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a b s t r a c t

Eighty-five volunteer drivers, 65–85 years old, without cognitive impairments impacting on their driving
were examined, in order to investigate driving errors characteristic for older drivers. In addition, any rela-
tionships between cognitive off-road and on-road tests results, the latter being the gold standard, were
identified. Performance measurements included Trail Making Test (TMT), Nordic Stroke Driver Screening
Assessment (NorSDSA), Useful Field of View (UFOV), self-rating driving performance and the two on-road
protocols P-Drive and ROA. Some of the older drivers displayed questionable driving behaviour. In total,
21% of the participants failed the on-road assessment. Some of the specific errors were more serious than
lder driver
n-road assessment

others. The most common driving errors embraced speed; exceeding the speed limit or not controlling
the speed. Correlations with the P-Drive protocol were established for NorSDSA total score (weak), UFOV
subtest 2 (weak), and UFOV subtest 3 (moderate). Correlations with the ROA protocol were established for
UFOV subtest 2 (weak) and UFOV subtest 3 (weak). P-Drive and self ratings correlated weakly, whereas
no correlation between self ratings and the ROA protocol was found. The results suggest that specific

n an o
problems or errors seen i

. Introduction

The total number of older drivers on the roads is rapidly
ncreasing (Johansson et al., 1996) and at the same time, the traf-
c environment has gradually become more challenging (Evans,
004).

Medical conditions, for example dementia or stroke, may com-
romise driving and therefore impact on a person’s fitness to drive,

.e., the medical and functional requirements for driving. Cognitive
ssessments may contribute to determine a client’s fitness to drive,
ut there are no specified guidelines stipulating which assessment
ools to use, nor any defined cut-off scores (Swedish Transport
gency, 2010).

Several approaches have been taken to identify unsafe drivers
ith cognitive impairments (Brown et al., 2005; Mazer et al., 1998;

chanke and Sundet, 2000). Cognitive tests do provide valuable
nformation about a client’s specific abilities regarding fitness-to-

rive, e.g., divided attention. Cognitive off-road tests that are used
o make recommendations about the driving license status of a
lient with cognitive impairments would thus be expected to cor-
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E-mail addresses: helena.selander@hhj.hj.se, helena@mobilitetscenter.se
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lder person’s driving can actually be “normal driving behaviours”.
© 2011 Elsevier Ltd. All rights reserved.

relate with on-road test results. The relationships between the
results of cognitive off-road tests and driving performance are,
however, inconclusive (Akinwuntan et al., 2002; Marottoli et al.,
1998; Stutts et al., 1998). Commonly, their criterion-related valid-
ity is poor. However, the more the off-road tests simulate driving
i.e., the higher the face validity, the more clinically relevant they are
considered to be (Anstey et al., 2005). Although most cognitive tests
do not define cut-off scores to determine whether the client is a safe
driver (Dobbs et al., 1998; Reger et al., 2004; Selander et al., 2010),
they do provide the assessor with information about the client’s
cognitive functions that may have to be further assessed during an
on-road assessment (Unsworth et al., 2005).

On-road assessment is the universal criterion measurement
of driving competency or driving performance (Kay et al., 2008;
Odenheimer et al., 1994). However, the on-road assessment has
also been criticized for low validity and reliability (Fox et al., 1998;
Galski et al., 2000; Odenheimer et al., 1994). Ideally, on-road assess-
ments should be carried out on a fixed route and assess the driving
performance based on standardized observations and scoring pro-
cedures (Di Stefano and Macdonald, 2003; Fox et al., 1998; Withaar
et al., 2000). To use the same car during an on-road assessment

further enhances standardization (Fox et al., 1998).

