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Abstract 
INTRODUCTION  

This study aimed to evaluate the test-retest reliability of a computerised assessment 

(DriveSafe DriveAware) that measures cognitive ability to drive. This was with a view to 

support future research to assess the suitability of DriveSafe DriveAware for use as a 

repeated measure of high-level cognition that can be quickly administered to brain tumour 

patients in a clinic or hospital setting. 

 

METHOD  

DriveSafe DriveAware iPad version (DSDA) was administered to 40 healthy adults with a 

current drivers’ licence and then repeated 6 weeks and then 6 months later to determine 

test-retest reliability of scores or whether results changed due to factors such as a learning 

effect. 

 

RESULTS  

A statistically significant improvement in DriveSafe (DS) score and DS completion time was 

demonstrated between tests 1 to 2. There was no difference between tests 2 to 3 potentially 

indicating an initial learning effect.  The improvement in DS was greater in the participants 

over 70 years. DSDA completion time was approximately 10 minutes and the improvement 

in completion time was greater in participants under 70 years. DSDA classification and 

DriveAware scores remained stable across all three tests. 

  

CONCLUSION  

DSDA is a reliable method for repeated assessment of cognition, albeit with a small learning 

effect between the 1st and 2nd test (but not subsequent testing) affecting the DS score. This 

effect manifests more noticeably in participants over 70 years of age and is most likely 

because of increasing familiarity with the technology and decreasing anxiety over repeated 

assessments rather than because of improved cognition. DSDA should be trialled as a 

measure to assess high-level cognition of brain tumour patients and as an indicator of 

whether more comprehensive neuropsychological testing may be warranted. 
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1. Introduction 
DriveSafe DriveAware (DSDA) is an assessment developed to predict if a person with 

cognitive impairment is safe to drive (1). Future research seeks to administer DSDA to assess 

brain tumour patients at various points along their treatment pathway, with the goal of 

assessing whether DSDA assists in detecting changes in high-level cognition. Therefore, the 

test-retest reliability of the assessment must first be established.  

 

1.1 Brain tumour and the impact on driving 

Brain tumour is a devastating diagnosis. Both the disease and the treatment may have a 

significant impact on cognition and quality of life. Survival rates, especially for glioblastoma, 

remain low but with commitment to ongoing research from governments and the medical 

community, progress is anticipated (2). As survival rates improve, consideration must be 

given to outcome measures that look beyond survival measures and focus on functional 

measures and quality of life (3, 4). Driving is an important functional task but patients with 

brain tumours are often excluded from this key activity of daily living. Driving restriction 

contributes to reduced independence and quality of life (5). 

  

1.2 Brain tumours 

1.2.1 General 

Brain tumours are a heterogeneous group of neoplasms affecting the central nervous system 

and include primary brain tumours and metastatic tumours. Primary brain tumours arise 

from the brain and associated tissues and are broadly categorised as malignant and non-

malignant (benign) tumours. The most common primary brain tumour is glioblastoma. 

Metastatic brain tumours arise from multiple types of cancer but most commonly arise from 

lung cancer, breast cancer, melanoma, colon-colorectal or kidney/renal cancer. Brain 

tumours occur in all life stages, but the prevalence rises after 45 years of age, peaking at 75-

79 years of age (6). 

 

Brain cancer is the sixth highest cause of cancer burden.  The Australian Institute for Health 

and Welfare (AIHW) estimates that in Australia, 2 076 new cases of brain and other central 

nervous system (CNS) cancer will be diagnosed in 2017, and 1 477 people will die from this 



2 
 

disease (6). It is estimated that in 2018, there will be 23 830 primary malignant brain 

tumours diagnosed in the USA (7). 

 

Gliomas most commonly occur in the frontal lobe, the temporal lobe, and the parietal lobe 

respectively (6). Functions of these lobes include executive functions, memory, and 

integration of sensory input - crucial elements for cognition (8, 9). Glioblastoma (GBM) is the 

most common and most severe form of malignant glioma. It has exceedingly detrimental 

effects on a patient’s health, independence, and quality of life (10).  

 

In Victoria, Queensland and Western Australia, 1 029 cases of benign tumour of the brain 

and other CNS were diagnosed in 2013 – the majority (66%) being in the meninges. In 2015, 

279 deaths were reported in Australia as a result of benign tumours of the brain (6). Benign 

tumours generally have distinct borders, are slow growing, and rarely spread but they can be 

fatal if located in a critical location in the brain. In the USA, it is estimated that 55 150 benign 

tumours will be diagnosed in 2018 (7). 

 

The numbers of malignant and non-malignant tumours may appear low in comparison to 

other cancers and health conditions, but the health burden to patients, their families, and 

the wider community in terms of treatment and years of life lost is considerable (6). On 28 

October 2017, the Australian Federal Government announced the Australian Brain Cancer 

Mission in association with the Cure Brain Cancer Foundation, and the Minderoo 

Foundation’s Eliminate Cancer Initiative. The funding and collaboration aims to support 

research and action to double survival rates in 10 years and improve quality of life (11) and is 

an indication of the Australian Government’s commitment to reducing the incidence and 

impact of brain cancer.  

 

1.2.2 Treatment 

Initial treatment for malignant gliomas typically involves cortico-steroids, anticonvulsive 

therapy (if required), and surgery (for biopsy and possible resection). Tumour histology 

guides decision-making regarding follow-up chemotherapy or radiotherapy (12). Standard 

therapy for patients with glioblastoma includes surgery, radiation therapy and 

chemotherapy (13). 
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Treatment of metastatic brain cancer follows cancer specific algorithms and must be 

managed in conjunction with treatment for the primary cancer (14). Treatment options 

usually include surgery, radiotherapy, chemotherapy or a combination of these modalities. 

 

New advances in tumour biology have revealed opportunities for immunotherapy to treat 

GBM (15). There are significant challenges, although trials are exploring vaccines, checkpoint 

inhibitors, adoptive T cells, and combinations of therapies. It is anticipated that various 

approaches in combination with targeted immunotherapies will be required in new 

treatments focused on GBM and other brain tumours (15). 

 

Benign tumours are treated either surgically, or if asymptomatic, monitored for growth, 

symptom development and effects on function. If removed, benign tumours may regrow but 

unlike some malignant tumours, do not metastasise to other parts of the body. 

 

1.2.3 Survival  

Benign tumours have a relative 5-year survival rate of 95 to 100%, only reducing at age 65+. 

In contrast, survival rates for malignant tumours are low and 25% of those diagnosed will not 

survive 5 years. This rate has remained steady for the last 30 years despite increased survival 

rates in other forms of cancer (6). The median survival for patients with GBM is 12 to 15 

months (13). However, as treatment regimens develop, improvements in future survival 

rates are expected (2).  

 

As survival rates improve, future function and quality of life for a brain tumour survivor is 

critical to consider in their treatment planning. The disease process and the subsequent 

treatment often lead to cognitive deficits that negatively affect patient function and quality 

of life. However, it is essential that longer-term survival is accompanied by good quality of 

life (3, 4). 

 

1.3 Brain tumour and impact on cognition and quality of life 

Cognitive dysfunction significantly impacts activities of daily living and quality of life (16). 

Cognitive dysfunction occurs in brain tumour patients due to both tumour growth and 

subsequent treatments such as radiotherapy (17). Stroke patients may have cognitive 

deficits concentrated to a specific part of the brain. In contrast, patients with a glioma have 
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deficits that are more general. This is possibly due to diffuse growth of the tumour and cells 

infiltrating healthy brain matter. Cognitive deficits are greater when the glioma is in the 

dominant hemisphere than when the lesion is in the non-dominant hemisphere (17). The 

deficits experienced by glioma patients include working memory, cognitive control and 

flexibility, cognitive processing speed, visual searching, planning and foresight, and general 

attention, independent of other variables such as age, gender, and education (18). 

 

Deterioration in cognition may be an early sign of tumour recurrence after treatment and 

cognitive testing may alert the clinician before radiological evidence (19).  Cognitive 

assessment may also be a valuable predictor of survival in some forms of brain tumour (20, 

21). Clinicians should consider assessment of cognition as a priority within the range of 

outcome measures available to them. 

 

1.4 Outcome assessments  

Overall Survival (OS) or Progression Free Survival (PFS) are the long-established measures of 

the success of neurosurgical intervention for brain tumour.  OS is considered the “gold 

standard primary end point to evaluate the outcome of any procedure that is assessed in 

oncologic clinical trials” (22). However, people are living longer after diagnosis and 

treatment for other forms of cancer, so the focus is turning towards future planning for the 

survivor (23) and the functional outcomes post treatment. The term “cancer survivor” is 

used in various contexts and often refers to someone who has finished their primary 

treatment. Adding other measures such health-related quality of life (HRQoL) or 

instrumental activity of daily living (IADL) measures gives a more complete picture of 

outcome in the context of survivorship (24). As brain tumour treatments improve survival 

rates, Clinical Outcome Assessment (COA) should be included routinely with OS, PFS and 

radiological and biomarker assessments (25, 26). A COA is one that is influenced by human 

judgement and choices. It relies on interpretation and reporting from a patient, a clinician, 

or an observer (27). 

COAs include:   

 patient-reported outcome measures;  

 clinician-reported outcome measures;  

 observer-reported outcome measures; and  

 performance outcome measures. 
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1.4.1 Patient-reported outcome (PRO) measures 

PROs are regularly used worldwide with cancer patients (28). The Short-form (36) health 

survey (SF-36) (29), the European Organisation for Research and Treatment of Cancer 

(EORTC) QLC-C30 (30), and the Functional Assessment of Cancer Therapy - General (FACT-G) 

(31) scale are the most routinely used. The BN-20 survey combines with the QLQ-C30 to 

specifically assess outcome in brain cancer patients, as does the Functional Assessment of 

Cancer Therapy-Brain (FACT-Br). These surveys assess quality of life, symptoms, health 

perceptions, and physical and cognitive functional ability.  Cognitive dysfunction may affect 

data accuracy due to patient altered perception of function versus the reality of function. 

