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Abstract
The Swedish driving test (SDT) was compared to theoretical concepts found in research literature (CRLs)
with respect to the rated importance of the CRLs for the overall assessment of risk awareness and the five
specific assessment areas used in the SDT. 116 traffic inspectors responded to questionnaires. Results show
that visual search was the CRL given the highest rating, and that the assessment of risk awareness can be
conceptualised as assessment of lower-order and higher-order cognitive functions. The assessment areas
taxing higher-order cognitive functions were rated as most important for risk awareness, and visual search
behaviour can be regarded as the best indicator of higher-order cognitive skills.
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1. Introduction
Risk awareness is fundamental for safe driving. If a driver is aware of present and potential risks, he or she
can plan and act in order to eliminate or reduce them. Risk awareness is therefore what driving tests are
intended to measure. In order to get a driving licence, the driver must demonstrate theoretical knowledge
about traffic rules, be able to drive predictably in accordance with the traffic rules and in harmony with the
surrounding traffic, and ultimately be able to predict and avoid risks. Some alternative and closely related
terms in the literature are risk perception, hazard perception, hazard detection, anticipatory attention, and anticipation of
hazards. Another central and closely related concept is situation awareness, which is defined as “perception of
environmental elements in terms of time and spatial measurements, understanding their meaning and
foreseeing their state in the immediate future” (Endsley, 1995, p. 36). The Swedish Driving Test (henceforth
abbreviated as SDT) is intended to measure risk awareness (VVFS 1996:168; Vv 205.002). Risk awareness thus
exists as a term in the practical setting of the SDT as well as in research literature on traffic safety. One
question is whether well-applied experience from clinical practice and theory are in agreement with regard to
how risk awareness is achieved. The driving test could possibly be supplemented with factors revealed by
research. Another possibility is that theories could be revised according to practical experience in order to
improve validity.
The research literature provides a large number of factors that have been scientifically validated, from
many different areas within psychology. The SDT, on the other hand, seeks to assess risk awareness by using
five “assessment areas” (the Swedish Road Administration, 2000; Vv 205.002), which are derived from wellapplied experience from clinical practice. In turn, these assessment areas are construed by concepts that have
sprung from clinical practice.
The purpose of this study was to evaluate the SDT, its assessment areas and practical concepts from the
theoretical perspective of cognitive psychology. This was done by asking Swedish traffic inspectors to rate the
importance of theoretical concepts relative to the five assessment areas of risk awareness.

1.1 Concepts from the SDT
Concepts from the SDT are to be found within the course plans for the driving test (VVFS 1996:168),
course materials (the Swedish Road Administration, 2000) and the driving test protocol (Vv 205.002).
Risk awareness is a criterion of the SDT (the Swedish Road Administration, 2000; Vv 205.002). The
assessment of risk awareness is performed by using five assessment areas, which taken together are intended
to provide a valid and reliable measure of the candidate‟s risk awareness. All the items in the test protocol
“should reflect [be permeated with] risk awareness during the assessment” (the Swedish Road Administration,
2000, p. 1). This means that risk awareness is assessed within all five assessment areas. In order for a candidate
to pass the driving test, he or she must demonstrate adequate risk awareness within all the assessment areas.
The assessment areas are as follows (the Swedish Road Administration, 2000; Vv 205.002): Speed, which
must be adapted to present circumstances; Manoeuvring, which is intended to assess motor skills and the
candidate‟s ability to handle the vehicle technically; Position, which means the distinctiveness of intentions
required during driving (the car‟s position on the road must signal the driver‟s intentions); Traffic behaviour,
which refers to planning and rule application; and Attention, which refers to visual search and attention in
“treacherous situations”.
Other concepts, some of which also exist in the research literature related to the SDT, are used by the
Swedish Road Administration (2000). For example, visual search and attention are also found within cognitive
psychology and traffic psychology (e.g., Castro, 2009; Paschler, 1998; Pollatsek, Naranayanaan, Pradhan, &
Fisher, 2006; Trick & Enns, 2009).

1.5 Concepts from research literature
There exist a vast number of concepts from research literature (henceforth abbreviated CRLs) on
cognition and traffic psychology. An exhaustive investigation was not practically possible; so thirteen CRLs
were strategically sampled, according to the following principles. Firstly, the CRLs should be designated as
important for safe driving, based on either empirical findings, or on theoretical models of driving. Secondly,
we wanted variation in these ratings. Therefore, some chosen CRLs should preferably yield relatively low

ratings to ensure valid and reliable data. Strategic planning was for this reason included as a contrast to the
hypothetically more relevant concepts automatisation and tactical planning. In order to avoid potential ceiling
effects, the CRLs situation awareness, risk perception and hazard perception were avoided, since they could be
interpreted as almost synonymous with the criterion of risk awareness. Thirdly, the study was explorative.
Therefore we wanted the CRLs to represent qualitatively different aspects of psychology, with regard to
domains (e.g. cognitive, perceptual, personality, and social psychology) as well as to specificity (e.g. the
relatively specific concept visual search vs. the composite concept application of traffic rules; or the generic concept
working memory, vs. the subordinate concept focused attention). Finally, the CRLs should be as comprehensible as
possible to the traffic inspectors, when presented in a questionnaire format. The thirteen CRLs are presented
below. Appendix C shows the specific examples included in the questionnaire.
Working memory is a system that handles the most recently activated items of long-term memory and
moves these items in and out of a temporary and short-term store (Baddeley, 2000). Driving requires a great
deal of information processing and numerous decisions must be made and carried out simultaneously.
Working memory is the theoretical unit that organises and processes all of this information. The workingmemory capacity may theoretically determine the relative cognitive effort in traffic situations (see Brouwer &
Fasotti, 1997; Groeger, 2000; Lundqvist, 2001; Recarte & Nunes, 2003, 2009; Wickens & Hollands, 1999).
Automatisation (automaticity) means that an activity that originally required attention and concentration can
be carried out with much less attention (Groeger, 2000; LaBerge, 1990; Logan, 1988). Automatisation occurs
as a function of practice and repetition (Anderson, 1995; LaBerge, 1990; Logan, 1988). As the skill is
automatised, attention resources can be saved and used for other purposes, such as visual search (cf.
operational level, Janssen, as cited in Michon, 1985; see also Matthews, Davies, Westerman, & Stammers,
2000).
Visual search refers to an active search of the visual field for targets and events, when it is uncertain when
and where they may appear (Mourant & Rockwell, 1972; Paschler, 1998; Posner & DiGirolamo, 1998; Ranney,
1994; Underwood, 2007; Wickens, Alexander, Ambinder, & Martens, 2004; Wolfe, 1994). Visual search is
required to detect hazards in good time and to coordinate driving with the surrounding traffic (Recarte &

