
P-DRIVE: ASSESSMENT OF DRIVING PERFORMANCE AFTER STROKE

Ann-Helen Patomella, OT, MSc, Kerstin Tham, OT, PhD and Anders Kottorp, OT, PhD

From the Neurotec Department, Division of Occupational Therapy, Karolinska Institutet, Stockholm, Sweden

Objective: To investigate aspects of validity and stability of

Performance Analysis of Driving Ability (P-Drive), for people

with stroke when used in a driving simulator.

Design: A cross-sectional observational study.

Subjects: The study included a consecutive series of 101

participants with stroke referred for evaluation or selected

from a stroke registry.

Methods: P-Drive was used to observe driving performance in

order to assess driving ability. P-Drive comprises 20 items

assessing the quality of the participant’s driving performance.

Aspects of validity and reliability in P-Drive were evaluated

using Rasch statistics.

Results: The items (95%) and participants (97%) demon-

strated acceptable goodness-of-fit and met statistical expecta-

tions according to the Rasch model. The results support

internal scale validity and person response validity. P-Drive

could separate the participants with different driving abilities

and the standard errors were within reasonable criteria for

drivers with a moderate-to-low ability to drive.

Conclusion: The findings from this study indicated that P-

Drive is an assessment tool with properties of internal scale

validity, person response validity, and which also contains

aspects of reliability in relation to precision of the estimates

and separation. P-Drive seems to be a valid and stable

assessment tool for assessing the driving ability in a simulator

of people with stroke.
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INTRODUCTION

People recovering from stroke are often interested in returning

to driving, which is an understandable desire since many people

need to drive in order to manage everyday life. On the other

hand, the ability to drive may be reduced by stroke (1, 2).

Physicians in rehabilitation medicine, together with allied

rehabilitation professionals, commonly occupational therapists,

are often called upon to determine the patient’s ability to drive

as a part of preparation for their discharge to the community (1,

3). On-road evaluation is often seen as the optimal method

for assessing driving ability, but may be neither sufficiently

challenging nor safe enough to detect incompetent driving

ability. Demanding driving actions are best studied in an envi-

ronment that is challenging yet safe for both the driver and

examiner, as in the controlled environment of a simulator (4).

Nevertheless, driving evaluations in simulators have been

criticized for being difficult to interpret, due to the absence of

valid outcome scores. Simulators have also been criticized for

lack of interactive technology (1, 5). The advantage of using

simulators is the ability to use challenging situations that will

capture incompetent driving ability, which could have been

unsafe and also unlikely to happen on the day of an on-road

evaluation (4). In this study, the combination of a driving

simulator with an advanced interactive technique that is close to

real driving was used to observe driving performance. So far,

there is no specific assessment tool for assessing driving ability

as performed in a simulator. Criticism could be made of on-road

assessments used in research due to the absence of a theoretical

frame of reference and because such assessments may consist of

multiple constructs, sometimes even summed into raw scores

(6�8). Ordinal scales and raw scores may be limited with respect

to different aspects of validity and there is a need for ratio or

interval scales to improve measurement, inference and predic-

tion in rehabilitation medicine (9) as well as for evaluation of

driving ability.

Performance Analysis of Driving Ability (P-Drive) is an

assessment tool that generates equal-interval measures of

driving ability and was developed recently for assessing driving

ability in the context of a technically advanced and interactive

simulator (10). The development of P-Drive was based on a

theoretical frame of reference with 3 theoretical domains. First,

measuring performance in actions rather than underlying

capacities was considered as the primary focus using a top-

down approach (11, 12) for the activity of driving. Secondly, the

concept of driving ability, as measured in P-Drive, was based on

actions that reflected the performance of driving and the items

were developed using an activity analysis (13). Lastly, the

hypothesized hierarchical order of the items was based on the

model of Michon (14) and on theories of attention and

information processing related to driving (2). The assumption

was that items demanding attention and fast information

processing were expected to be more difficult than items

concerning general operation of the car (2). Also, items needing

tactical decision-making were expected to be more difficult than

decisions on operating the car (14). The aim in developing

P-Drive was to create a useful tool for clinical rehabilitation

when assessing people in a simulator.
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The results from a pilot study (n�/31) of P-Drive using a

