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Introduction 
For a person with disability who has difficulty to 

access public transportation, driving a car is an essential 

ability for the independent living and securement of 

mobility rights. Loss of driving ability is associated 

with a poorer quality of life [1-3] and return to driving 

facilitates community reintegration [4]. 

However, a driver with cognitive impairment may 

produce an increased risk of crashes. McGwin et al. 

reported that drivers who crashed were more likely to 

have had a stroke compared with drivers not involved in 

crashes [5]. But, most of these individuals resume 

driving without any formal evaluation of their driving 

ability because there is no appropriate driving 

assessment method for stroke patients in South Korea. 

The Stroke Drivers’ Screening Assessment (SDSA) 

battery, which was developed in the United Kingdom, 

has been reported as predictive of the driving 

performance of stroke patients [6, 7], and its validity in 

measuring attention and executive abilities to be critical 

for driving has been demonstrated [8]. 

The SDSA has been adapted for use in Nordic 

countries with moderate (62%) [9] to moderately high 

accuracy (78%,) [10] in predicting driving performance 

for stroke patients and in the US with high accuracy, i.e. 

100% for stroke and 82% for Parkinson disease [11]. 

However, the SDSA battery has not been adapted in 

South Korea because traffic rules and road signs are 

different between the UK and Korea. 

The aim in this study was to investigate the potential 

for predicting driving performance of Korean stroke 

patients using the SDSA and modify the SDSA battery 

to make it suitable for use in Korea.  

 

Stroke Drivers Screening Assessment 
 

Stroke Drivers Screening Assessment Overview 

The Stroke Drivers Screening Assessment (SDSA) 

was developed as part of a research program on driving 

skills after stroke at the University of Nottingham [12]. 

The SDSA consists of four test components i.e., Dot 

Cancellation for assessing concentration, Square Matrix 

Direction and Square Matrix Compass for visuospatial 

capacity, and Road Sign Recognition for non-verbal 

reasoning ability. Each task is conducted the following 

procedure. 

 

Dot Cancellation 

There are 625 groups of dots arranged in 25 rows. 

Some of the groups have 3, 4, or 5 dots on a paper. 

Participants are instructed to cross out all groups of only 

4 dots in a maximum of 15 minutes. 

 

 
Figure 1. Dot cancellation 
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Square Matrix Direction 

This test involves correctly placing 16 cards, each of 

which contains 2 vehicles traveling in different 

directions, into 16 squares arranged in a 4 by 4 matrix 

in a maximum of 5 minutes (see Figure 2). 

 

 
Figure 2. Square matrix direction 

 

Square Matrix Compass 

This test requests to place 16 cards out of 29 rotary 

cards, each of which contains 2 vehicles traveling in 

and out an roundabout in 8 directions (see Figure 3), 

into 16 squares arranged in a 4 by 4 matrix in a 

maximum of 5 minutes. 

 

 
Figure 3. Square matrix compass 

 

Road Sign Recognition 

In this test, a stroke patient is asked to match the best 

road sign from a selection of 19 road signs to 12 traffic 

situations, e.g., railroad crossing, construction zone, etc. 

(see Figure 4), in a maximum time of 3 minutes. 

 

  
Figure 4. Road sign recognition 

 
Adaptation to Korean Traffic Conditions 

There are large differences between Korean and UK 

traffic environments. Two countries have opposite 

driving directions, i.e. right handed for UK and left 

handed for Korea. Thus, the position of the driver 

behind the wheel was changed from right to left in the 

square matrix direction cards as shown in Figure 5. 

There is no change in the Dot cancellation test and 

the Square Matrix Compass test. However, many road 

signs and traffic situations were changed in the Road 

Sign Recognition test. Examples of a UK road sign and 

its Korea equivalent are shown in Figure 6. All changes 

were done in consultation with one of the developers of 

the original SDSA and Korean experts in traffic and 

road signs. Prior to implementation, the modified 

version of the SDSA was pilot tested with 5 healthy 

older drivers in Korea. 

 

Figure 5. Comparison of the UK and Korean vehicle 

cards of Square Matrix Direction 

 

Figure 6. Comparison of the UK and Korean road 

scenario and sign in Sign Recognition Test 

 

 

Method 
Participants 

To conduct a pilot study with the Korean SDSA, 7 

participants with stroke were recruited from the Kang 

Hospital at Daegu city, South Korea. All participants 

met the following inclusion criteria: had a stroke, drove 

before stroke, drove on average more than 3 years and 

scored 24 points or greater on the mini mental status 

exam. 