Nunes, 2003, 2009; Underwood, Crundall, & Chapman, 2002). The term is also used by the Swedish Road
Administration (2000).
Focused attention (selective attention) means that certain stimuli are focused on while other stimuli are
ignored (Cohen, 2003; Duncan, 1999). While driving the driver needs to focus on relevant information, and
ignore other information (see e.g. Hole, 2007; Lees & Lee, 2009; Trick & Enns, 2009; Trick, Enns, Mills, &
Vavrik, 2004; Underwood, 2007; cf. vigilance and concentration in Groeger, 2000). Lapses in focused
attention, either through inattention or distraction, cause many crashes (Neale, Dingus, Klauer, Sudweeks, &
Goodman, 2005).
Inhibition implies reacting to certain stimuli while refraining from reacting to other stimuli (Knight &
Grabowecky, 2000; see also Groeger, 2000; Stroop, 1935). Inhibition is required to prevent automatic
responses when they may present risks, for example, refraining from braking hard to avoid skidding on a
slippery road when the car does not have an automatic braking system (ABS). Lundqvist, Alinder, and
Rönnberg (2008) found that inhibition levels could influence a driver‟s competence as much as ten years after
a stroke.
Interest in driving. Lundqvist and Rönnberg (2001) concluded that interest in and motivation for safe driving
are important factors for safe driving after brain injury. However, Berg (2000) concluded that interest in cars is
a risk factor among young healthy drivers. Driving styles may thus be affected by both the quality and the
strength of interest in driving.
Motivation may vary both qualitatively and quantitatively (i.e. in motives and strength). A number of studies
have demonstrated that motivation affects driving behaviour and risk perception (Berg, 2000; Brouwer &
Fasotti, 1997; Castro, 2009; Lundqvist, 2001; Matthews et al., 2000; Näätänen & Summala, 1974; Summala &
Räsänen, 2000). For example, in Berg (2000), the motive to show off one‟s technical driving skill was only
found among the young drivers who had been involved in car accidents.
Norms and social influence affect conceptions, attitudes, and behaviour (e.g., Ajzen & Fishbein, 1980) both
implicitly and explicitly (Berg, 2000; Bianchi & Summala, 2004; Matthews et al., 2000; Parker, Manstead,
Stradling, & Reason, 1992; Parker, Manstead, Stradling, Reason, & Baxter, 1992; Parker, Reason, Manstead, &

Stradling, 1995; Rämet & Summala, 2004; see also Groeger, 2000). Specifically, we wanted to examine the
influence of assimilated norms and how drivers display them in their driving styles.
Personality refers to distinct and characteristic patterns of thoughts, emotions, and behaviour that
distinguish an individual from others. Since personality is reflected in most activities, this also holds true for
driving (Matthews et al., 2000; Näätänen & Summala, 1974; Ulleberg & Rundmo, 2003; see also Groeger,
2000; Hole, 2007).
Risk-taking here refers to the degree of perceived risk that a driver considers acceptable. The driver aims
for a level of perceived risk that feels neither too low nor too high, according to Risk Homeostasis Theory
(Wilde, 1982). Crashes among young novice drivers may in part be attributed to risk-taking (Deery, 1999;
McGwin & Brown, 1999). Motivation (i.e. perceived gains and losses) is also considered to affect how great
the risks a driver is ready to take (Heino, van der Molen, & Wilde, 1996; Matthews et al., 2000; McKenna &
Horswill, 2006; Ulleberg & Rundmo, 2003; Wilde, 1982; see also Evans, 1991; Groeger, 2000; Hole, 2007;
Näätänen & Summala, 1974).
Strategic planning refers to long-term plans for driving before actual driving, such as which time to depart
and which route to take (Janssen, as cited in Michon, 1979, 1985; see also Brouwer & Fasotti, 1997; Wickens
& Hollands, 1999).
Tactical planning refers to planning and controlled actions that are executed during driving (Janssen, as cited
in Michon, 1979, 1985; see also Brouwer & Fasotti, 1997; Wickens & Hollands, 1999). Tactical planning
affects how readily potential hazards can be detected in good time and how well driving can be coordinated
with the surrounding traffic.
Application of traffic rules consists of knowledge of rules and driving behaviour. Knowledge of rules can be
correct or incorrect. Driving behaviour may be in accordance with knowledge of rules, or not. Different types
of errors can be made not only as a result of a lack of knowledge or misconstrued rules (Reason, 1990;
Reason, Manstead, Stradling, Baxter, & Campbell, 1990; see also Brouwer & Fasotti, 1997; Parker et al., 1995),
but also as a result of violating the rules (Parker, Manstead, Stradling, & Reason, 1992). Driving experience
can provide better understanding of formal and informal rules in traffic (cf. Brouwer & Fasotti, 1997;

Lundqvist, 2001; Wilde, 1982). Application of traffic rules is similar to the SDT concept rule application
(regeltillämpning, Vv 205.002; the Swedish Road Administration, 2000).

