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Executive summary

The key objective of this project was to address the issues required to establish an effective Occlusion
methodology for the assessment of In-Vehicle Information Systems (IVIS). It was the intention that
the research would help develop a robust visual demand measurement protocol based on Occlusion,
and to propose criteria for the acceptability of different tasks. This would help inform DfT and others
regarding which VIS tasks should not be undertaken while driving.

Thiswork was undertaken in five work packages:

Work Package 1l - Age

The impact of age on performance of IVIS tasks whilst applying the Occlusion technique was
investigated in order to understand how age should be controlled for when producing a
protocol for Occlusion. A small number of previous studies have compared the age of
participants within experiments, but no published studies have been found that 1ooked
specifically at the effects of the sample age on visual demand and the effectiveness of the
Occlusion technique as defined by arecent 1SO standard.

For thiswork, 60 participants in various age ranges (from 17-76) were tested on four different
IVIS tasks using a draft Occlusion protocol based on the SO standard. These tasks were:
1. POI — Entering a Point of Interest (POI) using a PDA version of a Tom Tom
navigation system.
2. Address-— Entering a street address using a PDA version of a Tom Tom navigation
system.
3. Short scrolling — Finding a 3 letter stock code from a scrolling list (one column) and
reading out the accompanying share price.
4. Long scrolling — Finding a 3 letter stock code from a scrolling list (three columns)
and reading out the accompanying share price.

The results showed some differences between the age categories for the two Occlusion
performance measures (Total Shutter Open Time (TSOT), and Resumability (R)). In
particular the older participants showed a greater spread of scores (especially for TSOT).

Regarding data sampling, there was no overall difference in either TSOT or R due to the
precise sampling strategy used (either 10 random participants or stratifying a sample of 10
with two participants aged over 50 years). However, our results found using subjects aged
over 67 increased the variability of the sample, so we recommend that they should be
excluded in order to obtain reliable results from alimited sample.

Finally, the results found no significant performance improvements due to learning beyond
the ISO Standard-specified practice. From the findings obtained it does not seem that learning
is occurring through the five trials on any task, and that the practice sessions required by the
standard are enough for a participant to reach the top of the learning curve. Likewise, no
significant differences were found between those partici pants who undertook the Occlusion
trials first, and those who did them second (i.e. after non-Occluded trials). As such, our results
imply that the practice sessions and experimental order outlined in the 1SO standard are
sufficient (at least for the range of tasks considered), and therefore they were included in the
Occlusion protocol developed in Work Package 4.

Overal, these results imply that to obtain minimal inter-subject variability an experiment
should ideally use younger/middle aged participants. Based on these results, work Packages 3
and 4 used these age ranges (and especially avoided the 67-76 age group). Gender imbalance
may be maintained for specific reasons (for example, to reflect a population- such as truck
drivers being mainly male), but this does not appear to be a significant factor in the Occlusion
results. The Occlusion protocol written in WP4 used the results obtained here, in particular
regarding both the use of older participants and using the experimental instructions that were
developed in this study.
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Work Package 2 - Consideration of | VIStasks and expert evaluation

Work Package 2 considered the results of the four different 1V1S tasks from WP1 with
reference to other data sources. The purpose was to help understand the characteristics of
IVIStasksthat are overly distracting. Such an approach assisted in later stages of this project
to help establish external benchmarks for V1S tasks using the Occlusion protocol.

Three additional sources of information were used:

1. Expert opinion/heuristic evaluation: areview of the interface characteristics of the tasks.
By using a panel of subject matter experts, we examined the likely usability issues and
demands (perceptual, cognitive and physical) from these tasks while driving, and
uncovered the different types of distractions associated with each of the tasks.

2. A keystroke level task analysis (afundamental decomposition of the four IVIS tasks to
guantify the time theoretically needed to compl ete them).

3. Social acceptability questionnaires (to gauge whether drivers thought that undertaking
any of these four tasks whilst driving was acceptable). By conducting two surveys (one
specifically for the four VIS tasks, and one covering awider area), quantifiable data were
produced about which tasks, and which components of the tasks, are considered to be
acceptable to UK drivers.

These three sources produced arich array of results and ultimately hel ped the overall
objective of developing a Demand Reference Level criterion using the Occlusion protocol. In
particular:

»  Theexpert review and socia acceptability results showed from first principlesthe
characterigtics of the four tasks that are overly distracting and/or may cause usability
difficulties - these results both hel ped understand and predict obtained Occlusion scores,
and helped establish what particul ar features of the task make it acceptable/unacceptable
to the UK driving population (as evidenced in the socia acceptability scores). When
setting limits (in WP5), the list of positive and negative task characteristics can help
explain why anew VIS task has abtained its specific TSOT and R scores and how
socially acceptableit may be. Such an approach may be useful for policy makers and
researchers to understand obtained Occlusion scores, and possibly it could also be used to
assist the design process.

» Likewise, the Keystroke Level task analysis showed that the theoretical task completion
times (both Static and Occluded) were closely linked to the results obtained from WP1 for
two of the four VIS tasks. This does not, of course, directly imply that only a Keystroke
Level task analysisis sufficient to demonstrate which IVIS tasks may be acceptable, asit
was not a good predictor for the other two VIS tasks. However it does help support,
augment, and explain the obtained results. In particular, the Keystroke Level analysis
highlighted the fundamental characteristics of tasks that contributed to differencesin
TSOT and R values.

Overall, the findings of this Work Package show what aspects of tasks may be distracting/lack
usabhility, how the results rel ate to theoretical task performance time and what alarge sample
of the UK driving public would consider as “acceptable” tasks to be performed while driving.

Work Package 3 - Benchmarking 1VIS tasks to another impairment inducing factor (alcohol)
and performance measur es (L ane Change Task)

Thethird Work Package (WP3) continued the Occlusion project by examining VIS tasks
using an alternative evaluation method (the Lane Change Task - LCT) and comparing results
with known driving impairments (alcohol).
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In particular, WP3 investigated the variability between drivers using the four IVIS tasks from
the previous Work Packages. It used the LCT to compare impairment due to VIS and
impairment due to alcohol intoxication at the UK legal driving limit (80mg of alcohol per
100ml of arteria blood).

