Only paths with significant coefficients (p < .05) are included. 
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Figure 3. Models of relationships regarding sex, mileage, age, speed, driver irrita-
tion and aggressive actions in relation to progress impeded, reckless driving, and 
direct hostility. Numbers on arrows are standardised path coefficients (* p < .05,    
** p < .01, *** p < .001). Latent variables are depicted as ovals. Correlation coeffi-
cients between sex and mileage and between age and mileage were 0.22 (p < .05) 
and 0.36 (p < .001), respectively. The correlation coefficient between sex and age 
was non-significant. Female drivers were coded as “1” and male drivers as “2”. 
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The fit statistics show that all three models fit the data quite well, with non-
significant p-values and low Root Mean Square Error of Approximation 
(RMSEA). In all the models drivers who reported that they became irritated 
to a high degree also reported that they reacted in an aggressive way more 
often than drivers who reported a lower degree of irritation, although the 
path coefficient in the progress impeded model was much smaller than in the 
other models.  

In the progress impeded model it is shown that women reported more irri-
tation than men, and that younger drivers reported more irritation than older 
drivers. It was assumed that drivers who enjoyed a faster speed than other 
drivers would become more irritated if their progress was impeded. How-
ever, this relationship was non-significant.  

The model of reckless driving shows that women reported more irritation 
than men, but that men reported aggressive behaviour more frequently than 
women. It is also shown that drivers who enjoyed a higher speed than other 
drivers reported both a lower irritation and a lower frequency of aggressive 
reactions to the reckless driving of others. This means that drivers who drive 
fast themselves do not become irritated and do not behave aggressively when 
they see other drivers drive fast, run a red light or a stop sign, or weave in 
and out of traffic to pass quicker. The connection between excessive speed 
and road traffic accidents is well known (e.g., Cooper, 1997; Kloeden, 
McLean, Moore, & Ponte, 1997; Nilsson, 1982), and it is worrying if many 
drivers view this behaviour as normal and not especially negative (i.e., dan-
gerous). Drivers reporting a high speed were younger and had a higher an-
nual mileage as compared with drivers reporting a lower speed.  

In the model of direct hostility it is shown that men reported that they re-
acted more frequently than women, although sex did not influence degree of 
irritation. Furthermore, drivers with a low annual mileage reported a higher 
degree of irritation in comparison with drivers with a high annual mileage. 

The results of Paper II indicate that irritability and aggressive behaviour 
on the roads depend on drivers’ interactions. Some aggressive behaviour 
both provokes irritation and is an expression of irritation. This means that 
feelings of irritation could take the form of some kind of chain reaction and 
spread from driver to driver. However, a driver’s irritation might not depend 
on situational characteristics only, but also on his or her interpretation of the 
situation. Therefore, in Paper III, it was investigated which attributional bi-
ases drivers might be subject to when judging the behaviour of other road 
users in irritation-provoking situations. 
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Paper III: 
Driver attribution and irritation 
Driver irritation and aggression are probably often the results of misunder-
standings and misinterpretations among road users. Two examples of biases 
drivers might be subject to when judging and interpreting the behaviour of 
other road users are the actor-observer effect and the false consensus bias.
The first bias reflects the tendency of people to attribute their own actions to 
situational factors whereas the behaviours of others are attributed to disposi-
tional factors. The second bias, false consensus bias, refers to people’s ten-
dencies to see their own behaviours as more common than they actually are. 

The main aim of Paper III was to investigate cognitive biases of drivers 
when judging behaviour of other road users in potential irritation-provoking 
situations. More specifically, the aims of the study were: 

To examine if there is any difference between the degree of irritation 
drivers report when they are obstructed and the degree of irritation other, 
obstructive, drivers attribute to these drivers.
To determine if there is any difference between the amount of botheration 
drivers report when they are obstructive and the amount of botheration 
other, obstructed, drivers attribute to these drivers.   
To investigate the false consensus effect, that is, if highly irritated (both-
ered) drivers regard other drivers as more irritated (bothered) than what 
less irritated (bothered) drivers do. 
To study to what extent drivers attribute their own and other drivers’ be-
haviour according to the actor-observer effect, that is, make situational at-
tributions to their own behaviour and dispositional attributions to the be-
haviour of other drivers.  
To examine if drivers report varying degrees of irritation depending on 
their attributions of the behaviours of other drivers. 