1.2 Purpose
The purpose of the study was to analyse concepts from the SDT from the perspective of cognitive
psychology, and to analyse the ecological validity of CRLs in relation to driving (see Figure 1). There were
four subordinate specific research questions. Firstly, how important are the assessment areas for risk
awareness? Secondly, how important to risk awareness are the CRLs? Thirdly, how important to the
assessment areas are the CRLs? Finally, according to which dimensions are risk awareness and the assessment
areas assessed?

Figure 1. The CRLs, assessment areas, and risk awareness, whose reciprocal relationships were rated by the
traffic inspectors.

2. Method
2.1 Literature overview
The first author (Björn Lidestam) used the database PsycINFO to search for theoretical concepts used
within the research literature on driving and traffic in an effort to cover all major domains of psychology with
a bearing on traffic. The search terms “driving” and “traffic” were included in all searches. Combined search
strategy was used, by using for example “driving OR traffic AND visual search”. Some examples of search
words for psychology terms were “psychology”, “cognition”, “cognitive”, “sensation”, “optical”,
“perception”, “vision”, “visual”, “visual search”, “memory”, “memory systems”, “visual memory”, “working
memory”, “personality”, “trait”, “extraversion”, “sensation seeking”, and “decision making”. The searches
were iterative, in that when texts from the recent search had been read and searched for new CRLs, new
searches were made based on the new CRLs, until theoretical saturation was considered to be achieved (cf.
Glaser, 1978). For example, the search “[driving OR traffic] AND risk” yielded the new CRL “risk
perception”, which in turn yielded “hazard perception” and “hazard detection”. Searches were also based on
the traffic inspectors‟ own concepts from the pilot study (see next section).
Thirteen CRLs were chosen to be included in the study, in order to represent all the major domains of
psychology that had been found, while keeping the questionnaire format short enough to minimise the
dropout rate. The principles for choosing CRLs were presented in the Introduction. Appendix C shows the
specific examples in the questionnaire.

2.2 Pilot study: Interviews
A qualitative study (Persson, 2006) was conducted in parallel with the present quantitative study, and its
results, together with the literature overview, guided the choice of CRLs for the present study. Persson (2006)
examined how Swedish traffic inspectors assessed psychological (primarily cognitive) CRLs within the SDT
with regard to which theoretical connections they spontaneously made in semi-structured interviews. After
reviewing the results in Persson (2006), it was decided that the CRLs prospective memory (i.e. memory for
executing an intended action, Winograd, 1988) and fast versus slow decision-making (i.e. heuristic vs. algorithmic

processing, respectively, cf. Kahneman & Tversky, 1972; Hunt, 1975) would not be included in the
questionnaire. All 13 interviewed traffic inspectors found it difficult to comprehend these CRLs, and also
found them to be irrelevant. All other CRLs from Persson (2006) were validated as good candidates for the
questionnaire. Focused attention, inhibition, and interest in driving were chosen to be included in the questionnaire
based on the literature overview and associations made by the traffic inspectors in Persson (2006).

2.4 Questionnaire construction
The questionnaire contained 197 items. The first seven items contained background variables (see
Appendix B). Items 8–190 were about rated relationships between CRLs, assessment areas, and risk
awareness.
The 13 CRLs were introduced with a short explanation and two contrasting examples described how a
particular CRL could be manifested in a traffic situation (see Appendix C). Each CRL was examined by means
of questions with a visual analogue scale marked 0–100% (see Appendix B). The first three questions for each
CRL regarded the association with risk awareness and impact on a driving test. The following five questions
were about how the CRL was associated with each of the five assessment areas.
Items 190–191 required the traffic inspectors to rank the importance of the CRLs for risk awareness and
for the driving test. These items also served purposes of validation. Items 192–196 concerned how strongly
risk awareness was associated with the assessment areas. Finally, in item 197, the traffic inspectors were asked
to rate their knowledge of cognitive psychology (see Appendix B).
The questionnaire was made in two versions, A and B, with reversed orders in order to cancel out order
effects. Every second questionnaire supplied was the B version. An approximately equal number of
questionnaires of versions A and B were sent to each driving test office, of which 56 and 60 of each were
returned.

2.5 Distribution of questionnaires

Questionnaires together with pre-stamped envelopes were sent out to the managers of all 28 driving test
offices, for further distribution to all traffic inspectors in Sweden (N = 228, 23% women, 77% men, mean age
46.2 years). A covering letter (Appendix A) stated that the study had been sanctioned from a higher authority
and the traffic inspectors were allowed time to fill in the questionnaires. The questionnaire was perceived as
being rather demanding, and some participants commented that it was difficult to decide on how to answer
many of the questions. A reminder and additional questionnaires were sent out. The questionnaires were sent
out at the time of year when most driving tests are performed, which probably contributed to the relatively
low response frequency (51%).

2.6 Participants
The number of returned questionnaires was n = 116. The participants were 30–67 years old (M = 46.6,
SD = 9.8 years), 80% men and 20% women. They had worked as traffic inspectors for 1–35 years (M = 8.5,
SD = 8.5 years). 70% (SD = 28%) of them conducted driving tests only in large municipalities and 25% (SD =
25%) conducted driving tests only in small municipalities (see Appendix B). The distribution of gender and
mean age of the sample was on a par with the parameters of all 228 traffic inspectors; hence the sample was
regarded as being representative.