For example, a patient with cognitive impairment may report that they are independent for 

self-care, but a carer may indicate that the patient requires significant assistance. Reviews 

show some success at using proxies to complete these QoL assessments, however proxy use 

should only be considered if there is no prospect of the patient completing the survey 

independently (4). 

  

1.4.2 Clinician-reported outcome (ClinRO) measures 

A ClinRO is an assessment administered by a clinician. The Neurologic Assessment in Neuro-

Oncology (NANO) working group recommends a set of assessments to standardise 

neurological evaluation of brain tumour patients. The nine assessed domains are: gait, 

strength, upper extremity ataxia, sensation, visual fields, facial strength, language, level of 

consciousness, and behaviour. Each domain receives a score and the cumulative score can 

be compared with previous assessments. The battery of assessments demonstrates high 

inter-observer reliability (25). Although each is an objective measure in isolation, and useful 

when the patient has significant deficits, these domains do not examine ability to perform 

high-level functional activities.   

 

Clinicians regularly use the Karnofsky Performance Scale (KPS) (32) to assess pre-treatment 

and post treatment function in tumour patients. The clinician subjectively assesses whether 

the patient is “able to carry on normal activity” but there are no specific criteria on which to 

base an assessment of “able”. The KPS does not discriminate ability to perform high-level 

cognitive tasks, such as work participation or driving.  
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1.4.3 Observer-reported outcome (ObsRO) measures 

An ObsRO is information reported by an observer who is not the clinician or other health 

professional. Medical judgement is not required. An ObsRO is considered an important 

element of patient engagement as it employs others in the community to contribute to 

assessment (33). For a brain tumour patient, an ObsRO assessment may be provided by a 

friend, carer or family member reporting observable behaviours or symptoms such as 

vomiting, drowsiness, wincing in pain, or the degree of assistance required for self-care 

activities.  

 

1.4.4 Performance outcome (PerfO) measures  

A PerfO is measured by a health professional who directs the patient to perform a task. This 

may be a physiotherapist conducting a gait test, or a neuropsychologist performing memory 

or other cognitive testing. PerfOs to assess cognition are vital for patients with brain tumour 

because cognitive dysfunction is a key symptom of both malignant and non-malignant brain 

tumour.  

 

The International Cognition and Cancer Task Force recommend a battery of neurocognitive 

tests (PerfOs) to standardise testing and enable comparison of patient data across studies. 

These tests are the Hopkins Verbal Learning Test-Revised (HVLT-R), Trail Making Test (TMT), 

and the Controlled Oral Word Association (COWA) of the Multilingual Aphasia Examination 

(16, 34).  The Montreal Cognitive Assessment (MoCA) and the Mini Mental State 

Examination (MMSE) are also commonly used in assessment of cognition in brain tumour 

patients in international studies. The MoCA is superior to the MMSE as a prognostic 

indicator and has better correlation with quality of life measures (35) although according to 

Naehrig et al., by 2016, the MOCA had not been widely adopted in Australian oncology 

practice (36). Robinson and colleagues (37) perhaps explained this when they reported that 

in patients with brain tumour, the MoCA had poor sensitivity for detecting cognitive 

impairments and recommended a brief but tailored cognitive assessment by a 

neuropsychologist. Curiously, none of these psychometric tests relate to a specific IADL 

(functional) task that requires high-level cognition. Additionally, administering the entire 

battery of tests to a patient with a brain tumour may be a lengthy and a fatiguing experience 

for the patient. Gehrke et al. (18) argue that future research should focus on and evaluate 

the functional challenges of brain tumour survivors and in particular those that result from 
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“cognitive sequelae”. Their conclusion is that “future management of these cases needs to 

go beyond tumour surveillance” and health providers need to play an active role in 

optimising function.  

 

1.4.5 Novel approaches to functional outcome assessment 

Activity of daily living assessments in current use with brain tumour patients include the 

Modified Barthel Index (MBI) (38) and the Functional Independence Measure (FIM) (39). 

While providing valuable information regarding functional capacity, the focus of these 

assessments is on self-care activities. The FIM also includes cognitive elements such as 

comprehension, expression, social interaction, problem solving, and memory; however, the 

MBI and the FIM do not assess capacity to perform IADLs that require higher-level cognitive 

function. A formal driving assessment should be considered to assess capacity to drive. 

 

The Perceive, Recall, Plan and Perform (PRPP) system of task analysis (40) may be a valuable 

model in which to consider the complexity of the driving task as the elements required for 

driving fall into each of the four quadrants described within the framework. The PRPP has 

been successfully used to assess breast cancer survivors experiencing cognitive problems 

when returning to the work place (41). However, no literature could be identified that 

specifically used the PRPP model to analyse driving. 

 

Driving is a form of community mobility recognised by the International Classification of 

Functioning, Disability and Health (ICF) (42). Driving is a critical area of occupation that 

occupational therapists should address with each client (43) and it is a key activity for older 

people as it significantly contributes to independence (44). Indeed, an occupational therapy 

research survey of older people identified driving (amongst other IADLs) as the most 

important activity (45). Driving is also a key activity in younger years as it offers 

independence and is considered a rite of passage into adulthood. Using a functional 

assessment such as driving ability may improve patient compliance with follow up 

assessments as the assessment specifically relates to a task the patient is interested in 

resuming. 

 

No literature could be identified that used driving ability as a measure of cognition following 

diagnosis and treatment for brain tumour. 
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1.5 Brain tumour and driving 

1.5.1 Requirements for driving 

The research literature is limited regarding driving after diagnosis and treatment for brain 

tumour (46, 47); however, driving has been widely researched in relation to other 

neurological conditions, especially traumatic brain injury (TBI), stroke, epilepsy, and 

dementia. Differences arise in the disease course for a patient with a brain tumour, but the 

potential cognitive deficits are similar enough to assume that an instrument to assess 

cognition following TBI or stroke may be suitable for assessing cognition with a brain 

tumour. Whether due to physical or cognitive impairment, licensing authorities generally 

require authorisation from a medical practitioner in cases where concerns arise around a 

patient’s capacity to drive. Limited guidance or education exists for medical practitioners on 

the specific evidence on which to base their decision as to whether a patient is fit to drive 

(48). A neuropsychologist may provide an opinion on cognitive capacity to drive, but in 

Australia an occupational therapist more commonly provides expert evidence to clinicians 

on a patient’s physical and cognitive capacity to drive.  

 

1.5.2 Existing guidelines for driving and brain tumour 

A Cancer Council Australia guide for patients with a brain tumour and their families explains 

that driving may be restricted on a medical practitioner’s recommendation following 

diagnosis and treatment of a brain tumour. It warns that patients may feel frustrated by the 

reduced independence due to driving restrictions (49). Clinician surveys demonstrate an 

inconsistent approach to assessing the capacity to drive safely after brain tumour, and 

accordingly, many researchers recommend the development of clear guidelines for clinicians 

(50-52). An Australian guideline provides advice for clinicians in regard to driving and brain 

tumour, but is more advisory than prescriptive (5, 53). It recommends action based on 

neurological deficits but does not provide direction on how to identify or measure the 

deficits.  

 

Driving restrictions are addressed in the recently updated Austroads guidelines (54). The 

Austroads guidelines state that a person with neurological deficits from a space occupying 

lesion is unfit to hold an unconditional licence but may hold a conditional licence with 

medical authorisation. The recommended driving restriction after intracranial surgery is six 
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months, but this is designated “advisory only” and relies upon the opinion of the 

neurosurgeon.  

 

The Austroads guidelines’ default guidance for private drivers in relation to seizure is a 12-

month restriction from driving after the most recent seizure. Many patients who experience 

seizures, whether due to the disease process, or in response to treatment, will be prescribed 

anti-epileptic drug therapy and restricted from driving for six months by their clinician (55). 

This aligns with the Austroads recommendation that a conditional licence can be issued six 

months after the last seizure with a medical expert recommendation. When seizures are 

associated with another neurological condition, both should be considered when making a 

driving recommendation.  

 

The medical practitioner determines whether a patient’s cognitive impacts are too severe 

for safe driving. Apart from referral to a qualified occupational therapist driver assessor, no 

specific guidance is available for a medical practitioner on which evidence to base the 

cognitive assessment.  

 

1.5.3 Occupational therapy driving assessments 

In Australia, an occupational therapy driving assessment generally involves both an on-road 

and off-road assessment. The occupational therapist assessor requires post graduate 

specialist training in driver assessment. However, because driving is a key IADL, Dickerson et 

al. state that “all occupational therapists, regardless of their area of practice, need to 

understand and use screening and assessment tools in the areas of cognition, motor skills, 

vision, and perception to advise the medical team on fitness to drive” (56). The occupational 

therapy driving assessment can be time consuming, and the expense and effort required 

may be considered unreasonable if the patient is at an early stage of their treatment, 

especially if their cognition is likely to deteriorate or improve. A screening tool should be 

used to identify those patients who would benefit most from an occupational therapy 

driving assessment to reduce the time and cost burden and provide support information for 

clinicians in their decision as to whether a patient is safe to drive (47, 57). 
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1.5.4 Assessments that predict fitness to drive  

The occupational therapy on-road assessment remains the gold standard for assessing 

fitness to drive (56). Conversely, researchers acknowledge that no gold-standard off-road 

assessment (that is an assessment performed in a clinic rather than in an automobile) exists 

to accurately predict, in all circumstances, whether a person is safe to drive (58). A benefit of 

an off-road assessment is that it is likely to be quicker and less resource intensive than an 

on-road assessment. 

