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ABSTRACT

Introduction: Wheelchairs and scooters promote participation and have positive effects on quality of life.
However, powered wheelchairs (PW) use can be challenging and can pose safety concerns. Adequate PW
assessment and training is important. There is a wide variety of tasks and PW driving assessment measures
used for training and assessing PW driving ability in the literature and little consensus as to which tasks and
outcomes are the most relevant. A scoping review of the literature was performed in order to characterize
this extensive variety of tasks and performance-based outcomes used for training and assessing PW skills.
Methods: A search of the literature was conducted in January 2017. Four databases were searched:
CINAHL, Embase, Psycinfo and Medline. Articles were included if they contained at least one PW driv-
ing task.

Results: 827 articles were screened and 48 articles were retained. PW driving tasks from each article were
identified and categorized in terms of the environment in which they were performed: Driving in a con-
trolled environment, ecological driving tasks, 2D virtual environment (VE) tasks, 3D VE tasks. The assess-
ment measures formed a separate category. Subjective and objective performance-based outcomes
related to PW driving were also identified and grouped into outcomes assessing speed and outcomes
assessing accuracy.

Conclusion: This scoping review provides an overview of tasks and performance outcomes used in the
literature when training and assessing PW skills. The results of this review could guide future research
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when choosing appropriate tasks and performance outcomes for PW driving ability.

> IMPLICATIONS FOR REHABILITATION

e There is wide variety of tasks and performance-based outcomes for PW driving.
e Results showed that available assessment measures are not commonly used in research and that

tasks used often lacked consistency across studies.

e New methods to measure the interaction of speed and accuracy are needed.
e The contents of this review could be used by researchers as a starting point when designing a PW

task and selecting appropriate performance-based outcomes.

Introduction

Activity limitations due to mobility impairments can restrict social
participation and impact quality of life. Wheelchair and scooter
users represent around 1% of the Canadian population [1].
Mobility aids such as wheelchairs and scooters can have positive
effects on the quality of life of people with disabilities [2,3] and
have been shown to increase participation in the commu-
nity [2,4-8].

Powered wheelchairs (PWs) enable people with more severe
disabilities to navigate their environment with less upper extrem-
ity involvement than with a manual wheelchair. However, PW use
can be challenging and can pose safety concerns. Accidents with
powered wheelchairs are common [3,9,10]. A survey of PW and
scooter users found that one-fifth of respondents reported having
had an accident in the previous year that often resulted in injury
or damage to the device [3].

Given the safety concerns involved with PW driving, effective
PW training and accurate assessment of a user’s driving ability is
important. Selecting a set of tasks that adequately reflects a user’s
PW driving ability is not straightforward. In addition, important
considerations have to be taken into account when selecting the
type of outcome, either objective or subjective, that will appropri-
ately measure driving ability. There are a few PW driving assess-
ment measures available in the literature, such as the Wheelchair
Skills Test (WST) [11] and the Powered Wheelchair Driving Indoor
Assessment (PIDA) [12], which have been tested for validity and
reliability, however, such tests are not often used [13,14]. In add-
ition, the different tests vary in terms of the tasks that are
included and the outcome measures used to assess driving ability.
A systematic review conducted in 2003 by Kilkens [15] examined
24 manual wheelchair skills tests and found that studies
employed different tasks and outcome measures, making it
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difficult to compare results. A second systematic review of wheel-
chair skill tests for manual wheelchair users with a spinal cord
injury reached a similar conclusion [16]. Lack of consensus
between the tests for the tasks that were included and the out-
come measures used makes it difficult to compare results
between studies. As with manual wheelchair skill tests, there cur-
rently exists no consistently used standard set of tasks for the
training or assessment of PW skills. Tasks and performance-based
outcomes in the literature range from those used in assessment
measures such as the WST and the PIDA to ones developed by
researchers for a specific research purpose. Thus, there is still a
lack of consensus on what constitutes important factors of wheel-
chair driving ability and on how to measure these factors. In par-
ticular, it is unclear as to what aspects of basic wheelchair
performance (speed, accuracy, etc.) relate to higher level tasks
(e.g., entering a crowded elevator).