The participants, the same drivers as in Paper II (with no drivers omitted 
from the analyses), were presented six traffic scenarios describing relatively 
common and obstructive events during driving. Two versions of the ques-
tionnaire were constructed, each describing three scenarios where the par-
ticipants were told that they were obstructed by another driver and three 
scenarios where they themselves acted obstructively. In the first version the 
participants were obstructed in the first three scenarios and in the second 
version the participants were obstructed in the last three scenarios. Half of 
the participants were given the first version and the other half the second 
version. The participants were asked to indicate degree of irritation when 
obstructed, amount of botheration when obstructive, and attributions of their 
own and other drivers’ obstructive behaviour. Eight persons, not involved in 
the main study, were subsequently asked to code the open-ended questions 
about the reasons for the behaviour of the participants and the other drivers. 
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Every explanation given by the participants was placed into one of three 
categories: “dispositional, that is, a steady quality of the person concerned” 
(e.g., an old person, inexperienced, scared, too cautious, unhelpful, stub-
born), “a temporary behaviour of the person concerned” (e.g., does not know 
the way, is talking on a mobile telephone, has not seen the traffic sign, has 
not looked in the rear mirror, does not know the car, has made a misjudge-
ment), and “situational, that is, something in the actual traffic situation” 
(e.g., something is wrong with the car he or she is driving, poor visibility, 
obstructions, heavy traffic, bad road conditions). 

In Table 2 the mean irritation reported by the participants is shown for 
each scenario.  

Table 2: A comparison of obstructed drivers’ mean irritation (SD) as estimated by 
other drivers and reported by the obstructed drivers themselves.
Scenario Obstructed drivers’ irritationa t-value 
 Estimated by  

obstructive 
drivers

Reported by the 
obstructed drivers 

themselves 
1. A car is driving at 70 km/h on a 90-road. 

There is only a narrow shoulder. 3.70 (0.91) 2.76 (1.12) 4.62***
2. A car is driving at 70 km/h on a 90-road. 

There is a broad shoulder. 4.28 (0.94) 3.50 (1.17) 3.64***
3. A driver is going to turn right in an inter-

section but does not drive aside on the 
shoulder. 3.39 (1.22) 2.68 (1.06) 3.08**

4. A driver is waiting to enter a main road. A 
small gap in the traffic appears but the 
driver does not use it. 2.90 (0.87) 2.38 (1.03) 2.70**

5. A driver, that should give right of way, 
cuts right in front of another car, but uses 
the broad shoulder as an acceleration lane. 2.60 (1.11) 2.48 (1.18) 0.54

6. A driver, that should give right of way, 
cuts right in front of another car. 4.51 (0.68) 4.16 (0.96) 2.10*

Note. * p < .05, ** p < .01, *** p < .001 
a Response scale 1 – 5 

The highest degree of irritation was elicited in scenario 6, where a driver cut 
right in front of another car. This is considered a behaviour that is obstruc-
tive, dangerous, and in violation of a formal traffic rule. The behaviour de-
scribed in scenario 5 is also a formal violation. However, this situation elic-
ited less irritation than most of the other scenarios. Thus, a broad shoulder is 
accepted and expected by drivers to be used as an acceleration lane. A possi-
ble explanation for the result is that this behaviour complies with an informal 
rule and the fact that the behaviour violates a formal rule is not irritating to 
other drivers.  

