												1
[bookmark: _Hlk2079263][bookmark: _GoBack]Additional File 3
Review of primary studies using driving simulators for rehabilitation within ABI samples. 
This table summarizes primary studies that have used driving simulators for rehabilitation within an ABI population. Studies were identified and evaluated for their content and methods of delivery. Citation, study design, sample characteristics and size, intervention details, main outcome measure and key findings are reported. 
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	Study Design
	Sample
	Sample size
	Intervention details
	Outcome measure 
	Results

	Cox et al. 2010 (13)
	RCT
Simulator-based training + receiving residential rehabilitation vs. receiving residential rehabilitation only

	Military personnel, with closed head injury
M RBANS score (range) = 19.2 (0-53) intervention group; 23.3 (0-86) control group


	N = 11
	4-6 sessions 
~ 60 to 90 minutes per session
Strategies included: 
Practice and repetition of progressively complex skills
Task and context specific
Skills practiced: Operational (lane position, braking, acceleration, signalling) and tactical (dealing with distractions, overtaking, merging, appropriate use of mirrors)
Simulator sickness protocol adopted
	Driving performance on simulator 
Assessed by researcher (no formal experience in driving rehabilitation)
	Driving performance within simulator improved significantly in the intervention group only for steering, executing turns, responding to unexpected events, adherence to simulator instructions (all p < .01) and compliance with road rules (p < .05)
Control group had no significant differences (p > .05 for all)

	Gamache, Lavallière, Tremblay, Simoneau & Teasdale, 2011 (14)
	Single case study
	Severe traumatic brain injury
LOC = 13 days
PTA = 25 days
5 years post-injury, within average/normal range on cognitive and physical tests
	N = 1
	25 sessions
Strategies included: 
Provision of feedback
Tailored sessions to individual weaknesses identified at initial on-road assessment
Repetition and practice of identified driving skills
Task and context specific
Skills practiced: Operational (speed and position, perception of environment) and tactical (risk awareness)
	Driving performance on simulator 

	Later sessions were associated with reduced reaction time (cognitive load), improved speed regulation at intersections and better vehicle positioning within-simulator
These improvements persisted at one year follow up except for vehicle positioning (reverted to a leftward tendency)

	Akinwuntan et al. 2005 (15) ; Devos et al. 2009 (16)
	RCT
Simulator-based training vs. driving-related cognitive tasks

	Stroke patients (first stroke; fewer than 3 months post stroke)
Previously licensed and active drivers [M Years (SD) = 34 (12) intervention group; 32 (11) control group]
Aged less than 75 years
No aphasia
No epilepsy in previous 6 months 
M Barthel index (SD) = 70 (25) intervention group; 78 (28) control group
Median MMSE years (IQR) = 30 (30-27) intervention group; 30 (30-27) control group
	N = 83
	15 sessions (spread over 5 weeks at 1 hour a day, three times a week)
Strategies included: 
Provision of feedback
Practice and repetition 
Progression based on mastering different components
Basic to complex skill progression
Task and context specific
Skills practiced: Operational (road sign recognition, lane positioning, speed control) and higher-order tactical (dealing with unexpected multitasking traffic situations, anticipation, lane changing, hazard perception and judgment);
Divided attention

	Multidisciplinary assessment including occupational therapy on-road assessment 
Assessed by driving assessment experts (physician; Psychologist; occupational therapist)
	Significantly greater proportion of intervention group were determined as fit to drive post-training 
Significantly greater improvements in anticipation and perception of signs, visual behaviour and communication, quality of traffic participation, and turning left for intervention group from pre- to post- training

	Mazer et al. 2015 (17)
	RCT
Simulator-based training vs. No training
	Persons with non-degenerative acquired or traumatic brain injury 
Previously licensed and active drivers [M Years (SD) = 41.8 (18.4) intervention group; 46.3 (13.0) control group]
Failed driving assessment or were recommended lessons
71% determined to have severe driving impairment; 29% moderate impairment
M FIM score (SD) = 118.4 (6.3) intervention group; 121.0 (4.2) control group
	N = 45
	16 sessions (2 times per week for 8 weeks)
60 minutes per session
Strategies included: 
Provision of feedback
Increased attention to specific areas of difficulty
Basic to complex skill progression
Task and context specific
Skills practiced: 
Operational (steering, braking, acceleration, signalling, wipers, road sign recognition, turning) and tactical (merging from parked position, lane changing, intersection negotiation, overtaking, gap selection, hazard perception, responding to environmental conditions)

	On-road assessment
Assessed by specialised occupational therapy driving assessor
	No significant difference between the simulator and control groups in the number of individuals who passed and failed the on-road evaluation
Results of subgroup analyses indicate that intervention effectiveness did not vary according to diagnosis or gender
While there was no effect of simulator training for those with severe driving-related impairments, participants with moderate impairments who received simulator training were significantly more likely to pass the on-road driving test compared with those in the control group.