2.7 Design and analyses
All variables except for the background data (gender, age, etc.) were variables within groups. The design
accounted for estimations of means and correlations, and explorative factor analyses (by means of PCAs).
In order to answer research questions 1–3, means with confidence intervals were calculated for how the
traffic inspectors rated the associations between CRLs, assessment areas, and risk awareness. For research
question 4, PCAs with Quartimax rotation (as recommended in Stewart, 1981) and Kaiser normalisation
(SPSS 11.0) were made.

3. Results and Discussion
3.1 Relationships between risk awareness, assessment areas, and CRLs
Figure 2 presents an overview of the rated associations between risk awareness, assessment areas, and
CRLs, with mean ratings above 75% indicated with lines. The limit of 75% on a visual analogue scale can be
considered to be a clear indication that a participant rates the association as strong (cf. an upper quartile),
compared to a rating of around 50%, where hesitant and uncertain participants usually tend to mark their
ratings (Patel & Davidsson, 2003).

Figure 2. Means for the traffic inspectors‟ rated causal relationships between CRLs, assessment areas, and risk
awareness. A line indicates that M > 75% for a rated relationship. Within the boxes the means for the traffic
inspectors‟ ratings are indicated by the placement of a–q.
Descriptive statistics and 95% confidence intervals for means are presented in tables. Table 1 displays
ratings of assessment areas on risk awareness (research question 1); Table 2 shows ratings of CRLs on risk

awareness (research question 2); and Tables 3–7 present ratings of the importance of the CRLs on the
assessment areas (research question 3).

(Table 1 in about here)

3.1.1 Rated importance of the assessment areas for risk awareness
As indicated in Figure 2 and Table 1, attention and traffic behaviour, followed by speed, are most
important for risk awareness. Position and manoeuvring are rated as less relevant. High risk awareness
requires the candidate to fulfil all five assessment areas (the Swedish Road Administration, 2000; Vv 205.002).
The results indicate that manoeuvring and position are necessary but not sufficient prerequisites for good risk
awareness. Manoeuvring requires automatised technical handling of the car, that is, basic skills required for
mastering other assessment areas. Maintaining attention and good traffic behaviour and controlling speed all
require complex skills. The driver should not have to pay attention to the handling of the vehicle, but should
be able to detect and interpret the flow of information in the traffic, including potential hazards. Thus,
manoeuvring and position can be viewed as less important and will be revealed in more complex abilities (cf.
VVFS 2006:21). The results also indicate that the traffic inspectors do not rate any single assessment area to
be sufficient for assessing risk awareness, but attention, traffic behaviour, and speed taken together can
possibly be viewed as sufficient.
In sum, position and manoeuvring can be regarded as skills that are necessary but not sufficient for safe
driving, while attention, traffic behaviour and speed can be regarded as measures of higher-order skills that
enable safe driving. The results suggest that the driving test primarily assesses these higher-order skills, and
thus validates the SDT (Vv 205.002). Risk awareness is the highest-order skill that the SDT is designed to
assess (the Swedish Road Administration, 2000), and three assessment areas can be regarded to capture risk
awareness well, according to traffic inspectors.

(Table 2 in about here)

3.1.2 Importance of the CRLs for risk awareness
From Figure 2 and Table 2 it is evident that visual search (Mourant & Rockwell, 1972; Paschler, 1998) is
the CRL that is rated as most important for risk awareness and it is also rated as being more important than
any of the assessment areas. This might be explained by the traffic inspectors‟ rich experience of the concept
in their training and practical work. Theoretically, visual search is the (overt) behaviour that is directly
governed by attention, which can be inferred from eye and head movements. Visual search was also defined as
applied attention by traffic inspectors in Persson (2006). It is one of the few concepts for observable
behaviour in the driving test. Most other concepts describe characteristics that must be inferred, such as
cognition and personality. For example, when assessing „traffic behaviour‟, observable behaviour can be the
product of several cognitive processes. Not stopping at a stop sign can be the result of conscious rule
violation, lack of knowledge about the rule, or lack of attention (cf. Reason, 1990). Conversely, when a gaze in
the direction of an object does not guarantee that a driver candidate actually perceives the object, or perceives
it correctly, perception of the object as a potential risk is indicated by reduced speed and adjusted positioning
of the vehicle.
Figure 2 and Table 2 also show that application of traffic rules, tactical planning, and automatisation are
equally important for risk awareness. Application of traffic rules (cf. rule application, Vv 205.002) is crucial for
traffic safety behaviour and risk awareness, since lapses, mistakes, and violations (Reason, 1990; Wickens et al.,
2004) increase the risk of traffic incidents. Inherent in the assessment of rule application is the drawing of
conclusions about different types of decisions and actions. It is not easy to draw valid conclusions about risk
awareness by mere observation. A complementary verbal account may be needed in order to assess the
candidate‟s decision-making. Tactical planning (Janssen, as cited in Michon, 1979, 1985) is also considered
central to risk awareness. Impaired tactical planning can affect interaction with other road users, and impair
risk perception when the driver experiences time pressure. Traffic inspectors must assess higher-order
cognitive processes; a task that may be difficult to carry out just from observation. Again, verbal reports from
the candidate would therefore aid valid conclusions about tactical planning and other higher-order cognitive

processes. Automatisation (Groeger, 2000; LaBerge, 1990; Logan, 1988) is also a theoretical prerequisite for
risk awareness, since automated driving skills enable full attention to be directed to the surrounding traffic.
Without automatised driving routines (cf. manoeuvring) the driver does not have spare cognitive capacity to
perform the more taxing higher-order cognitive processes required for attention, traffic behaviour and speed,
and ultimately risk awareness.
In sum, no special attention should be required to manoeuvre a car. The more attentional resources that
are available for scanning and interpreting the traffic surroundings for potential risks, the better the risk
perception. It should be noted that most driving tests are taken by candidates who have relatively little
experience of driving. Experience and automatisation were associated with each other by several traffic
inspectors in Persson (2006).
As expected, strategic planning (Janssen, as cited in Michon, 1979, 1985) was rated as least important for
risk awareness since it is not assessed in the driving test. Strategic planning was included as a contrast to other
CRLs, especially tactical planning and automatisation. The results imply that the traffic inspectors define risk
awareness as a quality on a tactical level (cf. Janssen, as cited in Michon, 1979, 1985).