 

Over the last 10 years, there have been multiple research projects and systematic reviews 

aimed at identifying an off-road assessment or battery of assessments that can accurately 

predict whether a person has the cognitive capacity to safely drive an automobile (56, 58-

80). A similarity of these assessments is their reliance on commonly used psychometric tests, 

and many of the studies focus on the correlation of performance on the psychometric tests 

with on-road driving ability (usually an on-road assessment). Tests regularly reported in 

these batteries include the MMSE, MoCA, and the Trail Making test.  

 

Executive function, processing speed, visuospatial skills, attention, memory, and mental 

flexibility are identified as predictive of fitness to drive (81). Insight, awareness, and self-

regulation also influence cognitive fitness to drive (82-86). A person who has insight that 

their driving skills have altered and is aware of their errors is more likely to self-regulate 

behaviour (e.g. drive at quieter periods, avoid night driving, proceed with extra caution at an 

intersection) and consequently, is safe to drive, or at least safe with the restrictions of a 

conditional licence. 

 

DriveSafe DriveAware (DSDA) is an off-road assessment specifically designed to assess 

cognitive fitness to drive and may be an alternative to administering general psychometric 

tests to predict cognitive function. If a patient has previously held a valid driving licence, it is 

reasonable to assume they were competent driving an automobile prior to their disease. A 

driving assessment allows a judicious comparison between current cognitive function and 

cognitive function prior to their disease.  
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1.6 DriveSafe DriveAware 

DSDA is a two-part cognitive screening tool: DriveSafe (DS) and DriveAware (DA), and was 

developed by occupational therapists in Australia, for use with patients with suspected 

cognitive impairment, to predict their likelihood of passing an occupational therapy on-road 

assessment. The two scores (DS and DA) combine to measure a driver’s awareness of the 

driving environment and their own abilities related to driving (1). It takes approximately 10 

to 15 minutes to complete and assesses the elements of executive function, processing 

speed, visuospatial skills, attention, memory, and mental flexibility. DriveAware assesses 

awareness and insight. The combined score classifies drivers into “safe”, “unsafe”, and 

“needs further testing”. The original version of DSDA had both specificity and sensitivity over 

90% when compared to an occupational therapy on-road assessment (57, 78). 

 

The classification of “safe” predicts that a person is “likely to pass an occupational therapy 

on-road assessment”, and “unsafe” predicts that a person is “likely to fail an occupational 

therapy on-road assessment”. “Needs further testing” indicates the person should be 

referred for an occupational therapy driving assessment as they may be cognitively unfit to 

drive, or there may be a need for training or adaptions to ensure their driving safety. This 

recommendation reinforces that an occupational therapy on-road assessment is the 

definitive measure of whether the person is safe to drive.  

 

Combining the DriveSafe and DriveAware scores reaffirms that safe driving is a combination 

of attention, memory, and visual-spatial ability as well as insight into one’s own ability to 

drive (77). Therefore, it is possible that a patient with a high DriveAware score may still be 

found “likely to pass an occupational therapy on-road assessment” despite a marginal score 

in the DriveSafe section. But if the assessor, relying on clinical judgement, continues to have 

doubts regarding cognitive capacity to drive, then the patient is referred for an occupational 

therapy driving assessment.  

 

Originally developed as a computer-based assessment with an administrator recording 

answers with pen and paper, DSDA was modified in 2015 for administration with an iPad® 

(1). The revised DSDA is also known in the research as “DSDA for touch screen”, “touch 

screen DSDA”, “DSDA touch screen version” or “DSDA iPad-based version” (2015). 
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The DriveSafe component of the DSDA for touch screen involves showing participants a 

series of 10 images of an intersection. Objects (cars, pedestrians, other road users) appear 

on the intersection. After a few seconds the objects disappear. The participant is required to 

touch the screen and indicate where the object was, select the type of object, and drag the 

object in the direction that it was traveling. The score is based on the number of objects that 

the participant correctly identifies. The maximum score is 84. 

 

DriveAware is a series of questions administered both through onscreen questions and 

questions posed in an interview with the administrator (a qualified health professional). The 

answers to the onscreen questions are selected on the screen by the participant. The 

answers to the interview questions are selected on the screen by the administrator. The 

maximum score on DriveAware is 17. The two scores are combined to form the DSDA score 

and recommendation. 

 

The DriveSafe component can be supervised by a clinic staff member, such as a research 

assistant or practice nurse, who understands the administration procedures outlined in the 

DSDA manual (1). The DriveAware section of the assessment, which includes a patient 

interview and clinical judgement, must be administered by a qualified assessor. A qualified 

assessor is a health professional such a medical practitioner or registered occupational 

therapist, physiotherapist, psychologist, or speech pathologist. Post graduate specialist 

driving assessment training is not required. In practice, the research assistant may 

commence the assessment with the patient and then a qualified assessor can administer the 

DriveAware interview. Gooden et al. (82) raises concerns that DriveAware relies on patient 

reporting of recent driving experiences and that the patient may not have driven an 

automobile for some time. This is a valid concern but the DriveAware questions relate to the 

iPad task (series of intersections) and the health professional can exercise clinical judgement 

to influence the DriveAware score during the interview. 

 

A prospective study administered DSDA touch screen version to a convenience sample of 

134 older (65+) and cognitively impaired (18 year +) drivers in Australia and New Zealand 

(87). Participants were administered DSDA and the Mini-Mental State examination as part of 

an off-road assessment. A standardised on-road assessment was used as the criterion 

measure for this study. 112 participants were used for the predictive validity study. The 
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optimal cut off sores on the DriveSafe subset were 57 and 72 and were 10 and 13 for the 

DriveAware subtest. Cheal and Kuang (1) report that, “the test identified unsafe drivers at 

the low cut-off score with Sensitivity of 91% (95% CI: 84 to 96) and 89% (95% CI: 82 to 97) for 

DriveSafe and DriveAware, respectively. The test identified safe drivers at the upper cut-off 

score with Specificity of 94% (95% CI: 87 to 99) and 91% (95% CI: 84 to 99) for DriveSafe and 

DriveAware, respectively.”  

 

The study’s predictive validity results demonstrated that DSDA has a Specificity of 86% and 

Sensitivity of 91%, a Positive Predictive Value of 83%, Negative Predictive Value of 92% and 

an overall accuracy of classification of 88% (that is classification as “safe”, unsafe “or 

“requires further testing”) (1). To date there are no published critical appraisals of these 

results. 

 

1.6.1 Test-retest reliability and learning effect 

Test-retest reliability data has not been published for the DSDA iPad version. An assessment 

of the test-retest reliability of the DS score on an earlier (non-iPad) version of DSDA found 

good intraclass correlation of 0.67 (p < 0.01) (88) but comparison with the iPad version is 

problematic due to the differences in scoring and administration. There was no evidence in 

the literature as to whether there is a learning effect when the DSDA iPad version is 

repeated and whether unfamiliarity with touchscreen technology may affect repeated 

scores.  

 

A population study undertaken in Brazil demonstrated an improvement in a battery of 

cognitive tests performed in 160 adults (with a mean age of 52 years), suggesting that better 

performance in tests of cognition may occur as the result of a learning effect (89). A 

Melbourne study assessed the performance of 113 neurologically normal adults (mean age 

64 ± 8 years, range 46–82 years) on repeated attempts of a cognitive test and found a 

practice effect between the 1st and 2nd administration of the test battery, with smaller, 

nonsignificant improvements observed between the 2nd, 3rd, and 4th administrations (90).  

 

The test-retest reliability of DSDA must first be established to support future research that 

seeks to administer DSDA to assess brain tumour patients at various points along their 
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treatment pathway, with the goal detecting changes in high-level cognition while also 

predicting whether they are likely to pass an on-road occupational therapy assessment. 

 

1.7 Tablet technology and the elderly 

It is often assumed that older people (aged 70+ years) will struggle with using technology, 

unlike the so-called digital natives (91) that have been born into a world that uses 

technology, and younger digital immigrants (91) who have learnt about technology after 

their youth but have adapted well using it in their everyday home and working life.  

 

As populations of developed nations age, older people are the fastest growing demographic 

of computer technology users (92). Despite this, there are concerns about how older people 

will adapt to tablet technology. Performing tasks on a tablet that they are already confident 

to perform on a computer may be difficult for some older people due to the different 

technical interface required, such as the keyboard on a tablet seemly “appearing and 

disappearing” (93). However, a study assessing the usability of tablets for people with early 

stage dementia indicated that the more intuitive touchscreen interface simplifies 

interactions due to the absence of an external controller such as a mouse (94) and 48% of 

the study participants reported that the tablet technology was ‘moderately’ or ‘extremely’ 

intuitive. 

 

1.8 Summary 

Brain tumour continues to be a devastating diagnosis to both individuals and the 

community. However, as treatments develop and improve, and survival rates increase, focus 

should be on functional outcome and quality of life. Cognitive dysfunction affects ability to 

perform IADL and reduces quality of life. Cognitive assessment may be predictive of 

functional outcome and survival. Assessment of a significant functional task that requires 

high level cognition, such as driving, should be considered as a screening tool before 

lengthier neuro-psychological testing. Such an assessment may also detect deterioration or 

tumour regrowth before radiological evidence. DSDA is a succinct off-road driving 

assessment of higher cognition. It may be a novel tool to detect cognitive changes (whether 

improvement or deterioration) in patients with brain tumour. It may also provide objective 

evidence regarding a patient’s competency to drive an automobile.
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2. Aims of the Study 
This thesis focused on assessing the test-retest reliability of DriveSafe DriveAware iPad 

version (DSDA). Research indicates that DSDA, when used as a one-off test, is a reliable and 

valid functional measure of a driver’s awareness of the driving environment and cognitive 

ability to drive. Its predictive value (that is – ability to ability to predict whether a driver with 

cognitive impairment is cognitively safe to drive or whether they require an on-road 

occupational therapy assessment) is high (Positive Predictive Value = 83%; Negative 

Predictive Value = 92%) (1). DSDA’s Specificity is 86%, Sensitivity is 91% and overall Accuracy 

of Classification is 88% (1, 87) when compared with (the gold-standard) occupational 

therapy on-road assessment. No current research exists however to indicate whether DSDA 

iPad version is reliable when used as a repeated measure.  