Rasch analysis, revealed evidence of validity in terms of both

item and person goodness-of-fit statistics, indicating unidimen-

sionality and person response validity (10). The hierarchy of the

items was also found to be logical and in-line with assumptions

made from previous research in the field of driving (2). The

results, however, revealed a high mean standard error (SE) for

the participants, probably due to the fact that the sample was

skewed by a majority of drivers with a high level of driving

ability. This pilot study indicated a need for further studies,

since the sample was small and homogeneous, motivating the

present study with a sample that is larger and will presumably

include people with a wider range of impairments. The

encouraging results of the pilot study also implied a need to

investigate the stability of the assessment tool in a sample of

people with stroke. The overall purpose of this study was,

therefore, to determine the stability of different aspects of

validity of P-Drive when used to assess driving ability in people

with stroke. In this study the following research questions were

addressed. (i ) Do the participants demonstrate acceptable

goodness-of-fit when assessed with P-Drive, indicating person

response validity ? (ii ) Do the items in P-Drive demonstrate

acceptable goodness-of-fit, indicating internal scale validity ?

(iii ) Does P-Drive separate between the abilities of the

participants? (iv ) Are the ability measures of the participants

associated with reasonable SE? (v ) Do the item difficulty

calibrations in P-Drive demonstrate acceptable stability across

specific subgroups?

METHODS

Participants

The present study was approved by the Ethical Committee of Northern

Stockholm. The study included 101 participants with stroke. 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�03

(n�/74). In addition, all the people with stroke on the Stockholm

Stroke Registry during the period who had ticked a box indicating that

they were active drivers before the stroke were invited to participate.

Inclusion criteria for the study were: (i ) a diagnosis of stroke, (ii ) not

getting nauseous during simulator driving, (iii ) holding a driving

license and have been an active driver before the stroke, and (iv )

have given informal consent for participation in the study. A

consecutive series of participants who met the criteria were included

in the study. The characteristics of the participants are described in

Table I. The sample size was set to at least 100 participants in order to

obtain stable item calibrations (15).

Study context

The interactive, realistic and technically-advanced simulator used in this

study was situated at the Karolinska University Hospital (Stockholm,

Sweden). The simulator was developed and used by clinical occupational

therapists to observe driving performance after stroke. The simulator

consists of a real, but truncated car (see Fig. 1). As in real driving, the

driver has to operate the pedals, turn the steering-wheel, etc. When

required the car can be adapted with technical devices such as a spinner-

knob and automatic gears. The driving program is projected onto 3 large

screens with a field-of-view of 1358. An audio system generates

synchronized sounds, such as the engine running and radio messages.

The test-program consisted of 70 traffic situations, each presenting a

different challenge. The drive took about 40�60 minutes, 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 had been designed specifically to

involve situations assumed to be particularly challenging for people with

stroke.

Assessment tool

P-Drive was used to score the participants’ driving performance as

observed when driving in the simulator. P-Drive had been slightly

restructured since the first study (10). One item (‘‘following radio

message’’) was redundant and could be removed. Since the scale showed

promising results of scale and person validity, it was used in the same

manner as in the pilot study. Whilst driving in the simulator, each traffic

situation that occurred during the test required the driver to perform a

number of actions. There were 20 items defined in P-Drive, sorted into 4

subgroups: manoeuvring, orientating, obeying and responding to traffic

rules and paying attention. The items were scored using a detailed

and structured manual and a 4-point criterion referenced rating scale

based on the quality of driving performance, where 4�/competent,

3�/questionable, 2�/problem and 1�/incompetent. During a complete

driving test using the simulator’s test-program, all of the items in

P-Drive were observable several times and in different challenging

situations (for examples of the scoring, see Table II).

Procedure

The evaluation started with a short review of the participant’s medical

and driving history. All of the participants were given the chance to

practice in the simulator using a special practice-program that allowed

the participant to get used to the car, that is, to the pedals, gear box and

steering. The participant decided when no more practice was needed

(commonly after 15�30 minutes). Thereafter, the participants underwent

a driving evaluation using the test-program in the simulator. An

occupational therapist (A-HP) with previous experience of performing

driving evaluations scored each participant’s driving performance using

P-Drive. The scoring was structured using the criteria from the P-Drive

manual and took place directly after the test drive.

Table I. Clinical characteristics of the 101 participants

Characteristics Mean (SD)

Persons (n )
Men 88
Women 13

Age (years) 61.9 (10.1)
Time since onset (months) 13.4 (13.9)

Range, median 2�60, 10

SD�/standard deviation.