(Tables 3–7 in about here)

3.1.3 Importance of the CRLs for assessment areas
Attention. Visual search, tactical planning, focused attention, and automatisation were most important for
attention. Strategic planning and interest in driving were rated as least important (Figure 2 & Table 3).
Traffic behaviour. Visual search, application of traffic rules, and tactical planning received the highest ratings
for traffic behaviour. Interest in driving, strategic planning and working memory had the lowest ratings
(Figure 2 & Table 4).
Speed. Visual search, low risk-taking, tactical planning, and application of traffic rules were rated as most
important while strategic planning was the least important (Figure 2 & Table 5).

Position. Position was not very strongly associated with any of the CRLs. The highest ratings were given to
tactical planning, visual search, application of traffic rules, and automatisation. Means for the concepts rated as
least important for position were all below 50%: working memory, personality, interest in driving, motivation,
norms and social influence (Figure 2 & Table 6).
Manoeuvring. Manoeuvring was strongly associated with automatisation, followed by interest in driving.
Application of traffic rules and strategic planning were rated as least important for manoeuvring (Figure 2 &
Table 7).
Overall, the ratings of how important the CRLs were for the assessment areas follow a distinct pattern:
the more important the CRLs were for a specific assessment area, the more important this assessment area
was for risk awareness (see Figure 2). This corroborates the importance of the CRLs given the highest ratings.
The combined CRL ratings were highest for attention and traffic behaviour, which in turn were rated highest
for risk awareness. This strengthens the notion that risk awareness is best assessed according to the more
complex abilities that attention and risk awareness are intended to capture.
Visual search and tactical planning were rated as important for attention, traffic behaviour and speed.
Automatisation was also an important component, since it is a necessary basic skill. Application of traffic rules
was important for the complex skills associated with traffic behaviour, attention and speed. Low risk-taking
was also important for the complex skills associated with speed, traffic behaviour and attention.
In sum, the rated importance of the CRLs, in view of the five assessment areas, follow the same pattern as
their rated importance for risk awareness. Visual search, tactical planning, automatisation, application of traffic
rules, (low) risk-taking, and focused attention were rated as most important for both risk awareness and the
assessment areas. These CRLs can therefore be claimed to have good ecological validity for the SDT.

3.2 Dimensions for assessment
In order to study further the relationships between the CRLs, assessment areas, and risk awareness,
exploratory PCAs were performed. The purpose was to reveal dimensions by which (a) risk awareness can be
assessed based on assessment areas; (b) risk awareness can be assessed based on CRLs; and (c) assessment

areas can be assessed based on CRLs. Figure 3 shows these dimensions (i.e. factors) which were sought in the
fourth specific research question.

(Figure 3 in about here)

3.2.1 Dimensions for risk awareness from assessment areas
Two factors emerged from the assessment areas (see Figure 3). The largest and most important factor was
denoted higher-order skills and explained 52% of the variance in risk awareness. It consists of traffic behaviour,
attention and speed, all of which require complex cognitive abilities. A second factor, called lower-order skills,
was a result of manoeuvring and position, and explained 31% of the variance. These results are in congruence
with the importance of assessment areas for risk awareness, and imply that risk awareness requires higherorder skills, and that basic skills are necessary but not sufficient for risk awareness.

3.2.2 Dimensions for risk awareness from CRLs
Four factors emerged from the 13 CRLs (see Figure 3). The factor motivation and capacity to avoid risk was a
result of focused attention, motivation, inhibition and strategic planning, and explained 19% of the variance.
Visual search and tactics was a result of visual search, tactical planning, and automatisation, and also explained
19% of the variance. The same CRLs were also rated as most important for risk awareness from the five
assessment areas. A third factor, interaction in traffic, was a result of personality, norms and social influence, risktaking, and working memory, with 16% variance accounted for. Finally, the factor interest and rule application was
a result of interest in driving and application of traffic rules, with 9% explained variance.
In sum, the two factors resulting from the assessment areas explained 83% of the variance in total, which
implies that risk awareness can be reasonably well assessed as “higher-order” and “lower-order” skills. The
factor obtained from traffic behaviour, attention and speed (i.e., higher-order skills) explained the largest
proportion of variance in ratings of how much risk awareness depends on the assessment areas. As separate
variables, the same three assessment areas also obtained the highest importance ratings for risk awareness. On

the other hand, the CRLs did not provide as good a basis for assessment of risk awareness, since only 63% of
the variance was explained. What is more, each factor yielded a small proportion of explained variance. The
apparent difference in explained variance between factors based on assessment areas and factors based on
CRLs suggests that the traffic inspectors regard risk awareness to be best assessed by compound measures of
the five assessment areas, rather than by a larger number of tests designed to measure more specific skills.
There may also exist aspects that are difficult to define and verbalise that the traffic inspectors can however
perceive intuitively thanks to experience.

3.2.3 Dimensions for assessment areas from CRLs
The factors of assessment areas from CRLs summed up to between 55% and 65% of explained variance
(see Figure 3). This suggests that the assessment areas cannot be completely explained from the factors
formed by the traffic inspectors‟ understanding of the CRLs, which also appeared to be the case for explaining
risk awareness from CRLs. Again, there may be aspects assessed in the driving test that the CRLs do not
cover.