 

The primary aim of the study was to assess whether DSDA is a reliable measure when 

repeated on healthy subjects. The secondary aims were to assess whether different age 

groups performed differently on repeated testing and whether gender affects DSDA 

outcomes. 

 

This study was conducted as a part of a larger Macquarie University project that aims to 

identify suitable outcome measures for brain tumour patients and aims to assess DSDA’s 

possible utility to detect changes in the cognition of brain tumour patients prior to surgery 

and then at repeated follow-up clinic appointments. There is a prospect that DSDA may be 

trialled as a measure of change in high level cognition for patients undergoing treatment for 

brain tumour, in addition to predicting whether they are likely to pass an occupational 

therapy on-road assessment. 

  

2.1 Research Question 

This study examined the following research question: 

Is DriveSafe DriveAware iPad version a reliable measure when repeated on healthy subjects? 

 

2.2 Research Hypotheses  

This study examined the following research hypotheses: 

That the DSDA results of healthy people do not differ over repeated assessments.  
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That there is no difference in results between genders over repeated assessments of the 

DSDA. 

That there is no difference in results between age groups over repeated assessments with 

DSDA 

 

The four DSDA components assessed were DSDA classification; DriveSafe scores; DriveAware 

scores and DriveSafe completion time (elapsed time).   
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3. Methodology/Materials 
The study used a quantitative methodology to assess the test-retest reliability of DSDA iPad 

version by administering the same test on three occasions to the same 40 healthy 

participants and the data was analysed to determine whether scores remained the same or 

improved, despite no self-reported changes to cognition. The STROBE guidelines for 

reporting observational studies were used in the preparation of the methodology (95) and 

the study was approved by the Macquarie University Human Research Ethics Committee 

Human Ethics Approval (Reference No: 5201600915 – 2017).  

 

3.1 Participants 

Forty volunteers (17 male; 23 female) were recruited for the study from the south-eastern 

region of Australia (predominantly the Australian Capital Territory and New South Wales). 

The median age was 58 (range 20-91 years) and the completed education level ranged from 

year 10 equivalent to University Master’s Degree. 

 

The participants all met the following inclusion criteria: held (as a minimum) a current class C 

drivers’ licence (an Australian state-based licence that permits driving of an automobile or 

light truck up to 4.5 tonne and that seats up to 12 adults, including the driver); aged 20 years 

or over at the time of first assessment (in the majority of Australian states drivers cannot 

hold a class C licence until 20 years of age or older); reported that they drove an automobile 

regularly; demonstrated English proficiency; and self-reported as being in good health with 

no cognitive deficits. Participants were excluded if they reported they were not available for 

all three assessments; did not self-report as regular and confident drivers; or if they self-

reported as suffering from a current disease or used medication that may have affected 

cognition.  

 

The participants were a convenience sample drawn from willing volunteers approached by 

the researcher, and their friends, family and work colleagues. No payments or inducements 

were offered for participation.  

 

The sample size was determined based on the intraclass correlation coefficient (ICC) 

reported in a study assessing test-retest reliability for the original version (not touchscreen) 
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of DSDA (88). This previous study of test-retest reliability had an ICC of 0.67 (p < 0.01) (88). 

Bujang and Baharum (96) estimate that the sample size required for ICC of 0.6; with power = 

90%; alpha = 0.05; and 3 observations per participant, is N = 10. A sample size of 40 was 

planned for this study to allow for redundancy and to allow the sample to be divided into 

three age groups for the analysis. More participants aged 50+ years were recruited than 

under 50 years as there is a higher risk of development of brain tumour in those over 50 

years of age - the median age for the incidence of all brain tumour is 59 years of age (7). 

Participants were deliberately approached to ensure the sample adequately represented a 

broad age range (from 20 to 91 years). More volunteers than required were available in the 

50 to 59-year-old range but were excluded due to high numbers in this age range and 

because not all would be available for all three assessments.  

 

It was difficult to recruit willing volunteers aged over 70 years and particularly over 80 years 

who had no cognitive deficits, were in good health and were still driving regularly, despite 

approaching several potential volunteers. A couple of prospective volunteers were excluded 

from the study due to ill health or regular medication that had the potential to affect their 

cognition. Ten participants represented this age group in the study. Prior to the second and 

third assessments the participants were asked to re-confirm their previous self-report as 

being in good health with no cognitive deficits and no current medication that may affect 

their cognition. An 80-year-old male was excluded from the study prior to the third 

assessment due to ill health but the results from his first two tests (when he was in good 

health) were included in the analysis between test one and test two. 

 

3.2 Materials and Assessment Tools 

All assessments were completed on the same iPad Air 2 with a 9.7-inch screen. The iPad was 

in a case that allowed it to be set up at a 20-degree angle in front of the user. The iPad was 

loaded with the DriveSafe DriveAware (DSDA) program (iPad version 2015), purchased from 

Pearson Clinical. The DSDA program produced an individual report for each subject on the 

completion of each test. 
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3.3 Procedure 

The researcher (a registered occupational therapist) administered all assessments in the 

research project. Prior to the first assessment, the purpose of the research project and the 

subject’s rights and obligations were explained by the researcher. Each subject signed a 

consent form approved by the Macquarie University Human Ethics Research Committee. The 

form explained the purpose of the research study and outlined the participant’s agreement 

to complete the DSDA assessment on multiple occasions with results collated and reported 

for research purposes. The researcher assured confidentiality and informed the participants 

that withdrawal from the study was permitted at any time. The researcher informed the 

participants that they would be referred to their general practitioner if the assessment 

predicted they “required further testing” or were “unlikely to pass an occupational therapy 

on-road assessment”. Demographic information on the participants was entered on the iPad 

into the DSDA application. 

 

The assessment procedure followed the General Administration Guidelines in the DriveSafe 

DriveAware (DSDA) Administration Manual (1).  The subject was seated at a table in a quiet 

room without distractions. The iPad was placed on the table, directly in front of the subject 

(in their midline) at a 20-degree angle and the researcher sat beside the subject on their 

non-dominant side. The researcher provided minimal guidance during the practice phase of 

the test, if required. After the assessment commenced there was no assistance provided. In 

response to requests for assistance, the researcher stated, “sorry, I cannot provide 

assistance during the test. Just do your best,” as recommended in the DSDA Administration 

Manual. The DSDA Administration Manual outlined an Administrator Assisted Method for 

use when the person cannot self-administer the test. This study did not use the 

Administrator Assisted Method at any time. Headphone and stylus use was outlined in the 

manual, but they were not used in this study. In some instances, if the subject appeared 

comfortable completing the self-administered section, the researcher left the room and 

returned when the DSDA audio instructions asked the subject to “please hand the iPad to 

your administrator”. A clinician interview followed the self-administered DSDA assessment 

on the iPad and the researcher made the clinical assessment based on the response to the 

interview questions. 
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Repeat assessments followed an identical procedure, approximately 6 weeks (42 days) and 

then approximately 6 months (183 days) after the first assessment. The median time from 

test one to test two was 43 days (range 40 – 57 days) (Figure 1). The median time from test 

one to test three was 183 days (range 171 – 198) (Figure 2). Fifty-seven-point five percent 

(57.5%) of participants completed their second test either on the 42-day mark or one day 

either side of that date. Forty-four percent (44%) of participants completed their third test 

on the 183-day mark or one day either side of that date. The variability in time frame of the 

assessments aligned with the variability expected with patient follow up appointments.  

 

 

 

Participants were blinded to their DriveSafe and DriveAware test scores, and their DriveSafe 

completion time score during the research project. However, for ethical reasons, on 

completion of the assessment, the participants were told whether their DSDA classification 

result was “likely to pass an occupational therapy on-road assessment”, “likely to fail an 

occupational therapy on-road assessment”, or “requires further testing”.  
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Figure 1. No of days from nominated test 2 date at 42 days (marked as zero) and the actual date of test 2 
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The DSDA (iPad version) collates the scores for each test and produces an individual report 

for each assessment attempt. The DSDA classification, DriveSafe, and DriveAware test scores 

and the Drive Safe completion time scores were transcribed to the data sheet from the 

DSDA extended report.  

 

The DSDA classification, recorded on the DSDA extended report, was plotted by the 

computer program on a nine square matrix. The vertical axis of the matrix was the DriveSafe 

score (n = 0 to 84). The horizontal axis was the DriveAware score (n = 0 to 17). The DSDA 

classification was plotted in one of the nine boxes: three green (“likely to pass an 

occupational therapy on-road assessment”), three yellow (“requires further testing”) or three 

red boxes (“likely to fail an occupational therapy on-road assessment”).  

 

For statistical analysis purposes, the boxes were categorised by the researcher (Figure 3) as: 

 G1, G2, G3 (“likely to pass an occupational therapy on-road assessment”), 

 Y4, Y5, Y6 (“requires further testing”), 

 R7, R8, R9 (“likely to fail an occupational therapy on-road assessment”). 
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Figure 2. No of days from nominated follow up day at 183 days (marked as zero) and the actual date of test. 
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A high DriveSafe and DriveAware score plots the subject in the top right corner (G1). A low 

DriveSafe and low Drive Aware score plots the subject in the bottom left corner (R9). The 

other boxes are variations of these e.g. 

 G1 indicates a high DriveSafe (≥72) and DriveAware score (≥ 13), 

 G2 Indicates a high DriveSafe Score (≥72) but lower DriveAware score (10 to 12), 

 G3 indicates a lower DriveSafe score (57-72) but high DriveAware score (≥ 13). 

