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Abstract.	 [Purpose] This study examined the usefulness of the DriveABLE cognitive assessment tool (DCAT) 
in predicting the driving risk factor of stroke patients, and compared the cognitive and driving functions of two 
groups discriminated by DCAT. [Subjects and Methods] A total of forty-two stroke patients with a driver’s license 
participated in this study. Two participants with communication problems were excluded. DCAT was used to evalu-
ate the risk potential to the driver, and the subjects were classified into two groups according to the probability of 
driving risk estimated by the DCAT evaluation. The safe driver group (SDG) and unsafe driver group (USDG) 
underwent a driving simulator and cognitive function assessments. [Results] The results of the SDG and USDG 
were compared. The SDG showed higher cognitive function than the USDG. In addition, the SDG showed higher 
ability than the USDG in most of the tests associated with the driving function (pedal reaction time, average reac-
tion time, centerline crossing, road edge excursion, off-road accidents, collisions). [Conclusion] DCAT is a useful 
tool for predicting the risk of driving. In addition, it can predict the driving ability of stroke patients related to the 
cognitive function. Nevertheless, a multi-faceted study of associated with driving and cognitive functions for safe 
driving will be needed.
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INTRODUCTION

Safe driving comprises of complex activities associated 
with various cognitive, sensory, motor, and physical fac-
tors1). Cognitive function is the most important factor lead-
ing to the implementation of a safe driving model for stroke 
patients2, 3). Stroke patients with cognitive impairments are 
often not allowed to drive4, 5). Disruption of any activity is an 
important change that impedes the activities of daily living 
of stroke patients. Because driving is an important means of 
transportation, many stroke patients who previously drove 
wish to drive a car again6–8). Therefore, a system for evaluat-
ing the driving ability of stroke patients is required.

An on-road driving evaluation is the most definitive as-
sessment method9). However, an on-road test has problems 
regarding time, cost, accident risks of a direct assessment; 
hence, it’s difficult to use widely2). Cognitive assessment is 
used as a driving screening tool for stroke patients because 
of low cost, safety, and high correlation with a driving evalu-

ation10). The assessments currently used in clinical settings 
include the trail making test (TMT), the useful field of view 
test (UFOV), the mini mental state examination (MMSE), 
and the reaction time (RT) test5). To assess the driving ability 
of stroke patients, it is important to evaluate the cognitive 
functions of attention, memory, reaction time, and problem 
solving. The DriveABLE cognitive assessment tool (DCAT) 
was developed to assess the cognitive functions related to 
driving, and has been used to predict the risk potential of 
a driving evaluation11). In addition, a driving simulator can 
evaluate a subject’s ability under virtual driving conditions, 
and can predict the risk of an on-road test2, 12).

This study examined the usefulness of DCAT for predict-
ing the driving risk factors of stroke patients, and compared 
the driving functions of safe drivers and unsafe drivers in a 
driving simulator test.

SUBJECTS AND METHODS

Forty-four subjects with stroke participated in this study. 
The study participants were enrolled from inpatients at 
a rehabilitation-care hospital in Korea. All the subjects 
provided their written informed consent to participation in 
this experiment in accordance with the ethical principles 
of the Declaration of Helsinki. Participants with no visual 
problems and no history of seizures or epilepsy within the 
last 6 months were included. Two participants with commu-
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nication problems were excluded, leaving 42 stroke patients 
with a driver’s license in this study. Table 1 lists the clinical 
and general characteristics of the participants; there were no 
significant differences between the groups.

This study was carried out in 4 steps. In the first step, 
DCAT was used to evaluate the risk potential of the driver. 
In the second step, the subjects were classified into two 
groups according to the reference probability driving risk 
(25%) of the DCAT evaluation. In the next step, the safe 
driver group (SDG) (n=11) and unsafe driver group (USDG) 
(n=31) underwent driving simulator and cognitive function 
assessments. In the final step, the evaluation results of the 
SDG and USDG were compared.