4. Conclusions
The present study yielded two main answers to the question of how congruent the research literature and
the SDT are with regard to identifying psychological factors underlying safe driving.
Those assessment areas that require higher-order cognition were rated to be most important for risk awareness. Higherorder cognitive skills required for attention, traffic behaviour, and speed are most important for risk
awareness. Attention and experience were also spontaneously mentioned as important for safe driving by the
majority of traffic inspectors interviewed in Persson (2006). Long driving experience can enable a driver to
recognise traffic situations (i.e. schemas and traffic insight), and thereby facilitate the focus of attention on the
most important aspects of the present traffic situation (Brouwer & Withaar, 1997; Chapman & Underwood,
1998; Duncan, Williams, & Brown, 1991; Quimby & Watts, 1981). The assessment areas that require higherorder cognitive skills also gave rise to the factor that explained most variance (52%) in the CA. Besides, the

assessment areas manoeuvring and position assess lower-order skills. They were rated as less important for
risk awareness, and gave rise to a factor that explained considerably less variance (31%). Hence, they are
necessary but not sufficient for risk awareness in that the higher-order cognitive skills require these basic skills.
To conclude, the results show that the SDT primarily assesses higher-order cognitive skills required for risk
awareness and risk awareness is conceptually the highest-order cognitive skill, since it requires mastery of all
assessment areas (Vv 205.002; the Swedish Road Administration, 2000).
Visual search may be used as a valid and reliable indicator of risk awareness. The CRL given the highest rating was
visual search. Visual search can be assessed with a minimum of conclusions about cognitive processes. Also,
the majority of traffic inspectors associated visual search with risk awareness, attention and planning in
Persson (2006). Visual search was rated as the most important concept for risk awareness and the assessment
areas. Thus, it appears to have the best ecological validity of all concepts studied and is an observable
behaviour directly and clearly governed by attention, which is subjected to risk awareness, which in turn is
closely related to risk perception and risk detection. Visual search is also germane to the concept of
anticipatory attention, proposed by Lundqvist and Rönnberg (2001) to be a key factor in successful adaptation
of brain-injured drivers.
The conclusion is thus that visual search is a concept that should be emphasised both
theoretically and in practice, since it can be claimed to be the observable behaviour directly governed by risk
(i.e. hazard) perception. The other CRLs were also validated with high ratings in the context of driving safety:
tactical planning (Janssen, as cited in Michon, 1979, 1985; see also Brouwer & Fasotti, 1997; Wickens &
Hollands, 1999); automatisation (LaBerge, 1990; Matthews et al., 2000; Michon, 1979, 1985); application of
traffic rules (Brouwer & Fasotti, 1997; Parker et al., 1995; Parker, Manstead, Stradling, & Reason, 1992; also
cf. rule application, the Swedish Road Administration, 2000); risk-taking (cf. target risk, Wilde, 1982); focused
attention (Cohen, 2003; Duncan, 1999); and personality (Matthews et al., 2000; Näätänen & Summala, 1974).
Strategic planning (Janssen, as cited in Michon, 1985) was the CRL given the lowest rating, as expected, since
it is not assessed in the SDT.
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Figure Captions
Figure 3. Factors by which risk awareness and the five assessment areas are assessed, as yielded by seven PCAs.
The proportion of explained variance per factor is presented within parentheses after the names of each
factor; the total proportion of explained variance is presented according to each assessment area and to risk
awareness.

Appendix A. Introduction to the questionnaire

The questions regard how different areas and concepts within psychology are associated with risk awareness
and its five assessment areas for the driving test. Each block of questions is introduced by a short description
of the specific concept, and with examples of how the quality that the concept describes can vary between
people and situations. You are requested to tick on the 0% to 100% line to indicate your rating. You will also
be asked to compare different groups of drivers with each other. The questionnaire is about driving tests for
licences to drive cars.

The examples are constructed in the following way:
Each is an extreme example of how [the quality described by the CRL] can be manifested.
(1) An example of when [the quality described by the CRL] is in one way, i.e. it functions well, and
(2) An example of when it is in another way, i.e. it malfunctions.

The only difference between every pair of examples is the specific capacity. In all other respects the people are
identical. All examples are about Eva and Sara, and Peter and Johan. If the comparison is about attention,
then you are to imagine that Eva has good attention skills, whereas Sara does not. With regard to speed,
manoeuvring, position, traffic behaviour, and all other capacities, Eva and Sara are identical.

The concepts being studied are taken from the bases of assessment for the driving test and from psychological
research. These are the concepts being studied: …

Appendix B. Questionnaire items
Gender
( ) Male
( ) Female
Year of birth
19........
How many years have you been a traffic inspector?
….… years
How many courses for further development have you taken within the Swedish Road Administration?
….…
Which driving test office do you belong to?
……………………………………………
How large is the proportion of driving tests you rate that you conduct in small municipalities, where the traffic
environment only has two or fewer sets of traffic lights and two or fewer multiple-lane streets in the town?
….… %
How large is the proportion of driving tests you rate that you conduct in large municipalities, where the traffic
environment has five or more sets of traffic lights and five or more multiple-lane streets in the town?
……. %

How much does [the quality described by the CRL] affect risk awareness in driving tests?
Not at all 0% ———————————————————— 100% Entirely

How much do you consider [the quality described by the CRL] in driving tests?
Not at all 0% ———————————————————— 100% Entirely

How often do driver candidates have problems at driving tests due to deficiencies in [the quality described by
the CRL]?
Not at all 0% ———————————————————— 100% Entirely

How much does [the quality described by the CRL] affect the assessment areas?
Speed
Not at all 0% ———————————————————— 100% Entirely

