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ABSTRACT

The overall aim of this thesis was to explore and describe methods for assessing driving
ability and awareness of driving disability following stroke, and to explore and describe the

lived-experience of driving ability in the process of a driving evaluation.

The thesis included four studies. In Study I people with stroke drove in a driving simulator
and the focus was to investigate aspects of validity and stability of a newly developed
assessment tool, P-Drive, using Rasch statistics. In Study II people with stroke who had
previously conducted a driving test in a driving simulator and had difficulties driving safely
participated. The aim was to investigate awareness of driving disability. In Study III four
men with stroke were interviewed during their driving evaluations. The aim was to explore
and describe the lived-experience of driving ability in the context of being in the process of a
driving evaluation using a phenomenological approach. In Study IV participants were people
with stroke, dementia and mild cognitive impairments. The participants took an on-road
driving test and the aim was to determine aspects of validity and reliability of P-Drive (on-

road version), using Rasch statistics.

In conclusion, the results of Studies I and IV indicated that P-Drive (two new versions) was
an assessment tool that was valid and reliable for assessing driving ability in people with
stroke in a driving simulator or on-road, respectively. Both versions of P-Drive demonstrated
evidence of internal scale validity, person response validity and also acceptable levels of
person separation reliability. In Study II lack of awareness of driving disability was evident
since the majority of the drivers who failed the simulator test also had limited awareness of
their disability. In Study III the participants experienced their driving ability as unaffected by
the onset of stroke, and driving ability was taken for granted. Limited awareness of disability
was indicated since participants were driving despite recommendations not to drive. The
results (Study III) also increased our knowledge about the negative feelings that could be

aroused by driving cessation and evaluation.

Key words: Occupational therapy, Automobile Driving, Stroke, Awareness of Disability,

Rasch, Phenomenology
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INTRODUCTION

“Lord, I have been driving since 1959 and also abroad...as much as we have been
driving, and never have I had trouble with the traffic police, never, no fine, nothing like

1

that. As I can see it, I 've never had any problem in traffic or in the car.’

(Quote from a participant in Study I1I)

In this quote we hear the voice of a person who has had several decades of driving experience,
which he experiences as good years. Now he is at risk of losing his driving licence following
stroke he had last year; he is also at risk of losing much more than just the licence. Driving a
car is something that we seem to take for granted, but after stroke there can be more or less
obvious obstacles to driving safely. As an occupational therapist, everyday occupations are at
the core of my interest. Driving a car is an everyday occupation that is valued by many people
for its own sake and for its facilitation of opportunities to engage in other occupations.
Driving is one of the everyday occupations that form our lifestyle. For Swedish occupational
therapists to conduct driving evaluations has not been a very common task before, but is
something that is becoming more and more necessary; it is highlighted as important in the

rehabilitation process of people with stroke.

Driving a car — an occupation in everyday life

The car and driving are parts of the Western culture that shape both public and private spaces
and are important in many people’s lives, affecting areas like competence and social
inclusion. The car and driving can arouse many emotions like comfort, enjoyment and
excitement (Sheller, 2004). In Sweden most adults (82%) have a driving licence (SCB, 2007;
Vigverket, 2007), but driving is a double-edged occupation (Heikkinen, 2008; Sheller, 2004).
It offers mobility and freedom, but on the other hand is connected to crashes, personal injury
and risk of death. These two edges need to be balanced: people who are now safe drivers
should have the possibility to continue driving for as long as possible, keeping their freedom
and mobility. On the other hand, people that are unsafe as drivers due to injury or illness need
to be prevented from driving. The American Occupational Therapy Association (AOTA) has
identified driving as one of the top ten emerging practice areas for occupational therapists in
the new millennium (Johansson, 2000). In countries like the USA and Canada (Korner-
Bitensky, Bitensky, Sofer, Man-Song-Hing, & Gelinas, 2006; Korner-Bitensky, Sofer,
Gelinas, & Mazer, 1998), United Kingdom (Brooks & Hawley, 2005) and Australia



(Unsworth, 2007) it is common that occupational therapists are actively involved in driving
evaluations. In the UK there are 15 Mobility Centres employing multidisciplinary teams
working with driving evaluations, and occupational therapists are employed at a majority of
the centres. Several different services are provided in the driving evaluations at the centres,
including on-road tests, simulator tests and cognitive screening (Brooks & Hawley, 2005). In
Melbourne, Australia, occupational therapists have been conducting driving evaluation for the
licensing authority for more than 20 years (Unsworth, 2007). The Australian occupational
therapists assessing driving ability have been trained and specialized at university to be able
to make standardised driving evaluations by following national guidelines and standards. In
Sweden there is no official training or national guidelines for occupational therapists, but a
recent survey of Swedish occupational therapists indicates that many occupational therapists
(57%) are involved in assessing driving ability (Larsson, Lundberg, Falkmer, & Johansson,

2007).

In this thesis the focus is on driving. It explores driving ability and develops and validates
assessment tools to measure driving ability and awareness of disability. It also seeks to
increase our understanding of how driving ability is experienced while in the process of a
driving evaluation. An occupational perspective is used throughout the thesis and theoretical

assumptions about instrument development using a Rasch rating scale models are applied.

An occupational perspective on driving

Driving a car is a dynamic and complex everyday occupation and demands a lot of the driver.
As occupational therapists our focus is in the everyday occupations of our clients.
Occupations are activities that have unique value and purpose to the person. How we see
ourselves (our identities) and how we spend our time and make decisions is influenced by our
engagement and participation in these occupations (AOTA, 2002). Occupation is the doing
that the person wants and needs or is expected to do in the society (Fisher, 2006). Driving a
car can be assumed to be an occupation that many people want and need to do in their

everyday lives.

The Model of Human Occupation (MoHO) offers one way to understand how people go about
their everyday occupations (Kielhofner, 2008). The MoHO is based on a dynamical systems
theory and in the model the components of the person and the environment interact and

influence occupation into a dynamic whole. The person is made up of three interrelated



components, volition, habituation and performance capacity, influencing occupation
(Kielhofner, 2008). Volition is the motivation for occupation and is about awareness of one’s
capacity of doing, what one finds important to do and what one finds enjoyable and satisfying
to do. Habituation is patterns and routines of occupations and is reflected in our roles.
Performance capacities are the physical and mental capacities we have to perform the
occupation (Kielhofner, 2008). Driving is an occupation that may give satisfaction and be
important for the person to perform. Driving can be part of one’s routines and roles in life and
the ability to drive is affected by the physical and mental capacities of the person. In addition,
human occupation can only be understood if we understand the environment in which it takes
place. The environment can be defined as the social and physical, cultural, economic and
political dimensions that impact the performance of occupations (Kielhofner, 2008). Driving a
car is an occupation performed within a context that comprises several dimensions, including
the space where the occupation is taking place (e.g. city traffic), the objects that are used to do
things (e.g. the car), the forms of the occupation that are available, expected and/or required
(e.g. driving to work), the social groups encountered (e.g. fellow road users), the culture that
affects the physical and social aspects of the environment (e.g. the roles as a driver) and the
political and economical contexts that affect the freedom and resources relevant for the
occupation (e.g. medical requirements for driving). A change in any one of the components in

the dynamic whole can alter the total dynamic of the occupation (Kielhofner, 2008).

Occupational performance of driving

In this thesis the performance of driving a car is studied as the performance of an everyday
occupation. Occupational performance occurs in a complex set of interactions between the
individual and his/her environment and is a meaningful sequence of actions used to complete
a specified occupation (Fisher, 2006, Kielhofner, 2002). These actions are goal-directed,
observable and can be seen as discrete behavioural elements of the performance.
Occupational performance is a meaningful sequence of actions in which the person enacts and

completes a specified task that is relevant to his/her culture and daily life roles (Fisher, 2006).

Michon’s model of driving (1985) is commonly used in the traffic psychology literature to
describe driver behaviour. Driver behaviour is defined as what humans actually do when
exposed to various traffic environments. The model emphasizes the cognitive components of
driver behaviour and driving is seen as a cognitive process, a problem-solving task producing

rational behaviour. The model is based on a productions system that is knowledge- and rule-



based and can be statements of action goals. For example a simple goal could be that IF:
traffic light is red, THEN: stop. The model is hierarchical with three interdependent levels of
skills and control of behaviour during driving (see Figure 1). At the operational level the
driver makes decisions about the basic manoeuvring of the car, such as steering and braking;
at the tactical level the driver makes decisions to better master and adapt to different traffic
situations like adjusting speed and planning ahead. At the highest level of the hierarchy, the
strategic level, the driver makes general plans and decisions before entering the car, decisions
about the risks and costs involved in driving (Michon, 1985). Michon’s model offers a way to
understand the levels of decisions made by the driver (see Figure 1). In this thesis an
assessment tool (P-Drive, Studies I and IV) is assumed to cover the tactical and operational

level of control in relation to the actual performance in a driving simulator or on-road.

Figure 1: The hierarchical structure of the driving task (Figure freely drawn after Michon, 1985).

Occupational performances (of driving) and driver behaviour are overlapping but not
interchangeable concepts having different theoretical bases. In contemporary traffic
psychology the theoretical models are based on cognitive processes and production systems
(Michon, 1985) while the occupational therapy model used in this thesis is based on dynamic
systems theory (Kielhofner, 2008) and further, the thesis has adopted a top-down-approach to
occupational performance (Fisher, 2006). The dynamic systems theory has a holistic view of
the interaction between the individual and the environment as a means for occupation
(driving), while Michon’s model has a more reductionistic view of the production of
behaviour (bottom-up approach). It views the environment (traffic environment) as impacting
behaviour, not as being integrated as a part of the system of human occupation. In dynamic

systems theory all parts of the system interact in ways that depend on the situation and all



components contribute to the total dynamics (Kielhofner, 2002). During driving the driver is
exposed to different situations that vary in complexity and dynamics. The traffic environment
can change very rapidly and the driver has to face a new and different situation within
seconds, which demands good flexibility in the driver. Driving as an occupation has not been
specifically described in the theoretical models of occupational therapy and although
Michon’s model is a way to understand driver behaviour, it is limited to the cognitive aspects
of behaviour. This thesis is based on the theoretical foundation of occupational therapy
(Fisher, 2006; Kielhofner, 2008) but also applies the hierarchical model of driver behaviour as
developed by Michon (1985) in Studies I and IV to develop an assessment tool for measuring

driving ability.

Experiences of not being able to drive

A primary assumption in occupational therapy is that “occupation is a basic human need” and
that without the possibility of engaging in occupation there is a risk that the individual’s
health and well-being might be affected negatively. Another assumption is that “occupation
brings meaning to life”, allowing us to explore and learn about the environment, use our
competence, express our individuality and manage our lives (Townsend & Polatajko, 2007).
Without the possibility of engaging in driving any longer, mobility, health, identity and life
might be negatively affected. Research has found that elderly former drivers decreased their
participation in out-of-home activities (Marottoli et al., 2000) and reported higher levels of
depression than active drivers (Ragland, Satariano, & MacLeod, 2005) following their driving

cessation.

There are few qualitative studies that have investigated experiences of driving cessation
following illness or old age and there is a need to increase our understanding to better meet
and support the individual. A study investigating older women’s experiences and challenges
related to driving cessation (Bonnel, 1999) found that the women experienced a loss of
everyday activities — e.g. participating in social activities, going to restaurants and shopping.
These women had to find other ways to manage the activities that had previously been
facilitated by driving. The women decided to give up their cars for a variety of reasons.
However, after stroke, giving up the car may be the decision of a health professional
(physician) based on a driving evaluation and not the client’s free will. In a study exploring
how elderly people with stroke experienced the initial impact of a driver licence cancellation

(Lister, 1999), the author found that the loss had negative psychological, social and functional



implications. Loss of the licence was experienced as out of the individuals’ control and had a
direct effect on their lifestyles. These participants had not been considered for a driving
evaluation and had lost their licenses due to the severity of their stroke. Another study
exploring older people’s experiences of driver licence cancellation after a driving evaluation,
revealed the cancellation to be a traumatic and shocking experience, and the driving
evaluation was experienced as unjustly executed (Whitehead, Howie & Lovell, 2006). In a
case study (Vrkljan & Miller-Polgar, 2007) that investigated the transition from being an
active driver to a non-driver by following an older couple in which the man was restricted
from driving, the results indicate that the ability to participate in occupations that have
meaning seem to be critical for how individuals perceive themselves. Summating, earlier
studies have found that driving cessation limited participation in everyday activities, was
experienced as traumatic and life changing and could effect the health and the sense of self of
the individual. There is a lack of knowledge about the lived-experiences of driving ability

during the process of a driving evaluation.