Older driver related research has mostly been conducted
on impaired older drivers, without investigating how their
healthy counterparts perform on the same outcome variables. The

dx.doi.org/10.1016/j.aap.2011.02.007
http://www.sciencedirect.com/science/journal/00014575
http://www.elsevier.com/locate/aap
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esearchers have adopted either the number of errors made in spe-
ific traffic scenarios during the on-road assessment or the overall
erformance of participants as outcome measurements in their
tudies (Akinwuntan et al., 2002; Fox et al., 1997; Schanke and
undet, 2000). However, it has not been clear whether the errors are
ue to impairments or they simply are developed throughout life-

ong driving, contributing to possible sub-standard performances
f older drivers (Dobbs et al., 1998). There is thus a need for valid
valuation methods of driving performance in this group. However,
espite being the gold standard, the on-road assessment itself and

ts role in the decision of pass or fail have not been thoroughly
tudied. Hence, it is important to identify older drivers’ character-
stic driving errors among experienced and fit to drive persons, in
rder to improve on-road assessments for clients with cognitive
mpairments and declining competences. By exposing fit to drive
lder drivers to the same on-road and off-road tests that clients
ith cognitive impairments take, “normal” driving behaviours on
standardized on-road assessment can be revealed. In addition,

heir performances on cognitive tests may provide reference val-
es. Our primary objectives were thus to investigate what types
f driving errors are characteristic for older drivers without cogni-
ive impairments affecting their fitness to drive, and to identify any
elationships between off-road and on-road tests results.

. Methods

.1. Participants

The participants were recruited from the Vehicle Registration
ffice in Sweden. From a list, 394 randomly selected 65+ old indi-
iduals with a registered vehicle were approached by mail. Of those,
57 did not reply (non-responders) and 110 were not interested to
ake part in the investigation (42% men, N = 46), while 127 were
nterested to participate. Of these 127, 98 were selected on a first
ome-first serve basis. No data were available on the 29 who were
ot selected apart from their gender (59% men, N = 17) and that
hey were 65+. The 98 participants were interviewed by the first
uthor. Eight persons did not fulfil necessary physical and cognitive
t-to-drive requirements for safe driving according to the Swedish
ransport Agency guidelines (Swedish Transport Agency, 2010) and
ere excluded. For example, visual problems, stroke or dementia

ecame exclusion criteria. Furthermore, an inclusion criterion was
hat they should still be active drivers (minimum 3000 km/year).

hen they were interviewed, also the presence of potential other
edical conditions, e.g., heart disease, hypertension and diabetes,
as checked for on a self-report basis. The remaining 90 fulfilled all

nclusion criteria and agreed to participate in the study. However,
ve dropped out for various reasons. Hence, a total, 85 partici-
ated in the study. The participants’ mean age was 72.0 (SD = 5.3;
anging from 65 to 85), 53% being male. There was no significant
ge difference between the sexes, viz. for males the mean age was
2.7 (SD = 5.6) and for the 40 females it was 71.2 (SD = 4.8) years.
imilarly, there was no significant difference with respect to the
umber of years in school between the sexes, varying from 6 to
0 years (female mean = 10.9, SD = 3.3; male mean = 11.4, SD = 3.5).
f the 85 participants, 41% reported some sort of medical con-
ition that supposedly did not affect their fitness to drive. Some
eported multiple conditions, e.g., hypertension (N = 25), heart con-
itions (N = 15) and diabetes (N = 5). This group of 35 participants

s henceforth labelled as DMC+ (Drivers with Medical Conditions).
onsequently, the remaining 50 are labelled as DMC- (Drivers with-

ut Medical Conditions). There was no significant age difference
etween the two DMC-groups, for DMC+ the mean age was 73.0
SD = 5.3) years and for the DMC- the mean age was 71.3 (SD = 5.3)
ears.
Prevention 43 (2011) 1348–1354 1349

2.2. Procedure

The present study was approved by a local Ethical Committee
in Stockholm, Sweden in accordance with Swedish law. Prior to
their participation the participants received written information
about the study purpose and that participation would not impinge
on their driving licence. The data were collected at a driving assess-
ment unit in Stockholm, Sweden. To guarantee that the participants
fulfilled the requirements for vision, they had to undergo an exam-
ination, which included visual acuity and visual fields. They also
underwent a cognitive screening with the tests TMT A & B (Trail
Making Test), NorSDSA (Nordic Stroke Driver Screening Assess-
ment), and UFOV (Useful Field of View). However, one participant
did not complete the TMT B test and four participants did not com-
plete the UFOV test. All tests are further described below. After
these cognitive tests were completed, the participants filled in a
self rating driver performance scale.

