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CONTEXT
Australia’s standards for Assessing Fitness to Drive (AFTD; Austroads, 2022, p.207) describe bioptic telescopes (BTs), and how they might be used by drivers: 
Bioptic telescopes are devices used to compensate for reduced visual acuity. They are miniature telescopes typically mounted on the upper part of a person’s glasses.
Bioptics are used momentarily and intermittently when driving, the majority of which occurs at the corrected visual acuity provided by the person’s glasses. The person drops their chin slightly to view through the telescope for magnification, then lifts their chin to view through their standard corrective lens.
[image: A monocular bioptic telescope mounted on ‘carrier lens]
Figure 1. A monocular bioptic telescope mounted on ‘carrier lens’. (From www.bioptic.co.uk)
In most states of the USA and some other countries, people with visual acuity below the usually required standard but with normal peripheral vision may be licensed to use a BT while driving. Licence conditions vary, but commonly exclude driving at night. 
In a couple of Australian jurisdictions, a small number of individuals whose visual acuity does not meet the current Australian vision standards (as per the AFTD Standards 2022) have been conditionally licensed to drive using a BT. Victoria’s Department of Transport and Planning has received requests from drivers and learner permit applicants with low vision to use a BT while driving. Proponents of BT use by Australian drivers argue that there should be a more ‘formalised process to allow for assessment by eyesight practitioners’ (Bioptic Drivers Australia, 2025).
According to the AFTD 2022 Standards (p.7)[footnoteRef:2]† the key issue when assessing fitness to drive is: “likelihood the person will be unable to control the vehicle and/or unable to act or react to the driving environment in a safe, consistent and timely manner?” This Standard advises that there is currently insufficient evidence to set standards for the use of BTs while driving.   [2: ] 

La Trobe University was therefore engaged by the Department of Transport and Planning to undertake research into the safety implications of drivers using BTs. This research used a human factors / ergonomics (HFE) conceptual framework, to take account of the complex system of human and other factors that affect driver performance and safety.
PURPOSE
The Department specified the following two research questions to be addressed by the research team: 
1. What are the human factors essential for safe driving that need to be considered when introducing the use of bioptic telescopes into the driving task in a dynamic driving environment?  
2. What impact does the use of bioptic telescopes have on driver performance in a dynamic driving environment?  
METHODS
Addressing Question 1. A hierarchical taxonomy of the main factors that affect safe driving was formulated, using a Human Factors / Ergonomics (HFE) conceptual framework depicting the complex road-traffic system within which drivers operate, with focus on safety-related factors likely to be affected by a driver’s use of a BT.
Addressing Question 2. Two methods – (a) and (b) below – were used.
(a) A systematic review of peer-reviewed research evidence on drivers’ use of BTs
A review of existing research on drivers’ use of BTs was conducted. This review followed the formal requirements for selecting and evaluating peer-reviewed research literature (detailed in related journal article).
Key content from research articles was extracted and mapped against the taxonomy of factors that can affect driver performance and safety that was developed to address Question 1. Organising evidence in this way enabled evaluation of how much is currently known about each of the taxonomy factors. Evidence was then further synthesised and reported using the taxonomy’s framework.
(b) Human Factors / Ergonomics (HFE) analyses of a broad range of driving task scenarios, followed by ‘cognitive walkthroughs’ to assess the practicability, risks and benefits of BT use in each scenario
Description of driving task scenarios. First, a set of driving task scenarios were described, representing a diverse range of urban, suburban and rural driving environments. Each scenario represented an actual location in Victoria. 
Analyses of driving task demands. The research team then analysed and documented the demands experienced by drivers as they negotiate each of the driving task scenarios. Figure 2 shows the evidence-based conceptual framework used in these analyses. This figure shows that as drivers process information from the environment, they use ‘attentional resources’ – that is, they have to pay some attention. Importantly, these attentional resources are limited. Because of this human limitation, drivers can be overloaded by high task demands – that is, they cannot pay  sufficient attention, which is likely to increase risk. 
Analyses of the demands of BT use while driving. Researchers also analysed and documented the demands of using a BT while driving, which are additional to demands of the driving task itself.