Fig. 1. Argus driving simulator. Photograph: Ann-Helen Patomella.
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Data analysis

Computer application of Rasch analysis, Winsteps (16) was used to

analyse the P-Drive data for the participants. The Rasch rating scale

model used in the study could be stated as:

Log [Pnik /Pnik � 1]�/Bn �/Di �/Fk , were

Pnik �/probability of a person n being assigned score k on action

item i .

Pnik�1�probability of a person n being assigned score (k �1) on

action item i .

Bn �/ability measure of person n .

Di �/calibration of the difficulty of action item i .

Fk �/the difficulty of rating scale step k relative to step (k �1).

The Winsteps program generates goodness-of-fit statistics, which can

be used to evaluate the extent to which the data conforms to the model

stated above. When the goodness-of-fit statistics for the participants are

acceptable, they provide evidence of person response validity for the

participants. When the goodness-of-fit statistics for the items are

acceptable, they provide evidence of unidimensionality or internal scale

validity (17). For this study, both the mean square residual (MnSq) and

the associated standardized z-value were used to evaluate goodness-of-

fit. Infit and outfit mean square residuals between 0.6 and 1.4,

associated with z- values larger than � 2 and less than 2, were set as

criteria for an acceptable goodness-of-fit (18). In accordance with other

studies (19, 20), it is generally expected that no more than 5% of the

participants or the items will fail to fit the model by chance. The

effectiveness of the rating scale was determined by investigating the

distribution of the observations for each category in the scale, noting

whether disordered categories (thresholds) occurred and by the random-

ness of the choice of categories (21). The criteria used when determining

randomness were outfit mean square measures of less than 2.0 (21). In

addition, a principal components analysis of the items was performed to

investigate the local independence of P-Drive and to determine whether

any additional dimension was present in the dataset (22). The criterion

for unidimensionality suggests that the first component should explain

at least 20% of the variance (23) and the second one should not explain

more than 5% of the variance.

The person separation reliability was investigated to determine if

P-Drive was able to separate the participants according to their different

levels of (driving) ability. For the scale to be able to distinguish between 2

or more groups in the sample, the person separation reliability should be

at least 0.8 (24). In addition, the SE describes the statistical reprodu-

cibility of the measures, and a guiding principle for the SE in the person

measures had previously been set at 5/0.30 logits (20). In this study, a SE

analysis was performed in subgroups based on the level of driving ability,

according to a recent pilot study investigating P-Drive as an outcome

tool (25).

An assumption in instrument development using Rasch is that item

calibration remains statistically stable across different groups (26, 27). In

order to investigate the stability of the item hierarchy, an analysis of

differential item functioning (DIF) was conducted for different groups

within the sample and plotted with 95% confidence intervals (CI) (28).

An item outside the CI would indicate that this item was relatively

harder or easier to perform when used with a different sample of people.

The criterion for calculating DIF was that the sample size for each group

had to be at least n�/30 to generate stable item calibrations (15). The

subgroups chosen for this study were: (i ) persons who had had a right

hemispheric cerebral vascular accident (RCVA) (n�/24) and persons

who had had left cerebral vascular accident (LCVA) (n�/39), (ii ) persons

of 60 years of age or younger (n�/54) and persons older than 60 years

(n�/47), (iii ) persons with a better driving ability (]/1.4 logits on

P-Drive) (n�/51) and persons with a worse ability to drive (B/1.4 logits

on P-Drive) (n�/50).

RESULTS

Person response validity

Of the 101 participants, 98 demonstrated acceptable goodness-

of-fit (97%) to the Rasch model, indicating acceptable person

response validity. Figure 2 shows the targeting of the persons

and items. The different response thresholds of the items are

visible and show that most participants scored high on the

rating scale.

Internal scale validity

Nineteen of the 20 items demonstrated acceptable goodness-of-

fit (95%), and item 4, ‘‘controlling speed’’, (Infit MnSq 0.54 and

z �4.2) did not fit the model expectations. We concluded,

therefore, that the scale could be viewed as unidimensional,

supporting acceptable internal scale validity. With the intention

of analysing the impact of item 4 on the person ability measures

another Rasch analysis of the 19 items that demonstrated

acceptable goodness-of-fit was performed, revealing no differ-

ence in the person’s ability measures.

When examining the categories of the rating scale, we found

that there were irregularities in the use of the categories: a score

of 4 had been used 56% of the times and a score of 1 only 7%

(Table III). However, no step disordering was found in the scale

category measures, indicating that the scale categories worked

as intended. The outfit mean square was less that 2.0, indicating

randomness in the choice of categories (21).