The lived-experience of driving ability

In phenomenological research the aim is to find out what characterizes a phenomenon and
describe the meaning structure of the lived-experience of the phenomenon (Karlsson, 1995).
Phenomenological research concerns life-world experiences; the life-world is the subjective
and culturally meaningful world we live in and that we first encounter (Karlsson, 1995). The
life-world is always pre-given, taken for granted and all-inclusive. Life-world research
expands our understanding of human experience and understanding of meaning in everyday
life (Dahlberg, Drew, & Nystrom, 2001). According to Husserl (1970), in the life-world we
take for granted that the world is as we perceive it, and we do not critically reflect upon or
criticize our perceptions. Everyday occupations like self-care (Guidetti, Asaba & Tham 2007)
or driving a car appear obvious and are taken for granted. By examining the lived-experience
in everyday life, we gain access to the person’s experienced reality. In Study III in this thesis,
phenomenology is used as a method to open up for us to better understand how driving ability
is experienced following stroke. The lived-experience (subjective aspects) of ability or
occupational performance can also complement the objective approach (measuring and
observing performance). By giving attention to the subjective experience we can better
understand the occupational performance of the individual (Kielhofner, Tham, Baz & Hutson,
2008).



Stroke and driving ability

People who are recovering from stroke and participating in rehabilitation are often interested
in returning to their everyday occupations as they were before the disease, and driving is one
occupation that is desired by many. On the other hand, the ability to drive safely may be
reduced following stroke (Akinwuntan et al., 2002; Heikkild, Korpelainen, Turkka,
Kallanranta, & Summala, 1999; Lundqvist, Gerdle, & Ronnberg, 2000; Mazer, Korner-
Bitensky, & Sofer, 1998; Wilson & Smith, 1983) and therefore needs to be evaluated.

Stroke is a common cause of brain injury in the world, and in most European countries is
ranked as the third most frequent cause of death (Brainin, Bornstein, Boysen, & Demarin,
2000). Each year in Sweden about 30,000 people sustain stroke with an annual incident value
of approximately 300 per 100,000 population (Brainin et al., 2000; Socialstyrelsen, 2006).
Stroke is caused by disruption of the blood supply to the brain tissue and may result from
either blockage (embolus), ischemic stroke, (thrombosis) or rupture of a blood vessel,
haemorrhagic either, intracerebral or subarchnoidal. Motor and cognitive impairments are
common after stroke with frequently reported symptoms of spasticity, reduced memory,
attention, communication and visuospatial functioning (Socialstyrelsen, 2006). Minor
symptoms may exist before stroke due to atherosclerotic blood vessels. Everyday occupations
might also be challenged following stroke. In a sample of people with acquired brain injuries
(subarachnoidal haemorrhage and traumatic brain injury) gaps were experienced in several
everyday occupations when comparing status before and after injury (Eriksson, Tham, &
Borg, 2006). Transportation (driving not specified) was one occupation that differed
significantly; 99 % of the sample engaged in transportation before the injury, but only 76%

afterwards.

In research drivers with stroke have been shown to have limited abilities to drive safely. In a
sample of drivers referred for a clinical driving evaluation 61% were either judged as
unsuitable or not immediately suitable to continue driving (Ackinwuntan et al., 2002). Results
from a small study comparing drivers with stroke and healthy drivers in a short on-road test
(20 min) showed that drivers with stroke had difficulties with awareness of other vehicles,
reversing, doing two things at the same time and positioning the car in the lane (Wilson &

Smith, 1983).



In this thesis participants were not only people with stroke; in Study IV drivers with dementia
or mild cognitive impairment were also assessed. Research has shown that the level of
dementia is related to performance on an on-road test (Hunt et al., 1997); in the group of
drivers with mild dementia, 41% failed while in the group of very mild dementia only 19%

failed the on-road test.

Regulations for driving after stroke
Most countries have medical requirements for having a driving license, requirements that
might no longer be fulfilled after a brain injury like stroke. The Council of the European
Community’s directives states that “driving licences shall not be renewed for drivers suffering
from a serious neurological disease unless the application is supported by authorized medical
opinion” (EU, 1991). However, the interpretation of the directives varies between the
European countries (White & O'Neill, 2000) and in several (e.g. United Kingdom, Germany),
the physician is not obliged to report drivers who are medically unfit to drive. In Sweden the
statutes state that the physician should report to the licensing authorities the fact that a client
is obviously unfit to drive due to a medical condition such as stroke (Végverket, 2008). A
diagnosis of dementia should lead to the cancellation of the driving license although in mild
stages of dementia holding a license for a passenger car could be allowed, according to the
statute (Végverket, 2008). There are no national guidelines in Sweden for how to evaluate the
ability of a person with stroke to continue driving; there is just a brief statement:
“disturbances in judgement, the ability to perceive and process visual input and also
mental flexibility, memory, executive functioning and psychomotor tempo shall be taken
into special consideration when making the medical assessment. The presence of
emotional lability and increased fatigue shall also be taken into consideration. Apraxia

and neglect need special attention” (Vigverket, 2008).

In the statute, the medical assessment should be based on a neuropsychological evaluation
done preferably by a neuropsychologist, psychologist or occupational therapist with good
knowledge of traffic medicine. If the medical assessment results in a doubtful outcome, the
statute recommends a practical driving test to complement the evaluation. In Sweden national
standards or routines for driving evaluations are not established and there is diversity in
methods used at different clinics. Australia might be the country that has the most developed

routines for conducting driving evaluations; there occupational therapists conduct both off-



and on-road assessments following national standards (Unsworth, 2007). Criticism of the

driving evaluation in Australia includes their lack of use of validated assessment tools.

Assessing driving ability after stroke

In this thesis driving ability is defined as the safe and competent performance during a
practical driving test. A top-down approach, starting with the actual doing of the driver
(Fisher, 2006), has been adopted to assess driving performance. The focus is on the quality of
the person’s performance using an occupational performance analysis. In the analysis the
individual’s quality of performing an occupation is observed to identify discrepancies
between the demands of the occupation and the skills of the person. In the present top-down
approach the person’s difficulties and strengths are described and measured in terms of goal-
directed actions that comprise the occupational performance and not on underlying
impairments like cognition. In this thesis the top-down approach starts at the actual

performance of a driving test in a simulator (Studies I, II) or on-road (Studies III and IV).

Neuropsychological testing of off-road driving assessments is a method that is used to
evaluate underlying cognitive capacities needed for driving safely. Most research has been
aimed at finding a neuropsychological test battery that can best predict the outcome of an on-
road driving test (Mazer, Gelinas, & Benoit, 2004). One of the neuropsychological test
batteries that have a good predictive value towards an on-road test is the Nordic Stroke Driver
Screening Assessment (NorSDSA, Lundberg, Caneman, Samuelsson, Hakamies-Blomqvist,
& Almkvist, 2003). It has been shown to correctly classify 78% of drivers with stroke when
using the on-road test result as the outcome. However, when examining sensitivity and
specificity the sensitivity of the test was low; NorSDSA only identified 19 out of 33
participants who later failed the on-road test. The on-road test is viewed as the gold standard
of driving tests (Christie, 1996). The result of an on-road test has been found to be the most
important determinant of the multi-professional team decision in a driving evaluation
(Akinwuntan et al., 2002). However, in the research literature there are few standardised
assessments for measuring driving ability on-road and among those that are used in research
few have been sufficiently evaluated for their psychometric properties. The TRIP-protocol
(Test Ride for Investigating Practical Fitness to Drive) had moderate results of inter-rater
reliability, while observing a video of on-road tests of clients with stroke (n=30) (Akinwuntan

et al., 2003). In the TRIP, three of the 17 items (18%) were not considered as reliable (De



Raedt & Ponjaert-Kristoffersen, 2001). The global raw score of the Washington University
Road Test (WURT) protocol indicated evidence of inter-rater (Hunt et al., 1997, Odenheimer
et al., 1994) and test-retest (Hunt et al, 1997) reliability when used in a sample of clients with
dementia of the Alzheimer type. These assessment tools are both ordinal scales and their
unidimensionality is unknown; there is a lack of unidimensional interval scales to measure

driving ability.

Assessing driving ability in different contexts

In this thesis driving ability is assessed using a driving simulator and on-road driving. The
most common way to investigate a person’s fitness to drive is by conducting cognitive
screening. These three methods differ in the contexts of conducting the assessments as well as
in ecological validity. Ecological validity is the relationship between real-world phenomena
and the investigation of these phenomena in experimental contexts (Schmuckler, 2001).
Ecological validity can be divided into three dimensions — the nature of the research context,
the nature of the stimuli used in the experiment and the response or behaviour required by the
experimental participant. To reach ecological validity the context must be a true and natural
context in which actors take part on a regular basis (Schmuckler, 2001). In many ways the
work in this thesis is ecologically valid, examining naturalistic behaviour (actual driving) in
naturalistic context (real traffic or a realistic and technically advanced driving simulator) and
employing rich stimuli (traffic situations). As a driving simulator may not be a context that is
natural for most people, the simulator could be a context that is very stressful for the
individual and this could then affect the performance. Driving in real traffic is part of our life-
world that we take for granted and driving in real traffic is something a driver is used to.
However, to drive an unfamiliar car on an unfamiliar route while being in the process of an
evaluation of one’s driving ability could be stressful and the pressure could influence the
occupational performance of the driver. A study comparing the vehicles used for driving tests
in older drivers revealed that driving an unfamiliar car made it easier to fail compared to
driving your own car (Lundberg & Hakamies-Blomqvist, 2003). Although driving in a
simulator is very close to driving in real traffic, the ecological validity of conducting a driving
evaluation in real traffic is higher than in the simulator. The advantage of simulators is the
possibility to standardise the route, while driving in real traffic can never be totally
standardised and unexpected events can never be controlled. Most occupational therapists in

Sweden use cognitive tests to assess driving ability (Larsson et al., 2007), tests that have low

10



ecological validity for assessing driving ability since the nature of the context and responses

required is not ecological (paper-pencil tasks in an office).

Developing assessment tools on an interval scale

In rehabilitation it is of clinical interest to investigate, evaluate and measure complex
phenomena that might have many dimensions and layers, for example the ability to perform
everyday occupations like driving, while a measure or scale can only target one dimension at
a time. The Rasch measurement model can transform observed ordinal data into linear
interval measures and be used to develop new assessment tools (Merbitz, Morris, & Grip,
1989). Two of the theoretical requirements of measurement have been stated to be
unidimensionality and additivity (Tesio, 2003). In an ordinal rating scale the distance or space
between the scoring (1-2, 2-3, etc.) is unknown. The distance between the scores of 1 and 2
might not be the same as that between 2 and 3. Furthermore it is unknown whether the
spacing is replicable across different items. Ordinal scales are commonly used at
rehabilitation clinics for assessing activities of daily living. Driving ability has been assessed
using ordinal scales, and in research studies summed up into raw scores (De Raedt &
Ponjaert-Kristoffersen, 2001; Duchek et al., 2003; Hunt et al., 1997; Mazer et al., 1998;
Odenheimer et al., 1994). An ordinal scale should not be treated as a continuous scale by
adding, dividing etc. By adding up item scores into a total score or raw score the result could
be misleading and in the worst case cause a false outcome (Merbitz et al., 1989; Tesio, 2003).
By using ordinal scales in the context of driving evaluations there is a risk of passing someone
who might not be safe as a driver. It has been pointed out that there it is a need for ratio or
interval scales to improve measurement, inference and prediction in rehabilitation medicine

(Merbitz et al., 1989; Tesio, 2003).

Using the Rasch model to develop new assessment tools

The Rasch model can be used to evaluate and develop new assessment tools, using the quality
parameters attained in the data analysis to decide if items should be included, rejected or
modified, as well as to investigate strengths and weaknesses of the scale. The assertions of the
simple Rasch model is that the easier the item, the more likely it is to be passed by any person
and the more able the person, the more likely he or she is to pass harder items than a person
who is less able (Fisher, 1993; Wright & Stone, 1979). Statistics attained in the Rasch
analysis can be used to perform confirmatory construct validity analyses of the developed

scale based on expectations of what should happen when a group of people take the test and
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also confirm whether the items fit to the modelled expectations (Fisher, 1993). Several

aspects of validity and reliability can be investigated using Rasch analysis.

The Rasch rating scale model used in this thesis considers item difficulty and person ability
on the same continuous line (Linacre & Wright, 2004). Person ability and item difficulty
measures are expressed in equal interval units that are additive. These are called logits (log-
odds probability units) and are the natural logarithm of the odds of success or failure. The
Rasch rating scale model asserts that at the threshold the likelihood of success (above the
threshold) at a given score is equal to the likelihood of failure (below the threshold) (Wright
& Mok, 2004). For example for a person with a 3.5 logit ability measure the odds of passing
or failing an item (or a threshold of an item) that has a difficulty at 3.5 logit level are equal

(50:50).

In a unidimensional scale all items measure the same underlying latent trait on a continuous
line (Wright & Stone, 1979). The Rasch programs generated goodness-of-fit statistics in the
form of mean square residuals (MnSq), and indicates the extent to which the data fits the
Rasch measurement models expectation of unidimensionality. MnSq is the squared mean of
the difference (residual) between what was observed and what the model expected. The infit
MnSq is weighted and therefore sensitive to unexpected behaviour closer to the score and the
outfit MnSq is unweighted and more sensitive to outlying scores. The standardised z value is a
transformation of the MnSq into a t statistic (Bond & Fox, 2001). A MnSq value of 1
indicates that the overall scoring demonstrated an expected pattern of responses; values below
1 indicate that the responses are too predictable and show less variation than the model
expected and values above 1 indicate a pattern that is too unpredictable (Tesio, 2003). When
the goodness-of-fit statistics for the item and persons are acceptable, they provide evidence of

internal scale validity and person response validity (Fisher, 1993).