Obstructed drivers’ irritation that was reported by the obstructed drivers 
themselves was lower than irritation that was estimated by the obstructive 
drivers. The largest differences in obstructed drivers’ degree of irritation 
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estimated by the obstructive drivers and by the obstructed drivers themselves 
were found in scenarios 1 and 2. These situations may be more obstructive 
than the other scenarios because drivers could have been caught behind the 
slow driving driver for a long time. The behaviour in scenario 3 (not driving 
on the shoulder when turning right) is in one way obstructive because the 
drivers who are behind have to slow down. On the other hand, to drive on 
the shoulder could create a dangerous situation if there are drivers waiting to 
enter the main road because an overtaking car might be hidden by the turn-
ing car. Some of the respondents reported this possibility as an explanation 
as to why they did not drive aside when turning. 

In five of the six scenarios (although not statistically significant regarding 
scenario 1) the obstructed drivers thought that obstructive drivers would be 
less bothered than the obstructive drivers expected themselves to be. The 
situation in which the participants expected themselves to be most bothered 
was when cutting right in front of another car (scenario 6), whereas the ob-
structed drivers expected most botheration to occur in scenario 4. A possible 
explanation why the participants did not think that other drivers would ex-
perience any high degree of botheration is that they did not think that ob-
structive drivers look in the rear mirror. If drivers do not look in the rear 
mirror, they are probably not aware that there are other drivers behind them 
and therefore they probably do not feel bothered. 

The false consensus bias, which previously has been found in connection 
with speeding and other aberrant driving behaviour (Åberg et al., 1997; 
Haglund & Åberg, 2000; Manstead et al., 1992), was also found regarding 
driver irritation. This implies that drivers who became more irritated also 
perceived other drivers as more irritated than drivers who became less irri-
tated. Such a bias was not found regarding driver botheration. A negative 
point with the false consensus bias in connection with driving is that if driv-
ers who possess an aberrant driving style perceive themselves as “normal” 
regarding driving, they do not see any reason to change their destructive 
behaviour (Manstead et al., 1992). 

Although disparate results were obtained for the different scenarios (see 
Figure 4), the results nevertheless provide clear evidence of an actor-
observer effect. For instance, in the first three scenarios most attributions 
were made only to dispositional or situational factors. In the other three sce-
narios many attributions were made to temporary factors. In the last sce-
nario, describing a behaviour that was both dangerous and a violation of a 
formal traffic rule, few situational explanations were reported. Instead, a 
common statement on the behaviour was that the driver had a temporary 
blackout.
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Figure 4. Number of participants who attributed the behaviour in each scenario to 
dispositional, temporary, or situational factors. In the left panels (white) the partici-
pants themselves were obstructive, whereas in the right panels (black) it was the 
other drivers who were obstructive. Note that persons who made attributions to their 
own behaviour in the first three situations made attributions to other drivers’ behav-
iour in the last three situations, and vice versa. 
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In order to measure differences between attributions of participants’ own and 
others’ behaviour a comparison was made between dispositional factors and 
situational factors (with temporary factors included in the situational factors 
category, which is in accordance with Baxter et al., 1990). The results of the 
chi-square tests, with one degree of freedom, showed that participants’ own 
behaviour was largely attributed to situational factors, whereas others’ be-
haviour was attributed to dispositional factors: Scenario 1: 2 (n = 87) = 
46.12, p < .001; Scenario 2: 2 (n = 92) = 19.00, p < .001; Scenario 3: 2 (n = 
80) = 16.24, p < .001; Scenario 4: 2 (n = 98) = 11.00, p < .001; Scenario 5: 

2 (n = 95) = 9.86, p < .01, and Scenario 6: 2 (n = 93) = 28.70, p < .001. 
It was hypothesised that degree of irritation, when obstructed, depends on 

how the behaviour is attributed. In fact, it was shown that in all scenarios the 
mean irritation score was greater for drivers who attributed others’ behaviour 
to dispositional factors than for drivers who attributed others’ behaviour to 
situational factors. This difference, however, was only significant in scenar-
ios 3 and 4, t(37) = 2.17, p < .05, and t(47) = 3.05, p < .01, respectively. 