The principal components analysis revealed that the first

component accounted for 64% of the variance indicating

unidimensionality, and the second component explained about

6% of the variance, which is slightly higher than expected.

Separation of the participants

The person separation reliability of the participants was 0.84

and person separation index was 2.30, indicating that P-Drive

was able to separate the participants’ driving ability into

different strata.

SE in the estimates

The mean SE for the participants was larger (mean�/0.42) than

the criteria set. The result was in line with the result from the

pilot study where the mean SE was 0.39. Further investigation

of the SE revealed that participants with a good driving ability

had higher SE than drivers in the middle and the lower end of

Table II. Examples of traffic situation and items scored

Traffic situation Items (actions) scored in P-Drive

Participant collided with a car
coming from the right (had
no right-of-way)

Paying attention to the right
(score 1)
Giving right-of-way (score 1)
Controlling speed (scored
depending on the way the
participant adapted the speed for
the oncoming crossing)

Participant turns competently
into a slipway onto the
highway, directed by an
earlier radio message

Following instruction (score 4)
Paying attention to signs providing
information (score 4)
Finding the way (score 4)
Using indicator (score 4)
Steering (score 4)

P-Drive�/Performance Analysis of Driving Ability.
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the scale (Table IV). The less able the driver, the lower the SE,

suggesting that P-Drive is able to more precisely estimate the

abilities of moderate-to-poor drivers than more able drivers.

Differential item functioning

Thesampleswithrightandleftstroke(CVA)revealednodetectable

difference in item calibration (Fig. 3). As only minor differences

could be detected between older and younger drivers respectively

drivers with high and low ability to drive, the conclusion remained

that the overall item hierarchy was stable across the subgroups.

DISCUSSION

In summary, P-Drive seems to be a valid and stable

assessment tool for assessing driving ability in people with

stroke with the use of a simulator. The finding from this

study indicated that P-Drive is an assessment tool with

properties of internal scale validity, person response validity

and also sustained aspects of reliability in relation to

precision of the estimates. Furthermore, P-Drive seems to

be able to differentiate between people with different driving

abilities.

Fig. 2. Targeting of Performance Analysis of Driving Ability (P-Drive): person ability measures in relation to item difficulty calibrations
including thresholds for response categories on the rating scale (1�2; 2�3; 3�4). Higher measure indicates higher person ability and more
difficult item.
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Internal scale validity was found in P-Drive, however, one

item failed to fit the Rasch model. Item 4, ‘‘controlling speed’’,

did not meet the goodness-of-fit criterion with a mean square of

0.54, indicating less variation in the observed response pattern

than was modelled (27). Further examination of the raw scores

of the responses for this item revealed that it was too

predictable. A raw score of 2 were given to almost all

participants despite the fact that they had different types of

difficulties in this item (i.e. both those with difficulty to control

speed upward and downwards were given a score of 2).

Assessment of the complexity of driving ability requires the

ability to detect and separate different performance difficulties.

The difficulty in controlling speed upward and downward may

cause different driving performance difficulties and may be due

to various kinds of dysfunction in the underlying capacities of

the participant. For example, impulsive driving behaviour may

result in incompetent and unsafe driving due to high speed (29),

while reducing speed is an adaptive behaviour that may be due

to self-awareness and motivation to drive safely (30). Also, in

the clinical setting there have been examples of drivers who have

not been able to follow the pace of the traffic and the

exaggerated adaptation of reduced speed has resulted in an

incompetent driving performance instead of safety. These

variations of driving performance should be captured in

P-Drive and item 4, ‘‘controlling speed’’, should preferably be

modified instead of removed. One way to gain greater variation

in the assessment of the ability to control speed could be to

divide the item into 2 new items; ‘‘reducing speed’’ and ‘‘keeping

speed’’ and then investigate the goodness-of-fit.