DCAT is an in-office assessment system for screening 
the risk of a driver. It measures memory, attention, danger 
judgment, reaction time, and decision-making11). The 
measurement results were encrypted and transmitted to a 
central computer, DCAT. The data was analyzed to predict 
the risk of an on-road driving evaluation. The MMSE has 

been reported to be associated with driving12). The TMT is 
divided into A or B types, and it measures response time, 
attention, sequencing, executive function, and visual scan-
ning5, 12). The results of these tests were used to evaluate 
the cognitive function of the participants in this study. The 
driving simulator used in this study was the STISIM Drive 
System-M100 (Systems Technology, USA) that provides 
diverse driving situations, customizable roadway environ-
ments and uses an extensive library of roadway objects13). 
The driving simulator consists of a scenario assessment and 
a pedal reaction time test. The scenario assessment evaluates 
the driving function, such as the average response time, the 
speed exceedance, centerline crossing, road edge excursion, 
off-road accidents, and collisions.

SPSS 18.0 was used for statistical analysis, and the means 
and standard deviations were calculated. The independent 
t-test used to assess the differences in the cognitive and driv-
ing functions between the SDG and USDG. A p value < 0.05 
was considered significant.

Table 1.	General characteristics of the participants (n=42)

Characteristics SDG (n=11) USDG (n=31)
Gender (male/female) 8/3 28/3
Age (years) 50.1±10.2 57.3±11.3
Education (pre/middle/high/above) 2/1/1/7 2/7/7/15
After stroke (months) 61.2±58.0 55.9±55.2
Affected side (Right/Left) 6/5 12/19
Type (Infarction/Hemorrhage) 6/5 18/13
Past driving experience (months) 18.9±5.7 15.6±3.4
Probability of driving risk 7.2±9.2 65.1±16.4
SDG: the safe driver group; USDG: the unsafe driver group

Table 2.  Comparison of the cognitive and driving functions between SDG and USDG

SDG (n=11) USDG (n=31)
Cognitive 
Function

MMSE Score 29.55±0.69 23.68±4.86**
TMT-A Mean time (second) 35.59±15.88 114.81±103.01**
TMT-B Mean time (second) 79.91±225.00 40.26±171.36**

Driving 
function

Pedal reaction time Mean time (second) 0.62±0.20 1.54±1.44**
Average reaction time Mean time (second) 0.86±0.22 1.65±1.05**

Speed exceedance
Numbers (n) 3.36±3.61 4.45±3.33

Mean time (second) 9.69±7.69 15.70±11.31
Percentage (%) 10.91±14.69 20.34±20.26

Centerline crossing
Numbers (n) 1.45±3.86 15.65±18.38*

Mean time (second) 1.08±2.07 3.32±3.37*
Percentage (%) 0.81±2.29 8.10±10.00*

Road edge excursion
Numbers (n) 3.64±4.41 14.74±16.82**

Mean time (second) 1.50±1.22 4.57±2.87**
Percentage (%) 1.40±1.88 8.97±9.40**

Off-road accidents Numbers (n) 0.27±0.65 5.71±12.17*
Collisions Numbers (n) 0.36±0.92 3.16±2.67**

SDG: the safe driver group; USDG: the unsafe driver group; MMSE: mini mental state examination; TMT-A: 
trail making test-type A; TMT-B: trail making test-type B
*p<0.05, **p<0.01
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RESULTS

As listed in Table 2, all items of the cognition test showed 
significant differences between the two groups. The SDG 
showed higher cognitive function than the USDG. The items 
of driving function showed significant differences between 
the two groups. The SDG showed better results in most of 
the tests associated with the driving function (pedal reac-
tion time, average reaction time, centerline crossing, road 
edge excursion, off-road accidents, and collisions) than the 
USDG. On the other hand, the speed exceedance value was 
similar in the two groups.