As a first step in determining what aspects of wheelchair driv-
ing ability should be measured and in what context, we wish to
identify all PW driving tasks and their related performance-based
outcomes in the literature. This will provide an overview of how
these tasks and outcomes are designed for different assessment
and training purposes. Whereas the International Classification of
Functioning, Disability and Health (ICF) distinguishes capacity
(what an individual can do in a standardized setting) from per-
formance (what an individual does in their usual environment)
[17], no such distinction was made for this review. All PW driving
tasks performed for training or assessment purposes in a clinical
setting or in the user’s usual environment were reviewed (see
Table 1 for definitions and examples of the terms used in
the review).

Unlike previous reviews [15,16,18] that have focused on identi-
fying available training protocols and skills tests, our review
includes all PW driving tasks and performance-based outcomes. In
addition to the available training protocols and skills tests, our
review includes studies containing PW tasks and outcomes used
for a broader range of research purposes and users.

There are three main objectives to this review:

1. To identify all PW driving tasks and assessment measures
related to PW driving ability;

2. To characterize these driving tasks in terms of the skills
involved in the execution of the task;

3. To characterize the performance-based outcomes used to
evaluate driving ability.

Owing to the broad nature of our research question and our
emphasis on identifying and characterizing the evidence that
exists in the literature as opposed to the quality of that evidence,
we are following the framework of a scoping review rather than
that of a systematic review. Thus, for this review, only an inven-
tory of PW driving tasks and performance-based outcomes
is presented.

Table 1. Definitions and examples of terms used in the review.
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Materials and methods

A scoping review of the literature was conducted using the meth-
odological framework outlined by Arksey and O’Malley [19] as
a guide.

Research question

The question we sought to answer with this review was “What
are the driving tasks and associated performance-based outcomes
that have been used for assessment and training of powered
wheelchair driving ability?”

Inclusion-Exclusion criteria

To be included in the review, studies had to be peer-reviewed
and contain at least one driving task. The PW had to be con-
trolled with a regular joystick input device. Studies were rejected
if the tasks were performed using an input device other than a
joystick. PW tasks that were also performed using another device
(e.g., scooter or manual wheelchair) for comparison purposes
were included. Studies with PW driving tasks that were performed
in both real and virtual environments were included. Conference
abstracts and short reports were excluded for lack of details on
the driving tasks used. Studies that described powered wheelchair
driving assessment tools were included in the review if they con-
tained at least one driving task. Self-reported PW driving assess-
ments were therefore excluded.

Literature search

The search was conducted in January 2017. Four databases were
searched using keywords: CINAHL, Embase, Psycinfo, and Medline.
Subjects headings were selected whenever available (see Table 2
for the keywords and subject headings used in the search).

No specific date range was selected for the search. Titles and
abstracts were skimmed to identify relevant studies based on the
inclusion criteria. When the details regarding the task were not
clear from the abstract, the full article was examined.

The first screening included all articles with joystick-controlled
PW driving activities, regardless of their purpose. Because this ini-
tial screening was as inclusive as possible, some of the articles
retained were found to be of little relevance with regards to our
research questions. Hence, the following additional exclusion cri-
teria were defined:

Task not aimed at assessing user driving ability

Some studies contained PW tasks that were not aimed at assess-
ing or training users’ driving skills. We rejected studies in which
the successful execution of the task did not rely on user driving
ability. For example, tasks performed by an experimenter or with

PW driving performance-based

PW driving task goal outcome

PW driving skill PW driving task
Definition Abilities that PW users Driving activity performed using a
must acquire in order powered wheelchair that can be used
to drive safely and for training or assessment purposes.
effectively
Example Driving in a Driving in a straight narrow
straight line hallway

Goal of PW driving task that is explicitly
communicated to users or implicitly
derived from the task conditions

Aspect of PW driving
ability (reflecting capacity
or performance from
the ICF) that can be
evaluated using objective
or subjective measures.
Speed, time to complete
task, number of collisions

Instructions given to user: “Drive as
quickly as possible while avoiding
collisions with the walls”
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Table 2. Keywords and subject headings used in the literature search.