The LCT results found that driving whilst engaged in dl four of the IVIS tasks was
significantly worse than driving at the UK legal acohol limit. Additionally, compared with
single task performance (i.e. purely an IVIS task), there was an increase in the time taken to
complete the VIS tasks when performed in conjunction with the driving task. When
compared with Occlusion task performance (from WP1), the LCT was not able to
discriminate between the four VIS tasksin relation to their visual demand and potential
impact on driving.

By comparing the results obtained from these aspects to those found from Occlusion they
helped to further clarify what would be an appropriate Occlusion Demand Reference Level,
and showed the sensitivity of the Occlusion technique compared with the Lane Change Task.

Work Package 4 - Production of a detailed protocol for assessment of 1VIS tasks, performing a
reliability study of Occlusion procedure and testing the influence of a primary loading
task

Work Package 4(a) — Protocol Development

The I1SO standard for Occlusion had just been published, but we took an independent view of
al of its requirements. Some aspects (e.g. precise experimental instructions) needed to be
extended and others (e.g. the age groups suggested) needed to be modified for an effective
protocol.

Theresults of WPs1-3 were used to make the protocol evidence-based. It was devel oped
based on the latest Occlusion standard and supplemented with results from the first three
work packages and our practical experience of applying the Occlusion method. The

devel opment process was iterative, whereby comments received by TRL from other
organisations (including University of Nottingham, UK and BASt, Germany) were used to
further refine the protocal.

The Occlusion protocol (Horberry et a., 2007: PPR 259) takes the form of a detailed method
that contains al the necessary information for replication.

Work Package 4(b) — Reliability Study

A reliability analysis study was conducted to evaluate the protocol being developed. The
protocol was used at an independent research centre (University of Nottingham), and the
results were compared to TRL data.

Comparing the results achieved at University of Nottingham and TRL provided a clear
indication as to the reliability of the protocol. Twenty participants were tested at the
University of Nottingham using the most recent version of the Occlusion protocol; these data
were then compared to earlier results from TRL. The same four 1V IS tasks were performed at
both Nottingham and TRL.

The results showed that there was considerable agreement between the Nottingham and TRL
results for Tasks 1 and 2 (both using a navigation system) for both TSOT and R. Thiswas
encouraging as the primary use of the protocol islikely to bein the assessment of fully

devel oped systems. There was less agreement for the two scrolling text tasks (prototype
tasks). It was established that differences in scrolling rates contributed to the findings (both
across the studies and across the two tasks). Thisindicated that the protocol should require
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collection of information regarding the technical setting in which atask isimplemented. This
will better enable meaningful cross-study comparisons and the requirement (operationally
defined in terms of performance speed) was added to the revised version of the protocol.

The key result was that the protocol was successfully evaluated and was shown to be reliable.
For tasks that are fully developed it produced comparabl e results across laboratories. For
prototype tasks the protocol was extended to ensure that the technical environment in which
the testing takes place is better specified and more precisely controlled.

Work Package 4(c) —Primary Loading Tasks and Occlusion Performance

Thiswork examined the effects on Occlusion parameters of participants undertaking a
primary loading task i.e. an additional task during the occluded (blank) periods. It has
sometimes been argued that Occlusion has limited validity and does not necessarily replicate
the differing demands of performing an IVIStask whilst driving areal vehicle since the
participant must attend to the driving situation in the periods between doing the VIS task.
This raises the question of whether asimulated driving task or “primary loading task” is
necessary during the Occlusion interval. The aim of this work package was to determine
whether or not the Occlusion measure should be accompanied by a simulated driving task or
“primary loading task”.

The study investigated the effects of two different primary loading tasks on Occlusion
parameters. Ten participants were involved; they completed the four IV IS tasks under the
following conditions:

*  With noloading task.
»  With avisual-spatial task (avisual search task on a separate screen).

*  With an auditory task (holding auditory information in working memory and comparing it
with new auditory information).

The study showed that the presence of aprimary loading task whilst performing an VIS task
does modify the Occlusion results. However, the findings paint an unclear picture; in general
the presence of the loading task produced an unwelcome variance in participant performance.
For some tasks (the two navigation system tasks) performance was reduced (as expected)
based on the Occlusion metrics. However, for the two scrolling tasks, participant performance
presented a very indistinct pattern.

It was concluded that introducing aloading task has few beneficial effectsin terms of
Occlusion performance (and generally creates more undesirable inconsistencies).
Consequently, using aloading task during an VIS evaluation with the Occlusion techniqueis
not recommended, and therefore the protocol was not modified to include the use of such a
task.

Work Package 5 - Setting Limits: To determine performance limits based on the Occlusion
measur es

The objective for this final WP was to propose a clear “benchmark” or Demand Reference
Level (DRL) that can be used by DfT (and others) to identify in-vehicle devices, tasks or
functions that involve an unacceptably high level of demand if used while driving. It used a
wide range of data sources enabling many viewpoints to be integrated; these included
scientific, social acceptability and commercia views. These included:

* A meta-analysis of the literature review data especially focusing on the ‘limits’ used in
other countries.
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» Personal contact with Occlusion experts worldwide to try to reach an international
consensus and to supplement the review of literature.

»  Experimental Occlusion work conducted by TRL and Nottingham concerning age.
e Social acceptability/keystroke level analysig/likely usability issue findings.

* A comparison of impairment due to visual demand from using an V1S with impairment
caused by alcohol intoxication at the socially agreed UK limit.

* Results of reliability analysis and primary loading task investigations.
» Knowledge of the way industry uses design guidelines.

Thedeveloped DRL isbased on the Occlusion parameter TSOT. For an |VIStask to
‘meet’ the DRL, the TSOT value (mean + ‘spread’ combined, termed DL o) Needsto be
below 8 seconds.

The DRL was designed, and described in this report, in a manner so that it can be easily
applied and understood by other researchers, practitioners, designers and policy makers.

Although meeting the DRL does not imply an IVIStask is ‘safe’ to perform whilst driving, it
does suggest the visual demand required is within a benchmark limit. Conversdly, generaly
tasks that do not meet the DRL involve an excessive level of visua demand; however, there
might be situations where such tasks are still acceptable for other reasons (such as long tasks
that are easily interruptible and impose only a low intensity of visual demand). In such cases,
the justifications about why such tasks are acceptable should ideally also be evidence-based.