The driving took approximately 60 min on a fixed route
(39.7 km) on public roads in a suburban district. The route is used
for on-road assessments by the driving assessment unit. An occupa-
tional therapist (OT) observed the quality of the driver’s behaviour,
e.g., following instructions, planning, manoeuvring, lane position-
ing, obeying traffic rules, interaction with other road users and the
attention using two scoring sheets further presented below. After
each test, the OT decided whether participants passed or failed
the test. The final pass/fail decision was the result of an overall
impression of the participants’ behaviour, based on the frequen-
cies and severity of observed problems. The OT was blinded to their
results from the cognitive tests, and whether they were drivers
with or without medical conditions. A driving instructor had the
safety responsibility through dual controls and gave instructions,
i.e., directions to follow throughout the route. The driving instructor
sat in the front passenger seat and the OT in the back seat to the right
(right hand driving). Sixty-six chose to drive a manual gear shifted
car, whereas the remaining 19 chose an automatic gear shifted car.

2.3. Instruments

1. The TMT (The Trail Making Test) is a cognitive test that measures
visual search and sequencing, information processing speed,
divided attention and flexibility (Reitan, 1986). The test consists
of two subtests, A & B, completed in the shortest possible time
and scored in seconds to completion.

2. The SDSA (Stroke Driver Screening Assessment) is a set of cogni-
tive tests developed to evaluate fitness-to-drive in stroke clients
(Nouri and Lincoln, 1992). The Nordic version of the SDSA, NorS-
DSA, was used in the present study. It has been validated with 97
stroke clients from Sweden and Norway (Lundberg et al., 2003).
NorSDSA comprises of four sub tests providing six sub scores:
viz. Dot Cancellation: measured in seconds to completion (max-
imum 15 min) and number of errors: Directions: maximum 32
points, Compass: maximum 32 points, and Road Sign Recogni-
tion, scored 0–12 after 3 and 5 min. Higher scores on Directions,
Compass and Road Sign Recognition are considered better than
lower. Based on results from Dot Cancellation (time and errors),
Compass and Road Sign Recognition (3 min), the test provides a
weighted overall score. SDSA provides clinically useful informa-
tion regarding cognitive functions that are important for driving,
e.g., focused and sustained attention, cognitive processing speed
and the ability to attend to two visual dimensions at the same
time.

3. The UFOV (Useful Field of View) is a PC-based visual and cogni-

tive test that includes three sub tests measured in milliseconds.
The first subtest measures processing speed only, while the sec-
ond measures processing speed for a divided attention task and
the third processing speed for a selective attention task (Edwards
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et al., 2005). The targets on the PC-screen are presented for
16–500 ms. Lower scores (ms) indicate better performance.

. A self-rating of the participants’ driving performance was
obtained on a linear scale, from 1 (poor) to 10 (excellent), where
5 was benchmarked as “the average driver”.

. P-Drive (Performance Analysis of Driving Ability) is an assess-
ment tool for measuring driving ability (Patomella et al., 2006).
It was developed for stroke clients to use in a driving simulator,
but has shown to be valid and reliable also for assessing driv-
ing ability on-road (Patomella et al., 2010). Furthermore, P-Drive
has proven to be a valid assessment protocol also for clients with
dementia or mild cognitive impairment (Patomella et al., 2010).
P-Drive was not developed on the assumption that the scores
should be summed, in order to reach an overall score. The pro-
tocol consists of 27 items or driving actions, further described
in Appendix A, e.g., steering, position on the road, attention
to the left, heeding information sign, etc. Each driving item is
scored on a scale from 1 to 4, where 4 = competent driving ability,
3 = questionable, 2 = problematic, 1 = incompetent driving abil-
ity.