Manoeuvring

Not at all 0% ———————————————————— 100% Entirely

Position
Not at all 0% ———————————————————— 100% Entirely

Traffic behaviour
Not at all 0% ———————————————————— 100% Entirely

Attention
Not at all 0% ———————————————————— 100% Entirely

How much does risk awareness depend upon each assessment area for the driving test?
To what extent does risk awareness depend upon speed?
Not at all 0% ———————————————————— 100% Entirely
To what extent does risk awareness depend upon manoeuvring?
Not at all 0% ———————————————————— 100% Entirely
To what extent does risk awareness depend upon position?
Not at all 0% ———————————————————— 100% Entirely
To what extent does risk awareness depend upon traffic behaviour?
Not at all 0% ———————————————————— 100% Entirely
To what extent does risk awareness depend upon attention?
Not at all 0% ———————————————————— 100% Entirely

If you disregard this questionnaire, rate your own knowledge about cognition.
0% ———————————————————— 100%
I have never heard about cognition

I already know a lot about cognition

Appendix C. Explanations and examples of the CRLs
(Order as in version A of the questionnaire; version B had reversed order.)

Strategic planning
Strategic planning means that a plan is made well in advance: whether to drive, whether it has been decided
to drive, then when to drive, and which route to take. An example of strategic planning is when you ask the
driver candidate to drive to a certain location, without saying how to get there.

Examples:
Eva is good at strategic planning for her drive to work. When she drives to work, she takes the road
with the least traffic in order to avoid the traffic jam that often occurs during the rush hour in the
mornings. She knows that the road with less traffic takes less time to drive along, even though it is longer.
However, in the evenings, when there is less traffic, she always takes the shortest route, since it is faster in
the evenings.
Sara is bad at strategic planning for her drive to work. When she drives to work she always takes the
shortest way, even though it takes more time due to traffic jams. She does not take into consideration that
there is an alternative route that is longer but takes less time during rush hour.

Tactical planning
Tactical planning is the planning that is made during driving, and with a rather short time horizon.

Examples:
Peter is good at tactical planning for his driving. When he approaches a crossing, he slows down in
good time, shifts to a lower gear, and directs his attention toward the traffic in and around the crossing.
He therefore also follows the traffic rhythm well.
Johan is bad at tactical planning for his driving. He slows down very late when he approaches a
crossing, is late shifting to a lower gear and directs his attention toward the traffic in and around the
crossing. Therefore he does not follow the traffic rhythm well.

Automatisation

Some behaviour and actions are so well learnt that they can be carried out without the need to think about
how they can be performed. Other behaviour and actions, that are less well learnt, may require more
attention in order to be carried out. An example of an action that usually becomes automatised in drivers
is gear shifting.

Examples:
For Peter gear shifting is an automatised action. He can therefore direct his full attention to the
surrounding traffic and to reading and remembering what is written on the traffic signs that he passes.
Also, he does not get disturbed if someone talks to him when he is driving in city traffic.
For Johan gear shifting is not automatised. Some of his attention is therefore needed for shifting gears,
and he has grave difficulties simultaneously paying attention to surrounding traffic, reading and
remembering what is written on the traffic signs that he drives past. He also easily gets disturbed if
someone talks to him when he is driving in city traffic.

Working memory
Humans can only handle a limited amount of information at a time, and this information is temporarily
stored and processed in a working memory. Working memory is for example used when a new and
unfamiliar phone number is retained until it has been dialled. Another example is to use mental arithmetic
for solving 28 + 36. Then you may need to first calculate a part sum, keep this part sum in memory while
calculating the second part sum, and finally adding the two part sums (i.e., 20 + 30 = 50; 8 + 6 = 14; 50 +
14 = 64).

Examples:
Eva has high working-memory capacity. Therefore she has no difficulties simultaneously having an
interesting discussion with her passenger, keeping her eyes on the traffic, and remembering the directions
that she was given just before departure. Eva‟s attention on the traffic thus does not risk suffering from
discussions with her passenger or from thinking about the directions.
Sara has low working-memory capacity. Therefore it is difficult for her to simultaneously have an
interesting discussion with her passenger, keep her eyes on the traffic, and remember the directions that

she was given just before departure. Sara‟s attention on the traffic thus risks suffering from discussions
with her passenger and from thinking about the directions.

Inhibition
Inhibition refers to the ability not to react to events and stimuli that would otherwise elicit automatic
responses.

Examples:
Eva has good capacity for inhibiting responses. She sees when the traffic light changes to green in the
next lane, but her right foot is still on the brake pedal. A moment later when she drives and meets traffic,
and with traffic just behind her, she sees an empty plastic bag blown by the wind into the street in front of
her car. She has no difficulties managing to refrain from turning the steering wheel or from braking.
Sara has bad capacity for inhibiting responses. She sees when the traffic light changes to green in the
next lane, and automatically moves her foot from the brake pedal to the accelerator pedal before she stops
herself from accelerating. A moment later when she drives and meets traffic, and with traffic just behind
her, she sees an empty plastic bag blown by the wind into the street in front of her car. She reflexively
turns to the left and nearly collides with a car in the other lane.

Focused attention
Humans have limited attention capacity. As a consequence, attention is directed differently depending on
what is perceived as most important or most interesting at the moment. Focused attention is the ability to
resist distractions, to sort out irrelevant information, and to pay attention only to what is important for the
task at hand.

Examples:
Peter‟s ability to focus his attention is good. Therefore he can keep his attention on his car and the
variation in traffic around him, even though his three children are in the car, having a noisy discussion and
waving their hands wildly.

Johan‟s ability to focus his attention is bad. When he drives and his three children are having a noisy
discussion and waving their hands wildly, it is therefore difficult for him to focus on his car and the
surrounding traffic.