Starting to develop a linear assessment of driving ability

The Rasch measurement analysis has earlier been used to develop assessment tools within
occupational therapy (Fisher, 1993; Tham, Bernspéng, & Fisher, 1999) and was used to
develop P-Drive (Performance Analysis of Driving Ability), a linear assessment tool for
measuring driving ability. The aim of developing P-Drive was to create a useful tool for
clinical evaluations when assessing people with stroke in a simulator (Patomella, Caneman,

Kottorp & Tham, 2004). The development of P-Drive was based on a theoretical frame of
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reference with the intention of measuring driving ability in performance in actions rather than
underlying capacities using an approach focusing on the actual doing (Fisher, 1998;
Kielhofner, 2002). A theory-focused activity analysis (Crepeau, 2003) of driving in a
technically interactive driving simulator was conducted, identifying actions needed to drive
safely and competently. The activity analysis resulted in a number of identifiable and
observable actions that arose during a session of safe driving in the simulator. From this
activity analysis potential items were formulated and placed along the line according to their
presumed level of difficulty. Items (actions) requiring attention and fast information
processing were assumed to be more challenging than other items, based on an earlier study
(Lundqvist et al., 2000). Furthermore, items (actions) requiring a high level of control
(Michon, 1985) were assumed to be more challenging for the drivers than items requiring less
control. The results from a first pilot study (n=31) of P-Drive using Rasch analysis, revealed
evidence of validity in terms of both item and person goodness-of-fit statistics indicating
unidimensionality and person response validity (Patomella et al., 2004). The encouraging

results of the pilot study motivated further research to investigate and develop P-Drive.

Awareness of driving disability

Performing everyday occupations can be problematic after stroke and the disability is evident
when the performance of occupation is unsafe and incompetent. After stroke it is common
that the person is not aware of his/her disability, showing a limited awareness of disability
(McGlynn & Schacter, 1989). A person with limited awareness of disability might continue to
perform everyday occupations that are no longer safe (Golisz & Toglia, 2005) and to be
unaware of an unsafe and incompetent driving ability could have serious consequences for the
individual as well as for family and fellow road users. Limited awareness of driving disability
might result in a person driving despite not being safe and competent; furthermore he/she
might not follow the advice of a physician not to drive due to stroke. In rehabilitation there is
a need to investigate awareness of disability to better design interventions for each individual
(Simmond & Fleming, 2003). It is important to assess if persons are aware of their driving
disability in order to individually tailor the rehabilitation interventions, especially for those

who have limited awareness that they are no longer safe drivers.

Awareness might be seen as a mental process requiring information both from internal
thoughts and from the new experiences gained by being confronted with the external reality

(Prigatano & Schacter, 1991). Lack of awareness of deficits implies inability to recognize
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deficits caused by neurological illness (McGlynn & Schacter, 1989). In this thesis awareness
of disability has been investigated (Study II) and is defined as the individual’s awareness of
his/her limitations of performance in an everyday occupation operationalized as the
discrepancy between the self-reported and the observed limitations in performing a self-

chosen activity (Tham et al,. 1999).

Measuring awareness of disability

In this thesis awareness is measured in relation to occupational performance rather than to
underlying cognitive and psychological capacities (awareness of deficits). This top-down
occupation-based approach (Fisher, 2006) to awareness of disability has a unique
occupational therapy perspective with the focus on awareness of performing an everyday
occupation. The approach allows the client to reflect on his/her performance of a familiar and
meaningful everyday occupation by asking well-timed questions (Simmond & Fleming,
2003). The standardised Assessment of Awareness of Disability (AAD) (Kottorp, 2006; Tham
et al., 1999) is a tool that measures awareness when individuals are confronted after
experiencing their limitations of performance in a relevant and self-chosen everyday
occupation using the Assessment of Motor and Process Skills (Fisher, 2006). The AAD
consists of interview questions that focus on different aspects of a recently finalized
performance and measure the discrepancy between the person’s observed disability to
perform an everyday occupation and the person’s self-reported disability to perform the
occupation (Kottorp, 2006; Tham et al., 1999). This way of measuring awareness, using a
well-timed structured interview (questions closely related to a recent doing) is considered a

strong method of capturing awareness of disability (Fleming, Strong, & Ashton, 1996).

In summary, with this thesis I wish to contribute to the knowledge and methods of
conducting driving evaluations after stroke, more specifically the driving test conducted in a
driving simulator or on-road. There is a lack of valid assessment tools that can capture driving
ability on an interval scale. To improve the clinical driving evaluation and conduct research
on driving in people with stroke we need to have assessment tools that can give a valid
measure of a person’s driving ability and awareness of driving disability. The research
literature regarding how driving ability is experienced following stroke is sparse and it is of
importance to understand how driving ability is experienced following stroke and during the

driving evaluation. To be able to improve the clinical progress from having sustained a stroke,
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being advised not to drive and then being in the process of a driving evaluation, we need to
understand the lived-experience of being in the process of a driving evaluation. The intention
is also to generate new theoretical knowledge and describe driving ability in people with

stroke, in order to better understand what is needed for driving safely and competent.
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AIM

General Aim

The general aim of the thesis was to explore and describe methods for assessing driving
ability and awareness of driving disability in people with stroke. It was also to explore and
describe the lived-experience of driving ability in the process of a driving evaluation

following stroke.

Specific Aims
- To investigate aspects of validity and stability of P-Drive for people with stroke, when used

in a driving simulator (Study I).

- To explore and describe awareness of driving disability in people with driving difficulties

after stroke (Study II).

-To explore and describe the lived-experience of driving ability after stroke in the context of

being in the process of a driving evaluation (Study III).

- To determine aspects of validity and reliability of P-Drive by observing on-road driving

performance among people with neurological disorders (Study IV).
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METHODS

The research in the thesis is aimed at developing new assessment tools and knowledge to

improve and standardise the driving evaluation of people with stroke. The first study focused

on developing P-Drive for evaluating driving ability in a technically advanced driving

simulator in persons with stroke. In the second study awareness of driving disability was

explored in a sample of persons with stroke who made substantial mistakes during the

simulator driving. In the third study the lived-experiences of persons with stroke undergoing a

driving evaluation with an on-road test were investigated using in-depth interviews. The last

study focused on developing P-Drive for the on-road context for evaluating driving ability in

persons with stroke and other neurological disorders (dementia and mild cognitive

impairment- MCI). An overview of the studies and methods used in the thesis are presented in

Table I.

Table I: An overview of the four studies included in the thesis.

Study I Study 11 Study III Study IV
Design/research Cross-sectional, Cross-sectional, Qualitative, Cross-sectional,
approach instrument quantitative, process, instrument
development explorative explorative,

phenomenological

development

Study context

Driving simulator

Driving simulator

In the process of a
driving evaluation,
real traffic

Real traffic

Methods of data Observation, Observation, Open-ended in- Observation, (P-
collection, (P-Drive) (P-Drive), depth interviews .
. ) . . . . Drive on-road)

(instruments) interview, (mod. (interview guide)

AAD)
Methods of data Rasch rating scale Rasch rating scale Empirical Rasch rating scale
analysis model model, General Phenomenological del

Linear Model Psychological mode

analysis, descriptive | method

statistics

Participants

The participants in Studies I-III had the diagnosis of stroke, while Study IV also included

participants with dementia and mild cognitive impairment (MCI). A consecutive sampling

method was used in Studies I, IT and IV, and in Study III a purposive sampling method was

used to receive a variation in the sample. All studies included persons referred for a driving

evaluation, who fulfilled the inclusion criteria of that specific study. In Studies I and II
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participants from the Stockholm Stroke Registry were also included. The gender distribution
of the thesis was due to the distribution in the referrals and a majority of the participants were
men. The ages of the participants in the thesis ranged between 33 and 86. An overview of the

participants in the four studies is presented in Table II.

Table II: Clinical characteristics of the participants in the thesis

Study [ Study 11 Study 111 Study IV
Sample size 101 38 4 205
(from Study I) (from Study IV)

Gender:

male/female (%) 88/13 (87/13) 34/4 (89/11) 4/0 (100/0) 178/27 (87/13)

Age, years:

Mean, range 62, (37-84) 64 (49-84) 64 (46-83) 69 (33-86)

Diagnoses Stroke Stroke Stroke Stroke (n=128)
Dementia (n=34)
MCI (n=43)

Study |

The participants were recruited for the study from the referrals for a driving evaluation made
by physicians in the Stockholm area to the Unit of Traffic Neurology, Karolinska Hospital
during 2002-2003. In addition, all people with stroke on the Stockholm Stroke Registry
during the period who had reported being active drivers before the onset of stroke were
invited to participate. The study included a consecutive series of 101 participants with stroke
(29 from the Stroke Registry). Inclusion criteria for the study were: a) having a diagnosis of
stroke, b) not becoming nauseous during the practising in the simulator, ¢) holding a driving
license and having been an active driver before the stroke and d) having given informal

consent for participation in the study.

Study 11

The participants in Study II also participated in Study . All participants from Study I who
meet the inclusion criteria for this study were included. The inclusion criteria for Study II
were that the participants: a) had sufficient verbal ability to understand instructions/questions
and to give answers to questions, b) gave informed consent for participation in the study (II),
¢) had completed a test drive in the simulator, d) had made one or several mistakes during the
test drive resulting in an incident that clearly impacted on the safety of driving and had clear

consequences for the continuation of the test drive.
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Study I

Four men with stroke participated in Study III. They were recruited from the Traffic Medicine
Centre (TrMC) in Stockholm, Sweden. The inclusion criteria were a) the diagnosis of first-
ever stroke, b) being referred for a driving evaluation, c¢) finishing the first part of the driving
evaluation (medical examination and neuropsychological testing), d) planning to undergo an
on-road driving test, and e) being able to understand interview questions and describe their
experiences in Swedish. From the beginning six participants were selected using purposive
sampling to make sure that the persons included in the study showed variation according to
age and gender. There were two drop-outs in the study: one man who had an epileptic seizure
(which entails a two-year prohibition on driving in Sweden) during the course of the driving
evaluation and one woman who cancelled participation because she lacked the time for

interviewing.

Study IV

The study included a consecutive series of 205 drivers with neurological disorders of stroke,
dementia (including vascular dementia, Alzheimer and mixed forms) or MCI. Inclusion
criteria for the study were that the subjects: a) had a neurological disorder: stroke, dementia or
MCI, b) held a driving license, c) had given written consent for participation in the study. The
drivers were referred to three different rehabilitation clinics (five different occupational
therapists) for an on-road driving test. The on-road test was preceded by different clinical

tests of medical fitness to drive including visual acuity and cognitive screening.

Data collection and instruments

Contexts of data collection

Data for the thesis were collected in different contexts. In Studies I and II data were collected
in a driving simulator. The interactive, realistic and technically-advanced simulator used was
situated at the Karolinska University Hospital (Stockholm, Sweden). The simulator was
designed and used by occupational therapists to observe driving performance after stroke. The
simulator consisted of a real, but truncated car (see Fig 2). As in real driving, the driver had to
operate the pedals, turn the steering-wheel, etc. When required the car could be adapted with
technical devices such as a spinner-knob and automatic gearshift. The driving program was
projected onto three big screens with a total field-of-view of 135 degrees. An audio system

generated synchronised sounds, such as the engine running and radio messages. All of the
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participants started the driving in the simulator in a special practice-program, to get used to
the car. The participant decided when no more practice was needed (usually after 15-30 min).
The test program consisted of 70 traffic situations, each presenting a different challenge. The
drive took about 40-60 min, depending on the speed and the number of mistakes made. The
simulator required the driver to deal with the type of situations that one would frequently

encounter when driving a car and also challenges that were less common.

Figure 2: Argus driving simulator

In Study III the interviews were done in places chosen by the participants, most often in the
participants’ homes. In Study IV data were collected in real traffic in the context of an on-
road driving test on standardised routes set in three different cities in Sweden. The data for
Studies I-1II were collected by Ann-Helen Patomella, and in Study IV five other occupational

therapists, trained in the use of P-Drive for on-road test, collected data.

P-Drive (Performance Analysis of Driving Ability)

To observe and measure driving ability two versions of P-Drive were used in the thesis. In
Studies I and II the original version of P-Drive developed for assessing driving ability in a
driving simulator was used (Patomella et al., 2004) and for Study IV a modified version for
the context of real traffic evaluations was developed. The original version of P-Drive consists
of 20 items and in the version for on-road tests 7 more items were developed to improve the
scale and better fit the context of driving in real traffic. The new items were: Organising,
Attending straight ahead, Solving problems, Focusing, Keeping distance, Attending to mirrors
and also one item that was divided into two: Controlling speed at low pace and Controlling
speed at high pace. These new items were developed with a new activity analysis together
with clinical occupational therapists that started to use the original version in real traffic. The

items are rated on a 4-point rating scale based on the safety and quality of performance: 4 =
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competent driving ability, 3 = questionable, 2 = problem and 1 = incompetent driving ability.