[image: A diagram of a process]
Figure 2. Attentional resources are important as drivers process information (Macdonald & Harrison, 2008).
Cognitive walkthroughs. To evaluate the practicability, risks and potential benefits of BT use by drivers, the research team conducted “cognitive walkthroughs” of each driving task scenario. For each of these, the researchers assessed how practicable it would be for drivers with poor visual acuity to cope safely with the demands of using a BT while also coping with ongoing driving task demands. Road safety risks and potential benefits of BT use were also assessed.
Assessments were based on:
· the research team’s knowledge of a large body of well-validated theory and empirical research evidence from psychology, HFE, road safety and vision science domains
· evidence specific to drivers’ use of BTs, from the systematic literature review
· a broader range of research evidence specific to particular driving task scenarios (e.g. the perceptual/cognitive processes involved in judging a ‘safe gap’ in traffic or in perceiving distance to an intersection ahead).
RESULTS
Question 1. Taxonomy of factors that can affect driver performance and safety  
Figure 3 depicts the complex road-traffic system within which drivers operate. This Human Factors / Ergonomics (HFE) conceptual framework was used to formulate a taxonomy. Centrally important in it are the driver’s basic capacities and skills – e.g. visual capacities, driving-related perceptual and cognitive skills and attentional resources, as well as vehicle control skills.  
[image: A diagram of a driver in vehicle]
Figure 3. A Human Factors / Ergonomics (HFE) systems depiction of the road-traffic system.
(Macdonald, 2009, following Wilson et al., 1990)
Figure 3 also highlights the well-documented importance of driving task demands, which are determined by a wide range of factors such as traffic levels, speeds, vehicle mix, the frequency of unexpected events (e.g. other road users doing something that might require a response), and environmental factors such as traffic control devices, weather and light levels. Such factors play a major role in determining whether or not a driver will have sufficient ‘spare’ attentional resources to be able to use a BT in addition to driving safely.
At the top of the taxonomy’s hierarchy of factors were the following:
· Driver – e.g. demographics, driving experience, visual, perceptual/cognitive and other skills and abilities, driving-related attitudes/motives 
· Bioptic telescope (BT) – e.g. telescope type, magnification and field of view
· Vehicle – e.g. make/model, level of automation, familiarity to driver
· Driving environment – e.g. road configuration and lane widths, speed limits, traffic conditions, presence of pedestrian and other non-vehicle road users, weather and lighting conditions, road side characteristics (built environment, vegetation, sight distances, visual distractions, etc)
· Driving tasks requirements – ongoing tasks include maintenance of situation awareness, maintenance of safe distances from other road users or fixed objects, navigation; specific manoeuvres include gap selection, intersection negotiation, merging, overtaking, etc.
· Wider system factors – e.g. driver licensing requirements, community perceptions and attitudes related to: road safety, BT use by drivers, and ‘human rights’ issues
· System outcomes – e.g.  road crashes and associated costs, satisfaction of community mobility needs, driver licensing systems costs, public health system costs, personal wellbeing and health of drivers with low vision.

Question 2. Impact of bioptic telescope use on driver performance and road safety
Evidence from the systematic review of research evidence.
Sixty-two published articles met the criteria for inclusion in this review. Synthesis of their content was limited by their highly variable approaches and generally poor methodological quality. It was noted that a substantial majority of authors were experts in vision sciences and/or clinical practitioners in that field; very few appeared to have expertise in psychology and HFE as applied to driving and road safety. Consistent with this, mapping of evidence onto the HFE taxonomy (outlined above) identified many large gaps in evidence.
Very little detailed information was found about driver characteristics apart from vision. Visual information was largely confined to clinical diagnostic categories and visual acuity as normally measured by clinicians. There was relatively little coverage of visual abilities known to be more closely linked to drivers’ crash risk (e.g. motion perception, dynamic visual acuity, contrast sensitivity, glare sensitivity). 