. ROA (Ryd On-road Assessment) is developed (unpublished) and
clinically in use at the driving assessment unit in Stockholm. The
scoring sheet comprises seven categories, i.e., speed, position,
instruction, attention, indicator, traffic rules and manoeuvring,
with 34 specific items. The assessment is further described in
Appendix A. Errors made are graded on a 0–2 scale, where 0
implies normal driving behaviour, 1 indicates minor error, while
2 indicates a considerable risk-taking behaviour. The scores may
be summed, in order to reach an overall score.

.4. Statistical analyses
Statistical analyses were performed by SPSS® (version 17.0).
ll variables were tested for normal distribution with the use of

he Kolmogorov Smirnov test. NorSDSA Dot cancellation (time and

able 1
emographic and self rating data for the failed and passed on-road groups.

Failed on-road
(N = 18)

Passed on-road
(N = 67)

Test and
p-values

Age (mean, SD) 75.9, 6.3 71.0, 4.5 t = 3.1, p = .005*

Sex (male/female) 8/10 37/30 �2 = 0.7, p = .44
Medical conditions DMC-/7 DMC+ 39 DMC-/28 DMC+ �2 = 0.05, p = 1.00
Manual transmission 16 50 �2 = 1.66, p = .34
Self rating (mean, SD) 5.94, 1.4 6.60, 1.3 z = −2.13, p = .033*

* Significant differences between the two groups.

able 2
he off-road cognitive test results and on-road protocol results for the failed and passed o

Failed on-road (N = 18)

TMT A, mean time (s) 42.3, 95% CI = 36.5–48.2
TMT Ba, mean time (s) 98.1, 95% CI = 70.4–125
NorSDSA, Dot cancellation, median time (s) 396, [365, 518]
Median number of errors 7, [2, 12]
NorSDSA, Directions, median 32, [28, 32]
NorSDSA, Compass, mean 23.3, 95% CI = 20.7–25.9
NorSDSA, Road sign recognition, 3 min, mean 5.5, 95% CI = 4.7–6.3
NorSDSA, Road sign recognition, 5 min, mean 6.9, 95% CI = 6.2–7.7
NorSDSA, total score mean 1.47, 95% CI = 1.06–1.89
UFOVa, subtest 1, median 16, [16, 23]
UFOVa, subtest 2, median 53, [26, 126]
UFOVa, subtest 3, mean 340, 95% CI = 280–400
P-Drive, median 78, [74, 81]
ROA, median 86, [62, 111]

* Significant differences between the two groups. Bonferroni corrections: NorSDSA subse
5th percentile].
a Note: TMT B; missing data for one participant in the fail group, UFOV; missing data fo
Prevention 43 (2011) 1348–1354

errors), NorSDSA Directions, UFOV subtest 1 and 2 and self rat-
ings did not meet this requirement. Log-transformation of these
data was not performed. �2 tests, Spearman’s rank correlation tests,
Mann–Whitney U tests and Student’s t-tests were used with the ˛-
level set at .05. Since the NorSDSA and UFOV tests are developed to
measure one construct each, Bonferroni corrections of the ˛-levels
for multiple testing, in order to avoid making a type I errors, were
applied to the six subsections of NorSDSA (˛ = .008) and the three
subsections of UFOV (˛ = .016).

3. Results

All 85 participants completed the on-road assessment with an
overall pass rate of 79%, as shown in Table 1. The proportions of men
and women were equally distributed between the two groups, as
were those with and without any medical conditions. The choice of
transmission did not differ between the two groups.