An extensive manual for both versions was written.

In Study I, the participants got a chance to practise in the simulator using a special practise-
program that allowed the participant to get used to the car, that is, to the pedals, gearshift and
steering. Thereafter, the participants underwent a driving evaluation using the test program in
the simulator. An occupational therapist (A-H P) with previous experience of performing
driving evaluations scored each participant’s driving performance using P-Drive. The
occupational therapist scored the P-Drive protocol directly after the test drive, following the

instructions in the manual.

In Study IV, the drivers’ performance was observed in an on-road test on a set route (set using
different criteria in the manual and lasting approximately 60 min). A car with a dual-control
system was used and an experienced driving instructor sitting beside the client could use the
dual controls if necessary. The instructor gave instructions for the ride and was responsible
for the safety of the ride together with the driver. The occupational therapist sat in the back
seat (diagonally behind the driver) observing and taking notes on the driver’s actions during
the on-road test. After the on-road test’s completion the occupational therapist scored the

driver’s ability in the P-Drive on-road protocol, following the instructions in the manual.

Assessment of Awareness of Disability (modified version for driving)

Assessment of Awareness of Disability (AAD) was modified for Study II and the original
questions were rewritten to measure awareness of driving disability, i.e. by linking the
questions to the actions measured in P-Drive. This modification was close to the wording of
the original version of AAD and was done in collaboration with the developers of AAD
(Tham and Kottorp, personal communication). Twelve questions measuring awareness of
driving disability were asked and scored using a criterion-referenced rating scale based on the
discrepancy between the self-reported and the observed limitations in driving ability, on a
scale from 4 to 1 where 4 = no discrepancy, 3 =minimal discrepancy, 2 = moderate
discrepancy and 1 = major discrepancy. The scoring of AAD has been more thoroughly
explained elsewhere (Kottorp, 2006; Tham et al., 1999). An example of how the modified
version of AAD was used in Study II is displayed in Table III, reproducing interview data
from a driver with stroke who showed major performance difficulties during the simulator

driving. The failure to yield resulted in a crash with another vehicle, and he also had
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difficulties obeying regulations concerning stopping at stop signs and giving right-of-way (see
scoring in the first column). When interviewed, the driver did not report any difficulties
(second column) and the discrepancy between the performance and the self-report was
therefore considered major (third column). The lower the score of the item, the greater the
discrepancy, and the more limited the awareness related to the specific driving actions

addressed in the question.

Table Ill: Example of scoring awareness of driving ability, question 11.

Actions scored in P- How was it for you to act upon traffic rules | Discrepancy between driving
Drive and judged as and road laws? Did you experience any performance and self-reported
limited (item score) difficulties? Can you describe? performance

Yields (1) “1did not have any problems, everything Major differences i.e. limited
Gives right-of-way (2) went OK” awareness, scored 1°

Stop sign (1)

T Lower score indicates less competent driving ability.
2 Lower score indicates less awareness of driving disability.

The procedures of the data collection in Study II consisted of both the driving test (no new
test drive was required for this study) and an interview. The participants had been driving in a
simulator and their driving performance been observed and scored using P-Drive. A semi-
structured awareness interview using 12 questions in the modified version of AAD was done
directly after the test drive had been scored. The interview took approximately five to ten
minutes to complete. After the interview, the scoring of the items in the modified version of
AAD was done by comparing driving performance as measured with P-Drive with the

answers to the questions.

Nordic Stroke Driver Screening Assessment (NorSDSA)

NorSDSA was used in Study II and is the Nordic version (modified for the traffic conditions
of the Nordic countries) of the Stroke Driver Screening Assessment (Nouri & Lincoln, 1992).
NorSDSA is a cognitive screening test and consists of four subtests that together capture
several cognitive capacities that can be related to driving such as divided and selective
attention, visuospatial orientation, mental speed, executive functioning, reasoning and
working memory (Lundberg et al., 2003). A mathematical model summates and weights the

four subtests into pass, borderline or fail.
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Interview

The phenomenon under exploration in Study III was the lived-experience of driving ability in
the context of being in the process of a driving evaluation because of stroke. The interviews
were done on three occasions. The first interview was held in the midst of the driving
evaluation, after the medical and cognitive examination, one week before the on-road test; the
second interview was held one week after the on-road test and the physician’s decision of the
outcome, and the third interview was held three months after the second interview. The
interview guides focused on the participants’ experiences of driving and ability to drive. The
questions were open-ended and the guides were specific to the different interview sessions.
The interviews were designed to gather rich descriptions of the participants’ lived-experiences
of their own driving abilities to capture the participants’ spontaneous and immediate lived-
experiences (Kvale, 2007). The interviews were recorded and lasted between 22 and 38

minutes. All interviews were transcribed verbatim.

Data analyses

Rasch analysis

Rasch analysis was used to investigate psychometric properties in Studies I, IT and IV and
also for a new analysis of a healthy sample of drivers (presented in the Results section). Two
different computer programs, FACETS (Linacre, 2006) and WINSTEPS (Linacre, 2005),
were used in the analysis and the selection of program was based on the possible applications

of each program to answer different research questions.

Rating scale functioning (Studies I, 1V)

In order to determine the functioning and the effectiveness of the rating scale used in P-Drive
the distribution of the observations for each category in the scale was investigated. Inspecting
whether disordered categories (thresholds) occurred also confirmed by the randomness of the
choice of categories. The criteria used when determining randomness were outfit MnSq for

the categories of less than 2.0 (Linacre, 1997).

Internal scale validity (Studies I, II, 1V, Healthy sample)
To investigate unidimensionality or internal scale validity, goodness-of-fit statistics for the
items were analysed. Infit and outfit MnSq between 0.6 and 1.4, associated with z values

higher than -2 and lower than 2, were set as criteria for an acceptable goodness-of-fit for items
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(Wright & Linacre, 1994). In accordance with other studies (Kottorp, Bernspang, & Fisher,
2003; Tham et al., 1999), it is generally expected that 5% of the items may fail to meet these
criteria by chance. A principal components analysis of standardised residuals (PCA) was used
to further investigate unidimensionality, i.e. if any additional dimensions were present in the
scale (Linacre, 1998; Smith, 2002). A rule of thumb is that the dimension of the scale (the
first component) should explain at least 60% of the variance (Linacre, 2008); other criteria
suggest that it should explain at least 20% (Reckase, 1979). The second component should
explain less than 5% of the variance in order for the scale to be considered unidimensional

(Smith, 2002).

Person response validity (Studies I, Il, 1V, Healthy sample)

To investigate the validity of the ability measures of the participants (person response
validity), goodness-of-fit statistics for the persons were analysed. Infit and outfit MnSq
between 0.6 and 1.4, associated with z values higher than -2 and lower than 2, were set as
criteria for an acceptable goodness-of-fit of persons. It is generally expected that 5% of the

persons may fail to meet these criteria by chance.

Standard Error (Study I)

The Rasch program calculated standard error (SE) for each person and item and was used to
describe the degree of precision of the estimated ability of the person or difficulty of the item.
SE is a measure of how well the data fit the model’s expectations and how well targeted the
difficulty of the items are to the abilities of the persons (Wright, 1977). A guiding principle
for the SE in the person measures had previously been set at <0.30 logit (Tham et al., 1999).

Person separation reliability (Studies I, 11, 1V, Healthy sample)

In order to investigate if the scale was able to separate the persons taking the test, so that more
able persons are separated from less able persons, the person separation reliability was
analysed (Wright, 1996). For a scale to be able to distinguish between two or more groups in

the sample, the reliability should be at least 0.7 (Fisher, 1992).

Differential item functioning (Studies I, 1V)
In order to investigate if the item calibrations remained statistically stable across different
subgroups (side of lesion, age group, ability (Study I) and diagnosis (Study IV)) an analysis of

differential item functioning (DIF) was conducted. DIF analysis investigates the stability of
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the item hierarchy (Wright & Stone, 1979). DIF was plotted with 95% confidence interval
(CD). An item outside the CI would indicate that this item was relatively harder or easier to
perform for drivers in different subgroups, considering the SE of each item’s difficulty
measure (Wright & Stone, 1979). For the scale to be considered as stable across different

diagnoses we expected that there should be no more than 5% of the items outside the CI.

Statistical analyses

All other statistical analyses (Study II, healthy sample) were done using SPSS for Windows
(version 15.0.0., 2006, Chicago: SPSS Inc.). Descriptive statistics were used to describe the
characteristics of the participants. In Study II proportions of item scores were calculated.
General Linear Models (GLM) using a backward stepwise ANCOVA (Analysis of
Covariance) was applied to identify which variables could explain the variation in driving
ability (dependent variable). The least significant available variable was eliminated at each
step (p-value for removal >0.05). The independent variables that were investigated included
Age, Gender, Time since onset, Side of lesion, Cognitive screening outcome (NorSDSA
pass/borderline/fail) and Awareness of driving disability. Adjusted R? was used as a measure
of the variance, explained by the independent variables. In the healthy sample, independent
samples t-tests were used to compare levels of driving ability to a sample of drivers with

stroke.

The Empirical, Phenomenological, Psychological method

Interview data for Study III were analysed using a qualitative method, the EPP (Empirical,
Phenomenological, Psychological) method as developed by Karlsson (Karlsson, 1995). The
EPP traces the meaning structure of the lived-experience related to a phenomenon (Karlsson,
1995; Tham, Borell, & Gustavsson, 2000). In the study an occupational perspective was used
which has been adopted in previous studies (Guidetti et al., 2007, Tham et al., 2000).
Following the EPP method, five steps in the analysis were used, and the interviews were
analysed separately until step five where all interviews for the four participants were analysed
together. As a start the author thoroughly read all three interviews for all four participants to
get a good comprehension and to understand each participant’s original experience (Karlsson,
1995). After reading all the interview material, each interview was analysed separately in
steps one to four. In step one, the interview was read until the researcher felt confident that
the content was familiar. The attitude of the researcher was open and the reading of the texts

was done with conscious bracketing of theoretical knowledge not in agreement with
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phenomenology, for example knowledge based in bio-medicine. In the second step, the
researcher divided the interview into meaning units each time there was a shift in meaning. In
the third step, each meaning unit was analysed and interpreted in the light of the whole
interview in order to describe the implicit and explicit meaning embedded in the facts relating
to the phenomenon under study. In the fourth step, the described meaning units were
synthesised and organised into a summarised and preliminary situated structure, and each
interview was presented in a synopsis with different themes describing the phenomenon under
investigation. In the fifth step, the researcher explored and compared the situated structure of
all the protocols, i.e. the change between the different interviews over time within each
participant and across the four participants. In this final step, there was a move from the
situated structure of each interview to a general structure of the phenomenon for all four

participants and across all interviews.
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RESULTS
P-Drive, a valid assessment tool for measuring driving ability in people

with stroke, in a driving simulator and on-road

Driving simulator (Study I)

The study investigated aspects of validity and stability of P-Drive for people with stroke. Of
the 101 participants, 98 demonstrated acceptable goodness-of-fit (97%) to the Rasch model,
indicating acceptable person response validity. Nineteen of the 20 items demonstrated
acceptable goodness-of-fit (95%) and the scale could be viewed as unidimensional and
holding evidence of internal scale validity. When examining the categories of the rating scale
no step disordering was found in the scale category measures, indicating that the scale
categories was randomly chosen and functioned as intended. The person separation reliability
of the participants was 0.84 indicating that P-Drive was able to separate the participants’
driving ability into different strata. The mean SE for the participants was larger (M=0.42)
than the criteria set. Further investigation of the SE revealed that participants with a good
driving ability had higher SE than drivers in the middle and lower end of the scale, suggesting
that P-Drive was able to more precisely estimate the abilities of moderate to poor drivers than
more able drivers. No DIF was found between the samples with right and left stroke (CVA)
and only minor differences could be detected between older and younger drivers, respectively
drivers with high and low ability to drive, the conclusion was that the overall item hierarchy

was stable across the subgroups.

Further, the results indicated that the item hierarchy (Table IV) of P-Drive was in line with
the theoretical model used. Items needing tactical decisions were more challenging than those

only concerning operational decisions.

On-road (Study 1V)

The study investigated aspects of validity and reliability of P-Drive among people with
neurological disorders (stroke, dementia, MCI). The results indicated that the scale categories
increased in difficulty as intended and that there was randomness in the choice of categories.
Ninety-five percent of the drivers demonstrated goodness-of-fit to the model, indicating
acceptable person response validity. The person separation reliability was 0.90, indicating that
P-Drive was able to separate the clients’ driving ability. Of the 27 items, three items did not

comply with the Rasch model’s expectations. The items of Obeying stop regulation and
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Steering had a higher MnSq and z than the criteria set. Organising had an infit and outfit

MnSq (Infit=0.57) and z (infit z=-5.4) that were marginally too low according to the criteria,

indicating that this item showed too little variation and was over-predictable, although not

necessarily a threat to the validity of the scale.

Table IV: Item hierarchies for the two different P-Drive versions. Harder items at the top and easier
items at the end of the table. Items are numbered according to the numbering in the protocol.
Classification of the items according to Michon’s (1985) levels: Tactical (T) and Operational (O).