Despite the scoring differences, G1 to G3 all classify the subject as “likely to pass an 

occupational therapy on-road assessment”. 

 

3.4 Statistical analysis  

IBM Statistical Package for the Social Sciences (SPSS) Statistics (version 25, IBM Corp.) and 

OrdinalCont v1.3.0 were used for the statistical analysis of scores reported on the DSDA 

extended report. Baseline characteristics were grouped into categorical variables.  Due to 

the non-Gaussian distribution of the data, continuous variables were analysed using the non-

parametric repeated-measures Friedman test and the post hoc Wilcoxon signed-rank test 

was used, where required, to distinguish between tests. Mean scores were calculated and 

compared across the three tests for the entire sample and the discretised groups. The 

Friedman test assessed differences in scores across the three test attempts with a statistical 

significance level of 5% and the Wilcoxon signed-rank test assessed differences in scores 

between the three test attempts with a significance level of 1.7% to allow for a Bonferroni 

correction. Continuous ordinal regression (97) analysed the relationships between the 

predictors (age, test number) and the DriveSafe Score. Associations between scores and 

Figure 3. Simulated DSDA classification matrix with rating (G1 to R9) for purposes of statistical analysis. 
DriveSafe score (0 to 84) on vertical axis and DriveAware score (0 – 17) on horizontal axis. 
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variables were assessed using the non-parametric Spearman correlation and parametric 

Pearson's correlation coefficients. Analysis of variance (ANOVA) was used to assess the 

influence of age on DS completion time. 

 

The sample was both analysed as a whole and discretised into three groups (young [20 – 49 

years]; middle [50 – 69 years]; and elderly [70+ years]). The assumption was made that the 

young group would have had access to computer technology for most of their lives and 

would be very familiar with iPad technology. The middle group may not have had computer 

access in their youth but were likely to have accessed computers and in most cases used 

iPads. It was hypothesised that participants in the 70+ years age bracket may or may not be 

familiar with computer technology and were less likely to have regularly used an iPad than 

the young and middle age participants. 
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4. Results 

4.1 Population Sample 

Forty healthy volunteers (17 male and 23 female) were enrolled from the south-eastern 

region of Australia (Figure 4). Each held a current drivers’ licence and reported that they 

regularly drove a car. The median age of the population sample was 58 (range 20 - 91) (Table 

1). 

 

 
 
 

 
 

Subjects Median Age 
(range) 

Total 

   
Male 59.0 

(20 – 91) 
17 

Female 57.5 
(22 – 81) 

23 

Total 58.0 
(20 – 91) 

40 

 
 

 

The sample was discretised into three groups [young (20 – 49 years); middle (50 – 69 years); 

and elderly (70+ years)] for the purposes of statistical analysis (Table 2). The DSDA test, 

initially administered in July 2017, was repeated in September 2017 (6 weeks after initial 

testing) and January 2018 (6 months after initial testing). 
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Table 1. Sample population median age and gender 
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Subjects Young  Middle  Elderly  Total 

     

Male 5 8 4* 17* 

Female 8 9 6 23 

Total 13 17 10* 40* 

 
*One 80-year-old male participant was excluded from the study prior to the third test. His scores from test 
one and two were included in the analysis. 
 

4.2 DSDA classification 

All the participants scored within the G1 to G3 categories (Green – “likely to pass an on-road 

occupational therapy assessment”) for each test; however, some moved between the G1 to 

G3 categories over the three test attempts.  

Between test 1 and 2, five participants changed DSDA classification from G1 to G2; two 

participants changed from G2 to G1; and one participant changed from G3 to G1. 

Between test 2 and 3, five participants changed DSDA classification from G1 to G2; four 

participants changed from G2 to G1; and one participant changed from G1 to G3. 

Between test 1 and 3, five participants changed DSDA classification from G1 to G2 and one 

participant changed from G2 to G1. 

No participants changed from G2 to G3 or G3 to G2. 

There was no statistically significant difference in DSDA classification between tests, χ2(2) = 

0.5, p = 0.78. 

 

Change in DSDA 
classification 
between tests 

Test 1 to  
Test 2 

Test 2 to  
Test 3 

Test 1 to  
Test 3 

G1 to G2 5 5 5 

G2 to G1 2 4 1 

G1 to G3 0 1 0 

G3 to G1 1 0 0 

Total no of changes 8 10 6 

 
Table 2. Sample population gender and discretised for age group: young (20 – 49 years); middle (50 – 69 
years); and elderly (70+ years) 

Table 3. Number of participants who changed classification between tests. 
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4.3 DriveSafe scores 

 
 

 

Mean DriveSafe scores (Table 4) were high for the study sample (max possible score = 84) 

but the elderly group had mean scores up to 8 points lower than the young and middle age 

groups across the 3 tests. The mean scores for the elderly group had a larger standard 

deviation due to the variation of performance in the elderly age category. All participants 

were classified as “likely to pass an on-road assessment” for every assessment despite 

differing mean scores on DriveSafe (DS) for different age groups.  

 

Age Group Mean  
Test 1 (SD) 

Mean  
Test 2 (SD) 

Mean  
Test 3 (SD) 

Mean over  
3 tests (SD) 

     

Young (20 – 49) 83.2 (1.16) 83.2 (1.06) 83.6 (0.65) 83.3 (1.03) 

Middle (50 – 69) 80.9 (3.29) 82.3 (1.72) 82.4 (1.37) 81.9 (2.35) 

Elderly (70+) 75.1 (5.15) 79.6 (3.65) 79.6 (4.93) 78.0 (4.95) 

Mean DriveSafe score 
study sample 

80.2 (4.58) 81.9 (2.57) 82.2 (2.89) 81.4 (3.55) 

 

There was a statistically significant difference in DS scores between the three tests, χ2(2) = 

9.27, p = 0.01 (Table 5). A Bonferroni correction was applied to all post hoc Wilcoxon signed-

rank tests resulting in a significance level set at p < 0.017. Post hoc analysis with a Wilcoxon 

signed–rank test demonstrated a significant difference in DS scores between test 1 and 2 
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Figure 5. DriveSafe scores comparison for each subject for test 1, 2 and 3 

 
Table 4. DriveSafe mean scores and standard deviation for individual tests for each age group test and mean 
for the three tests (possible score is 0 to 84) 
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(Z = -2.73, p = 0.006) and between test 1 and 3 (Z = -3.36, p = 0.001). However, there was no 

significant difference in DS scores between test 2 and 3 (Z = -0.890, p = 0.37). 

 

 
*NSS = No statistical significance 
**Not statistically significant with a Bonferroni correction (p < 0.017) applied but approaching significance 
 
When discretised into age groups there is no statistically significant difference in DS scores 

over repeated tests in the young (20 – 49 years) age group, χ2(2) = 2.69, p = 0.26. Post hoc 

analysis with a Wilcoxon signed–rank test was conducted and there was no significant 

difference in DS scores between test 1 and 2 (Z = -0.276, p = 0.78), between test 2 and 3 (Z = 

-1.5, p = 0.13), or between test 1 and 3 (Z = -1.27, p = 0.21).  

 

The Middle (50 – 69 years) group showed no statistically significant difference between DS 

scores over repeated tests, χ2(2) = 2.67, p = 0.26. Post hoc analysis with a Wilcoxon signed–

rank test demonstrated no significant difference in DS scores between test 1 and 2 (Z = -

1.83, p = 0.067), between test 2 and 3 (Z = -0.122, p = 0.90), or between test 1 and 3 (Z = -

1.74, p = 0.081).  

 

A Friedman test demonstrated a statistically significant difference in DS scores over repeated 

tests in the elderly (70+ years) group, χ2(2) = 8.88, p = 0.012. Post hoc analysis with a 

Wilcoxon signed–rank test demonstrated a significant difference in DS scores between test 1 

and 3 (Z = -2.52, p = 0.012). However, there was no significant difference in DS scores 

between test 1 and 2 (Z =-2.26, p = 0.024) or between test 2 and 3 (Z = -0.303, p = 0.76). A 

sensitivity analysis was performed, indicating that a statistically significant difference (p < 

0.017) between DS scores in test 1 and 2 would have been reached with the addition of the 

mean score of just one more subject (Z = -2.45, p = 0.014).  

 

 

DS Scores 
 

Across 3 tests Test 1 vs 2 Test 2 vs 3 Test 1 vs 3 

Entire Sample p = 0.01 p = 0.006 NSS* p = 0.001 

Young (20 – 49) NSS NSS NSS NSS 

Middle (50 – 69) NSS NSS NSS NSS 

Elderly (70 +) p = 0.012 p = 0.024** NSS p = 0.012 

 
Table 5. Statistical significance of DS scores across all 3 tests and between each test 
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Continuous ordinal regression was used to study the relationship between the predictors 

(age and test number) and the outcome of interest (DS scores). Age was considered as a 

continuous scale rather than in the grouped age categories used for the Friedman and 

Wilcoxon signed-rank test analysis. The effect of repeated measures was taken into 

consideration by incorporating individual random effects in the model. The analysis 

demonstrated a relationship between age and DS scores.  

                      

Overall mean scores reduced as a healthy subject aged however, the peak performance age 

in this sample (the age where scores are expected to be highest) was approximately 38 

years. Scores from healthy participants over 70 years of age were lower than any other ages 

20 to 69 years (Figure 6). The regression analysis approached significance, showing a weak 

improvement in scores between test 1 and 2 (p-value = 0.08) with an effect size of 0.7 (SD = 

0.4) and T value of 1.8, but no difference is demonstrated between test 2 and 3 with this 

sample size (p-value = 0.31) with an effect size of -0.48 (SD = 0.4) and T value -1.03. It should 

be noted that in ordinal regression the estimated effects are on the latent scale are not 

directly on the observed scores. The relation between these two quantities is estimated, and 

on average in the observed interval (i.e. the range of test scores over the three tests (63-84), 

Figure 6. Regression analysis demonstrating relationship DriveSafe scores and age. Top and bottom lines are 
95% confidence intervals). 
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an effect of 1 unit on the latent scale corresponds to a difference of 1.65 on the observed 

score (the Drive Safe score).  