As further shown in Table 1, those who failed the on-road test
were on average older and rated themselves as less good drivers
than those who passed. However, both groups rated themselves
better than the average driver, i.e., 5. As a matter of fact, 69% of all
participants considered themselves to be better than the average
driver. Another 26% rated themselves as an average driver, whereas
only 5% considered themselves as worse than the average driver.
With respect to sex, 47% of the women rated themselves as good as
the average driver or worse, whereas among men only 18% rated
themselves the same way. Furthermore, in the fail group, nearly half
of them (47%) thought they were better than the average driver.

Self ratings and the on-road scores protocols were tested for pos-
sible correlations. While P-Drive and self ratings correlated weakly
(rho = .24, p = .046), no correlation between self ratings and ROA
was found. Correlation analyses were further made between all
off-road scores (TMT, NorSDSA and UFOV) and self ratings, but no
correlations were found.

The on-road and off-road cognitive tests results are presented
in Table 2. NorSDSA Road sign recognition 5 min and UFOV subtest
3 results were both significantly better in the pass group than
in the fail group. With respect to on-road tests, the pass groups
presented with better results than the fail group in both protocols.

The cognitive off road tests, including the subtests, were corre-
lated with the two on-road protocols. Correlations with the P-Drive
protocol were significant for NorSDSA compass (rho = .28), NorS-

DSA Road sign recognition 3 min (rho = .26), NorSDSA Road sign
recognition 5 min (rho = .31), NorSDSA total score (rho = .22), UFOV
subtest 2 (rho = −.29) and UFOV subtest 3 (rho = −.45). The corre-
lations with the ROA protocol were significant for UFOV subtest

n-road groups.

Passed on-road (N = 67) Test and p-values

37.3, 95% CI = 34.2–40.5 t = 1.47, p = .15
.7 87.6, 95% CI = 78.2–96.9 t = .92, p = .36

389, [347, 425] z = −1.28, p = .20
7, [3, 13] z = −.16, p = .88
32, [32, 32] z = −2.05, p = .04
26.2, 95% CI = 24.7–27. t = −1.89, p = .06
6.7, 95% CI = 6.1–7.3 t = −1.96, p = .05
8.5, 95% CI = 7.9–9.0 t = −2.61, p = .002*

1.93, 95% CI = 1.65–2.21 t = −1.58, p = .12
16, [16, 20] z = −1.26, p = .21
26, [16, 70] z = −2.30, p = .02
195, 95% CI = 169–220 t = 5.14, p < .001*

94, [90, 96] z = −6.09, p < .001*

49, [35, 59] z = −4.82, p < .001*

ctions – ˛ = .008 and UFOV subsections – ˛ = .016. Brackets denotes [25th percentile,

r four participants in the pass group.
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Table 3
Correlations between on-road protocols and off-road tests.

P-Drive ROA

TMT A rho = −.17, p = .13 rho = .15, p = .18
TMT B rho = −.20, p = .68 rho = .17, p = .14
NorSDSA, Dot

cancellation (time)
rho = −.16, p = .14 rho = .16, p = .16

NorSDSA, Dot
cancellation (errors)

rho = .03, p = .80 rho = .14, p = .22

NorSDSA, Directions rho = .19, p = .08 rho = .15, p = .17
NorSDSA, Compass rho = .28, p = .01* rho = −.17, p = .13
NorSDSA, Road sign

recognition, 3 min
rho = .26, p = .02* rho = −.08, p = .49

NorSDSA, Road sign
recognition, 5 min

rho = .31, p = .004* rho = −.17, p = .14

NorSDSA, total score rho = .22, p = .047* rho = −.15, p = .18
UFOV, subtest1 rho = −.15, p = .17 rho = .20, p = .07
UFOV, subtest 2 rho = −.29, p = .008* rho = .27, p = .02*

UFOV, subtest 3 rho = −.45, p < .001* rho = .36, p < .001*

* Significant correlations between the protocols and off-road tests.