Harder item

Easier item

P-Drive simulator item hierarchy

P-Drive on-road item hierarchy

11. Attending to fellow road users (T)
4. Controlling speed (T)

6. Attending to the left (T)

14. Giving way (T)

13. Giving right-of-way (T)

7. Attending to the right (T)

20. Positioning on the road (T)

8. Heeding warning/ prohibition sign (T)
9. Heeding regulation sign (T)

19. Reversing the car (O)

10. Heeding information sign (T)

18. Finding the way (T)

1. Steering (O)

2. Changing gears (O)

17. Following instructions (T)

12. Reacting and responding (O)

5. Using indicator (O)

3. Using pedals (O)

16. Following speed regulation (O)
15. Obeying stop regulation (O)

10. Positioning on the road (T)

12. Organising (T)

16. Follow speed regulation (T)
18. Attending to the right (T)

19. Attending to the left (T)

23. Heeding information sign (T)
24. Attending to fellow road users (T)
8. Following instructions (T)

13. Giving right-of-way (T)

17. Attending straight ahead (T)
21. Heeding warning/probation sign (T)
27. Solving problem (T)

5. Contr. speed, high pace (T)

20. Attending to mirrors (T)

25. Reacting and responding (O)
26. Focusing (T)

6. Using indicator (O)

9. Finding the way (T)

14. Yielding (T)

15. Obeying stop regulation (O)
4. Controlling speed, low pace (T)
11. Keeping distance (T)

2. Changing gears (O)

3. Using pedals (O)

22. Heeding regulation sign (T)

7. Reversing the car (O)

1. Steering (O)

The principal components analysis (PCA) revealed that the scale (first component) explained

59.1% of the variance of the residuals and that the second component explained 4.9% of the
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variance, which indicates that the items formed a unidimensional scale. Most items seem to be
stable across different diagnostic groups, although four items clearly differentiated in
challenge between the diagnoses of stroke and MCI. The items of Giving right-of-way (item
13), Keeping distance (item 11) and Heeding regulation signs (item 22) were relatively more
challenging for drivers with stroke than for drivers with MCI. One item, Finding the way

(item 9), was relatively harder for clients with dementia and MCI than for those with stroke.

The item hierarchy of P-drive on-road complies with a hierarchical model of driver behaviour.
In the present hierarchy, items needing tactical decisions were more challenging than items

concerning operational decisions like manoeuvring (Table IV).

Preliminary analysis of driving ability in a healthy sample of drivers

For this thesis another analysis (not part of Studies I and IV) was done to complement the
psychometric analyses of P-Drive. In order to investigate driving ability in a sample of
healthy elderly people a preliminary analysis was conducted from an unpublished research
study. Eighty-eight persons were included in a study and the participants were recruited using
the driver license register of Stockholm’s southern suburbs. The mean age of the participants
was 72 years (SD 5.4, range 64-84) and 42 were women. The participants drove a set on-road
test that took about one hour to complete (the same route as used at one of the clinics in Study
IV). Their driving ability was scored using P-Drive on-road. The occupational therapist who
conducted the on-road test also set a clinical judgement of pass or fail based on the on-road
test performance, and 21 of the participants would have failed the on-road test if it had been a
clinical test. In this preliminary analysis two research questions were asked: a) Are there any
significant differences between the healthy sample and a sample of people with stroke? b)
What are the psychometric properties of P-Drive when the healthy sample is included in a

larger sample of drivers with neurological disorders?

a) When comparing the healthy sample with a sample of 128 drivers with stroke (from Study
IV) the two samples differed greatly in gender distribution. In the sample of drivers with
stroke there were only 14 women (11%) participating while in the sample of healthy drivers
there were 48% women. Furthermore, the sample of drivers with stroke (mean age 67, SD 11)
was younger than the healthy sample (Mean age 72, SD 5) (p<0.001). We decided to match

the samples according to gender and age (women + Syears, men + 2 years). For some women
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in the sample of drivers with stroke there were several healthy women that matched and a
lottery method was used to select one. The matched samples constituted of 52 healthy drivers
and 52 drivers with stroke, both groups with a mean age of 73. When comparing the matched
groups there were significant differences in driving ability (t=2.4, df= 102, p=0.02), indicating
that P-Drive could differentiate between a healthy sample of elderly and drivers with stroke
on a group level (when matched for gender and age). The results of these analyses indicate
that participants in the healthy sample, consisting of more or less able drivers, also
demonstrated driving difficulties and the two groups were overlapping in driving ability.
However, when matched according to age and gender, healthy drivers (Mean measure on P-
Drive was 1.4, SD 0.7) were more safe and competent than drivers with stroke (Mean

measure on P-Drive was 0.9, SD 1.1).

b) In the Rasch analysis the healthy sample was included in the whole sample of people with
stroke, dementia and MCI (from Study I'V) and the results revealed that the psychometric
properties remained acceptable. Person separation reliability was at 0.9 and with a person
response validity of 95%. Two items did not demonstrate goodness-of-fit to the model’s
expectations (in Study IV there were 3 items that did not fit) and Obeying stop regulation was
still the item that had the highest infit and outfit MnSq and z (Infit MnSq= 1.9, z= 8.5).

Awareness of driving disability in people with driving difficulties following

stroke

Study II explored and described awareness of disability in people with driving difficulties
after stroke. In 60% of all the ratings in the sample there was either a major (score 1) or
moderate (score 2) discrepancy between how the participant performed and what he or she
reported. In 28% of all the ratings there were major discrepancies between self-reported and
observed driving performances (score 1). Twenty-nine (76%) of the participants had at least
one of the questions scored 1 (a major discrepancy) indicating that during the driving
evaluation at least one serious mistake or incident occurred of which the participant was not
aware. The majority of the participants demonstrated unsafe and incompetent driving ability
(36 had P-Drive measures under the cut-off criterion and were considered as “fail” and two
were within the at-risk zone) and also limited awareness of driving disability, since they
showed a major or moderate discrepancy in the scoring of the items in the modified version of

AAD.
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Awareness of driving disability and Cognitive screening outcome (NorSDSA) were
significantly associated with driving ability (P-Drive) and could explain 74% (adjusted R?) of
the total variance in driving ability in the sample. The results from a psychometric analysis
using Rasch revealed that all 12 items in the modified version of AAD generated acceptable
goodness-of-fit supporting unidimensionality and internal scale validity in the test. The PCA
of the residuals revealed a variance explained by the test (the first component) to be 77%,
which was higher than the general criterion, suggesting further evidence of unidimensionality
in the items used to measure awareness of driving disability. The items generated a person

separation reliability of 0.8.

Lived-experience of driving ability following stroke
The phenomenon being explored in Study III was the lived-experience of driving ability in the
context of being in the process of a driving evaluation because of stroke, and the findings

revealed five main characteristics.

The meaning of driving remained throughout life

Driving was a matter of course; it was something permanent that the individual took for
granted and did not reflect upon. The advice from the physician not to drive was unexpected
and surprising. Driving and driving ability had been taken for granted even after stroke. All
the participants described themselves as competent and safe drivers both in retrospect and at
present, and their beliefs that they were competent and safe drivers seemed to be incorporated
as a part of self. The meaning of driving did not change with the onset of stroke and, after the

driving cessation, driving still remained an important activity.

Being questioned and advised not to drive — an untenable situation

The advice from the physician not to drive due to stroke was surprising and questioned the
participants’ competence and ability to drive and to make rational judgements and decisions.
Feelings of being unfortunate and treated unjustly followed the advice and not driving was
experienced as an untenable situation. Three of the four participants decided to drive despite
the advice from the physician. These participants experienced that the advice was not valid in

their case.
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Being out of control and violated by the driving evaluation

The participants described that the driving evaluation was perceived as a violation of the right
of self-determination, a situation that they had not chosen, but one that had been inflicted on
them on top of the onset of stroke and made them feel powerless. The neuropsychological
testing was experienced as something they were forced to do. The purpose of the testing was

unclear and the on-road test was seen as a way to show one’s true competence as a safe driver.

Driving safely (as usual) during the on-road test

Despite the fact that they all had different driving abilities and evaluation outcomes, all
participants (even those who failed) experienced that the on-road test had gone well, that they
had been driving in a safe manner, and that they performed the same way they had performed

before their stroke.

Perceiving consequences in everyday living

The advice not to drive and later the outcome of the driving evaluation had consequences on
everyday life and led to new routines. After finishing the driving evaluation, everyday
routines were either re-established or a permanent loss was evident. The inability to drive was
experienced as a hard blow and a great loss. Two of the participants still experienced the
evaluation as a violation and experienced anger, sadness, and anxiety as a result of the
reminder. They both had difficulties accepting the results and moving on with their lives after

the evaluation, and their futures with or without driving were unknown to them.
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CONCLUSIONS

The results from Studies I and IV indicated that P-Drive (both versions) is an assessment tool
that is valid for assessing driving ability in people with stroke in a technically advanced
driving simulator or on-road, respectively. P-Drive showed evidence of scale validity
meaning that the scale steps and items worked as intended. P-Drive was able to give a valid
linear measure on the persons’ driving ability (person response validity). The scale was also
able to separate the abilities of the persons, the less able from the more able. The item
hierarchies in the two P-Drive versions were both theoretically logical and in line with a
(behavioural) model of the driver. Further, the results of a preliminary analysis indicate that
P-Drive was able to detect differences between a healthy sample of drivers and drivers with
stroke, when matched for age and gender healthy drivers were more safe and competent than

drivers with stroke.

In Study II lack of awareness of driving disability was evident, as the majority of the persons
with stroke who failed the driving evaluation also had limited awareness of their disability. In
Study III the participants experienced their driving ability as unaffected by the onset of stroke
and driving ability was taken for granted. Limited awareness of disability was indicated since
participants were driving despite a recommendation not to drive. In addition, the results from
Study III increased our knowledge that the driving evaluation arouses strong negative feelings
and losing the driving licence was experienced as traumatic. The participants experienced
driving as an important everyday occupation, an occupation the participants took for granted

even after stroke.

33



GENERAL DISCUSSION

The purpose of this thesis was to explore and describe methods for assessing driving ability
from an occupation perspective and also to investigate awareness of driving disability in
people with stroke. The purpose was also to describe and gain understanding of the lived-
experience of driving ability in people who are in the process of a driving evaluation
following stroke. The perspective of the thesis was based in occupational therapy with a focus
on the actual performance of the driver. In this section the main findings of the four studies
will be discussed, as will limitations and ethical considerations. The discussion will conclude

with a summary of clinical implication together with suggestions for future studies.

Measuring driving ability

To measure a person’s ability to drive safely after stroke is a complex task for health care and
a task that requires several different methods (both off- and on-road tests). The results from
Studies I and IV indicate that P-Drive withholds evidence of internal scale validity and person
response validity in both the simulator and real traffic context. The results from Study II
indicated that the modified version of AAD seems to hold evidence of internal scale validity
and person response validity and could give a valid and reliable measure of a person’s
awareness of disability. Both assessment tools are based in occupational therapy theory
(Fisher, 2006; Kielhofner, 2008) and are unique in the sense that they measure aspects of
driving ability with a focus on occupation, the actual performance of the driver and therefore
give an important contribution to the driving evaluation. In a recent study the driving
evaluation made by a multi-professional team (physician, orthoptist, psychologist,
occupational therapist/physiotherapist and driving instructor) seemed to be an effective way
to assess drivers with stroke (Ponsford, Viitanen, & Johansson, 2008). The driving evaluation
can be viewed as a jigsaw puzzle, a puzzle that needs to be solved by a multi-professional
team (Akinwuntan et al., 2002; Heikkila et al., 1999), using valid and reliable assessment
tools to get as full a picture as possible. Cognitive screening batteries are common in the
driving evaluation and in this thesis (Study II) NorSDSA was used. NorSDSA captures
several cognitive functions (Lundberg et al., 2003), focusing on the underlying capacities of
the driver. There is no test or method that can stand on its own and determine whether a
person with stroke is able to continue driving. Rather a combination of tests (on and off-road)

is recommended (Akinwuntan et al., 2002) and needed to solve the puzzle and help the
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physician come to a final outcome, taking several aspects and measures of the driver’s ability
and capacity into consideration.

Although the assessment tools presented in this thesis produce valid and reliable measures
they also have limitations. The on-road driving test is just a snapshot of someone’s ability
performed during that specific hour, on that day and in that car and therefore it has been
questioned whether an on-road test can pick up risky behaviour (Christie, 1996). The
development of P-Drive is not by any means finished; future steps in the development need to
expand the sample to also include more women and a variety of people with different
diagnoses. In order to adjust for and explore the stringency in different raters, there is a need
to investigate the effect of multiple raters and rater severity (Engelhard, 1994), as has been
done in the Assessment of Motor and Process Skills (Fisher, 2006) and the Assessment of
Awareness of Disability (Kottorp, 2006). In Study IV different sites and routes were used that
could have different degrees of difficulty. P-Drive measures the person’s quality of
performing a driving test in a context that is closely related to the “real-life driving context”
and according to a definition by Schmucker (2001) is assumed to uphold high value of
ecological validity. The neuropsychological testing could be criticized for limited ecological
validity since the relationship to real-traffic driving could be questioned; as the participants in
Study III expressed, it was not clear what the tests were investigating related to their driving

ability.