Overall outcomes

Taken asawholeit isargued that the project has successfully collected and analysed a great deal
of valuable Occlusion-related data. It undertook the largest Occlusion study to date in the world
(the age experiment reported in WP1). The work has received a great deal of international
attention (for example, invitations to speak about the research at international events) and has
helped promote use of the Occlusion method. A practical protocol has been developed and a
Demand Reference Level has been defined by the research; it is believed that using both the
protocol and DRL criteriawill help identify VIS tasks that require excessive visual demand, and
if widely implemented will lead to improvements in road safety. The criteria developed here
could also beincorporated into other, broader rating approaches (such as star ratings) for In-
Vehicle Information Systems.

It is now recommended that steps are taken to disseminate the findings and protocol widely (this
might be accomplished by the publication of an 1SO technical report). Furthermore, once the
DLR has been widdly disseminated, provision should be made for periodical review. Finaly, it
is recommended that further datais collected to benchmark the visual demand for awide range
of VIS tasks against the proposed DRL. Such research could assist Df T in understanding the
range of interface types that could be considered to be unacceptable.
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Abbreviations

ANOVA
BAC

df

DRL
DLoc

ESoP

1SO

IVIS

LCD

LCT

MDev

MS

Nomadic Device
Occlusion Interval
Outlier

p

PDA

POI

PLT

PLT-VS
PLT2-AS

POI

R

t

Spread

Task

Trial (Test Trial)
TGT

TIVT

TSOT

TSOTas

TTT

TTToc
TTTUnocl

Vision Interval

Visual Demand

Visual Occlusion

WP

Analysis of Variance (a statistical analysis method)
Blood Alcohol Concentration

Degrees of Freedom (used in the statistical analysis)
Demand Reference Level

Demand Level Occlusion. This equates to the mean Total Shutter Open Time plus the
‘Spread’. i.e: Mean + (85" percentile— mean)?
mean

European Statement of Principles on the Design of Human Machine Interaction
International Organisation for Standardisation

In-Vehicle Information System

Liquid Crystal Display

Lane Change Test

Mean Deviation from aoptima model of driver lane keeping

Mean Square (used in the statistical analysis)

A handheld wireless device such asa PDA or smartphone

Time during which the driver interface is not visible when using an occlusion procedure
Observation that lies outside the overall pattern of the sample data distribution
Probability

Personal Digital Assistant

Point Of Interest

Primary Loading Task

Visua Primary Loading Task (condition 1)

Auditory Primary Loading Task (condition 2)

Point Of Interest

Resumability ratio (refer to page 10 for definition)

t-test statistic (a statistical analysis method)

(85" percentile— mean)?
mean

Process of achieving a specific and measurable goa using a prescribed method
Investigation of one participant undertaking one repetition of one task

Total Glance Time

Tota Interrupted Vision Time

Total Shutter Open Time

Total Shutter Open Time under Auditory Spatial Task conditions

Tota Task Time (refer to page 10 for definition)

Total Task Time under occluded conditions (refer to page 10 for definition)

Total Task Time under unoccluded conditions (refer to page 10 for definition)
Discrete time during which the driver interface is visible when using an occlusion
procedure

Amount of visual activity required to extract information from an interface of an in-
vehicle system to perform a specific task

M easurement method involving periodic obstruction of the participant’s vision or the
obscuration of visual information under investigation

Work Package
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1 Introduction

Over the past few years there has been an increased uptake of in-vehicle information systems
(IV1S) such as satellite navigation and communication devices. Although there are certainly many
positive potential benefits from such systems, there are also some negative saf ety issues - these
include the possibility that in-vehicle systems may distract drivers, increase their workload or
encourage them to engage in non-driving related tasks during their actual driving (Horberry et d.,
2006).

Thereisavariety of measurement methods available to assess the potential negative effects of
such new in-vehicle technologies; one method that is becoming increasingly important
internationaly is ‘ Occlusion’. Occlusion assesses visual demand due to the use of visual or visual
manual interfaces available to the driver while avehicle isin motion. The Occlusion method
determines visua demand and interruptability of atask by intermittent viewing of the in-vehicle
system, generally by means of specially designed goggles. It should be noted that visual demand
from an VIS task does not necessarily imply driver distraction; the main intervening factor is the
driver’s motivation to engage in the task (Burnett et al, 2005).

Visual Occlusion helpsidentify designs which require long single glance durations by driversto
assimilate information necessary to complete atask using an in-vehicle system. Occlusion research
generally examines two parameters. Total Shutter Open Time (TSOT: how long it took a
participant to complete atask under conditions of Occlusion) and R (a measure of task
resumability- ng how ‘chunkable’ an in-vehicle task is). Definitions of these primary
Occlusion metrics are given in Section 3.4.

The overall project goal wasto develop arobust distraction measurement protocol based on
Occlusion, and to propose criteria for the acceptability of different systems. The work is based on,
and supports, the recent SO standard (1SO 16673: 2007). It is anticipated that this report will
ultimately provide evidence to help inform policy regarding acceptable and unacceptable In-
Vehicle Information Systems.

This Occlusion research project was undertaken in five separate work packages; these are detailed
in Sections 3-7 of thisreport. A literature review is provided in Section 2.

WP 1: Age (Section 3)
WP 2: Consideration of different VIS tasks, and expert evaluation (Section 4)

WP 3: Benchmarking of different IVIStasks to other impairment inducing factors (alcohol) and
performance measures (Lane Change Task) (Section 5)

WP 4. (a) Protocol Development, (b) Reliability Study & (c) Primary Loading Task (Section 6)

WP 5: Setting Limits: To determine performance limits on the Occlusion measures for acceptable
VIS tasks (Section 7)

Thefinal Occlusion protocol is available asafinal report (Horberry et a, 2007).

2 Review of Recent Occlusion Literature

In 2004 aliterature review of Occlusion research was completed for DfT, with particular emphasis
on the Occlusion technique/methodol ogy (Stevens et a., 2004). The review here updates that
previous work looking particularly for age effects.

2.1 Literature Review Method

Data was sought and collected from a variety of information sources - published literature,
research presented at the 1SO ‘ Occlusion Standards Meetings' and through contacts with
organisations who have undertaken recent Occlusion research (e.g. Transport Canada).
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European, North American, Australian and Japanese transport researchers who have completed
Occlusion studies, or have a known interest in, Occlusion, as well as several vehicle manufacturers
were contacted by e-mail to inform them of our research study and to request any recent literature
that may not yet have been published.