Database Keywords and Subject headings
MEDLINE [“power* wheelchair*” OR “electric* wheelchair*” OR “motori#ed wheelchair*”]
AND
[“task” OR “train*” OR “perform*” OR “learn*” OR Learning/ OR “skill” OR “activit*” OR “program” OR “assess*"]
Embase [“power* wheelchair*” OR “electric* wheelchair*” OR “motori#ed wheelchair*” OR Powered wheelchair/]
AND
[“task” OR “train*” OR Training/ OR “perform*” OR Performance/ OR “learn*” OR Learning/ OR “skill” OR Skill/ OR “activit*”
OR “program” OR “assess*"]
CINAHL [“power* wheelchair*” OR “electric* wheelchair*” OR “motori#ed wheelchair*” OR Wheelchairs, Powered/]
AND
[“task” OR “train*” OR “perform*” OR “learn*” OR Learning/ OR “skill” OR “activit*” OR “program” OR “assess*"]
PsycINFO [“power* wheelchair*” OR “electric* wheelchair*” OR “motori#ed wheelchair*”]

AND

[“task” OR “train*” OR Training/ OR “perform*” OR “learn*” OR Learning/ OR “skill” OR “activit*” OR “program” OR “assess*"]

*replaces any number of characters
#replaces any one character

a dummy in the wheelchair were excluded. Tasks performed using
intelligent wheelchairs or shared control were excluded because
they did not reflect typical driving ability.

Tasks used to test aspects of wheelchair navigation other than
driving ability (e.g., vibrations experienced by the PW, immersion
factors affecting perception in 3D, muscle activity during PW driv-
ing) were rejected. In addition, studies exclusively focused on
device maneuverability were rejected. For example, tasks
designed to determine the minimum space required for different
devices were rejected because the execution of the task did not
require skillful driving and depended exclusively on aspects of the
device. We retained studies evaluating driving ability using new
devices (e.g., comparing performance with different joysticks) if
the assessment of driving ability was thought to be focused on
the user, i.e., how skilled is this user with this device rather than
how well does this device perform.

Exploratory driving and observational studies

Studies in which driving ability was observed without users hav-
ing to perform a specific task were rejected. We excluded articles
that described exploratory driving interventions in which users
learn to drive by exploring their environment because there was
no clearly defined powered wheelchair driving task. Assessment
tools that did not require users to perform a task were not
included in the review. Additionally, studies that mentioned skills
training without any clearly defined task were rejected.

Review process

Two reviewers screened the articles independently to extract rele-
vant studies based on the inclusion and exclusion criteria
described above. When disagreement occurred, the articles were
discussed until a consensus was reached.

Charting and coding the data

After the final set of references was agreed upon, the articles
were examined closely to extract relevant information. For each
article, we charted the purpose of the study, the population for
whom the task was designed or tested in the study, a description
of the task or tasks and the performance-based outcomes to
assess user driving ability. Only PW driving tasks and PW driving
performance-based outcomes were extracted. Tasks such as acti-
vating the controller or using wheelchair controls and outcomes
such as workload and fatigue were not included.

Since the main focus of this review is the powered wheelchair
driving tasks, we discussed ways to best categorize or code these
tasks. This proved to be less straightforward than anticipated. The
final set of articles contained a wide variety of tasks, many of which
with multiple sub-tasks, that made categorizing them difficult and
not very useful. In addition, most studies contained more than one
task, often as part of an obstacle course. Determining when one
task ends and another one begins was not always clear. Therefore,
rather than categorizing individual tasks, we opted to broadly cat-
egorize each article in terms of the environment in which it was
performed: Driving in a controlled environment, ecological driving
tasks, 2D virtual environment (VE) tasks, 3D VE tasks. The assess-
ment measures formed a separate category.

PW driving skills

As defined in the introduction, PW skills are the abilities that PW
users must acquire to drive safely and effectively. There are several
ways to design a task to test a skill. For example, the skill of driving
in a straight line could be tested using three different tasks:
e Driving in a straight narrow hallway in which the user must
avoid collisions with the walls
e Driving straight in an open space, in which the user must
drive as fast as possible while maintaining a straight course
e Following a straight line on the floor, in which the user must
refrain from deviating from the line
All three tasks are essentially testing the same skill but in dif-
ferent ways. After extracting all tasks from the articles, a list of
driving skills was generated by grouping similar tasks together.
The tasks were then coded in terms of the driving skills required
for each task.

Task goal and performance-based outcomes

Defining a clear environmental goal is essential for any motor
task. When mentioned in the articles, the goal for each task was
extracted and charted. Since PW driving ability is typically
assessed in terms of safety (avoiding collisions, accuracy in driv-
ing) and efficiency (speed and accuracy in driving), performance-
based outcomes were grouped into outcomes assessing speed
and outcomes assessing accuracy.