The evidence reviewed took little if any account of how the impact of BT use on safety is affected by drivers’ perceptual/cognitive abilities. This is problematic because a driver’s ‘Useful Field of View’ (UFOV) is strongly influenced by their available attentional resources, and availability of these resources is strongly linked to driving skill. Both UFOV and driving skill level are more strongly related to crash risk than are measures of visual acuity.
Perhaps most importantly, none of this research investigated effects of the road environment and associated driving task demands on driving performance and safety when using a BT. The impact on crash risk of these factors is well documented. The importance of these factors was evident from self-reports of many BT users that they routinely avoid particular types of driving tasks and environments. 
BTs were reported to enhance the personal mobility and quality of life of drivers who use them, but no evidence was found that their use is likely to maintain or enhance road safety. Research on how BT use affects drivers’ performance under normal driving conditions is almost entirely lacking, and research on the crash risk of drivers using BTs was patchy. On balance, it appears likely that drivers using BTs in the USA present a higher risk than age-and gender-matched peers but a lower risk than young novice drivers. On that basis, some argued that their crash risk is within the normally accepted range. However, much the same appears to be true of the crash risk of drivers with poor visual acuity who do not use BTs, which casts doubt on the value of BTs when driving.
Evidence from HFE task analyses and cognitive walkthroughs
Task analysis of BT use. Using a BT imposes additional demands on drivers. They must decide when and what to look at via the BT, dip their head to view the target object or area, perceive and understand targeted information, then move their head up to look out through their normal glasses again. Those steps require some attentional resources, particularly when aligning the BT field of view with a distant target that is moving relative to the driver, and when processing that information (as shown in Fig. 2). 
The only relevant study of how drivers use BTs found that 1.4 seconds was the median time taken, but there was very large variability between individuals. This time is substantially longer than that taken to use a rearview mirror. BT use might sometimes increase risk due to the additional attentional demands of using the BT, the narrower focus of attention, and/or the driver failing to see hazards that occur in the “ring scotoma” created by the BT’s magnification. The ring scotoma is a donut-shaped blind area around the centre of the driver’s field of view when using the BT, which is larger with greater BT magnification.
Task analyses and assessments of BT use in driving task scenarios. A set of 11 scenarios within which there was a total of 19 driving tasks were described, analysed and assessed. To illustrate this process, Table 1 (below) shows analyses and assessments of two of the 19 driving tasks, both in the same rural highway scenario. The research team’s assessments of task demands, practicability, risks and potential road safety benefits of using a BT are shown for each of these two tasks.
Summary of findings from all 19 task assessments. 
For a BT to have any benefit, the driver must first decide to use it. BT use was assessed as unlikely in several of the tasks. This might be because drivers would not perceive a need (e.g. unexpected appearance of a potential hazard) or would perceive BT use as unhelpful (e.g. due to very bright light or glare) or would have insufficient attentional resources because of the high level of driving task demands (e.g. while negotiating a complex roundabout).
In other tasks, the driver might perceive BT use as practicable, but its use was assessed as increasing risk – for example, due to the likelihood of an unexpected hazard occurring while the driver’s attention was focused on the view through the BT, or a hazard occurring in the blind area (ring scotoma) created by the BT. Increased risk was also assessed as likely in driving task scenarios where speeds are moderate to high and there is a high potential for unexpected events/hazards requiring immediate responses from the driver. Such situations include while overtaking on a highway with possible oncoming traffic, or on a busy urban freeway, or on urban and suburban roads with a variety of different road users on or close to the road. 
Table 1. Example of a driving task scenario and two driving tasks used in analyses of task demands, with assessments of the practicability, risks and benefits of BT use.
SCENARIO: Rural Highway 1 lane each way; solid edge lines; broken centre line; light traffic both ways; 100 km/h limit
TASK 1: Drive on straight road with a curve to the right visible in the distance but extent of curvature largely hidden by a hill until closer; negotiate curves to right and then left.
· Task demands. On straight road approaching curve: Observe roadway ahead; Notice the curve; Perceive distance to the curve and Translate perception into actions required to adjust vehicle speed as approach. As enter and negotiate curves:  Observe roadway ahead; Perceive curvatures; Translate perceptions into required control actions to maintain appropriate vehicle speed, trajectory/lateral position
· Practicability, Risks. Provided the curve is first noticed from a sufficient distance away, could use BT to see more details, without any substantial increase in risk. However, BT use when entering and negotiating the curves would negatively impact steering with consequent increase in risk.