An internet search of Occlusion terms was also carried out to obtain additional details of recent
research.

A number of research reports and conference presentations were received in response to our
gueries that update the previous review. The results of this search are summarised below; they are
presented in terms of the themes they addressed.

2.2 Literature Review Findings

221 Ageof Participants

The age of participantsis likely to be an important (perhaps the most important) individual
difference affecting the validity and reliability of results from Occlusion measurements. The
number of participants required in an Occlusion study has now been defined by SO 16673;
however, no requirement is stated concerning the age ranges of the participants. The standard
simply makes a recommendation that 20% of subjects for Occlusion studies should be over the age
of 50.

There have been severa studies examining the effects of age on tasks performance under
conditions of Occlusion; however, these have produced a somewhat mixed picture of results.
Research by Weir et al. (2003) tested agroup of younger (20-28yrs old) vs. older (65-71yrs old)
drivers. Their research reported that older driverswere likely to take longer glances at the display
and took longer to compl ete the required task.

Around the same time, Bengler (2003) tested 30 subjects, 20 of which were aged 19-30 and 10 of
which were aged 48-63. Subjects completed 10 in-vehicle tasks, the results of which showed that
there was a significant differencein Tota Task Time (TTT) between the younger and older groups
of drivers. The main study effect was participant age with the older drivers taking significantly
longer to complete the tasks. Bengler also calculated an R value for his participants, and the age of
the participants was again found to explain significant differencesin R values.

More recently, Asoh et a. (2005) compared a group of older male drivers (62-71, average age of
65.2) to agroup of younger male drivers (26-52, average age of 34) to investigate differencesin
total glancetime (TGT) and total shutter open time (TSOT). The results showed that the TGT was
lower for the older drivers.

2.2.2 Meansof Occlusion

There are two widely used means of visua Occlusion for driving task demand research studies.
Thefirst, and more common method, isto use Tranducent Technologies Plato Occlusion Goggles
(see Figure 1).
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Figure 1: Participant wearing the Plato goggles

Plato goggles use LCD lenses that can switch between an ‘on’ state (trand ucent) to ‘off’ (opague)
and are regarded as one of the simplest mechanisms for undertaking occlusion experiments.

The second method is to use screen/device blanking using software to occlude a display for set
periods of time. However, unless the task is being carried out wholly on atouch screen, this
method means that any device controls remain on view during the task.

Two recent studies have investigated the use of two different means of occlusion: Weir et a
(2003) and Niiya (2000).

The Weir et al study found no significant differencesin task time or driving performance between
the two methods. The earlier study by Niiya did, however, report slower driver response times
during an object recognition task when using goggles. It was reported that this difference was due
to accommoadation time of the display by the driver after the Occluded period.

Given that most Occlusion studies around the world have used the Plato goggles, this research has
also made use of them. This allows adirect comparison to be made between the results of the new
work reported here and those obtained el sewhere in previous studies.

223 The'R’ Value

The R value has recently been discussed by representatives of Transport Canada (Burns, 2006).
Also, R results previously obtained have been compared to those obtained by the Lane Change
Task (LCT) (Mattes, 2003).

Transport Canada were concerned that R does not discriminate between tasks thought to be
acceptable and tasks that are thought to be unsafe whereas the measure of TSOT does. They
conclude that TSOT findings are more consistent with LCT results.

They reported that it is unclear what R measures:
* R > 1 suggests problems with resumability... but what does that mean for safety?
* R <1doesnot mean atask is safer.
» Rdid not discriminate by task complexity.
e Measuring TTT to caculate R increases trial demands.
» Raloneisnot sufficient and may be unnecessary or redundant to TSOT.
* Rignorestask duration and could be used to justify exceptionally long tasks.
» Rdoes nat capture the other features of distraction (i.e., intensity, timing or frequency).

Therefore, Transport Canada believes that R can be used to support TSOT findings but never asa
stand-alone measure (Burns, 2006).
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However, some researchers take a different view, and have data to support the diagnostic value of
R (Pettitt et al, 2006); so they argue that R values should be considered when evaluating IVIS
systems using Occlusion.

224  Setting Limits

Asoh (2005) investigated the allowable upper limits of the JAMA guidelines for Total Glance
Time towards a navigation system.

Asoh compared arange of younger and older drivers; he measured the relationship between TGT
and anxiety of using a navigation system whilst driving. The correlation between the two was high
for al conditions and anxiety increased and TGT increased. It was estimated that a TGT of less
than 8 seconds did not cause anxiety or affect vehicle behaviour regardless of the type of road or
navigation system.

Baumann (2004) reported and carried out experiments which built on a study by Tijerina (2000)
which compared the Occlusion technique with the Green (1999) 15-second rule for Total Task
Timefor ng whether atask is executable whilst driving. However, Tijerinaargued that the
15 second total task time rule does not take into account how well the task can be completed in
small chunks of time. The results showed that even though a task may be completed within the 15
second rule period, because of atask’s chunkability it may still not be possible to carry it out
whilst driving with short (< 2 second) glances. The Occlusion technique, however, acts asa
method of assessing whether thisisthe case and so, it is maintained here, can identify unsuitable
tasks.

In terms of cut-off limits, the Driver Metrics report (2007) described the values currently used
around the world:

TSOT:
20 s (85" Percentile). Society of Automobile Engineers (International Organization) J-2364.

15 s(Mean). The Alliance of Automobile Manufacturers. ThisisaUS based coalition of 9 car
and light truck manufacturers, including BMW Group, DaimlerChrysler, Ford Motor
Company, General Motors, Mazda, Mitsubishi Motors, Porsche, Toyotaand
Volkswagen.

7.5 s (Mean). The Japan Automobile Manufacturers Association (JAMA). Thisisa Tokyo-
based trade association representing 14 Japanese car, truck, bus and motorcycle
manufacturers.