 

4.3.1 Correlation of DriveSafe scores with gender 

A Spearman's correlation assessed the relationship between DS score and gender and 

determined that there was no statistically significant correlation between DS score and 

gender. Test 1 rs = 0.115, p = 0.48; test 2 rs = -0.007, p = 0.97; and test 3 rs = -0.096, p = 0.56. 

 

4.4 DriveAware scores 

DriveAware (DA) measures the subject’s perception of his or her own performance on the 

DriveSafe test and their current driving performance. It assesses awareness and insight by 

comparing performance on DriveSafe, to answers to questions both in the DS test and in a 

clinician interview. Mean scores, on a scale of 0 to 17, are shown in Table 6. 

 

Age Group Mean 
Test 1 (SD) 

Mean 
Test 2 (SD) 

Mean  
Test 3 (SD) 

Mean over  
3 tests (SD) 

     

Young (20 – 49) 13.0 (0.8) 13.5 (1.3) 13.3 (1.3) 13.3 (1.1) 

Middle (50 – 69) 14.5 (1.3) 13.8 (1.3) 13.9 (1.6) 14.1 (1.4) 

Elderly (70+) 15.3 (1.4) 14.6 (1.6) 14.6 (1.6) 14.9 (1.5) 

Mean DriveSafe Score 
study sample 

14.2 (1.5) 13.9 (1.4) 13.9 (1.5) 14 (1.5) 

 

 

There was no statistically significant difference in DA score between repeated tests for the 

study sample, χ2(2) = 3.58, p = 0.17. Post hoc analysis with Wilcoxon signed–rank tests with a 

Bonferroni correction applied, resulted in a significance level set at p < 0.017. There was no 

significant difference in DA scores between test 1 and 2 (Z = -1.37, p = 0.17), between test 2 

and 3 (Z = -0.047, p = 0.96), or between test 1 and 3 (Z = -1.52, p = 0.13). When discretised, 

there is no statistically significant difference in DA scores between repeated tests in the 

young (20 – 49 years) age group, χ2(2) = 0.929, p = 0.63; the middle (50 – 69 years) age 

group, χ2(2) = 4.04, p = 0.13; or the elderly (70+ years) age group χ2(2) = 4.22, p = 0.12. 

 

Table 6. DriveAware mean scores and standard deviation (possible score is 0 to 17) 
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4.4.1 Correlation of DriveAware scores with gender 

A Spearman's correlation assessed the relationship between DA score and gender and 

determined there was no statistically significant correlation between DA score and gender 

when the entire population was analysed. Test 1: rs = 0.027, p = 0.87; test 2: rs = 0.182, p = 

0.26; and test 3: rs = 0.178, p = 0.28. 

 

The sample was discretised into age groups and a Spearman's correlation was performed to 

assess the relationship between DA score and gender for test 1, 2 and 3. There was a 

positive correlation between DA score and gender in the young (20-49 years) group for test 2 

and 3, which was statistically significant (rs = 0.720, p = 0.006 and rs = 0.695, p = 0.008 

respectively). Males recorded a lower DA score than females in the young (20 – 49 years) 

age group on test 2 and 3. There was no statistically significant correlation between DA score 

and gender for the middle (50 – 69 years) or elderly (70+ years) groups. 

 

4.5 DriveSafe completion time  

The computer program records the time the subject takes to complete the DriveSafe section 

of the test and it is reported on the DSDA extended report. Mean completion times are 

presented in Table 7. 

 

Age Group Test 1 (SD) Test 2 (SD) Test 3 (SD) Mean across 3 
tests (SD) 

     

Young (20 – 49) 7.79 (0.63) 6.40 (0.61) 6.28 (0.72) 6.82 (0.95) 

Middle (50 – 69) 8.48 (1.27) 7.35 (1.34) 6.98 (0.84) 7.60 (1.32) 

Elderly (70 +) 11.64 (3.40) 10.47 (3.14) 10.18 (4.69) 10.81 (3.71) 

Mean Completion time 
study sample (mins) 

9.09 (2.40) 7.80 (2.37) 7.49 (2.72) 8.13 (2.60) 

 

A Friedman test indicated a statistically significant difference in DS completion times for the 

whole study population between the three repeated tests, χ2(2) = 0 36.4, p = 0.001 with a 

substantial reduction in completion time over the three tests. Post hoc analysis with 

Wilcoxon signed–rank test with a Bonferroni correction applied, resulted in a significance 

level set at p < 0.017. There was a statistically significant reduction in DS completion times 

Table 7. Mean scores of DriveSafe completion time - the time taken for the population sample and each age 
group to complete the DriveSafe section of DSDA (minutes) 



31 
 

between test 1 and 2 (Z = -4.73, p = 0.001) and between test 1 and 3 (Z = -4.87, p = 0.001). 

However, there was no significant difference in DS time completion between test 2 and 3 

(Z = -1.90, p = 0.058) (Table 8). 

 

When discretised by age there was a statistically significant difference between DS 

completion times over repeated tests in the young (20 – 49 years) age group, χ2(2) = 16.6, p 

= 0.001. Post hoc analysis with a Wilcoxon signed–rank test demonstrated a significant 

difference in DS completion times between test 1 and 2 (Z = -3.18, p = 0.001) and between 

test 1 and 3 (Z = -3.11, p = 0.002), but no significant difference in DS completion times 

between test 2 and 3 (Z = -0.594, p = 0.55).  

The middle (50 – 69 years) group demonstrated a statistically significant difference between 

DS completion times over repeated tests, χ2(2) = 11.8, p = 0.003. Post hoc analysis with a 

Wilcoxon signed–rank test demonstrated a significant difference in DS completion times 

between test 1 and 2 (Z = -2.39, p = 0.017) and test 1 and 3 (Z = -3.39, p = 0.001), but no 

significant difference in DS completion times between test 2 and 3 (Z = -1.52, p = 0.13). 

 

There was a statistically significant difference in DS completion time for the elderly (70+ 

years) group over time, χ2(2) = 10.8, p = 0.005. Post hoc analysis with a Wilcoxon signed–

rank test demonstrated a significant difference in DS completion times between test 1 and 2 

(Z = -2.67, p = 0.008). However, there was no significant difference in DS completion times 

between test 2 and 3 (Z =-0.77, p = 0.44) or between test 1 and 3 (Z = -1.96, p = 0.051). 

 

 

 

4.5.1 Comparison of DriveSafe completion time and age 

A Pearson's correlation assessed the relationship between DS completion times and age and 

demonstrated a strong positive correlation between DriveSafe completion times and age 

which was statistically significant for test 1 (r = 0.6, n = 40, p = 0.001); test 2 (r = 0.625, n = 

DS Completion time Across 3 tests Test 1 vs 2 Test 2 vs 3 Test 1 vs 3 
 

Entire Sample p = 0.001 p = 0.001 NSS* p = 0.001 

Young (20 – 49) p = 0.001 p = 0.001 NSS p = 0.002 

Middle (50 – 69) p = 0.003 P = 0.017 NSS p = 0.001 

Elderly (70+) p = 0.005 p = 0.008 NSS NSS 

Table 8.  Statistical significance of DS completion times across all 3 tests and between each test 
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40, p = 0.001) and test 3 (r = 0.512, n = 39, p = 0.001). An analysis of variance of DriveSafe 

completion times showed a statistically significant difference between the completion time 

means between the young and the elderly age group (p = 0.001) and the middle and elderly 

age group (p = 0.001); but no statistically significant difference between the young and the 

middle age group (p = 0.81).  

 

4.5.2 Comparison of DriveSafe completion times and gender 

A Pearson's correlation assessed the relationship between DS completion times and gender. 

There was no correlation between DriveSafe completion times and gender for any of the 

tests: test 1 (r = 0.038, n = 40, p = 0.82); test 2 (r = -0.139, n = 40, p = 0.39) and test 3 (r = 

0.007, n = 39, p = 0.97). 
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5. Discussion 
This study tested the hypotheses that DSDA results of healthy people do not differ over 

repeated assessments; there is no difference in results between genders over repeated 

assessments of the DSDA; and there is no difference in results between age groups over 

repeated assessments with DSDA. The four DSDA components assessed were DSDA 

classification; DriveSafe scores; DriveAware scores and DriveSafe completion time (elapsed 

time).   

 

This study aimed to contribute to a larger study identifying a concise functional task 

assessment that assesses changes in high-level cognition, for repeated administration in a 

clinic or hospital setting. A literature review identified DriveSafe DriveAware (iPad version) 

potentially as a suitable assessment tool but despite previously established reliability and 

validity of DriveSafe DriveAware (DSDA) (87, 98), the test-retest reliability of the iPad version 

had not yet been established.  

 

The results of this study showed that although there is small learning effect between test 1 

and 2 for the DriveSafe score, the scores on all components (DSDA Classification, DriveSafe 

and DriveAware) remained relatively constant across tests with the exception of the 

DriveSafe completion time.  

 

Although this study did not aim to assess the validity and reliability of the DSDA touchscreen 

it should be noted that all the healthy participants in this study who were current drivers 

were predicted to be “likely to pass an occupational therapy on-road assessment” 

supporting its ability to predict cognitive ability to drive in healthy participants. 