· Road safety benefits. Little if any road safety benefit in seeing greater details in advance of the curve. The only advance action required is speed adjustment based on perceived distance to the curve and perceived degree of curvature, but extent of curvature is not visible from a distance, and BT use might degrade rather than improve distance perception.
TASK 2:  Overtake slow truck
· Task demands. While deciding whether to overtake: Observe truck, oncoming vehicles and the roadway ahead, either to confirm the absence of any oncoming vehicles (see Practicability, below) or to identify a safe gap. The latter entails: Perceive: distance/arrival times of oncoming traffic, presence/spacing of vehicles ahead of truck travelling in same direction, length of visible road ahead, truck trajectory (based on perceived speed, length), distance needed to overtake, based on perceived capacity of own vehicle; Monitor following vehicles that may be about to overtake. While overtaking: Control lateral position, speed, Monitor lateral position re truck and roadside, Monitor oncoming traffic, Monitor truck location (via mirror when ahead), Decide when to EITHER abort overtaking manoeuvre OR enter lane ahead of truck, Signal when moving left in front of truck.
· Practicability, Risks. After commencement of overtaking manoeuvre, both visual and attentional task demands are so high that clearly it would not be safely practicable to use a BT. Before commencing overtaking: Could use BT to identify the presence (yes/no) of oncoming vehicles, without any substantial increase in risk, but details viewed through BT appear very unlikely to improve perception of oncoming vehicle distance or speed. It would therefore seem practicable to decide to overtake only if BT use confirms the absence of any oncoming vehicles (unless, perhaps, the visual angle subtended (via the BT) of an oncoming vehicle is very small and the vehicle to be overtaken is travelling very slowly.
· Road safety benefits. BT use would be of potential value in judging whether or not the road ahead was clear of oncoming traffic and therefore it was safe to commence an overtaking manoeuvre.


[bookmark: _Hlk193557017]In scenarios where BT use would be practicable without any substantial increase in risk, safety benefits were often assessed as unlikely or at best, uncertain. For example, when a BT is used to see details of an intersection or curve in the road ahead, this needs to be done before the vehicle is so close that driver action is needed. In that case, the BT-assisted preview is unlikely to produce significant safety benefits because risks usually arise when something requiring driver action has not been noticed at all, or is noticed very late.
BT use enables traffic signs to be read a greater distance than otherwise, which is often claimed as a major benefit. However, many signs are located in areas where task demands are too high for safe use of a BT, as was the case for speed control signs in some of the tasks assessed. The most safety-critical signs (Stop, Give Way) are uniquely shaped- and colour-coded so good visual acuity is not needed to recognise them at a safe distance. When driving in unfamiliar areas, a BT might have value in reading direction signs (if located where BT use is safely practicable), but use of a navigation app with audio information would usually be a safer option.
CONCLUSIONS
Use of BTs by drivers with visual acuity below the standard required for an unconditional driver licence is based on the assumption that it will decrease their crash risk. This assumption was not supported by the present systematic review of peer-reviewed research on BT use by drivers. Neither was it supported by the detailed HFE analyses and assessments of a diverse range of driving task scenarios representative of Victorian driving conditions.
HFE analyses and assessments found that in many driving task scenarios BT use would increase risk, and that both the practicability and potential benefits of using a BT are very limited. Using evidence from all available sources, it was concluded that any road safety benefits of BT use, such as from earlier reading of some traffic signs, are likely to be outweighed by increased risk. 
[bookmark: _Hlk193457113]There is a need for further research on how BTs are used by drivers under naturalistic driving conditions in various ‘real world’ road and traffic environments. Such research would need to include a representative range of drivers who routinely use BTs, so does not currently appear to be feasible in Australia. However, when development of autonomous vehicles is sufficiently advanced, research to investigate their use by drivers with visual acuity below the required standard might be warranted.
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