The person response validity was satisfactory and the items in

P-Drive could separate the people in the sample into different

Table IV. Mean standard error (SE) in different strata of the sample

Persons (n ) Driving ability measure Mean SE

36 Over 1.7 logits 0.63
15 1.7�1.4 logits 0.34
50 Lower than 1.4 logits 0.28

Total mean 0.42

2,001,000,00-1,00-2,00

Older

2,00

1,00

0,00

-1,00

-2,00

Yo
u

n
g

er

2,001,000,00-1,00-2,00

LCVA

2,00

1,00

0,00

-1,00

-2,00

R
C

VA

2,001,000,00-1,00-2,00
Lower

2,00

1,00

0,00

-1,00

-2,00

H
ig

h
er

(a) (b)

(c)

Fig. 3. Differential item functioning of: (a) younger (5/60 years) and older (�/60 years) drivers; (b) drivers with right and left hemisphere
stroke (RCVA and LCVA, respectively); and (c) drivers with higher (]/1.4 logits) and lower (B/1.4 logits) ability to drive. The area between the
two outer lines indicates the 95% confidence interval.

Table III. Rating scale measures

Scale category Frequency (%)
Average category
measure

Outfit
MnSq

1. Incompetent 146 (7) �/0.56 0.85
2. Problem 231 (12) 0.35 0.94
3. Questionable 452 (23) 1.09 1.18
4. Competent 1100 (56) 1.89 1.03

MnSq�/mean square residual.
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levels of ability. However, 3 participants did not fit the Rasch

models expectations. Further examination of these participants’

responses revealed that they all had low scores on specific items,

but otherwise performed well. As an example, one of these

participants had problems only with the items concerning

situations needing attention to the left side of the traffic

environment. This was a participant that had a right hemisphere

stroke and initial sequelae of neglect. The unexpected response

pattern could therefore be related to remaining symptoms from

the neglect and therefore not viewed as a threat to person

response validity.

High mean SE of the participants was reported in this study.

The high SE for the drivers with a high ability indicated that we

could expect noticeable different estimates of these participants

if we reassessed their driving ability. Fortunately, the SE for the

participants with moderate and low ability to drive were within

reasonable limits (20). The SE for these participants is of greater

importance since they are in the zone where they are at risk of

failing the driving evaluation and there is a need for a high

precision in the estimates generated. Similar problems with high

SE have been reported in a study investigating on-road driving

(8).

The results from this study indicated that the item hierarchy

of P-Drive (see Fig. 2) was in line with the theoretical frame of

reference used (2, 14). In other words, items requiring great

attention and rapid information processing were the most

challenging, such as item 11, ‘‘paying attention to fellow road

users’’, and those concerning manoeuvring were the least

challenging. Also items needing tactical decisions were more

challenging than those concerning only operational decisions.

A methodological limitation of the study was the over-

representation of male participants (87%), yet the inclusion

criteria should not necessarily favour male inclusion. In Sweden

there are no gender differences in stroke (31) or in licensing

(46% of driving licence holders are women (32)) and could

not be the reason for the over-representation. Similar over-

representations are found in other studies (Canada and The

Netherlands) measuring driving ability, with males representing

75�79% of the study population (6, 8). The reason behind the

male dominance in referrals is probably complex and would be

interesting to analyse further. One possible reason could be that

men are more strongly motivated to return to driving. Thus, it is

important that referring physicians are aware of the under-

representation of women in referrals for driving evaluations. It

would have been interesting to investigate DIF between men

and women, but in order to obtain stable item calibrations there

is a need for more women in the sample (16).

However, a pass or fail in a driving evaluation should not be

based only on P-Drive, but rather on a consensus of the patient’s

medical condition, neuropsychological status, experience, jud-

gement, etc. There is a need to investigate and develop cut-off

criteria for P-Drive. In a recent pilot study preliminary cut-off

criteria were developed using an on-road evaluation as criterion

(25). This study was very small (n�/27), and for developing

definitive cut-off a larger sample is needed. The use of on-road

driving evaluation as a criterion for standardizing assessment

tools for driving is common. However, a normal on-road

driving test is seen as a rough estimate of a participant’s ability

and it is unusual that the driving is challenging enough to detect

risky behaviour due to cognitive impairment (33). In the future

the criterion for setting cut-off for driving outcome should be

based on the total team-decision rather than a normal on-road

evaluation.

P-Drive has so far been developed and investigated for its

validity when measuring driving ability in a simulator. Un-

fortunately, simulators like the one used in this study are not

available to most rehabilitation specialists, and the technique is

seen as having potential, but being somewhat expensive to

purchase for small rehabilitation units. An alternative to

simulator driving could be to make a structured driving

evaluation in real traffic. Further studies should focus on

adding more facets to the evaluation, the influence of different

raters and settings should be imputed. The next step in the

validation of P-Drive should be to modify the assessment tool

for on-road evaluations in a sample with differential diagnoses

and with different occupational therapists as raters.
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