R:

To be decided, but proposed < 1

225 Driver Metrics Report

A Driver Metrics Workshop was held October 2-3, 2006, in Ottawa, Canada to bring together a
key group of global expertsin driver performance research. The central issue addressed in the
meeting, was which driver performance metrics can be employed early in product design to assess
visual demand before more complex driving simulations and evaluations occur. Such early off-
road/off-simulator measures can help driver interface designers understand how a new
display/control concept might work before they engage in more complex, costly testing. Visua
demand is the basis for many advanced telematics, V1S and other infotainment devices - and thus
is the focus of most attention demand research (Driver Metrics, 2007).
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Four groups of metrics were considered:
1. Naturalistic driving and crash data.
2. Occlusion methods.
3. Lane change task.
4. Direct measurement.
In terms of Occlusion, the report stated:

“The Occlusion procedure simulates visual demand in order to measure “ resumability” after
avisual distraction. The longer someoneisvisually distracted (i.e., keeps their eyes off the
road), the greater the crash risk. The Occlusion method is accomplished by blocking the
participant’s view of the relevant driving scene area or cockpit areas either physically (e.g.,
Occlusion goggles, partition) or by ssimulating a partition in a simulated environment for a
relevant Occlusion interval. The resumability ratio is determined as the total time that vision
is not occluded (TSOT) to the total static task time (TT Tyneca), 1-€., TSOT/TT Tynoce (1ISO/DIS
16673.2).

One metric that received unanimous agreement in the Driver Metrics Workshop was Total
Shutter Open Time (TSOT). Higher TSOT means a task requires longer visual attention. In
the attached simplified matrix, TSOT has been shown to be particularly effective in detecting
interface limitations related to diminished longitudinal control (0.9 R squared). On the other
hand, the group was unable to come to a true consensus on criterion values for the
resumability ratio (R= TSOT/ TTTyneca), EXCERL to agree that values below 1.0 suggest the
task affords blind interaction while tasks above 1.0 exceed the typical time limits for blind
interaction.

The Occlusion method can be used as a surrogate to implementing an actual secondary or
primary driving task, but should always be acknowl edged as an approximation of the actual
distraction task load. Results can be used to determine the relative distraction of adding a
secondary interface to the vehicular environment. The methodology allows for reliable and
objective viewing times with low experimenter effort and cost in alab or vehicle setting. It
can measure visual control during participant- or experimenter-based presentation times.
Finally R may have diagnostic value in determining the interruptability of a task.

That said, the Occlusion method is not sensitive in combination with short, auditory, or purely
manual tasks. Thetrue utility of Ris still under examination, especially in terms of driving
safety, as the values of R do not capture task intensity, timing, or frequency. Also, the
definition of TSOT may vary with task complexity, depending on a particular
implementation’s duration or definition.

Workshop attendees identified a desire for new methodol ogies and options other than
Occlusion goggles. They also would like to include a measure of cognitive demand control
over the Occlusion interval metrics. Participants also reported a problem of system response
delaysin collecting Occlusion data that needs to be worked out, including determining an
acceptable threshold for the response time of opening/closing the Occlusion device
mechanism.

While there was strong agreement on TSOT as a metric, there was a considerabl e range of
discussion put forth by participants. Further work is required to determine when a consensus
can be reached on criterion values. The tentative agreement of the attendees was that issues
with TSOT should be dealt with first, especially those dealing with the differing criterion
values (e.g. 7, 15, and 20 seconds).

As for resolving the R metric differences, there will be difficultiesin achieving a consensus.
The group agreed to disagree.” (Driver Metrics draft report, pp 5-6, 2007.)
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2.3

Key Implications

Overal, not agreat deal of Occlusion research has been published in the open literature in the past
three years, despite the topic being extensively researched. Speaking to professional contacts
overseas, quite alarge amount of unpublished research has been performed in this general area.
Now that the Occlusion standard has been produced it is anticipated that more research will be
published.

For the purpose of this project, the main points are;

It isclear that several studies have found contradicting results when testing older and
younger participants. Given that the 1SO Occlusion standard makes only limited mention of
age, it is clear that further work is needed to investigate the differences across an age range.
Thiswill be undertaken in WPL.

Furthermore, little research has tried to compare results with existing guidelines and
standards. Asoh seems to have been one of the few to have tried thisin comparing his
resultsto JAMA guiddines. Similarly, Transport Canada tried to compare the Occlusion
results to the lane change task results, and to lateral lane deviation. Interms of cut-off
criteria, the driver metrics report (2007) stated:

“ .. finally, alimit needs to be stated. For TSOT we have 8 seconds, 15 seconds and 20
seconds, as ‘lines in the sand.”

Finally, little work has been done to undertake Occlusion meta-analyses or to develop and
agree benchmarks (for example, three different ones are mentioned in the quote above for
TSOT). In part thisis because of differencesin experimental measurement procedures.
Therefore one of the main objectives of the work in WPs 2-5 was to develop Occlusion
criteriavalues.

" Many organisations who have undertaken Occlusion research are motor vehicle manufacturers; for
commercial reasons, they are often not able to publish their work in the open literature.
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3 Work Package 1- Age Experimental Study

3.1 Background

The age of participantsislikely to be animportant individua difference affecting the validity and
reliability of results from Occlusion measurements. As seen in the literature review above,
previous research has not considered age directly in relation to the utility of the ISO standard itself.

At present, it is quite possible that researchers or developers using the 1SO protocol independently
with varying samples based on age but the same systems/tasks would come to markedly different
conclusions.

3.2 Study Aims

The study’ s primary aim was to establish the age range needed in the protocol for minimum
variability (and therefore minimum participant numbers). As part of this, the study identified how
performance values (TSOT and R) vary with age for arange of 1VIS tasks. In this respect, we
anticipated that a hypothetical graph of the results might be asfollows:

TSOT/R

A

I Standard
Deviation

%%%%%%

I I I I 1 1 1 >
17 27 37 47 57 67 77 Age

Figure 2: Hypothetical distribution of TSOT/R by age

It was important to compare both TSOT and R across tasks for different age groups to examine
whether there are consistent significant differences. For example, if TSOT for Task 1is
significantly greater than TSOT for Task 3 with the 17-26 age group, is this also the case for all
other age groups?

Thefina aim wasto test the current SO version of the Occlusion standard to ascertain the effect
of incorporating 20 % of older drivers within the total participant group.

3.3 Method

3.3.1 Participants

Sixty participants were recruited in six age categories (17-26; 27-36; 37-46; 47-56; 57-66; 67-76)
with ten in each group. Gender was balanced across the groups. All participants held avalid
driving licence.
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3.32 Tasks

Four different in-vehicle tasks of differing difficulty were evaluated. Such an approach alowed
consideration of the impact of variability within varying age ranges, and how the effects of age
differ across the different tasks.