F
i
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(rho = .27) and UFOV subtest 3 (rho = .36). All correlations are
resented in Table 3.

For both groups, six P-Drive items had a mean score of ≤3, viz.
eeding signs, attending to the left, attending to the right, follow
peed regulation, giving right of way, and speed control high pace.
ig. 1 shows these items for both the fail and the pass groups.

In seven items within the ROA-protocol the most frequent errors
ere made, viz. obeying speed limit, change gear, do not use indica-

or, blind spot to the left, attention to the left, attention to the right,
peed – too fast. Fig. 2 shows these items for both the fail and the
ass groups. When further scrutinising the overall ROA results, age
as found to correlate negatively with them (rho = .348, p = .001).
owever, this correlation was weak.

Although no valid pass/fail cut-off values were given by the orig-
nator of the two off-road tests that showed different outcomes
etween the fail and the pass group, i.e., NorSDSA Road sign recog-
ition 5 min and UFOV subtest 3, we elaborated with different
entative cut-off values, based on the mean values presented in

able 2, to establish the optimal cut-off value for each of them,
iven our results. The same analysis was applied on the two on-road
rotocols, P-Drive and ROA, that also displayed different outcomes
etween the two groups.

Fig. 1. Mean score of P-Drive items (1 = incompetent driving ability, 4 = competent driving ability). Error bars indicate standard error of the mean (SE).

ig. 2. Mean score of ROA items (0 = normal driving performance, 1 = minor error and 2 = considerable risk-taking performance. The errors are summed up.). Error bars
ndicate standard error of the mean (SE). “Obeying speed limit” refers to actual speed limit, whereas “Speed adjustment – too fast” refers to controlling and adjustment of
peed.
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Fig. 5. Sensitivity, Specificity, Positive predictive value (PPV), Negative predictive
alue (NPV) and Correctly classified, all presented as percentage-values, for differ-
nt cut-off values for NorSDSA Road sign recognition 5 min. The actual percentage
gures for correctly classified are displayed.

As shown in Fig. 3, the combined sensitivity/specificity curve
rosses at 7, suggesting that as the optimal cut-off value for the
orSDSA Road sign recognition 5 min. Interestingly, the percentage
f correctly classified was higher for a cut-off value at 6, but then
he sensitivity becomes low.

As shown in Fig. 4, the combined sensitivity/specificity curve
rosses at 250, suggesting that as the optimal cut-off value for the
FOV subtest 3. The percentage of correctly classified was higher

or a cut-off value at 350, but then the sensitivity becomes low.
As shown in Fig. 5, the combined sensitivity/specificity curve

rosses at 85, suggesting that as the optimal cut-off value for the
-Drive protocol. The percentage of correctly classified peaks at the
ut-off value 85.

As shown in Fig. 6, the combined sensitivity/specificity curve
rosses at 60, suggesting that as the optimal cut-off value for the
OA protocol. The percentage of correctly classified was higher for
cut-off value at 70, but then the sensitivity becomes low.

. Discussion

To use standardized methods for assessing fitness to drive is

mportant for valid and reliable outcomes. On-road evaluations are
ften used in different ways, e.g., with different protocols, evalua-
ors and scoring. However, on-road assessments still have high face
alidity and are generally seen as the gold standard despite such

53

65

74
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0
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cut-off
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cut-off
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cut-off
value 300
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UFOV subtest 3

Sensi�vity %
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PPV  %

NPV %
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ig. 4. Sensitivity, Specificity, Positive predictive value (PPV), Negative predictive
alue (NPV) and Correctly classified, all presented as percentage-values, for differ-
nt cut-off values for UFOV subtest 3. The actual percentage figures for correctly
lassified are displayed.
value (NPV) and Correctly classified, all presented as percentage-values, for different
cut-off values for P-Drive. The actual percentage figures for correctly classified are
displayed.

weaknesses (Odenheimer et al., 1994). In the present study, the
same standardized route, evaluator and scoring protocol routines
as used in the driving assessment clinic were applied. The results
show that some of the older drivers, without cognitive impair-
ments impacting on their driving, displayed questionable driving
behaviour. These findings indicate that we should be aware of the
fact that some specific problems or errors can actually be “normal
driving behaviours” and not due to cognitive impairments in the
driver. When the outcome of an on-road assessment has conse-
quences for the driver’s license status, this awareness is important
for the assessor to keep in mind when assessing that driver’s par-
ticular fitness to drive.