Results

The initial pool of articles consisted of 827 references (Figure 1).
106 articles containing at least one joystick-controlled PW task
were retained after a first screening. After defining additional



exclusion criteria, 40 references were rejected from the review
because the task did not reflect the user’s driving ability. Eighteen
exploratory or observational studies were rejected because they
did not contain a clearly defined task.

Our final set contained 48 references. Twenty-two articles
described real environment tasks and 16 articles contained virtual
environment tasks. The remaining 10 references described an
assessment measure.

Tables 3-6 describe the articles according to the type of task
contained (real tasks in controlled or ecological setting and virtual
tasks in 2D or 3D). The articles describing an assessment measure
were grouped separately and described in Table 7. The study pur-
pose, population, task description, skills assessed, and perform-
ance-based outcomes are summarized for each article.

Real environment driving tasks

Of the 22 articles containing a real environment task, 18 involved
driving in a controlled environment. Ten of these used an available
assessment measure for their driving ability evaluation [20-29]. The
remaining 12 articles are summarized in Table 3 (driving in a con-
trolled setting) and Table 4 (ecological driving tasks).

Most tasks performed in a controlled environment were obs-
tacle courses involving several tasks to be performed in succes-
sion as quickly as possible while avoiding collisions [30-33].
Performance-based outcomes largely consisted of the time to
complete obstacle course or each section of the obstacle course
(speed outcome), as well as the number of collisions (accur-
acy outcome).

Some tasks required participants to follow a track on the floor
and were assessed with the time to complete the track and meas-
ures of deviation from the track [34,35].

One task involved driving to different targets as quickly as pos-
sible [36,37]. In another study, tasks were drawn from the
Wheelchair Skills Test, but assessed using other objective meas-
ures of joystick use [38].

Three studies contained tasks that were more ecological in
nature and required users to drive in different environments
(rehabilitation center and home [39], school, home and outdoors
[40] and community [41]. Users often had to interact with their
environment (approaching and positioning the PW next to
objects, taking an elevator). Outcomes were objective (average
speed, task completion time, number of boundary violations and
number of collisions) or subjective assessments of driving ability
(pass/fail, 7-point ordinal scale).

Virtual environment driving tasks

This is not a comprehensive review of all PW simulators and VEs.
Since the focus of the review was on tasks and outcomes, only
studies in which a PW task was described were included.

Seven out of the sixteen VE tasks were performed in a two-
dimensional environment as opposed to a more realistic three-
dimensional environment. These 2D VE tasks are summarized in
Table 5. They consisted of maze-like tasks in which the goal is to
avoid going out of bounds or touching the walls. The majority of
the articles containing such tasks compared driving ability using
different joysticks and used performance-based outcomes related
to joystick control. Despite the 2D environment not being very
realistic, it is an easy way to obtain detailed information on some-
one’s ability to control a joystick for basic skills such as right and
left turns and driving in a straight line.

Table 6 summarizes the nine articles describing three-dimen-
sional virtual environment tasks. These 3D VE tasks were more
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complex in terms of the skills required to perform the task. They
aimed to be as realistic as possible and often included validation
tasks in the real environment. The outcomes used to assess driv-
ing ability ranged from basic information such as task completion
time and number of collisions to more detailed information
related to joystick control and PW trajectory.

Assessment measures

Ten articles describing PW driving assessment measures were
retained for our review (Table 7). Most assessment measures con-
tain many tasks and cover the full range of skills. Assessment of
driving ability usually consists of a subjective scoring system using
a 4-point scale and is usually done for each individual task. Most
measures in our sample had been evaluated for validity and
reliability.

PW driving skills

Fifteen driving skills were identified from the PW tasks (Table 8).
Some tasks required more than one skill. For example, taking an
elevator includes being able to approach and position the wheel-
chair to reach the call button (approaching and positioning), go
through the elevator doors (doorways), reversing into the elevator
(driving in reverse) or making a 180-turn in place (turning in
place) in a restrained area (maneuvering in a restrained area),
positioning the wheelchair next to the button (approaching and
positioning) and driving out (doorways).

PW driving Performance-Based outcomes

PW driving performance-based outcomes were extracted for each
task and categorized according to whether they assessed speed
or accuracy. Associations emerged between task design and out-
comes used. Table 9 summarizes objective (quantitative continu-
ous and discrete) outcomes for speed and accuracy categorized
by task designs encountered in our sample. Outcomes related to
speed were usually the same regardless of task type. Time to
complete the task was the most frequently used speed outcome.
Outcomes related to accuracy differed depending on the task
design. When the task required users to follow a track on the
floor, measures of deviation from the track were commonly used.
When the task was to drive within boundaries, such as in the 2D
virtual maze tasks, the number of boundary violations was often
used. These studies also included measures of deviation from an
ideal trajectory or centre course. Accuracy for obstacle courses
that have no boundaries or track to follow was usually assessed
by the number of collisions. Some studies also included measures
of joystick control to obtain more information about driv-
ing ability.