From the present results it becomes clear that cognitive biases found in 
other areas of life also are present in traffic. In summary, the results indicate 
that drivers who are caught behind another driver become irritated, but to a 
less extent, and tend to attribute the behaviour of the obstructive driver to 
dispositional factors. In contrast, drivers who are obstructive, think that driv-
ers behind them are more irritated than they actually are, attributing their 
own behaviour to factors in the environment. Obstructed drivers also tend to 
think that obstructive drivers are not that bothered, whereas the obstructive 
drivers themselves are more bothered than what other drivers think they are. 
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General discussion 

Traffic psychology research has focused for a long time on the road user as a 
more or less isolated individual. However, most of the time a driver is influ-
enced by the social environment consisting of other road users, general so-
cial norms, and formal traffic rules (Zaidel, 1992). This implies that road 
users, in their own actions, have to take the intentions and behaviours of 
other road users into account. In other words, road users have to interact with 
each other. The aim of this thesis was to increase the knowledge about the 
components in the interaction between road users, that is, factors that regu-
late and influence the interaction.

To regulate and facilitate the interaction among road users there are for-
mal traffic rules that prescribe the proper way to behave and that indicate the 
intentions and behaviours of other road users. However, sometimes behav-
iours that supplement or contradict formal traffic rules become common in a 
specific situation or place. This event is an indication that an informal traffic 
rule has been developed and put in practice. One place where behaviours 
often contradict the formal traffic rule is in intersections in which the right-
hand rule is in effect. The right-hand rule is probably considered by many 
drivers as inappropriate or not adjusted to the traffic environment, because 
rule compliance in these types of intersection is relatively low (Helmers & 
Åberg, 1978; Janssen et al., 1988; Johannessen, 1984; Kulmala, 1991). In the 
field study conducted, there was a tendency of drivers to use informal rules 
in intersections and also in roundabouts.  

The results of Paper I indicate that, in addition to the formal rule, drivers 
rely on informal rules based on road design (a driver from a narrower road 
yields to a driver from a broader road) and on other drivers’ behaviour (a 
driver yields if a crossing driver does not slow down). Moreover, the results 
indicated that different drivers relied on different yielding strategies. Some 
drivers reported behaviours that were in compliance with traffic regulations 
(the right-hand rule). Some cautious drivers reported that they mostly 
yielded the right of way to other drivers, regardless of obligation to yield or 
not, some drivers reported that they rarely yielded, and some drivers reported 
behaviours that were more dependent on road design than on formal rules. If 
drivers in a specific situation comply with different rules, conflicts can occur 
because the possibility to correctly predict another road user’s behaviour is 
decreased (Wilde, 1976). It might be possible that some incongruence be-
tween road users’ behaviours could be diminished if the road traffic regula-
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tions were adjusted to the road design and natural behaviour patterns of hu-
mans. However, there would still exist extremely cautious drivers whose 
behaviour in some situations would lead to a conflict or even an accident 
(Wilde, 1976), as well as drivers who, deliberately or not, violate formal 
rules.

If a driver violates a rule, whether it is formal or informal, irritation in 
other road users might be evoked. Sometimes the irritated driver might even 
feel an urge to “teach the other driver a lesson”. In Sweden, an informal rule 
has come about demanding slow drivers to use the shoulder when other driv-
ers are overtaking. A driver refusing to facilitate might be seen as obstructive 
and induces irritation among others. Shinar (1998) has claimed that it is 
when other people’s behaviour is perceived as unfair, against the norms, or 
against the expected behaviour that frustration might develop into aggression 
directed towards these people. In Paper III, it was actually found that self-
reported irritation was greater in a situation in which the obstructive driver in 
front had a possibility to facilitate than in a situation where this possibility 
did not exist. It was also found in Paper III that a high amount of irritation 
was evoked in the scenario in which a crossing driver cut right in front of 
another car, a behaviour that is obstructive, dangerous, and violates a formal 
traffic rule. However, a scenario describing a similar situation, except that 
this time there was a broad shoulder that could be used as an acceleration 
lane, induced only a small amount of irritation. Strictly, this behaviour is 
also a violation, but not that obstructive and therefore accepted by most driv-
ers. It is possible that this behaviour mirrors an informal rule.  