 
Procedure  

The experiment was conducted in a quiet room and 

administered in a one session. Following informed 

consent and completion of a questionnaire, participants 

began the sequential experiments for about 30 minutes 

(see Figure 7): Dot Cancellation (Max. 15 min.), Square 

Matrix Direction (Max. 5 min.), Square Matrix 

Compass (Max. 5 min.), and Road Sign Recognition 

(Max. 3 min.). 

UK Korea 

  

UK Korea 
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Square Matrix Compass Road Sign Recognition 

Figure 7. SDSA test procedure with a stroke patient 

 

Assessment Method 

The pass (1) and fail (2) equations of the original 

SDSA are: 

 

(Dot Cancellation Test time*0.012) + (Dot 

Cancellation Test false positive*0.216) + (Square 

Matrices Direction*0.409) + (Road Sign 

Recognition*1.168) – 13.79                    (1) 

 

 (Dot Cancellation Test time*0.017) + (Dot 

Cancellation Test time false positive*0.035) + (Square 

Matrices Direction *0.185) + (Road Sign Recognition 

*0.813) – 10.042                             (2) 

 

The participant is predicted to pass when the “Pass” 

score of a participant is higher than the “Fail” score and 

vice versa. The predicted results from the SDSA 

equations were compared with each stroke participant’s 

simulator-based driving performance to evaluate their 

driving ability.  

Results 

Prior to start the main experiments with the stroke 

patients; preliminary experiments were conducted with 

Korean healthy elderly participants using an adapted 

version of SDSA. As shown in Table 1, the Korean 

healthy older group was relatively younger that their 

peers in the UK. Comparing the performance of SDSA, 

the Korean healthy elderly group was faster but less 

accurate than their UK peers in the dot cancellation test. 

In the square matrices directions and the square 

matrices compass, the healthy older participants in 

Korea had slightly lower performance than the UK 

older group. The scores of the road recognition test in 

the Korean healthy older drivers are also slightly lower 

than the UK peers. However, the overall performance of 

the Korean stroke patients was superior to the UK 

patients, because this study included mild stroke 

patients only. 

As shown in Table 2, the Korean version of SDSA 

(K-SDSA) predicted stroke participants’ driving ability 

with 71.4% accuracy (sensitivity = 66.7%, specificity = 

75%) when comparing with the simulator-based 

performance. Although the K-SDSA had given wrong 

prediction for two participants, it showed similar 

accuracy to the other countries that had adopted the 

original SDSA. 

 

Discussion 

The stroke cohort had no apparent impairment as 

assessed by the MMSE (participated more than 24 

point), but four of seven failed in the SDSA test. 

However, one of the participants with cognitive deficits 

passed in the simulator-based driving performance 

Table 1. Comparison of UK and Korea SDSA 

 

UK Korea 

Healthy elderly Patients with Stroke Healthy elderly Patients with Stroke 

Median IQR Median IQR Median IQR Median IQR 

Age 67 64-72 73 66.5-76.0 61 59-61 47 47-57 

# of years driving 45 40-50 50 41-57 30 24-35 20 15-20 

SDSA   

Dot Cancellation   

- Time 407 347-504 504 418-715 372 348-353 489 462-611 

- Errors 7 5-5 23 8-36 20 20-22 12 8-33 

- False 

positives 
0 0-0 0 0-1 0 0-0 0 0-2 

Square Matrices 

Directions 
32 32-32 13 7.0-24.5 28 20-28 30 20-32 

Square Matrices 

Compass 
27 20-30 10 4.5-14.5 26 20-27 21 14-21 

Road Sign 

Recognition 
7 6-10 3 1.5-5.0 6 5-8 5 3-5 



 

evaluation. Though the small sample sizes make it 

difficult to interpret the results precisely, the results 

suggest that the participants had only very mild 

attention and executive function impairments for which 

they adequately compensated during simulated driving. 

Three stroke participants also failed the simulator 

evaluation and SDSA. However, one stroke participant 

passed the SDSA assessment but failed the simulator-

based evaluation. We can speculate that this participant 

did not adjust well to the driving simulator or only 

physical harm not cognition damage. 

 This is the first attempt to adapt the SDSA for use 

with a Korea-based population. Preliminary findings 

demonstrated that the K-SDSA may have the potential 

to accurately predict driving ability after stroke. The 

small sample size is a major limitation of this 

preliminary study. Thus, the predictive accuracy of the 

K-SDSA in this study should be considered as an 

indication of the potential usefulness of the SDSA. For 

the future study, larger studies are needed to better 

assess the predictive accuracy and validity of the K-

SDSA. 
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Table 2. Stroke patients` SDSA and simulator driving 

Performance (n=7) 

 Driving Performance pass/fail 

SDSA pass/fail Fail, n(%) Pass, n(%) 

Fail, n(%) 3 (42.9%) 1 (14.3%) 

Pass, n(%) 1 (14.3%) 2 (28.6%) 