 

5.1 DSDA classification 

The DSDA classification is a combination of the DriveSafe score and the DriveAware score 

plotted on a matrix. Based on these scores, the DSDA assessment classifies the subject into: 

1. “likely to pass an occupational therapy on-road assessment” (green category 1 to 3); 

2. “requires further testing” (yellow category 4 to 6); or 

3. “unlikely to pass an occupational therapy on-road assessment” (red category 7 to 9). 
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The results of this study supported the hypothesis that DSDA classification score of healthy 

people does not differ significantly when repeated after 6 weeks and 6 months, 

demonstrating good test-retest reliability. All the study participants scored within the G1 to 

G3 categories (Green – “likely to pass an occupational therapy on-road assessment”) for all 

tests (as expected); however, some moved (within the matrix) between the G1 to G3 

categories over repeated assessments. Despite movements in the green section of the 

matrix between G1 to G3, the results were all interpreted in the analysis as “likely to pass an 

on-road assessment”. The G1 to G3 categories were nominated by the researcher for the 

purpose of this study however the DSDA does not recognise these categories and a 

participant needs only to fall within one box of the colour classification to achieve the 

classification.  

 

There was no evidence in this study to assume that a change in DSDA category within the 

green section is a specific indication of a change in either the subject’s cognition or 

insight/awareness. No participants in this study moved from the green classification to 

either the yellow or red classification. This is consistent with the predictive strength of the 

DSDA, as all subjects were healthy and were continuing to safely drive throughout the study.  

 

A change from the green classification section to the yellow or red classification sections of 

the matrix would indicate less likelihood of passing an on-road driving assessment only; 

however, in future assessments with brain tumour patients, a clinician may choose to 

interpret this change as an indication that there has been a possible change in cognition. 

Results from this study cannot be directly extrapolated to cognitively impaired subjects; 

however, a change in DSDA classification may be an indicator to a clinician that the patient’s 

cognition or awareness has altered and may prompt further medical or neuropsychological 

evaluation. Distinguishing whether the patient has changed classification primarily due to 

poor scores on DriveSafe or due to poor scores on DriveAware may further assist the 

clinician, as each outcome implies different deficits and causes. However, these suppositions 

would need to be verified within a future study. 

 

5.2 DriveSafe score 

The DriveSafe (DS) score assessed cognition and more specifically memory, attention, and 

attention to detail. Participants viewed 10 screens of a driving situation and the score 
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measured how many objects they correctly identified; the correct positions of the objects in 

a driving scene; and the correct direction of travel. The maximum score was 84 and 

according to the DSDA matrix, a subject who is “likely to pass on on-road driving assessment” 

should have scored between 58 and 84 depending on their DriveAware score (Figure 3). The 

mean DS score for healthy subjects across repeated tests in this study was 81.4 (SD 3.55). On 

initial DS testing, the elderly group scored mean scores up to 8 points lower than the middle 

and young groups respectively; however, by the third attempt the elderly age group mean 

score was up to 4 points below the middle and young group mean scores respectively. The 

mean test scores for the elderly group improved by approximately 4 points between test 1 

and test 2; however, the mean scores between test 2 and test 3 remained virtually the same 

(Table 4). The elderly group’s increased confidence with the previously unfamiliar 

technology may have led to marginal score improvements. 

 

Continuous ordinal regression demonstrated a relationship between age and DS scores 

indicating that the peak DS performance in this sample was 38 years. Scores were lower for 

those over 70 years, revealing reduced DS performance after 70 years of age compared to all 

other ages. There was a very small improvement between test 1 and 2 scores for the entire 

sample as the result approached statistical significance (p = 0.08) although not between test 

2 and 3 suggesting an initial learning effect between the first and second test, albeit a small 

one. 

 

When the sample was discretised by age this score improvement across the three repeated 

tests was only statistically significant (χ2(2) = 8.88, p = 0.012) in the elderly group (70+ years). 

The difference between test 1 and test 2 for the elderly group appeared initially to approach 

statistical significance (p = 0.024); however, it did not meet the strict threshold required for 

statistical significance after the application of a Bonferroni correction (resulting in a 

significance level threshold set at p < 0.017). This aligned with the regression analysis. A 

sensitivity analysis indicated that statistical significance would have been reached with the 

addition of just one more individual. This implied a small change between test 1 and 2 for 

the elderly group supporting good test-retest reliability. There was no significant difference 

in scores between test 2 and 3 for the elderly group. 
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Learning effects have been demonstrated previously in test-retest studies of cognitive tests 

(89, 90) most notably, between the first two tests of a series. Test-retest studies of vision in 

normal individuals and patients with eye disease (99-102), tests of motor function in healthy 

individuals and in patients with multiple sclerosis and Down syndrome (103-105), tests of 

cognition in normal individuals and patients following subarachnoid haemorrhage (106), and 

tests of concussion in children and adolescents (107-109) also report learning effects. In 

many of the published studies of repeated testing, the learning effect occurred between the 

first and second episode of testing but disappeared on subsequent testing (90, 99-102, 104, 

105).  

 

One possible explanation for the findings in this study was that the small learning effect 

associated with the improvement in scores demonstrated in the elderly group between test 

1 and 2 was related to initial unfamiliarity with the iPad technology and anxiety regarding 

the possibility of being assessed as unfit to drive. On subsequent attempts, the participants 

were more familiar with the technology and displayed less anxiety, presumably because they 

knew that they had “passed” the test the first time and knew they were unlikely to “fail” on 

later attempts. Like previous test-retest studies (90, 99-102, 104, 105), after the 

improvement between the first and second test, the 70+ years participants showed no 

significant change to their scores analogous to the participants aged 20 to 69 years. Future 

studies may expect a small DS score improvement in healthy subjects between the first and 

second assessment and this improvement is likely to be more evident in people over 70 

years of age.  

 

Although the results of this study cannot be directly related to populations with brain 

tumour or cognitive impairment, significant increases or decreases (beyond the standard 

deviation of 3.55) in the DriveSafe score between tests (especially after test 2 for those over 

70 years) may be an indicator to a clinician that the patient’s cognition has altered and may 

prompt further medical or neuropsychological evaluation. 

 

5.2.1 Ceiling effect 

It was difficult to determine whether there would have been a greater improvement in the 

young and middle age healthy participants because of the possible ceiling effect of the 

scoring. Twelve of the 30 participants from 20 to 69 years of age achieved the maximum 
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score of 84 for test 1. Only two-thirds of these participants (n = 8) repeated this result on 

test 2.  For the one-third (n = 4) who did not score 84 on test 2, scores reduced minimally (by 

one to two points). Only five participants (12.5% of the entire sample, n = 40) recorded a top 

score of 84 for all three tests, suggesting that the ceiling effect may not be substantial. 

However, a larger sample would be required to confirm this. 

 

5.2.2 DriveSafe and gender 

There was no association between DS score and gender for any of the three age groups as 

measured by a Spearman correlation. 

  

5.3 DriveAware score 

DriveAware (DA) assessed insight and awareness, an essential characteristic for safe driving. 

Based on the subject’s perception, it compared the DS score to responses from the subject 

about their performance on the DS test and their driving ability. A subject may have scored 

lower on the DS, but a high DA score denoted that they may still be classified as “likely to 

pass an occupational therapy on-road assessment”.  Drivers have been reported to take 

compensatory driving and safety actions when aware of reduced cognitive functioning (98) 

e.g. no longer driving at night or avoiding peak hour driving. The maximum score is 17 and 

according to the DSDA matrix, a subject who is “likely to pass on on-road driving assessment” 

should have scored between 11 and 17 depending on their DS score (Figure 3). The mean 

score across all three tests in this study of healthy subjects was 14 (SD 1.5).  

 

This study indicated that the DA score remained relatively consistent for healthy subjects 

(within one or two points - which is close to the standard deviation of 1.5) across three 

repeated test attempts supporting DA test-retest reliability in healthy subjects. DA scores 

generally remained consistent but a small reduction (1 to 2 points less) on subsequent tests 

may have indicated more confidence in ability to complete the DS test successfully. Given 

the confirmed small improvement in DS scores between test 1 and 2, this slight reduction in 

DA score and increased confidence, was to be expected. 

 

The mean DA scores of the young age group were approximately one point less, and the 

elderly group, one point more, than the sample mean score. The DA mean scores were 

slightly lower for the young age group but not statistically significant. The young age group 
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subjects may have perceived that their performance (DS score) was good, resulting in lower 

DA scores.  Conversely, the elderly group may have perceived their DS scores as “OK/Not too 

bad” or “not so good”, resulting in higher DA scores.  The higher DA scores in the elderly 

group suggested they were aware that they might have missed some of the DS answers. This 

may have been a confirmation that healthy elderly drivers were more aware of limitations 

with their driving; e.g. the researcher noted in response to the question, “How often do 

vehicles or pedestrians ‘appear out of nowhere’?” the elderly group were more likely to 

answer, “occasionally”. This answer, admitting fallibility and awareness of such, 

consequently raised their DriveAware score. Although unable directly to infer that self-

regulation exists, Coxon et al. (44) raised self-regulation in the older driver “as a promising 

strategy for preserving safe mobility and independence in later life”. 

 

Significant increases or decreases in DA score (beyond 4 points – which is more than double 

the standard deviation) may be a potential indicator to a clinician that the patient’s 

cognition has altered and may trigger further medical or neuropsychological evaluation. 

Moreover, a consistent DA score combined with a significant reduction in the DS score may 

indicate decreased awareness or insight in reduced performance and prompt further 

investigation. However, this conjecture would need to be verified in a future study. 

 

5.3.1 DriveAware and gender 

There was no significant correlation between DA Scores and gender on analysis of the whole 

sample of healthy subjects. There was a correlation between males in the young (20 – 49 

years) group and a slightly lower DA score combined with consistently high DS scores. 

Interestingly, the young age group women also had high DS scores but higher DA scores than 

the men, suggesting less confidence in their performance on the test. This may be consistent 

with findings that young men demonstrate more confidence in their capabilities than young 

women despite a similar level of performance (110). 