In Paper II, situations that evoke irritation in drivers were investigated. A 
Swedish version of the UK DAS (Lajunen et al., 1998) was used to measure 
the degree of irritation felt in different potentially provocative traffic situa-
tions. Lajunen and his colleagues found that the UK DAS measured three 
sources of anger-provoking situations: progress impeded, reckless driving, 
and direct hostility. The three-factor structure was replicated in the present 
sample of Swedish drivers. Irritation evoked in all three sources of situations 
was positively associated with aggressive behaviours, a finding in accor-
dance with the results of Lajunen and Parker (2001). This association indi-
cates that irritated drivers might try to educate the road user who has pro-
voked the irritation. In this way, specific behaviours (for instance, to comply 
with informal traffic rules) can be learned by, for example, novice drivers. 
This was the case in the study by Bjørnskau (1993), in which experienced 
drivers taught novice drivers to dip their headlights when meeting in the 
dark. The results of the field study showed that the novice drivers, who re-
cently had obtained their driver’s licence, were more consistent in their be-
havioural strategies, whereas the behaviour of the experienced drivers varied 
with different situations. This finding indicates that novice drivers, as long as 
they are beginners, rely on the formal rules and behavioural strategies they 
have learned in driving school.  
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However, the connection between irritation and aggressive actions regard-
ing progress impeded was much smaller than for the other two sources of 
situations. This result contradicts the ideas that the most important reason for 
irritation and aggression in traffic is other road users being obstructive (e.g., 
Bjørnskau, 1993, 1996; Shinar, 1998). However, it should be noted that the 
latent variables, which measured irritation and aggressive reactions, were 
based on only three items each. The models should therefore be verified in a 
study with a larger sample size, in which more items can be included in the 
variables.

Another finding in Paper II was that the female drivers reported more irri-
tation than male drivers when they were impeded or witnessed reckless driv-
ing of other drivers. On the other hand, concerning reckless driving and di-
rect hostility, male drivers more often reported than female drivers that they 
would react aggressively, even when they were less irritated. This implies 
that male drivers do not need a high degree of irritation to behave aggres-
sively. Instead, they use aggressive behaviours as a means to achieve other 
goals. This view is consistent with earlier findings (e.g., Archer & Haigh, 
1999), which have shown that women endorse expressive beliefs about ag-
gression, whereas men endorse instrumental beliefs. 

It was assumed that drivers who enjoyed a faster speed than other drivers 
would become more irritated than other drivers when obstructed. Surpris-
ingly, no such association could be found. In a study of congestion and ag-
gressive driving, Shinar and Compton (2004) found that the frequency of 
aggressive behaviour is higher when the value of time is high (as in rush 
hours) than when the value of time is low (as in non-rush hour weekdays or 
at weekends). This finding could perhaps explain why drivers reporting that 
they drive faster than other drivers did not report any higher irritation when 
impeded on the road. It might be so that irritation is only provoked when the 
drivers are in a hurry, and not when fast driving is a part of their everyday 
behaviour.