DISCUSSION

The main purpose of this study was to compare the cogni-
tive and driving functions of two groups discriminated by 
DCAT. The usefulness of DCAT in predicting the driving 
risk factor of stroke patients was confirmed by the results of 
this study. The cognitive functions include attention, memo-
ry, reaction time, executive function associated with driving 
factors. The MMSE evaluates the cognitive functions related 
to driving12, 14). TMT-A can evaluate the reaction time, visual 
scanning and visual attention. The TMT-B can also evaluate 
the executive function among the cognitive functions5, 12, 14).

The SDG and USDG discriminated using DCAT showed 
significant differences in their MMSE, TMT-A and TMT-B 
results. These results show that the prediction method of 
driving risk by DCAT is useful. In addition, the SDG showed 
higher cognitive function and safer driving function than the 
USDG. These results suggest that the DCAT is a useful tool 
for predicting the risk of driving. These results are consistent 
with a previous study which showed that DCAT can predict 
the driving ability of stroke patients and is related to their 
cognitive function5).

An on-road driving evaluation is the gold-standard assess-
ment method, but it has time and cost issues, and potential 
accident risks9, 15). A driving simulator reproduces the actual 
driving status, and a safe evaluation is possible2). For this 
reason, this study analyzed driving function using a driv-
ing simulator. The SDG showed significantly better results 
than USDG for pedal reaction time, average reaction time, 
centerline crossing, road edge excursion, off-road accidents, 
and collisions. The driver risk classification based on DCAT 
provided confirmatory evidence. On the other hand, the 
speed exceedance value was similar in the two groups. This 
result has been attributed to self-enhancement effects16–18). 
In other words, the SDG, who had relatively good driving 
skills, drove at a high speed due to psychological changes.

A limitation of this study was that it did not compare the 

psychosocial factors associated with driving. Therefore, 
future research using a sufficient sample size will be needed 
to obtain strong evidence for safe driving factors associated 
with psychosocial function to clarify the results of this study. 
In addition, a multi-faceted study of driving and cognitive 
functions for safe driving will be required.

REFERENCES

1)	 Anstey KJ, Wood J, Lord S, et al.: Cognitive, sensory and physical factors 
enabling driving safety in older adults. Clin Psychol Rev, 2005, 25: 45–65. 
[Medline]  [CrossRef]

2)	 Akinwuntan AE, Wachtel J, Rosen PN: Driving simulation for evaluation 
and rehabilitation of driving after stroke. J Stroke Cerebrovasc Dis, 2012, 
21: 478–486. [Medline]  [CrossRef]

3)	 Cho K, Yu J, Jung J: Effects of virtual reality-based rehabilitation on upper 
extremity function and visual perception in stroke patients: a randomized 
control trial. J Phys Ther Sci, 2012, 24: 1205–1208.  [CrossRef]

4)	 Jung NH, Kim H, Chang M: Muscle activation of drivers with hemiplegia 
caused by stroke while driving using a steering wheel or knob. J Phys Ther 
Sci, 2015, 27: 1009–1011. [Medline]  [CrossRef]

5)	 Marshall SC, Molnar F, Man-Son-Hing M, et al.: Predictors of driving 
ability following stroke: a systematic review. Top Stroke Rehabil, 2007, 14: 
98–114. [Medline]  [CrossRef]

6)	 Fisk GD, Owsley C, Pulley LV: Driving after stroke: driving exposure, 
advice, and evaluations. Arch Phys Med Rehabil, 1997, 78: 1338–1345. 
[Medline]  [CrossRef]

7)	 Quigley FL, DeLisa JA: Assessing the driving potential of cerebral vas-
cular accident patients. Am J Occup Ther, 1983, 37: 474–478. [Medline]  
[CrossRef]

8)	 Nouri FM, Lincoln NB: Predicting driving performance after stroke. BMJ, 
1993, 307: 482–483. [Medline]  [CrossRef]

9)	 Meyers JE, Volbrecht M, Kaster-Bundgaard J: Driving is more than pedal 
pushing. Appl Neuropsychol, 1999, 6: 154–164. [Medline]  [CrossRef]