Driving ability was sometimes assessed with a 4-point or 3-
point scale. Skill tests and assessment measures frequently
employ this method of evaluation. An observer rates performance
on each task using predefined criteria. A total score is often calcu-
lated by adding up the scores obtained for each task.

Discussion

Our sample of studies included a wide range of tasks and out-
comes. Tasks were categorized according to the environment they
were performed in (real vs. virtual, 2D vs. 3D, controlled vs. eco-
logical driving). Most tasks performed in a real environment
involved driving under controlled conditions (obstacle courses,
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Table 8. Powered wheelchair driving skills and their relationship with clinical assessment measures.

PMP PMRT FERS

OCAWUP

PCDA PIDA IMSC CMSC TAI PMCDA WST

Basic Manoeuvring

1. Driving straight

2. Simple 90-degree turns

3. Circular driving

4. Slaloms and figure 8s

Obstacles

4. Avoiding fixed obstacles

6. Avoiding moving obstacles

7. Going through doorways or gates

Environmental or architectural barriers

8. Driving on different surfaces

9. Slopes, inclines, ramps

10. Curbs and thresholds

11. Transversal or curved slopes

Skilled Manoeuvring

12. Manoeuvring in restrained area

13. Driving in reverse

14. Approaching and positioning
wheelchair next to objects

15. Turning in place -

v v
4 v

IENANEN

AN N N N N N N
I
I

NSNS
NSNS
I

ANAN
ANRN

STSS N

AU NCNN
NN |
NN |
| |
AN NN

AN
AN NN 0 N N N NN

AN N NN
NN
NN
N
AN

Table 9. Summary of speed and accuracy outcomes (objective) for different tasks.

Accuracy

Speed (efficiency) Following a track

Driving within boundaries (mazes) Obstacle courses

Continuous Time to complete task Lateral deviation, RMSE
Speed
Reaction time
Acceleration

Discrete Number of times the -

wheelchair is stuck in place
for more than 3 seconds

Deviation from ideal trajectory
(RMSE, average deviation, SD
of deviation)

Measures of joystick control (joystick
excursion, joystick displacement,
variability of joystick direction)

Number of collisions, number
of joystick movements

Number of changes in heading,
number of boundary violations

following a track). Two-dimensional virtual environment PW tasks
were usually very simple mazes designed to compare driving abil-
ity using different joysticks. The performance-based outcomes
provided detailed information on joystick control. Tasks in three-
dimensional virtual environments were more realistic and allowed
users to perform complex tasks safely.

Similar to what has previously been reported, we found no
standard or consistency between the various tasks or outcomes
used to assess PW driving ability. Our sample of studies included
a wide range of research questions and PW driving tasks. Despite
the availability of reliable assessment measures, the results of the
review suggest that these are not commonly used in research.
Most studies in our sample contained tasks that were created to
suit a specific research purpose. The task descriptions often lacked
sufficient details to allow for replication and comparison of PW
driving ability. Assessment tools, on the other hand, are usually
much more detailed in terms of the task description and require-
ments. They tend to include a wide spectrum of skills and often
require a lot of time, space and resources to administer.
Consequently, their use in a research context as opposed to a
clinical setting may not be ideal. Another drawback is the way
PW driving ability is assessed. The majority of assessment meas-
ures use an observational evaluation method, in which driving
ability is rated by an observer on a 4-point scale. While this is
suitable in a clinical setting, assessment of PW driving ability for
research purposes often requires more precise objective out-
comes, depending on the research question. A possible solution is
to use a subset of tasks from an available assessment measure
and to combine it with objective performance-based outcomes.
This has been exemplified in two studies [38,42] where tasks were
drawn from the Wheelchair Skills Test but assessed using object-
ive outcomes (task completion time, measures of joystick control

such as joystick displacement). Combining an available assess-
ment measure with objective outcomes allows researchers to pre-
cisely assess driving ability while making use of a clearly defined
set of tasks and makes comparisons between studies using the
same tasks possible. However, such precise objective outcomes
can be difficult to obtain in a clinical setting because they require
specific instruments (e.g., instruments to measure joystick control
or PW trajectory) that are not readily available. The use of virtual
reality makes it possible to obtain detailed information on joystick
control and PW trajectory.