Based on an emerging view of design targets presented in the literature review above (for TSOT
less than 15 seconds and R less than 1), four tasks were chosen to ensure a range of values for
TSOT and R. The approach gave a 2 by 2 framework for the four tasks to assess. The actual tasks
chosen were based on earlier pilot studies that demonstrated that the TSOT and R measures were
likely to be in the appropriate ranges (see Table 1).

Table 1: Thefour different in-vehicletasks

TSOT expected to be <15 secs TSOT expected to be >15 secs
R expected | Task 1— Acceptable? Task 2 — Acceptable/
tobe<1 Dedtination entry by Point of Interest ~ Unacceptable?
using acommercial route navigation  Destination entry by address using a
System. commercial route navigation system.
R expected | Task 3 -Acceptable/ Task 4 — Unacceptable?
tobe>1 Unacceptable? Longer reading task: Finding share
Short reading task: Finding share prices from a scrolling list (3 columns)
prices from ascrolling list (1 presented on an in-vehicle display.
column) presented on an in-vehicle
display.

Thetasks where R is expected to be <1 arerelatively easy to establish, as there are many reported
in the literature. Finding taskswhere R islikely to be >1 is more difficult, largely because of the
nature of the R ratio where potential problems with resumability may be offset by opportunities for
“blind operation” i.e. continued operation without sight of the device. It was therefore felt that
predominately visual tasks are required — from previous studies, the only tasks where R values >1
have been reported have required the reading of text (either static text or scrolling text). For such
tasks, it isimportant to give participants arealistic goal associated, to identify key information
from the text. The longer reading task (Task 4) involves the automatic scrolling through several
screens to locate information.

3.3.3 Procedure

The procedure was based largely on the current version of the Occlusion standard. In addition, a
pre-trial questionnaire was completed by participantsin order to record information about: age,
gender, number of years driving experience, average annual mileage, and about their views on
technology. Such information was used to analyse inter-individual effects.

Parti cipants were tested individually in anormal road vehicle (Vauxhall Astra). The participant sat
in the driver’s seat and the experimenter was seated in the passenger seat. The in-vehicle devices
were positioned in the centre consol e of the vehicle. Figure 3 shows the experimental arrangement.
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Figure 3: Occlusion experimental arrangement

Before the experiment, the instructions were standardized (written explicitly so delivered in the
same way to each participant) and were presented orally. The display and controls of the
interfaces were visible during instruction. An instruction was repeated at the request of the
participant.

For each of the four tasks, the participants were shown how to use the device in the vehicle and
then asked to complete five training sessions with the device. The test sessions then began and
participants completed five Occluded and five ‘ Static’ (non-occluded) attempts at each task. The
order of Occluded/Static attempts and the order of the four tasks were randomised to minimize any
order effects. During the Occlusion interval, neither the interface displays nor controls were
visible, but ‘blind’ operation of the controls was permitted.

Each participant was instructed to attend to the task in a continuous manner. The specific datato
be viewed or entered for each of the five test trials was unique but representative of the level of
difficulty for each task. As such, each task was of equal difficulty and involved an identical
number of steps.

During the Occlusion task the participants wore the goggles. Following the SO standard, the
vision interval was 1.5 sand the Occlusion interval was 1.5 s. Periods of vision and Occlusion
occurred automatically without interruption until the task was completed or the trial terminated.
Thus, the pacing of Occlusion intervals was controlled by the system, rather than the participant.
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34 Calculating the Occlusion Measures(TTT, TSOT and R)

A full definition of terms and a detailed description of how the Occlusion measures were
calculated are provided within the ‘ Occlusion protocol’ (Horberry et a., 2007: PPR 259). Brief
definitions of the main Occlusion metrics of Total Task Time (TTT), Tota Shutter Open Time
(TSOT) and R (Resumability ratio) are provided below:

TTT unoca Definition. The total task time unoccluded (TTTynoccl) shall be determined as follows:

Start: Timing starts at the end of the task instruction.

End: Timing ends when the instructed task has been completed and the participant says he
or sheis"done".

Duration: Tasks are timed from start to end without interruption, including errors.

TTToa Definition. Thetotal task time in Occluded conditions (TTTog)) is asfollows:

Start: Timing starts with the beginning of thefirst vision interval.

End: Timing ends when the instructed task has been completed and the participant says he
or sheis"done".

Duration: Tasks are timed from start to end without interruption, including errors.

TSOT Definition. Thetota open shutter time (TSOT) is asfollows:

Start: Timing starts with the beginning of thefirst vision interval.

End: Timing ends when the instructed task has been completed and the participant says he
or sheis"done".

Duration: Tasks are timed from start to end without interruption, including errors. The task
time (TTTo) isdivided by the Occlusion cycle time (shutter open time plus shutter close
time). The result is then multiplied by the shutter open time. This determines the time
which the shutter was open during the task.

R value Definition
The R value or resumability ratio, isthe ratio of the duration of the total shutter open time
(TSOT) to the total task time unoccluded (TT Tunoca), i-€., TSOT/TT Tynoce.
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35 Resaults

351 TSOT and R Results

The most important analyses concerned how Occlusion performance varied within and between
different age groups for each of the four different tasks. Table 2 below is a summary of the
Occlusion results:

Table2: Mean TSOT and R valuesfor Tasks1to 4

Task Mean TSOT N
(Mean of ratios)
Task 1 7.63 0.85
Task 2 11.77 0.81
Task 3 10.94 0.78
Task 4 11.62 0.87

As seen above, R (and to alesser extent TSOT) did not vary greatly between the four tasks. Thisis
despite pilot testing which found a bigger variation. However, as will be detailed later, the relative
differences between the tasks on these two Occlusion measures were greater for some age
categories (in particular the older age groups).

The mean values for both TSOT and R were calculated and then split by age category and task
performed. Subsequently, the standard deviation of the data were also calculated. The results
below are present first for TSOT and then for R.