Despite the fact that the participants in our study reported
themselves as fit to drive, every fifth failed the on-road assessment.
Other researchers have also found a great number of unimpaired
drivers who failed the on-road test (Dobbs et al., 1998; Lundqvist
et al., 2000; Soderstrom et al., 2006). In the Lundqvist et al. study
20% of their controls failed, whereas 50% of the controls failed
in a study by Soderstrom and colleagues (Lundqvist et al., 2000;
Soderstrom et al., 2006). Those who failed in our study most fre-
quently had problems with controlling speed and obeying speed
limits. This phenomenon is surprising, since older drivers generally

are believed to drive more slowly and self-regulate their driv-
ing (Persson, 1993), and it should be subjected to future research.
The participants frequently exceeded the speed limit on the route,
which may represent “normal driving behaviour”, for example on
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ighways. However, older drivers avoid challenging situations (Ball
t al., 1998), but they often drive in high risk environments in urban
reas (Di Stefano and Macdonald, 2003). In these areas they are
ependent on, for example, controlling and safely adjusting their
peed and attention to other road users. Our participants had dif-
culties maintaining the speed or controlling it. They often drove
oo fast for a specific traffic situation or condition. That is a more
erious error and risk-taking behaviour.

Furthermore, the speeding problems would possibly also have
ffected the manoeuvring skills, e.g., gear changing. Although the
n-road outcome was not affected by transmission type (manual
s. automatic gear shifting), changing gear was the fourth most
ommon driving error in the ROA protocol, particularly for the fail-
roup. However, some of these errors are probably not dangerous
or others, like gear changing and using indicators, and can rep-
esent normal driving behaviour or “bad habits”. Gear changing is
ften seen as an automatic task and should not be a problem for an
xperienced driver (Shinar et al., 1998), but for the older driver the
xecution of motor skills can become less automatic than they used
o (Brouwer and Ponds, 1994), which could affect gear changing.

Lack of attention is a serious error when driving demands inter-
ction with other road users. Errors concerning attention were
bserved and scored frequently, both to the right and to the left.
upported by previous research (Di Stefano and Macdonald, 2003;
ay et al., 2008; Wood et al., 2009), failure to check the blind spot
as also a common driving error. A question that arises from our
ndings is: do the speeding problems cause some of the other driv-

ng errors? For an older driver a higher speed would make it more
ifficult to maintain the visual attention needed for safe driving.
eclines in visual attention have previously been associated with
n increased crash risk in older drivers (Ball et al., 1993; Owsley
t al., 1998). Our results displayed some driving behaviours in older
rivers that were questionable and may cause problems. Some of
he specific errors were more serious than others. Thus, there may
e a need for re-training of older drivers or to find other solutions
o help them maintain safe driving, like gear changing and speed
ontrol.

The present study comprised drivers from 65 to 85 years old.
hose who failed the on-road test were on average older than
hose who passed. The on-road performance, as measured by one of
he on-road protocols, weakly correlated with age. However, from
his cross-sectional study, comprising drivers with such a large age
pan, no conclusions should be drawn upon these facts. The findings
ay simply reflect a cohort effect.
A discrepancy between the participants’ subjective driving skills

nd actual driving behaviour was found, a finding further supported
y other studies confirming that drivers generally have overly posi-
ive beliefs in their own driving skills (Freund et al., 2005; Lundqvist
t al., 1997; Marottoli and Richardson, 1998; Patomella et al., 2008).
s a matter of fact, self ratings tend to be severely biased in favour of

he person’s own driving performance, as confirmed by our results.
he overestimation of their driving skills may imply that they do

ot modify their driving sufficiently, e.g., by avoiding difficult situa-
ions. In addition, this finding sends the message that self-reported
riving skills should be viewed with care.