Describing driving ability

P-Drive is an assessment tool that aims at measuring driving ability and the items has been
operationalized as the safety and quality of performing observable goal-directed actions
during a driving test, either in a technically advanced driving simulator or on-road in real
traffic. The results from Studies I and IV indicated that the two versions of the scale were
unidimensional and that the item hierarchies were logical. The item hierarchies in Studies I
and IV give valuable information and can be used to describe the construct of driving ability.
They could contribute to describing which actions are easier and harder and which items are
needed to be able to perform as a safe and competent driver following stroke. There is little
research that describes driving and actions required to drive safely following stroke.
Literature and models aiming at describing driving a car have either broken down driving into
capacities needed for handling the occupation (cognitive, psychomotor and sensory/perceptual

capacities (Mazer et al., 2004), or into models describing the cognitive decision making of the
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driver (Michon, 1985). However, driving a car following stroke as actually performed has so

far been sparsely described in the literature.

In line with a model of driver behaviour (Michon, 1985) the item hierarchy in Study I showed
that items concerning manoeuvring or operating the car were relatively easier than items
needing tactical decision like attending and responding to fellow road users and controlling
speed to the demands of the traffic situation (see Table IV). In Study I'V Positioning on the
road and Organising were the hardest items (see Table IV). The scales differ in length (20
and 27 items), context of performing (simulator and on-road) and in the positions of the items,
for example Following speed regulations was relatively harder on-road than in the simulator
(see Table IV). The demands from the context differ in difficulty (drivers in the simulator
have a tendency to drive slower and seldom exceed speed limits). The item hierarchies are
both related to the two lower levels in the cognitive driver behavioural model (Michon, 1985),
but can be seen as going beyond the model of the driver. P-Drive focuses on the actual doing
while the cognitive model focus on underlying decisions related to the behaviour. The items
in P-Drive are goal-directed actions — based on theories that occupational performance is a
dynamic interaction between the individual and the environment (Fisher, 2006; Kielhofner,
2002). The P-Drive item hierarchy gives a more detailed picture of the actions required for
driving safely and the hierarchy of more or less difficult actions performed during driving
either in a simulator or on-road. From these hierarchies we can learn more about the patterns
of how drivers with stroke perform on-road or in a simulator (although there were also drivers
with dementia and MCI included in Study IV). The item hierarchy gives the occupational
therapist information of what to be extra attentive to when observing driving and also how to
design a test route including actions challenging enough to capture the difficulties that drivers

with stroke seem to have during driving.

Awareness of limited driving ability

Study II indicated that people with stroke who had driving difficulties also had limited
awareness of their limited ability to drive safely. The results were in line with a recent study
of drivers with brain injury (Lundqvist & Alinder, 2007) in which a group of drivers that
failed a driving evaluation were also less aware of their difficulties than the group of drivers
that passed. With a limited awareness following stroke the individual may have trouble

perceiving why he/she should not be driving any longer or may also be unable to make correct
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decisions during driving or take rational decisions about their own driving. The results from
Study I1I also indicate limited awareness of driving disability since the drivers (3 of 4) were
driving despite a restriction from their physician. These indications that drivers with stroke
have limited awareness of their driving disability could have several consequences, as in
Study III where the participants were driving despite restrictions and had difficulties
accepting the results. Improving the routines around the advice not to drive will be discussed
in the Clinical implications section. Awareness training techniques like video-feedback have
been shown to help patients discover their errors themselves and improve awareness of
disability (Tham & Tegnér, 1997) and this technique may also be useful in driving
evaluations where cameras can be used to videotape the driving test and feedback be given
afterwards by showing the film in order to improve awareness. The results from these two
studies (II and III) indicate the need for further interventions related to awareness of driving

disability.

Driving an important occupation in everyday life

The findings of Study III revealed that driving was experienced as an important occupation,
an occupation and ability taken for granted despite the onset of stroke. The advice not to drive
given by the physician and later the driving evaluation was experienced as devastating, and
there were similar findings in a study of elderly people who had had their driving licences
cancelled (Whitehead, Howie, & Lowell, 2006). Earlier studies have shown that a driving
cessation decreased participation in society (Marottoli et al., 2000) and decreased health
(Marottoli et al., 1997; Ragland et al., 2005) and confirms the strong reaction of the
participants, as there is so much at stake with a driving cessation. Furthermore, one of the
participants experienced the outcome of the evaluation, his failure, as a shock. He had trouble
accepting and adapting to his new situation. A transition model from an active driver to a non-
driver (Vrkljan & Miller-Polgar, 2007) suggests that a disruption in the ability to participate
in occupations that bring meaning to life, such as driving, and an inability to adapt to the
disruption could lead to a state of occupational deprivation. This deprivation is a state in
which the individual is restrained from engagement in activities of necessity and/or meaning
because of external factors that are beyond the control of the individual (Wilcock, 2006). As
occupational therapists we need to follow up the individual after a failure by offering an

intervention that can compensate for the loss (further described under Clinical implications).

37



Methodological considerations

In this thesis two main methodological approaches have been used to a) develop assessment
tools for evaluating driving ability and explore awareness of driving disability and b) gain
better knowledge about the lived-experience of driving ability following stroke. The methods

of analysis were Rasch analysis (Studies I, 11, IV) and phenomenological analysis (Study III).

Inclusion of participants

One limitation in this thesis was that the samples for Studies I, II and IV were dominantly
male participants (87-89%). The small amount of women included was dependent on the
ratios in the referrals coming in to the clinics, but the reason why so few women were referred
for a driving evaluation is not clear. We do not know if the results of the studies would have
been different if more women had been participating. Research has shown that compared to
men, women more often voluntarily give up driving and that women gave up driving at a
younger age than men (Hakamies-Blomqvist & Wahlstrom, 1998). Maybe a part of the
answer to why women were not referred is that they had already given up driving or that the
onset of stroke made them take the decision to give up driving. Men are slightly more often
affected by stroke (50.8%), but this still does not explain the overrepresentation in this thesis.
Women receive stroke at a later age than men (Mean age=78.3, Riks-Stroke, 2006) and this
could mean that most of the women inflicted by stroke have already given up driving and
therefore are not referred. Also the mean age of the participants in the thesis studies is more
than 10 years lower (Mean age=64.8) than the mean age of people getting stroke in Sweden
(Mean age=75.8, Riks-Stroke, 2006). The samples in the studies in this thesis cannot be said
to be representative of the total stroke population in Sweden when it comes to age and gender.
However, due to the sampling methods used (Studies I, IT and I'V) the participants included
can be representative of those referred for a driving evaluation. The aim of the purposive
sampling that was done in Study III was to get a wide variety of participants who could
describe different variations of the phenomenon under investigation. The intention was to
include one woman in the study, but this was difficult since so few women with stroke were
referred for driving evaluations during the period of the project and the one women who was

included eventually dropped out.

In Study IV two more diagnoses were included besides stroke, and healthy elderly people

were also analysed to further investigate the psychometric properties and develop P-Drive.
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The inclusion gave valuable information and experiences of other samples besides people
with stroke, but the samples were small. Research needs to continue investigating other and

larger groups of drivers so P-Drive can become more generic.

Methods for data collection

Studies I and I'V are based on data from a driving test and were conducted in the contexts of a
technically advanced driving simulator and in real traffic on a set route on-road.

Driving simulators have been criticized for being expensive and time-consuming (Evans,
2004). Two recent studies that compared performance in on-road testing and in a simulator
(elderly drivers) found that a test in a simulator gives a valid measure of a person’s driving
ability (Freund, Gravenstein, Ferris, & Shaheen, 2002; Lee, Cameron, & Lee, 2003). The
results from Study 1 also indicate that performance in a technically advanced simulator seems
to give a valid measure of a driving ability in people with stroke. There are limitations with
driving simulators; the initial cost could be high and motion sickness could prevent some
drivers from being tested. The main limitation of the on-road test is the inability to standardise
the test and test really challenging and hazardous situations (Ponsford et al., 2008). In the on-
road test the difficulty of each test varies, i.e. there are no two tests that are equally difficult.
The limitation of P-Drive is that the assessment tool was developed to measure driving ability
in people with stroke and therefore might need further development in order to assess other
diagnoses and healthy drivers as suggested by the DIF-analysis in Study I'V. Another
limitation with Study IV is that five different occupational therapists were rating the abilities
of drivers with neurological disorders, and the severity and stability of the raters needs to be

investigated (inter- and intra-rater reliability).

In Study III interviews were done on three occasions using interview guides that focused on
the participants’ experiences of driving and ability to drive. The questions were open-ended
and the interview guides were specific to the different interview occasions. The qualitative
interview gives the researcher access to the individual’s experience of the life-world (Kvale,
2007). By encouraging the participants to give examples and describe actual situations they
found that the data became rich and spontaneous, capturing the immediate lived-experiences.
The lived-experience of driving ability in the context of undergoing a driving evaluation
began with the advice from the physician not to drive and was described by the participants in
retrospect. Future qualitative studies should start interviewing at the time point when the

client receives the advice not to drive, in order to provide a deeper understanding of the lived-
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experiences right from the time the advice is given. The topic of the interviews was sensitive
and could have affected the responses of the participants, although three of the four
participants revealed that they were defying the advice and were driving anyway. This could

mean that they trusted the researcher and felt that they could be open in their descriptions.

Methods for analysis

In Studies I, IT and IV, Rasch analysis was used to investigate psychometric properties of two
newly developed assessment tools, P-Drive and a modified version of AAD. Rasch is a
method that can be used to develop new scales and improve or reject existing scales by the
transformation of ordinal scales into linear measures (Tesio, 2003; Wright & Linacre, 1989).
Rasch can be used to analyse assessment tools measuring clinical variables (like abilities), but
the limitation is that the analysis of the results becomes more complicated to handle than for
an ordinal scale were scores are summed up. In Winsteps’ (Linacre, 2005) Rasch program
there are applications (key-forms) that can be used to visualize and more easily interpret

clinical data.

In Study 111, the EPP method (Karlsson, 1995) was used to analyse the interviews. It is a
complicated method in several steps, but one that was well suited to describe the phenomenon
of the lived-experience of driving ability in the context of being in the process of a driving
evaluation because of stroke. When the aim is to understand and describe the meaning of a
phenomenon the use of a phenomenological approach, as opposed to measuring and
observing, is needed in order to discover the lived-experience of the individual (Karlsson &

Tham, 2006).

Generalisation of findings

The samples used in the thesis were mostly clinically referred drivers with stroke (all studies)
or other neurological disorders (Study IV) and cannot be considered to be representative of
the stroke population, being too young and too dominated by men. However, the results can
give a picture of drivers that are referred to driving evaluations following stroke. In Study IV
drivers with dementia and MCI were also included and the results from the study do not
describe a clear group of drivers with stroke. Nonetheless the variation of diagnoses was
included as the authors believe inclusion of different groups enriches the development of P-
Drive. The results from Studies I, IT and IV indicate internal scale validity for the assessment

tools used (P-Drive and the modified version of AAD) and strengthens the validity of the
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thesis. The phenomenological approach used in Study III does not aim at generalising, but
rather at increasing our knowledge of a specific phenomenon. Phenomenological findings are
contextual, but still the results have meaning for other contexts (Dahlberg & Nystrom, 2001).
In this case our understanding of the lived-experience of driving ability in the context of
undergoing a driving evaluation following stroke increased, and this can be used to help us

understand other groups of drivers in similar situations.

Ethical considerations

All the studies (I-IV) in this thesis were approved by the Ethical Review Board at Karolinska
Institutet and all participants in the studies gave both oral and written consent to participate in
the studies. The participants were given oral and written information about the study,
including information about the aim, methods and procedures of the research and also about
the confidentially and their right to end their participation at any time. In the evaluation of the
driving abilities of people with stroke there are several ethical dilemmas to be considered and
by conducting research in this field these dilemmas are encountered. People with stroke are
in a weakened and vulnerable state, and being confronted with advice not to drive is a hard
blow, as could be seen in Study III. With the evaluation of someone’s driving ability we are
conducting an act that the person does not really want to be part of, but feels obligated to
participate in to have the chance of keeping the driving licence. The evaluation sets many
negative emotions into play (Study III) and the individual might suffer from both anxiety and
anger by being forced into the evaluation. However, not to assess the driving ability of a client
with stroke is an even larger ethical dilemma since an unfit driver might be then permitted out
in traffic. The interviews that were conducted in Study I1I addressed a sensitive topic and
aroused many emotions that may have been negative reminders of the harsh situation of being
in the process of a driving evaluation. It could also be a positive experience to have someone
that asks and listens to the situation in which these men had been. Finally, the clinical
outcome of the participant’s driving evaluation was not biased by their participation in any of

the studies in this thesis.