TSOT vs. Age Category

30

25 -

20 - —o—Task 1
—m—Task 2

15 p—

Mean TSOT(s)

/“\;,/ Task 3
10 A "—/_.\-4/"/“ Task 4

17-26 27-36 37-46 47-56 57-66 67-76
Age Category

Figure4: Tasks 1-4, TSOT against Age Category

"Riscalculated by TSOT/TTTyneee When calculating ‘R’ for the whole sample of 60 participants a method
of “mean of ratios' was used. The R value for each participant (based on the mean of each of their 5
performances) was cal culated and then the mean of all participants' R values was determined. For the
purposes of thiswork thisis considered a preferred alternative to calculating the ‘ratio of means’ i.e. mean
TSOT/mean TTT ynoce-
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As Figure 4 above shows, Task 1 was the quickest to complete for all age groups, whereas
performance on the other three tasks varied between different age categories. From first principles,
Task 1 was hypothesised to be the least demanding; the results obtained here support this.

Also, in overdl terms, task performance declines as a function of age. For example, compared with
the other age groups, the age category 67-76 had the longest TSOT for all tasks.

The experimental hypotheses predicted the younger to middle aged categories would have quicker
task performance than the older age groups (above 57 years). To some extent this pattern is evident
in the 67-76 group, but less so for the 57-66 group. Overall, the hypothesised effect was partially
found.

Anocther reveaing metric is the spread of scores within each age group; Figure 5-Figure 8 below
showsthisfor the four different tasks.
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0 . . . . .
17-26 27-36 37-46 47-56 57-66 67-76
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Figure5: Task 1, TSOT against Age Category

Theresultsfor Task 1 (see Figure 5 above) were approximately as expected, where the older age
groups 67-76 and 47-56 produced the largest amount of deviation compared with the other
categories. Figure 5 also demonstrates an upward trend in TSOT scores as age increases: an
ANOVA performed on these data revealed a significant difference (MS= 15.78, df = 5, p = 0.031)
amongst the six age categories.
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Figure6: Task 2, TSOT against Age Category

Figure 6 above demonstrates the results of Task 2. These present a dightly mixed picture, where
the highest spread of scoresisin the age group 57-66, followed by the 67-76 group. An ANOVA
was performed on the data for Task 2 and this produced a very significant result (MS = 56.05, df =
5, p<0.001).

Further analyses (using a Bonferonni post-hoc test) indicated many significant differences between
the age categories. These results can be summarised as dividing the age categories into two
groups: the lower three age categories (17-46) and the older three age categories (46-76), with
these two groups being significantly different from each other (with the exception of the 37-46 and
57-66 categories where the difference was not significant (p = .12)).

Therefore, older groups were both dower and more variable as compared to the younger categories
for this task.
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Figure7: Task 3, TSOT against Age Category

Task 3 (asreported in Figure 7 above) also shows scores as predicted, where the oldest group (67-
76) had the highest spread of scores. The results of an ANOV A performed on these data
demonstrated the presence of significant differences between the age categories (MS= 92.25, df =
5, p=0.001). Again, aBonferonni post-hoc was performed on these data which established that
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the only age category which was significantly different from the others was the 67-77 age
category.
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Figure8: Task 4, TSOT against Age Category

Task 4 revealed amore mixed pattern, where category 47-56 had the highest spread, followed by
the 67-76 group (see Figure 8 above). However, it must be noted that the 47-56 age category has
larger error bars because two participants had unusually high TSOT scores; two to three times as
high as most other participants.

To establish which of these differences were significant, an ANOV A was performed on the data,
including Bonferonni post-hoc tests. The ANOV A reported the presence of a significant
difference (MS= 121.12, df = 5, p = 0.001). Theresults of the post-hoc tests demonstrated that
age category 67-76 has significantly higher TSOT scores than age categories 17-26, 27-36 and 37-
46 (much the same asfor Task 3). No other significant differences were found.

R value vs. Age Category

Aswith TSOT, the data were split per task. Overall, the pattern for R was reasonably similar to
that obtained for TSOT, suggesting adlight general decline in ability to resume tasks both asa
function of increased task difficulty, and higher participant age.
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Figure 9: Tasks 1-4, R value against Age Category

As Figure 9 above shows, no single task had a consistently lower R scores than the other tasks
across al the different age groups. Compared with the other tasks, Task 3 had the lowest R score
across most of the age categories (so perhaps Task 3 can be said to be the task which is most easily
resumed). Conversely, Task 4 had the highest R score of the four different tasks across many of
the age categories (especially the older ones). From first principles, Task 4 was the most
demanding task; the results obtained here support this.

In overall terms, thereis not a huge difference in task performance with R as a function of age.
However, there appears to be a dight trend towards greater R values with increasing age
(especially for the more difficult Tasks: 3 and 4).
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Table 3: R value by Age Category and Task

Age

Category Task 1 Task 2 Task 3 Task 4
17-26 0.86 0.74 0.61 0.81
27-36 0.77 0.75 0.65 0.73
37-46 0.89 0.76 0.73 0.83
47-56 0.84 0.88 0.75 0.89
57-66 0.92 0.90 0.69 1.04
67-76 0.80 0.86 1.20 0.97

An interesting point to note is that the majority of the mean R scoresin Table 3 above (by age
group and task) are lessthan 1. This point will be further discussed later in this report with respect
to setting limits.

Aswith TSOT, another revealing metric is the spread of R values within each age group. The four
figures below show this for the four different tasks.
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Figure 10: Task 1, R value against Age Category

Asillugtrated in Figure 10 above, the results for Task 1 showed no major differences between the
age categories. Thisimpression was borne out by an ANOV A which failed to produce a significant
result (MS=.031, df =5, p=0.79).
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Figure1l: Task 2, R value against Age Category

Theresultsfor Task 2 were partly as expected; the three older age groups produced slightly more
variation than the younger categories (see Figure 11 above). When an ANOV A was performed on
these datait did not produce a significant result (MS=.053, df =5, p = 0.09). However, a
significance level of 0.09 was approaching significance; perhaps increasing the number of
participants might have moved this figure in a more conclusive direction, but asit stands post-hoc,
analyses were not merited.
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Figure 12: Task 3, R value against Age Category

Theresultsfor Task 3 were as expected; the age group 67-76 produced the largest amount of
deviation compared to the other categories (see Figure 12 above). Unsurprisingly, given the sharp
upward kick Figure 12 takes, at the 67-76 age category, the results of an ANOV A performed on
these data produced a significant difference (MS=.460, df =5, p = 0.002). Theresults of a
Bonferonni post hoc-test showed the first four age categories (17-26, 27-36, 37-46 and 47-56) had
significantly lower R values than the 67-77 age category. Note, the 57-66 age category was not
also significantly different, although it was very near the significance level of .05 (p = .074).
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Figure 13: Task 4, R value against Age Category

Task 4 also found a more expected pattern, where the three ol der age groups had a higher spreads
of scores than the three younger groups (see Figure 13 above). The ANOV A conducted on these
datadid not reveal any significant differences (MS=.120, df =5, p = 0.47).