	Imhoff, Lavallière, Germain-Robitaille,  Teasdale & Fait, 2017 (18)
	Single case study
	Moderate traumatic brain injury
Lowest GCS = 10
Learner’s permit and minimal driving experience
	N = 1
	11 sessions (over a 5-week period)
Strategies included: 
Provision of feedback
Task and context specific
Skills practiced: 
Operational (road sign and traffic light recognition, steering through turns) and tactical (lane changing, overtaking)
Acclimation scenario adopted
	Driving performance on simulator 
Assessed by occupational therapist
	Within-simulator speeding duration decreased during intervention but returned to initial duration after removal of feedbacks for the final assessment
Within-simulator lateral positioning improved with intervention and was maintained at the final assessment
Subsequently failed occupational therapy on-road assessment due to poor tactical skills
Learner’s permit not renewed


	Akinwuntan et al. 2014 (78)
	Mixed between-within design (pre-post intervention)
Simulator-based training vs. No training
	Diagnosis of relapsing-remitting multiple sclerosis
EDSS score between 1-7 
Aged 25-75 years
Possess driver’s license; active drivers with greater than 5 years’ experience [Median Years (IQR) = 27 (20-35) intervention group; 36 (18-38) control group]
20/60 of binocular acuity and 140 of peripheral visual ﬁeld 
Median Barthel index (IQR) = 100 (95-100) intervention group; 100 (90-100) control group
Median MMSE years (IQR) = 30 (30-29) intervention group; 30 (30-30) control group
	N = 42
	5 hours of training 
60 minutes per week over 5 consecutive weeks
Strategies included: 
Provision of feedback
Tailored sessions to individual strengths and weaknesses
Task and context specific
Skills practiced: Operational and tactical skills chosen based on individual strengths and weaknesses

	On-road assessment
Assessed by certified driving instructor
	No within- and between-group differences in pass/fail outcome were observed at pre- and post-training (p > .05)
When pre- to post-training performances on the on-road test by participants in the training group were compared, the difference tended toward significance (p=.09)
Control group made no clinically important improvements from pre- to post-training (i.e. performances remained the same)
Pre-training performances of participants in the mild severity subgroup (EDSS = 1-2.5) did not improve at post-training; however, there was a greater proportion of participants in the moderate severity (EDSS= 3-7) subgroup that improved their outcome from pre-training to post-training

	Devos et al. 2010a 
	Follow-up RCT
Simulator-based training vs. driving-related cognitive tasks

	Stroke patients from Akinwuntan et al. (2005) randomized controlled trial
Median Barthel index (IQR) = 95 (75-100) intervention group; 95 (90-100) control group
	N = 61
	Same as Akinwuntan et al. (2005)

	Multidisciplinary assessment including occupational therapy on-road assessment 
Assessed by driving assessment experts (physician; Psychologist; occupational therapist)
	There was no difference in improvement on the fitness to drive decision between the two groups over time
The difference in success rates between groups was not significant at 5-year follow up


	Classen et al. 2014 (79)
	Pre-post intervention
	Community-dwelling combat veterans with diagnosis of mTBI, PTSD, or orthopaedic injury
Driving prior to the injury/condition
Possess valid driver’s license
MMSE score of at least 24 

	N = 8
	3 sessions (over 6 to 8 weeks)
~ 60 to 90 minutes per session
Strategies included: 
Provision of feedback
Task and context specific
Skills practiced: 
Visual search
Divided attention
Acclimation scenario adopted; Monitored simulator sickness
	Driving performance on simulator 
Assessed by specialised occupational therapy driving assessor
	At post-testing, a significant (p < 0.05) decrease was noted for total errors and lane maintenance in simulator
No changes in simulator sickness score, gap selection errors, signalling errors, errors in responding to other road stimuli, positioning errors, speed regulation and visual scanning in simulator

	Classen et al. 2017b
	RCT
Simulator-based training vs. traffic safety education
	Community-dwelling combat veterans with polytrauma (mTBI, PTSD, orthopaedic injury)
Driving prior to the injury/condition
Possess valid driver’s license
MMSE score of at least 24 
Exclusion of those with severe psychiatric and physical conditions; have multiple psychotropic medications that may affect mental or physical functioning
	N = 26
	3 sessions
60 minutes per session
Strategies included: 
Provision of feedback
Tailored sessions to individual strengths and weaknesses
Task and context specific
Skills practiced: 
Visual search
Tactical skills (intersection negotiation, merging, hazard perception)
Acclimation scenario adopted; Monitored simulator sickness and adopted a protocol for managing cases of simulator sickness
	Driving performance on simulator 
Assessed by specialised occupational therapy driving assessor
	Intervention group improved from baseline to post-training in total driving errors in simulator (p < .001)
Intervention group had less driving errors in simulator post-training scores compared to the control group post-training (p = .01)


Note: RCT, randomised controlled trial; M, mean; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status; N, sample size; LOC, loss of consciousness; PTA, post-traumatic amnesia; SD, standard deviation; MMSE, Mini Mental State Examination; FIM, Functional Independence Measure; GCS, Glasgow Coma Scale; EDSS, Expanded Disability Status Scale; IQR, interquartile range; mTBI, mild traumatic brain injury; PTSD, post-traumatic stress disorder.
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