Clinical implications
Stroke has a major impact on a person’s health and life, and is often followed by a stay at a
rehabilitation clinic. During rehabilitation the person with stroke is often confronted with

issues related to driving and advised not to drive due to the medical implications following
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the illness. The need for a driving evaluation is stressed following stroke (Akinwuntan et al.,

2002; Mazer et al., 1998). Clinical implications supported by the results from this thesis are

suggested and discussed below:

42

The results from Study III showed that even though all participants had been advised
not to drive most of them had started driving again. In Sweden it is the responsibility
of the physician to, when necessary, give the advice not to drive (Vagverket, 2008).
The results from Study III indicate the need for the delivery of the advice to be
improved. The three participants who had started driving re-interpreted the advice in
favour of resuming driving. From the descriptions of the participants it could be
interpreted that the information given with the advice not to drive was incomplete and
unclear in the sense of why the advice were given. To improve this, the oral
information could be complemented with written information about the illness and the
reasons for not driving afterwards (in the case of stroke, its symptoms and the risk of
relapse and seizures).

The results (Study III) indicate that it could be harsh to receive advice not to drive.
The participants reacted with feelings of being insulted. Suggestions for improvement
could include a continued discussion at the clinic between the driver, family members
and other health care professionals about different ways to cope during the driving
cessation and also a therapeutic discussion of consequences in everyday life following
the cessation of driving. The occupational therapist could have the role of discussing
and training use of alternative methods of transportation during the cessation.

The experiences of the participants in Study III point out several parts of the driving
evaluation that need to be improved, more specifically the information about the tests
used. The methods used to measure driving ability and underlying cognitive capacities
need to be standardised and validated. The results from Studies I and IV indicate that
P-Drive has the potential of becoming a valid tool for assessing driving ability in a
driving simulator or on-road. The item hierarchy could be used to inform the
occupational therapist conducting the driving test of what to be extra attentive to when
observing and be used to design a test route.

The implementation of a new assessment tool needs serious consideration. In Study
IV the raters had difficulty rating one of the items equally, thus a certification course

where raters are calibrated for their severity before becoming licensed raters is needed.



o In Study III the participants described frustration about the neuropsychological tests
used during the evaluation. What the test actually could say about their driving ability
was questioned; therefore there is a need for information to the person under
investigation about the methods used in the evaluation, about why they are used and
how they are going to be interpreted. Also, the health care professionals working at a
traffic medicine centre must try to understand the stress the person is under during
testing and meet the needs of the person.

e The results from Study II indicated that limited awareness of driving disability might
be evident in drivers with stroke. There is a need to assess awareness in those drivers
with difficulties in performing safely and competently during the driving test. If a
limited awareness is evident after a failure, actions to improve the awareness of
disability are needed to help the person understand that he or she is no longer a safe
driver.

e The work of the occupational therapists does not end with the on-road test, for drivers
that have failed the evaluation occupational therapy intervention need to continue.

(See Figure 3 for a clinical model of driving evaluations including intervention.)

‘ Advised not to drive ‘ ‘ Referral ‘

1 1
=

Stroke

Fail Driving cessation

|Training | |Compensation |

Figure 3: A suggested model for clinical driving evaluations

Fisher (1998) emphasised two different intervention methods for someone who has
lost the ability to perform everyday occupations. Intervention with the aim to retrain
abilities (called therapeutic occupation) can be done using occupations that are
naturalistic and contextual. Training in a simulator seems to improve driving ability
following stroke (Akinwuntan et al., 2005) and on-road training at a driving school
improved driving ability in a sample of people with stroke who had failed an on-road

test (Soderstrom, Pettersson, & Leppert, 2006). The second intervention method is the
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use of adaptive or compensatory occupation to help the person reorganise this new
everyday situation and find other or new activities that can bring meaning to life. An
example is teaching the person to use other forms of transportation, like public
transportation. A study aimed at increasing outdoor mobility in elderly people with
stroke using a targeted occupational therapy intervention in the home showed an

improved outdoor mobility at four and ten months (Logan et al., 2004).

Future research

One suggestion for a future study would be to evaluate the effect of a compensatory
intervention. This would be an intervention that takes into consideration the needs and wishes
of the person with stroke and the person’s continued everyday life without driving. The
intervention would be for those persons with stroke who have shown limited driving ability
and awareness of disability, who have limited ability to accept being a non-driver, and who
are in need of either further therapy or a reorganisation of their lives to be able to cope
without driving. The occupational therapist needs to start by giving the person feedback about
the disability and the difficulties shown during driving performance. One method that has
been used to improve awareness of disability is video-feedback (Tham & Tegnér, 1997) and
is a method that could be adopted in driving research. A second step is to investigate what
occupations the person wants and needs to be able to do in his/her life and from there target
the intervention to help the individual regain meaningful everyday occupation. Research to
continue the development of P-Drive is also needed. There is a need to compare different

diagnoses, raters, contexts (simulator vs. on-road) and also different routes.

44



ACKNOWLEDGEMENTS

First and foremost, [ am very grateful to all the participants who took part in my research,

especially those of you who shared your experiences and life stories in the interviews.

I would like to thank my three supervisors: Kerstin Tham, Anders Kottorp and Kurt
Johansson; for your tremendous support. [ am grateful for all the support I have received from
my main supervisor Kerstin Tham. Thank you for supervising me for the four years as a
doctoral student, but most of all thank you for believing in and supporting my project during
the years before I became a registered PhD student. You have always been very involved,
encouraging and generous with your precious time. Kerstin, you are a great role model —
experienced, pedagogic, enthusiastic and ethical as a person, researcher and supervisor. Thank
you, Anders, for never saying no and always being sincere and supportive, for your generous
and great contribution to the thesis by sharing your great knowledge and always being
inspirational. Thank you, Kurt, for never hesitating to take me on as your doctoral student and
for being patient and thoroughly reviewing my material. I am proud to have been a student of

one of the pioneers in traffic medicine in Sweden as well as internationally.

I am grateful to my co-author Gorel Caneman, who was my mentor in the beginning of my
plans for the thesis. Thank you for helping me setting up my master’s degree thesis and
introducing me to traffic medicine from an occupational perspective. Thank you for inspiring
me and being so generous with your support and ideas. I would have liked to cooperate more

with you and hopefully we can do that in the future.

A big thanks to all occupational therapists who helped me with the data collection in Study
IV; Helena Larsson, Anna-Lena Odling, Charlotta Ryd, Ingrid Bohlin and Christina
Ahlstrom. Special thanks to Helena, for your critical and constructive help in my development
of P-Drive for on-road testing and for your fellowship in our studies and trips around the

world.

I am grateful to all my fellow PhD students at the division of occupational therapy at
Karolinska Institutet for encouraging discussions and inspiring cheers. A special thanks to
Lisa Ekstam, Ingela Petersson, Annika Ohman, Eric Asaba and Lena Rosenberg for always

being supportive whatever the topic, for daily support, great laughs and a joyful time. Many

45



thanks to my research group: Anette, Susanne, Inga-Lill, Gunilla, Therese, Lisa and

Mandana.

Thank you for your support, all colleagues at the division of occupational therapy at
Karolinska Institutet. Special thanks for the tremendous fun, engagement and support in the
doctoral student group at the division of Occupational Therapy. Thank you to the support

from Kreativa Konditoriet lead by Louise Nygard and Lena Borell.

I am grateful for all the support provided by the Post-Graduate School of Health Care
Science, especially Jan Ekstam and Ingeborg van der Ploeg and foremost all fellow PhD

students.

A big thank you to my family and friends for your great support and for always being there
for me in both big ways and little ones. You gave me the strength and self-confidence to take
this all on. Thank you, Mother, Father and Tord. Thank you, Daniel, for wanting to be my

companion on our journey in life.

Financial support was given by the Health Care Sciences Postgraduate School, Karolinska
Institutet and the Centre for Health Care Science, Karolinska Institutet. Travel Grants were
received from Karolinska Institutet and the Swedish Council for Working Life and Social

Research.

46



REFERENCES

Akinwuntan, A., Devos, H., Feys, H., Verheyden, G., Baten, G., Kiekens, C., et al. (2007).
Confirmation of the accuracy of a short battery to predict fitness-to-drive for stroke
survivors without severe deficits. Journal of Rehabilitation Medicine, 39, 698-702.

Akinwuntan, A., DeWeerdt, W., Feys, H., Baten, G., Arno, P., & Kiekens, C. (2003).
Reliability of a road test after stroke. Archives of Physical Medicine and
Rehabilitation, 84, 1792-1796.

Akinwuntan, A., De Weerdt, W., Feys, H., Pauwels, J., Baten, G., Armo, P., et al. (2005).
Effect of simulator training on driving after stroke. A randomized controlled trial.
Neurology, 2, 843-850.

Akinwuntan, A., Feys, H., DeWeerdt, W., Pauwels, J., Baten, G., & Strypstein, E. (2002).
Determinants of driving after stroke. Archives of Physical Medicine and
Rehabilitation, 83(3), 334-341.

AQTA, (2002). Occupational therapy practice framework: domain and process. American
Journal of Occupational Therapy, 56(6), 609-639.

Bond, T., & Fox, C. (2001). Applying the Rasch Model: Fundamental Measurement in the
Human Sciences. Mahwah: Lawrence Erlbaum Associates, Inc.

Bonnel, W. (1999). Giving up the car: Older women's losses and experiences. Journal of
Psychosocial Nursing, 37(5), 10-15.

Brainin, B., Bornstein, N., Boysen, G., & Demarin, V. (2000). Acute neurological stroke care
in Europe: results of the European Stroke Care Inventory. European Journal of
Neurology, 7, 5-10.

Brooks, N., & Hawley, C. (2005). Return to driving after traumatic brain injury: A British
perspective. Brain Injury, 19(3), 165-175.

Christie, N. (1996). Assessing Driving Fitness Following Brain Injury or Illness: A research
review. TRL Report 208, 1-21.

Crepeau, E. (2003). Analysing Occupation and Activity: A way of thinking about
occupational performance. (Tenth ed.). Philadelphia: Lippincott Williams &
Wilkins.

Dahlberg, K., Drew, N., & Nystrom, M. (2001). Reflective Lifeworld research. Lund:
Studentlitteratur.

De Raedt, R., & Ponjaert-Kristoffersen, 1. (2001). Predicting at-fault car accidents of older
drivers. Accident, Analysis and Prevention, 33, 809-819.

47



Duchek, J., Carr, D., Hunt, L., Roe, C., Xiong, C., Shah, K., et al. (2003). Longitudinal
driving performance in early-stage dementia of the Alzheimer type. Journal of
American Geriatrics Society, 51, 1342-1347.

Engelhard, G. (1994). Examining rater errors in the assessment of written composition with a
many-faceted Rasch model. Journal of Educational Measurements, 31(2), 93-112.

Eriksson, G., Tham, K., & Borg, J. (2006). Occupational gaps in everyday life 1-4 years after
acquired brain injury. Journal of Rehabilitation Medicine, 38, 159-165.

EU. (1991). Radets direktiv av den 29 juli 1991 om kérkort: 31991L0439. [The council’s
directives concerning driving licenses] Retrieved from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31991L0439:SV:HTML
(accessed 2008-06-01)

Evans, L. (2004). Traffic Safety. Bloomfield Hills, Michigan: Science Serving Society.

Fisher, A. (1993). The assessment of IADL motor skills: an application of many-faceted
Rasch analysis. American Journal of Occupational Therapy, 47(4), 319-329.

Fisher, A. (1998). Uniting practice and theory in an occupational framework: 1998 Eleanor
Clarke Slagle lecture. American Journal of Occupational Therapy, 52(7), 509-521.

Fisher, A. (2006). Assessment of Motor and Process Skills, Volume 1: Development,
Standardization and Administration Manual (7th Ed.). Fort Collins, CO: Three Star
Press, Inc.

Fisher, W. (1992). Reliability statistics. Rasch measurement transactions, 6(3), 238.

Fleming, J., Strong, J., & Ashton, R. (1996). Self-awareness of deficits in adults with
traumatic brain injury: how best to measure? Brain Injury, 10(1), 1-15.

Freund, B., Gravenstein, S., Ferris, R., & Shaheen, E. (2002). Evaluating driving performance
of cognitively impaired and healthy older adults: A pilot study comparing on-road and
driving simulation. Journal of the American Geriatrics Society, 50, 1309-1315.

Golisz, K., & Toglia, J. (2005). Perception and cognition. In E. Crepeau, E. Cohn & B. Schell
(Eds.), Willard & Spackman’s Occupational Therapy (Tenth ed., pp. 395-403).
Philadelpia: Lippincott Williams & Wilkins.

Guidetti, S., Asaba, E., & Tham, K. (2007). The lived-experience of recapturing self-care. The
American Journal of Occupational Therapy, 61(3), 303-310.

Hakamies-Blomqvist, L., & Wahlstrom, B. (1998). Why do older drivers give up driving?
Accident Analysis and Prevention, 30(3), 305-312.

48



Heikkild, V-M., Korpelainen, J., Turkka, J., Kallanranta, T., & Summala, H. (1999). Clinical
evaluation of the driving ability in stroke patients. Acta Neurologica Scandinavia, 99,
349-355.