 

5.4 DriveSafe completion time 

The DS completion time appeared on the DS extended report and specified the time the 

subject took to complete the DS test. Most of the study sample completed the DS test in 10 

minutes or less. With the addition of the DriveAware clinician interview, DSDA completion 

time was approximately 15 to 25 minutes. This contrasted with more time-consuming 



39 
 

neuropsychological testing where a two-and-a-half-hour assessment may be considered a 

short assessment (111).   

The DS completion time revealed significant variability on repeated tests and did not 

demonstrate test-retest reliability for healthy subjects. Most participants completed the 

second test in a significantly shorter time than the first attempt suggesting a substantial 

learning effect. Overall, younger participants completed the test in significantly less time, 

with elderly participants taking more time. There was an improvement in DS completion 

time between the three tests, for the whole sample (χ2(2) = 36.4, p = 0.001). This effect was 

significant between test 1 and 2, but not between test 2 and 3.  

 

The DSDA extended report states that “research indicates that the median time taken to 

complete DriveSafe for people who pass an occupational on-road assessment is 4 minutes 

and 46 seconds, and for people who fail the assessment, 6 minutes and 49 seconds”. None 

of the participants in this study completed the DriveSafe in 4 minutes and 46 seconds. The 

fastest completion time was 5 minutes and 9 seconds achieved by a 58-year-old female 

participant on her second attempt however her time increased by 20 seconds on her third 

attempt. The mean time for all participants for all tests was 8.13 minutes (8 minutes 8 

seconds) (SD 2.6) so the results of this study of healthy participants did not corroborate the 

time measure advice on the extended report.  

 

The researcher observed that the DS completion time recorded on the DSDA extended 

report appeared to include the time taken to watch the instructions and complete the three 

practice screens in addition to the 10 screens of the test. This may explain the discrepancy 

between the completion times in this study and the DSDA time range on the DSDA extended 

report product information that indicates the expected time range for a subject if they are 

“likely to pass an on-road assessment”. It was noted that the younger age group, and to a 

lesser extent the middle age group, rushed through the instructions and practice screens on 

repeated attempts. The elderly group perhaps less familiar with the iPad technology and less 

confident in their performance, still fastidiously completed the instructions and all practice 

screens on subsequent tests. The completion time reduction that is more marked in the 

younger and middle age groups but less evident in the elder group may be explained by this 

rationale.  
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The DS completion time was not a reliable measure over repeated tests in its current form, 

in that it was not consistent between assessments and did not meet the completion time 

recommendation on the DSDA extended report. However, it may still be a useful measure of 

performance. This study indicated that healthy subjects could be expected to significantly 

reduce their DS completion time on repeated testing (as measured by the time on the DSDA 

extended report), especially those in the younger and middle age groups. Further medical or 

neuropsychological evaluation may be warranted if patient performance declines (i.e. they 

take longer to complete the DS test). 

 

5.5 Strengths of the study 

The strengths of the study included participant inclusion and exclusion criteria, the strict 

assessment schedule and the non-disclosure of results to the participants. The sample 

represented a large section of the Australian population and included men and women aged 

20 to 91 years of age. Highest level of education completed ranged from year 10 high school 

to Master’s degree. Participants were born in seven different countries, but all spoke English 

proficiently. All participants held, at minimum, a class C drivers’ licence and reported that 

they drove regularly without major concerns.  

 

The inclusion and exclusion criteria controlled the possibility of cognitive changes affecting 

results. One male 80-year-old participant was excluded from the study prior to test three 

under the criteria; however, his results from the first two assessments were retained in the 

data and included in the assessment of score changes between test 1 and 2 but not between 

test 1 and 3 or test 2 and 3. Although it may have been interesting to complete test 3 on this 

subject (and determine whether he was affected by medication usage), it was not within the 

aim of this study to investigate the effect of medication on DSDA. 

 

The follow-up six-week test occurred within one week of the six-week date and the six-

month test was performed within two weeks of the six-month date from the initial test. This 

aligned with the variability expected with patient clinic appointments.  

 

All tests were administered by the researcher (a registered occupational therapist) using the 

same equipment to eliminate further variables, and although participants were informed 

whether they had met the criterion of “likely to pass an on-road assessment”, all participants 
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were blinded to their DS and DA test scores and their DS completion time scores. 

Participants received no information during the study as to whether their scores had 

improved or deteriorated.  

 

5.6 Study Limitations 

The limitations of the study included a lack of patient diversity – participants were 

cognitively fit, English speaking subjects only; lower participant numbers in the 70+ age 

group; and repeating the test over 6 months only rather than 12 months. 

 

A key limitation of the study was that the sample was limited to healthy, cognitively intact 

participants despite the DSDA being designed to assess the ability to drive of people with 

cognitive impairment. Therefore, results cannot be directly translated to diseased or 

cognitively impaired populations. All participants were classified in the green “likely to pass 

an occupational therapy on-road assessment” DSDA classification, and therefore this study 

did not assess test-retest reliability for those who score in the yellow or red classifications.  

Resources were not available during this research project to independently assess and 

monitor cognitive changes (either improvement or deterioration) in subjects with cognitive 

deficits, or to undertake a study directly comparing DSDA against the gold standard for 

cognitive assessment, such as a battery of detailed neuropsychological testing. Testing the 

same cognitively impaired sample repeatedly with the DSDA assessment and an on-road 

occupational therapy driving assessment would also have enabled a direct comparison; 

however, such a comparison was not the primary aim of this study.  

 

The sample was a convenience sample and sample size was determined by the ICC from the 

test-retest study on a previous version of DSDA.  

 

The sample was limited to participants who spoke English proficiently as the DSDA iPad 

version was not validated for use with non-English speakers (1).  As such, the results are not 

generalisable to non-English speaking populations. The researcher also had difficulty 

recruiting healthy volunteers in the 70+ age range who still held a valid drivers’ licence and 

regularly drove an automobile.  Future research should aim to recruit more participants in 

this age group, so the elderly group has similar numbers to the middle age group. Lower 
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participant numbers in the elderly group meant that one outlier result could affect statistical 

results significantly. Reporting of median scores rather than mean scores may counter this. 

 

Due to the project time constraints, repeated testing occurred at six weeks and six months 

only. Repeating the assessment at 12 months would enable comparison of data with 

patients assessed repeatedly for 12 months in the clinic. 

 

Another key limitation to the study relates to the DS completion time. It appeared to the 

researcher that the time reported on the DSDA extended report included the time taken to 

complete the practice screens and none of the healthy participants completed the test near 

the time that the test publisher reported as the median time achieved by participants who 

“passed” the test. A future study should confirm this assertion.  The researcher does not 

recommend the DS Completion time, in its current form, as a reliable measure of 

performance improvement. If utilised, however, the expectation would be that healthy 

subjects would reduce their time to complete the assessment substantially after the first 

assessment. 
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6. Conclusions 
This study aimed to demonstrate the test-retest reliability of the DSDA iPad version. This was 

as a part of a larger study to identify a concise functional outcome measure of high-level 

cognition suitable to use in repeated testing with brain tumour patients in a clinic or hospital 

setting. Deterioration in cognition may be an early sign of tumour recurrence after 

treatment and cognitive testing may provide this alert before radiological evidence (19). It 

may also be a valuable predictor of survival in some forms of brain tumour (20, 21). It was 

essential that the identified measure demonstrated test-retest reliability to realise the 

intention of using it at repeated clinic visits to assess changes in cognition in addition to 

predicting ability to drive.  DriveSafe DriveAware (DSDA) is an assessment developed for the 

purpose of distinguishing whether people are: “likely to pass an occupational therapy on-

road assessment”; “unlikely to pass an occupational therapy on-road assessment”; or 

whether the result is unclear and “further testing” is required. It assesses cognitive ability to 

drive, and insight and awareness into ability to drive. Driving is a key activity for independent 

function, and as such, is highly valued by patients (45). 

 

This study has demonstrated that when used on healthy subjects, the DSDA (iPad version) is 

a reliable method for repeated assessment, albeit with a small learning effect affecting the 

DS score between the first and second testing (but not subsequent testing). This effect 

manifests more noticeably in subjects over 70 years of age and is most likely because of 

increasing familiarity with the technology and decreasing anxiety over repeated assessments 

rather than because of improved cognition. The results also highlighted that DS scores are 

lower overall for people over 70 years of age but still within the cut off limits reported for 

the DSDA (1). This suggests to clinicians seeking to use this assessment in the future to 

monitor cognition that lower DS scores are to be expected in those aged 70+ years and are 

not an indication of any cognitive changes other than those related to age. In addition, DSDA 

classification and DriveAware scores of healthy subjects showed no statistically significant 

difference over time, supporting a conclusion of good test-retest reliability for these 

measures.  

 

In contrast, the DS completion time is not a consistent measure, as all groups reduced their 

time to complete the test over subsequent tests.  
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DSDA was developed to assess cognitive ability to drive however it may be useful for 

identifying cognitive changes in brain tumour patients not detected by other self-care 

assessments. Although results from this study cannot be directly extrapolated to cognitively 

impaired subjects, a substantial change in DSDA classification, DS Score or DA score may be 

an indicator to a clinician that a patient’s cognition or awareness has altered and may 

prompt further medical or neuropsychological evaluation. 
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7. Future Research Recommendations 
Considering the conclusions of this study the following recommendations for future research 

are made: 

1. Repeat the DSDA iPad version assessment with healthy subjects from this study 12 

months after their initial assessment. 

2. Assess the suitability of using DriveSafe DriveAware (DSDA) to assess high-level 

cognition of patients with brain tumours.  

3. Reassess the DriveSafe completion time measure to determine whether the practice 

screens are included in the time calculation. 

4. Compare the DSDA iPad version results of subjects diagnosed with an illness or 

condition that affects cognition to a reliable and valid neuropsychological assessment 

with demonstrated test-retest reliability. 
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