In Paper III an indication of false consensus among the drivers concerning 
irritation but not concerning botheration was obtained. Another finding of 
Paper III was that drivers in general believed that obstructed drivers were 
more irritated than these obstructed drivers actually were. A possible conse-
quence of the false consensus bias in relation with driving is that if drivers 
with an aberrant driving style perceive themselves as “normal” regarding 
driving, they do not see any reason to change their destructive behaviour 
(Manstead et al., 1992). Another consequence of the false consensus bias is 
the result observed in Paper II, namely that drivers who enjoyed a higher 
speed than other drivers reported both a lower irritation and a lower fre-
quency of aggressive reactions to others’ reckless driving. In other words, 
drivers who behave reckless do not pay attention to the reckless behaviour of 
other drivers, suggesting that they view these behaviours as normal. In a 
study of biased perceptions concerning speed, Walton and McKeown (2001) 
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noted that drivers who believed that they drove slower than the average 
driver ignored advertising campaigns encouraging people not to speed. The 
authors concluded that informing drivers that they exaggerate the speed of 
others would increase the effectiveness of safety campaigns. Some studies 
have actually found that feedback on the percentage of drivers not speeding, 
produced a reduction in driver speed (Van Houten et al., 1985; Van Houten 
& Nau, 1983). It might therefore be possible that by informing drivers that 
other road users actually are less irritated than what is common thought will 
have a positive impact on driver irritation.  

Another result from Paper III is that mean irritation was greater for driv-
ers who attributed others’ behaviour to dispositional factors than for drivers 
who attributed others’ behaviour to situational factors. Clear evidence of the 
actor-observer effect was also found. Together, these two results suggest that 
some irritation in traffic might be the result of road users’ tendency to attrib-
ute others’ negative behaviour to dispositional factors. Few studies have 
investigated the actor-observer effect in traffic, but Baxter et al. (1990) 
found similar tendencies for drivers when explaining close following and 
running traffic lights.  

According to the original actor-observer hypothesis (Jones & Nisbett, 
1972), attributions are either situational or dispositional. In the present study 
three categories of attributions were used. The reason for this was that ex-
planations such as “the person is stressed” or “the person is talking on a mo-
bile telephone” were considered neither to be a dispositional nor a situational 
factor. Therefore, a third category (“temporary” attributions) was created. 
However, for some of the analyses, the temporary category was, for practical 
reasons, regarded as a sub-category of the situational factors. 

In the first three scenarios most attributions were made to either wholly 
dispositional or situational factors. In these scenarios a driver was being 
obstructive by driving slower than other drivers or by not driving aside to 
facilitate for others. These situations may be more obstructive than the other 
scenarios because, at least in the two first scenarios, drivers could have been 
caught behind the slow driving driver for a long time. In the other three sce-
narios many attributions were made to temporary factors. The last scenario 
was probably so hard to imagine for the participants – at least the partici-
pants who were told that they themselves performed the behaviour – that the 
only reason they could think of was that they had had a temporary blackout.  

In this thesis it has been suggested that drivers, in addition to the formal 
traffic rules, use informal rules in their interaction with each other. Based on 
the results of Paper I, the informal rules vary with different road designs and 
with the behaviour of other road users. However, road users also vary in 
their use of informal rules, something that might lead to misunderstandings 
and irritation, which, in turn, may lead to attempts by individuals to educate 
their fellow road users. The results of Paper II indicate that when drivers 
become impeded, watch others drive reckless, or are subject to direct hostil-



39

ity from others, they will become irritated. Irritation often results in aggres-
sive actions, which might evoke irritation in other road users, and so on. This 
possibility means that irritation and aggressive behaviours could take the 
form of some kind of chain reaction and spread from driver to driver. An-
other phenomenon that might be a problem in road users’ interaction is cog-
nitive biases (Paper III), which distort perceptions of the behaviours of oth-
ers. For instance, there is a general tendency to believe that when other driv-
ers become obstructed they feel more irritated than they actually do. Fur-
thermore, obstructive drivers are perceived as behaving the way they do 
because of personal rather than situational factors. 

In conclusion, this thesis provides further knowledge about driver interac-
tions, particular informal rules in intersections, irritation and aggression, and 
cognitive biases. To change the road design in an attempt to reduce irritation 
in traffic, might be relevant in some situations. However, in most situations 
the only possible remedy is to change the attitudes and behaviour of the road 
users. If it is possible to give drivers insight in cognitive biases they are sub-
ject to when judging other road users’ behaviour, both driver irritation and 
aggressive behaviours on the roads probably would decrease. 
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