Heikkinen, S. (2008). Att kora eller inte kéra: Hur &ldre, aldrande och bilkérning har
diskuterats i svensk transportpolitik [To drive or not to drive: Discussions on ageing
and driving in Swedish transporation policy]. Uppsala University, Uppsala.

Hunt, L., Murphy, C., Carr, D., Duchek, J., Buckles, V., & Morris, J. (1997). Reliability of the
Washington University Road Test. A performance-based assessment for drivers with
dementia of the Alzheimer type. Archives of Neurology, 54,(June), 707-712.

Husserl, E. (1970). The life-world and worlds of science. In E. Husserl (Ed.), The crisis of
European science and transcendental phenomenology. Evanston, IL: Northwestern
University Press.

Johansson, C. (2000). Top 10 emerging practice areas to watch in the new millennium.
Retrieved September 22, 2007, from
http://www.aota.org/Practitioners/PracticeAreas/Emerging/36247.aspx

Karlsson, G. (1995). Psychological qualitative research from a phenomenological perspective
(Second ed.). Stockholm: Almqvist & Wiksell International.

Karlsson, G., Tham, K. (2006). Correlating facts or interpreting meaning. Two different
epistemological projects within medical research. Scandinavian Journal of
Occupational Therapy, 13:2, 68-75.

Kielhofner, G. (2002). Model of Human Occupation: Theory and application (Third ed.).
Philadelphia: Lippincott Williams & Wilkins.

Kielhofner, G. (2008). Model of Human Occupation: Theory and Application. (Fourth ed.).
Philadelphia: Lippincott Williams & Wilkins.

Kielhofner, G., Tham, K., Baz, T., & Hutson, J. (2008) Performance capacity and the lived
body. In Kielhofner, G. Model of Human Occupation: Theory and Application.
(Fourth ed.). Philadelphia: Lippincott Williams & Wilkins.

Korner-Bitensky, N., Bitensky, J., Sofer, S., Man-Song-Hing, M., & Gelinas, 1. (20006).
Driving evaluations practices of clinicians working in the United States and Canada.
American Journal of Occupational Therapy, 60(4), 428-434.

Korner-Bitensky, N., Sofer, S., Gelinas, 1., & Mazer, B. (1998). Brief or new. Evaluating
driving potential in persons with stroke: a survey of occupational therapy practices.

American Journal of Occupational Therapy, 52(10), 916-919.

49



Kottorp, A. (2006). Assessment of Awareness of Disability: Development, Administration and
Interpretation. Stockholm: Karolinska Institutet, Department of Neurobiology, Care
Sciences and Society, Division of Occupational Therapy.

Kottorp, A., Bernspang, B., & Fisher, A. (2003). Validity of a performance assessment of
activities of daily living for people with developmental disabilities. Journal of
Intellectual Disability Research, 47, (part 8), 597-605.

Kvale, S. (2007). Interviews: An introduction to qualitative research interviewing. Lund:
Studentlitteratur.
Larsson, H., Lundberg, C., Falkmer, T., & Johansson, K. (2007). A Swedish survey of

occupational therapists' involvement and performance in driving assessments.
Scandinavian Journal of Occupational Therapy, 14(4), 215-220.

Lee, H., Cameron, D., & Lee, A. (2003). Assessing the driving performance of older adult
drivers: on-road versus simulated driving. Accident, Analysis and Prevention, 35, 797-
803.

Linacre, J. (1997). Guidelines for rating scales. Paper presented at the Midwest Objective
Measurement Seminar in June 1997, Chicago. Retrieved from
http://www.rasch.org/rn2.htm, (accessed 2008-05-25).

Linacre, J. (1998). Detecting multidimensionality: Which residual data-type works best?
Journal of Outcome Measurement, 2(3), 266-283.

Linacre, J. (2005). Winsteps-Rasch Model computer program (Version 3.63.0). Chicago:
WWWw.winsteps.com.

Linacre, J. (2006). Facets: Many-facet Rasch Measurement Programme (Version 3.61.0).
Chicago: MESA Press.

Linacre, J. (2008). Dimensionality: contrasts & variances. Retrieved from
http://www.winsteps.com/winman/principalcomponents.htm, (accessed 2008-02-28).

Linacre, J., & Wright, B. (2004). Construction of measures from Many-facet data. In Smith.
E. & Smith. R. (Eds.), Introduction to Rasch Measurement. Maple Grove: Jam Press.

Lister, R. (1999). Loss of ability to drive following a stroke: the early experiences of three
elderly people on discharge from hospital. British Journal of Occupational Therapy,
62(11).

Logan, P., Gladman, J., Avery, A., Walker, M., Dyas, J., & Groom, L. (2004). Randomised
controlled trial of an occupational therapy intervention to increase outdoor mobility

after stroke. BMJ, 329, 1372-1375.

50



Lundberg, C., Caneman, G., Samuelsson, S. M., Hakamies-Blomqvist, L., & Almkvist, O.
(2003). The assessment of fitness to drive after a stroke: the Nordic Stroke Driver
Screening Assessment. Scandinavian Journal of Psychology, 44(1), 23-30.

Lundberg, C., & Hakamies-Blomqvist, L. (2003). Driving tests with older patients: effect of
unfamiliar versus familiar vehicle. Transportation Research Part F, 6, 163-173.

Lundqvist, A., & Alinder, J. (2007). Driving after brain injury: Self-awareness and coping at
the tactical level of control. Brain Injury, 21(11), 1109-1117.

Lundgvist, A., Gerdle, B., & Ronnberg, J. (2000). Neuropsychological aspects of driving after
stroke: in the simulator and on the road. Applied Cognitive Psychology, 14, 135-150.

Marottoli, R., Mendes de Leon, C., Glass, T., Williams, C., Cooney, L., & Berkman, L.
(2000). Consequences of driving cessation: Decreased out-of home activities. Journal
of Gerontology, 55B(6), S334-340.

Marottoli, R., Mendes de Leon, C., Glass, T., Williams, C., Cooney, L., Berkman, L., et al.
(1997). Driving cessation and increased depressive symptoms: prospective evidence
from the New Haven EPESE. Established Populations for Epidemiologic Studies of
the Elderly. Journal of the American Geriatrics Society, 45(2), 202-206.

Mazer, B., Gelinas, 1., & Benoit, D. (2004). Evaluating and retraining driving performance in
clients with disabilities. Critical Reviews in Physical and Rehabilitation Medicine,
16(4), 291-326.

Magzer, B., Korner-Bitensky, N., & Sofer, S. (1998). Predicting ability to drive after stroke.
Archives of Physical Medicine and Rehabilitation, 79(7), 743-750.

McGlynn, S., & Schacter, D. (1989). Unawareness of deficits in neuropsychological
syndromes. Journal of Clinical Experimental Neuropsychology, 11, 143-205.
Merbitz, C., Morris, J., & Grip, J. C. (1989). Ordinal scales and foundations of misinference.

Archives of Physical Medicine and Rehabilitation, 70(4), 308-312.

Michon, J. (1985). A critical view of driver behavioural models: what do we know, what
should we do? New York: Plenium Press.

Nouri, F., & Lincoln, N. (1992). Validation of a cognitive assessment: Predicting driving
performance after stroke. Clinical Rehabilitation, 6, 275-281.

Odenheimer, G., Beaudet, M., Jette, A., Albert, M., Grande, L., & Minaker, K. (1994).
Performance-based driving evaluation of the elderly driver: safety, reliability, and

validity. Journal of Gerontology, 49(4), M153-M159.

51



Patomella, A., Caneman, G., Kottorp, A., & Tham, K. (2004). Identifying scale and person
response validity of a new assessment of driving ability. Scandinavian Journal of
Occupational Therapy, 11(2), 70-77.

Ponsford, A-S., Viitanen, M., & Johansson, K. (2008). Assessment of driving after stroke — a
pluri-disciplinary task. Accident, Analysis and Prevention, 40, 452-460.

Prigatano, G., & Schacter, D. (1991). Awareness of deficits after brain injury. New York:
Oxford University Press.

Ragland, D., Satariano, W. & MacLeod, K. (2005). Driving cessation and increased
depressive symptoms. Journal of Gerontology, 60A(3), 399-403.

Reckase, M. (1979). Unifactor latent trait models applied to multifactor tests: Results and
implications. Journal of Educational Statistics, 4(3), 207-230.

Riks-Stroke. (2006). Analyserande rapport Riks-Stroke. For helaret 2005. [Analysing report
from the National Stroke Registry 2005]. Retrieved from http://www.riks-
stroke.org/content/analyser/Rapport05.pdf (accessed 2007-06-25).

SCB. (2007). Sveriges befolkning efter kon och alder 31/12/2007.[The Swedish population by
gender and age]. Retrieved from
http://www.scb.se/templates/tableOrChart 78315.asp, (accessed 2008-08-12).

Schmuckler, M. (2001). What is ecological validity? A dimensional analysis. Infancy, 2(4),
419-436.

Sheller, M. (2004). Feeling the car. Theory, Culture & Society, 21(4/5), 221-242.

Simmond, M., & Fleming, J. (2003). Reliability of the self-awareness of deficits interview for
adults with traumatic brain injury. Brain Injury, 17(4), 325-337.

Smith, E. (2002). Detecting and evaluating the impact of multidimensionality using item fit
statistics and principal component analysis of residuals. Journal of Applied
Measurement, 3(2), 205-231.

Socialstyrelsen. (2006). Nationella riktlinjer for strokesjukvard 2005, Medicinskt och
hélsoekonomiskt faktadokument. [National guidelines for stroke-care 2005, Medical
and health-financial fact sheet]. Retrieved from
http://www.socialstyrelsen.se/NR/rdonlyres/B9011B06-2FF8-4AA2-99C8-
65C725C6CC76/4864/ 20061021.pdf, (accessed 2008-06-01).

Soderstrom, S., Pettersson, R., & Leppert, J. (2006). Prediction of driving ability after stroke

and the effect of behind-the-wheel training. Scandinavian Journal of Psychology, 47,
419-429.

52



Tesio, L. (2003). Measuring behaviours and perceptions: Rasch analysis as a tool for
rehabilitation research. Journal of Rehabilitation Medicine, 35, 105-115.

Tham, K., Bernspang, B., & Fisher, A. (1999). Development of the Assessment of Awareness
of Disability. Scandinavian Journal of Occupational Therapy, 6(4), 184-190.

Tham, K., Borell, L., & Gustavsson, A. (2000). The discovery of disability: A
phenomenological study of unilateral neglect. The American Journal of Occupational
Therapy, 54(4), 398-406.

Tham, K., & Tegnér, R. (1997). Video feedback in the rehabilitation of patients with
unilateral neglect. Archives of Physical Medicine and Rehabilitation, 78, 410-413.

Townsend, E., & Polatajko, H. (2007). Enabling Occupation Il: Advancing an Occupational
Therapy Vision for Health, Well-being, & Justice Through Occupation. Ottawa,
Ontario: Canadian Association of Occupational Therapists Publications ACE.

Unsworth, C. (2007). Development and current status of the occupational therapy driver
assessment and rehabilitation in Victoria, Australia. Australian Occupational Therapy
Journal, 54, 153-156.

White, S., & O'Neill, D. (2000). Health and relicensing policies for older drivers in the
European Union. Gerontology, 46, 146-152.

Whitehead, B., Howie, L., & Lowell, R. (2006). Older people's experience of driver license
cancellation: A phenomenological study. Australian Occupational Therapy Journal,
53, 173-180.

Wilcock, A. (2006). An occupational perspective on health (2 ed.). Thorofare, NJ: Slack.

Wilson, T., & Smith, T. (1983). Driving after stroke. International Journal of Rehabilitation
Medicine, 5, 170-177.

Wright, B. (1977). Solving measurement problems with the Rasch model. Journal of
Educational Measurements, 14(2), 97-116.

Wright, B., & Linacre, J. (1989). Observations are always ordinal; measurements, however,
must be interval. Archives of Physical Medicine and Rehabilitation, 70, 857-860.

Wright, B., & Mok, M. (2004). An overview of the family of Rasch measurement models. In
Smith. E. & Smith. R. (Eds.), Introduction to Rasch measurement. Maple Grove: JAM
Press.

Wright, B. (1996). Reliability and Separation. Rasch measurement transactions., 9:4, 472.

Wright, B., & Linacre, J. (1994). Reasonable mean-square fit values. Rasch measurement
transactions., 8:3, 370.

Wright, B., & Stone, M. (1979). Best Test Design. Chicago: Mesa Press.

53



Vrkljan, B., & Miller-Polgar, J. (2007). Linking occupational participation and occupational
identity: an explorative study of the transition from driving to driving cessation in
older adulthood. Journal of Occupational Science, 14(1), 30-39.

Vigverket. (2007). Korkortshavare efter behorighet. [Driving license holders by
qualification.] Retrieved from http://www.vv.se/templates/page3wide 4015.aspx,
(accessed 2008-05-20).

Vigverket. (2008). Vagverkets foreskrifter om andring i foreskrifterna (VVFS 2008:158) om

medicinska krav for innehav av kérkort m.m. [Swedish National Road Administration

Statute Book on medical requirements for driving license holders]: Vagverket.

54