In addition to the tasks not always being described in detail,
the task goal was often not clearly defined in the articles. Having
a clear environmental goal is important for any motor task. This is
especially significant for PW driving because of the tradeoff
between speed and accuracy that exists when aiming to drive as
quickly as possible while avoiding collisions or going off track.
Some users may focus on accuracy and drive slowly to avoid devi-
ating from the course or making collisions. Others may try to opti-
mize speed and be less careful in their driving. Defining a task
goal that emphasizes both speed and accuracy equally may lead
drivers to employ different strategies and could make compari-
sons difficult. An outcome that takes the interaction of speed and
accuracy into account might better reflect driving ability than
speed and number of collisions alone. Most studies in our sample
placed equal weight on speed and accuracy. Only two studies
accounted for the speed-accuracy tradeoff and assessed driving
ability using an outcome that combined both speed
and accuracy.

While most studies in our sample required users to drive as
fast as possible while avoiding collisions, articles describing an
outcome measure to be used for assessment and training pur-
poses placed more emphasis on accuracy. In a clinical setting,
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MEDLINE

Databases searched:
CINAHL, PsycINFO, Embase,

Keywords:
Power(ed) wheelchair(s) OR electric(al) wheelchair(s)
OR motorizideShethair(s)

Task(s); OR train(ing); OR assess(ment); OR activit(ies)
OR skill(s); OR perform(ance); OR learn(ing); OR
program(s)

n =827

Initial Pool of articles

Screening for articles containing at least
one joystick-controlled PW driving task

n=106

Articles retained after first screening

Exclusion critera:
1. Task not assessing user driving ability;
2. Exploratory or observational studies
without a clearly defined task

Final count of articles
n =48

Studies with a task
performed in a real
environment
n=22

Studies with a task
performed in a
virtual environment
n=16

Articles describing
an assessment
measure
n=10

Figure 1. Flow of articles throughout the study.

users are usually taught how to execute a PW driving task in
detail and are evaluated on their ability to safely complete it,
rather than the speed at which they perform it [11]. In real life,
speed is not as important as accuracy and therefore PW assess-
ment and training protocols focus more on accuracy. Other stud-
ies reviewed focused less on learning and the PW tasks usually
involved driving as fast as possible while maintaining accuracy,
suggesting that accuracy may be more important in the begin-
ning stages of learning, but that both speed and accuracy are
important for overall driving ability.

Out of all the assessment measures retained for this review,
the Wheelchair Skills Training Program was the most compre-
hensive in terms of the skills categories it encompasses. It is
easily available and its measurement properties have been well-
established. The tasks, environmental goal and the scoring sys-
tem are all well-defined. Because quality assessment is outside
the scope of a scoping review, no conclusion can be drawn on
the validity of using one task or performance-based outcome
versus another and is thus a limitation of this study. Future
work could involve systematically reviewing tasks and outcomes
for validity using a set of predefined criteria. By opting not to
distinguish between capacity and performance as outlined in
the ICF model, our discussion and categorization of the assess-
ment measures do not reflect this important dimension.
Another limitation of the study is that we restricted ourselves to
peer-reviewed articles, and thus neglected the extensive grey
literature that exists on PW driving.

Conclusion

The purpose of this review was to identify PW tasks and perform-
ance-based outcomes used in the literature. Previous reviews
have focused exclusively on wheelchair assessment measures
[15,16]. By including all PW tasks used for training or assessment
of driving ability, our aim was to have an overview of the tasks
that have been used for research purposes. Our sample included
a wide variety of tasks and performance-based outcomes for PW
driving. Results showed that available assessment measures are
not commonly used in research and that tasks used often lacked
consistency across studies. A good option may be to combine a
subset of tasks from an assessment tool with objective outcomes
appropriate for research. Performance on individual tasks could
then be compared between studies. Virtual reality allows for
detailed information on PW driving ability.

Few performance-based outcomes incorporated both speed
and accuracy as a single construct. New methods to measure the
interaction of speed and accuracy are needed. The contents of
this review could be used by researchers as a starting point when
designing a PW task and selecting appropriate performance-
based outcomes.
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