10)	 Innes CR, Jones RD, Dalrymple-Alford JC, et al.: Sensory-motor and cog-
nitive tests predict driving ability of persons with brain disorders. J Neurol 
Sci, 2007, 260: 188–198. [Medline]  [CrossRef]

11)	 Dobbs AR: Accuracy of the DriveABLE cognitive assessment to deter-
mine cognitive fitness to drive. Can Fam Physician, 2013, 59: e156–e161. 
[Medline]

12)	 Seong-Youl C, Jae-Shin L, A-Young S: Cognitive test to forecast unsafe 
driving in older drivers: meta-analysis. NeuroRehabilitation, 2014, 35: 
771–778. [Medline]

13)	 Gaudet J, Bélanger MF, Corriveau H, et al.: Investigating the autonomic 
nervous system and cognitive functions as potential mediators of an as-
sociation between cardiovascular disease and driving performance. Can J 
Physiol Pharmacol, 2013, 91: 346–352. [Medline]  [CrossRef]

14)	 Mathias JL, Lucas LK: Cognitive predictors of unsafe driving in older 
drivers: a meta-analysis. Int Psychogeriatr, 2009, 21: 637–653. [Medline]  
[CrossRef]

15)	 Stutts JC, Wilkins JW: On-road driving evaluations: a potential tool for 
helping older adults drive safely longer. J Safety Res, 2003, 34: 431–439. 
[Medline]  [CrossRef]

16)	 Malik S, Khan M: Impact of facebook addiction on narcissistic behavior 
and self-esteem among students. J Pak Med Assoc, 2015, 65: 260–263. 
[Medline]

17)	 Harré N, Foster S, O’neill M: Self-enhancement, crash-risk optimism and 
the impact of safety advertisements on young drivers. Br J Psychol, 2005, 
96: 215–230. [Medline]  [CrossRef]

18)	 McCormick IA, Walkey FH, Green DE: Comparative perceptions of driver 
ability—a confirmation and expansion. Accid Anal Prev, 1986, 18: 205–
208. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/15596080?dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2004.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21236698?dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2010.12.001
http://dx.doi.org/10.1589/jpts.24.1205
http://www.ncbi.nlm.nih.gov/pubmed/25995544?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1009
http://www.ncbi.nlm.nih.gov/pubmed/17311796?dopt=Abstract
http://dx.doi.org/10.1310/tsr1401-98
http://www.ncbi.nlm.nih.gov/pubmed/9421988?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(97)90307-5
http://www.ncbi.nlm.nih.gov/pubmed/6614127?dopt=Abstract
http://dx.doi.org/10.5014/ajot.37.7.474
http://www.ncbi.nlm.nih.gov/pubmed/8400933?dopt=Abstract
http://dx.doi.org/10.1136/bmj.307.6902.482
http://www.ncbi.nlm.nih.gov/pubmed/10497691?dopt=Abstract
http://dx.doi.org/10.1207/s15324826an0603_3
http://www.ncbi.nlm.nih.gov/pubmed/17544448?dopt=Abstract
http://dx.doi.org/10.1016/j.jns.2007.04.052
http://www.ncbi.nlm.nih.gov/pubmed/23486817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25318777?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23656301?dopt=Abstract
http://dx.doi.org/10.1139/cjpp-2012-0342
http://www.ncbi.nlm.nih.gov/pubmed/19470197?dopt=Abstract
http://dx.doi.org/10.1017/S1041610209009119
http://www.ncbi.nlm.nih.gov/pubmed/14636665?dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2003.09.014
http://www.ncbi.nlm.nih.gov/pubmed/25933557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15969832?dopt=Abstract
http://dx.doi.org/10.1348/000712605X36019
http://www.ncbi.nlm.nih.gov/pubmed/3730094?dopt=Abstract
http://dx.doi.org/10.1016/0001-4575(86)90004-7