Visual search
Visual search refers to how gaze and visual attention is directed toward the surroundings. From a riskawareness point of view, good visual search means that gaze is active and mainly directed toward potential
hazards far ahead, but that there is also regular scanning for hazards behind and alongside the car. Visual
search may be claimed to serve the purpose of keeping the driver aware of how the surroundings look at
the moment and change over time.

Examples:
Eva has excellent visual search. Her gaze is constantly searching for potential hazards ahead of the car.
She is at the same time aware of what is happening around her car, since she is good at reacting to
changes in her peripheral field of vision. When Eva turns to the right, and a cyclist approaches from the
cycle path crossing the road, she has already noticed the cyclist a long time ago. She therefore calmly slows
down and lets the cyclist pass without risk.
Sara has bad visual search. Her gaze is rather fixed on the roadway ten metres ahead of the car, when it
is not directed at the speedometer. She is not at all aware of what is happening alongside and behind her
car, which among other things is due to the fact that she is not good at reacting to changes in her
peripheral field of vision. When Sara turns to the right and a cyclist approaches from the cycle path
crossing the road, she almost hits the cyclist, who is forced to brake in panic.

Motivation
There can be qualitatively different motives for doing something. There can also be different strengths in
motivation for doing something.

Examples:
Eva has worked as an ambulance paramedic and seen many people with traffic injuries. For this reason
she is strongly motivated not to take any risks in traffic. She is also motivated to drive smoothly and not

faster than the speed limits, since she wants to save money on fuel. She also reasons that she would not
save more than a negligible amount of time by driving faster.
Sara has neither worked as an ambulance paramedic nor seen people with traffic injuries. She is on the
other hand motivated to drive aggressively and much faster than the speed limits, since she very much
appreciates the feeling of driving fast in her sporty car. She also reasons that “time is money”. Sara thinks
that the thrill and joy of driving fast, together with the time that she gains, make up for an increased risk
of getting speeding fines.

Risk-taking
People are prepared to take risks of different sizes and have different levels of awareness when it comes to
perceiving whether a risk may be excessively hazardous, even though they have the same understanding of
how great or small the risk is. It can be conceived that driver A is prepared to be exposed to no more than
a virtually non-existent risk of running off the road when there is slippery road surface, while driver B is
prepared to be exposed to as much as a five per cent risk of running off the road. This difference in risktaking could result in driver B driving 10 km/h faster than driver A.

Examples:
Eva has a low limit for accepting risks. She always keeps within speed limits, and when there is bad
visibility, a winding or slippery road, she slows down. She drives calmly and is careful to keep the proper
distance to the vehicle ahead of her, with regard taken to speed and the condition of the road surface. Eva
does all of this to maintain the same low level of risk – she does not accept an increase in the risk of an
accident.
Sara has a high limit for accepting risks. She seldom keeps within speed limits, and when there is bad
visibility, a winding or slippery road, she prefers not to slow down. She drives aggressively and does not
keep the proper distance to the vehicle ahead of her, without regard to speed and road surface conditions.
Eva accepts that the risk of an accident increases as a result of worse visibility, worse road conditions,
higher speed, and shorter distances.

Personality

Personality refers to the rather stable patterns of thought, emotion, and behaviour that people have, both
over time and situations.

Examples:
Peter is a calm and stable person who is not sensation-seeking. He prefers the calmness of known
situations to adventure and situations that go with a bang. When Peter drives, he prefers to drive slowly.
He also always drives smoothly, calmly, and with great margins for error [safety margins].
Johan is a restless and impulsive person who is sensation-seeking. He prefers adventures and likes
things to go with a bang. He easily gets bored with the calmness of known situations. When Johan drives,
he likes to drive fast. He also always drives aggressively, restlessly, and with small margins for error [safety
margins].

Norms and social influence
Norms and social influence refer to how one is affected by others, by one‟s conceptions about others'
opinions, and by motivation to live up to others' expectations.

Examples:
Peter drives alone in his car. He thinks that people who are reasonable above all want to minimise risks
in traffic by keeping within speed limits and by maintaining good cooperation with other road users. He
himself tries to be a good example in traffic with regard to adaptation of speed and cooperation.
Johan drives with his two best friends in the car. He thinks that what is most important to tough guys
like himself is to drive fast and that the driving should reflect a high level of technical skill. He thinks that
it is good to demonstrate this by driving closely behind other vehicles and by often overtaking with small
time margins. He also likes to impress his friends with his driving, and therefore drives fast, aggressively,
and shows off his technical skills.

Interest in driving
People may differ in how much interest they have in driving as an activity, and they may be interested in
driving for different reasons.

Examples:

Peter is very interested in driving. For him driving is a way of life – he finds joy and pleasure in sitting
behind the wheel and sensing that he is in control of a well-functioning car. He likes to drive for sheer joy,
and prefers to drive rather than sit in the passenger seat.
Johan is rather uninterested in driving and drives because he is not in a position to commute by public
transport or go by bike. For him driving is merely a way of getting from one place to another. He never
drives for sheer joy, and he may just as well sit in the passenger seat.

Application of traffic rules
How traffic rules are applied depend in part upon the knowledge about the rules, and in part upon how
the knowledge is used. Errors and violations may thus result from a lack of knowledge of rules,
application of the wrong rule in a particular situation, or that the rule is wilfully violated.

Examples:
Eva has good knowledge about the traffic rules and when which rule applies. She seldom makes
mistakes and lapses with regard to application of traffic rules, and she never commits violations of traffic
rules. The few mistakes she makes, and the few lapses she has, are of mild character.
Sara has little knowledge about the traffic rules and when which rule applies. She often makes mistakes
and lapses with regard to application of traffic rules, and she also often commits violations of traffic rules.
Sara‟s mistakes, lapses, and violations are of both mild and grave character.
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