Items

7. Reversing the car
1. Steering 8. Following instructions
2. Changing gears 9. Finding the way
3. Using pedals 10. Position on the road
4. Controlling speed, low pace 11. Keeping distance
5. Controlling speed, high pace 12. Organising
6. Using indicators 13. Giving right-of-way
Prevention 43 (2011) 1348–1354 1353

What other implications do our results suggest? Off-road tests
may in clinical practice identify clients that are far from fit to drive
and for safety reasons should not even be tested on road. Offering
a high degree of standardization, off-road tests could also guide
the on-road evaluator to assess skills that do need extra attention
during the on-road assessment (Mazer et al., 1998; Unsworth et al.,
2005). However, the outcomes of only two sub tests in our off-road
test battery that were actually significantly different between the
fail group and the pass group suggests limited benefits from the
off-road tests used for the target group of the present study.

On-road tests have good face validity and are seen as the most
accurate measurement of driving competence (Hunt et al., 1993),
despite lack of standardization and data on reliability and valid-
ity (Withaar et al., 2000). However, clinical on-road assessments
are not always used as a complement to off-road fitness-to-drive
assessments (Larsson et al., 2007). To enhance validity, the on-road
assessment should include a variety of situations that drivers nor-
mally encounter on a daily basis. However, constructing realistic
measurements of driving performance has in previous research
been proven difficult (Anstey et al., 2005). For example, an on-road
assessment may never be completely standardized regarding other
road users.

The present study comprised a rather small sample and there
were no measurements of inter-rater reliability. Instead, the on-
road performance was based on the OT’s subjective impression of
the older drivers’ overall driving behaviour. The pass/fail outcome
was not based on the total number of driving errors, which can
be seen as another limitation concerning validity of the present
study. Yet another limitation of the present study was the drivers’
self reported health statues. Drivers with cognitive impairments
could be present in both DMC-groups, which is likely to introduce
unknown bias. Moreover, the representativeness of the sample is
unclear, since the characteristics of those who did not participate
remain unknown.

5. Conclusions

To use standardized methods for assessing fitness to drive is
important for valid and reliable outcomes. The results show that
some of the older drivers, without cognitive impairments impact-
ing on their driving, displayed questionable driving behaviours.
These findings indicate that we should be aware of the fact that
some specific errors can actually be “normal” driving behaviours or
“bad habits” habituated in years of driving. The current study also
identified two cognitive subtests, which only weakly correlated to
the result of the on-road assessment.
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Appendix A. The two scoring protocols used in the study

A.1. P-Drive (Performance Analysis of Driving Ability)

14. Yielding 21. Heeding warn/prohibition signs
15. Obeying stop regulation 22. Heeding regulation sign
16. Follow speed regulation 23. Heeding information sign

17. Attending straight ahead 24. Attention to fellow road users
18. Attending to the right 25. Reacting to fellow road users
19. Attending to the left 26. Focusing
20. Attending to mirrors 27. Solving problems
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.2. ROA (Ryd On-road Assessment)

1. Speed 2. Position 3. Attention 4. Indicat

A. Too fast for
the situation

A. To the right A. To the right A. Does n
indicator

B. Too slow for
the situation

B. To the left B. To the left B. Wrong
direction

C. Slow/late
braking

C. Close to the
vehicle in front

C. Ahead C. Too lat

D. Brake
without reason

D. Sway
between lanes

D. To the rear incl.
rear-view mirror

D. Too ea

E. Blind spot, to the right E. Does n
switch of

F. Blind spot, to the left
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