352 Data Sampling

Aswell as ng the variations in TSOT and R due to age/types of task, the impact of age on
performance of different IVIS tasks whilst applying the Occlusion technique needed to be
ascertained in order to understand how age should be controlled for when producing a protocol for
Occlusion. As seen in the literature review, a small number of studies have compared the age of
participants within their experiments, but, as yet, no studies have analysed age directly with
respect to the method outlined in the SO standard.

As noted earlier, the 1SO standard currently recommends there should be at |east 20 % ol der
people within an overall sample. What is the magnitude of the effect of randomly including 20 %
of older driverswithin the total participant sample? Randomly including participants and ng
the respective effect on the results allows conclusions to be drawn regarding the usefulness of the
sampling method described in the | SO standard.

Therefore, the original Occlusion data was sampled by two different methods. Samples of 10
subj ects were used for each method.

1. Random samples of ten participants were sel ected and the mean TSOT and R values were
calculated. This was repeated ten times.

2. Random samples of eight participants aged under 50 were selected. Further random
samples of 2 participants aged 50 and over were selected and were added to the sample of
eight participants (so, following the ISO standard). Again TSOT and R were calculated for
each of the ten samples used.

The differences between and among the two sampling strategies were compared to assessif there
were any significant differences between the results obtained.

TSOT

In Figure 14 below, the blue diamonds relate to sampling strategy 1 and the pink sguares relate to
sampling strategy 2.
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Figure 14: Mean TSOT value by sample number

The standard deviations of the two sampling strategy sets were calculated. For sampling strategy 1
the standard deviation was 1.43 and for sampling strategy 2 the standard deviation was 1.16. A t-
test was performed on the data to ascertain if there was a significant difference between the two
different sampling strategies; there was no significant difference recorded (t= 1.684, df = 18, p=

0.11).

R value

As shown in Figure 15 below, the dots shown in blue relate to sampling strategy 1 and those in

pink relate to sampling strategy 2.
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Figure 15: Mean R value by Sample Number

The standard deviation of the two data sets was calculated. For sampling strategy 1 the standard
deviation was 0.11 and for sampling strategy 2 the standard deviation was 0.08. A t-test was
performed on the data to ascertain if there was a significant difference between the results of the
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two different sampling strategies; there was no significant difference recorded (t = -.0.79, df = 18,
p =0.94).

Gender comparison

Finally, acomparison of the TSOT results was made for male and femal e participants. The results
of these t-tests showed no gender effects for any of the four different tasks; Task 1 (t=-1.094,
df=57, p=0.279); Task 2 (t=-1.047, df=58, p=0.299); Task 3 (t=-0.529, df=57, p=0.599) and Task
4 (t=0.314, df=56, p=0.755). Thisimplies that an experimenter in a future Occlusion study does
generally not need to control for gender (unless of course there are specific reasons for a
representation of a population, such as for predominantly male lorry drivers).

3.5.3 Learning Effects

As described earlier, the study followed the SO standard and used five trials for each participant
using the Occlusion goggles (as well as five samples without the goggles). Before the actual
testing, each participant was given appropriate practice both with and without the goggles - the
intended purpose being to ensure that the participant is at “the top of the learning curve” when they
start the trias proper. In other words, the participants performance should not significantly change
acrossthefivetrials.

The data for the four tasks (for all age categories) were analysed to assessif learning effects
existed. If asignificant learning effect was present then this may change the Occlusion protocol
being developed in WP4 (for example, by requiring more practice trials to be given before the
actual testing).

Task 1 and Task 2

Separate ANOV As were performed on the datafor Task 1 and Task 2 to seeif there were any
significant differences between each of the five samples and, therefore, evidence of a potential
learning effect (see Figure 16 below for Task 1). There were no significant differences recorded
for either Task 1 or Task 2 (Task 1 (MS=22.8, df =4, p=0.165); Task 2(MS=17.1,df =4,p=
0.31)). Therefore, these indicate no learning effect occurred in Task 1 or Task 2.
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Figure 16: Task 1. Order of tasksby TSOT
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Tasks3 and 4

An ANOVA was performed on the data to see if there were any significant differences between
the five samples and therefore a potential learning effect. Unlike for Tasks 1 and 2, here there was
asignificant difference recorded for tasks 3 and 4 (MS= 399.46, df = 4, p < 0.001 for Task 3, and
MS=215.78, df = 4, p=0.02 for Task 4).

However, it must be noted that participants got on average slower on thistask rather than faster.
Therefore, although there are some significant differences within the order for this task,
participants did not get quicker (i.e. displayed learning through improved performance times). The
precise reason that they became slower is unknown, but it may be, in part, due to avigilance
decrement (as they were undertaking an experiment that took one hour overal).

Overall trial order

Differences in performance due to the order of presentation of Occluded or non-occluded trials
wereinvestigated®. In other words, analyses were computed to establish whether performance was
significantly different between those participants who performed the Occluded trials first followed
by the non-occluded trias, and vice-versa. For all four tasks t-tests were employed between those
participants who completed the Occluded trials first against those who did not. The results are
displayed in Table 4 below:

Table 4: Differencesin Performance Depending on Occlusion/Non-Occlusion Order (t-test

results)

Task t df p
Task 1 1.03 57 0.31
Task 2 0.02 58 0.98
Task 3 0.80 57 0.43
Task 4 -0.64 56 0.53

As shown in Table 4, no significant differences were found regarding overal trial order.

* Following the 1SO standard, the procedure employed was to test half of the participants on the Occlusion
trial first and the non-Occlusion trial second, and the other half on non-Occlusion first and Occlusion
second.
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3.6 KeyImplications

In term of participant age, our results found some differences between the age categories for TSOT
and R, whereby the older participants showed a greater spread of scores (especially for TSOT).

Overal, thiswould imply that to obtain minimal inter-subject variability an experiment should
ideally use younger/middle aged participants. However, it should be borne in mind that the exact
task used will likely produce different results to the four tasks tested here (as all our four tasks
produced different results), so ideally some piloting would be required by any experiment wishing
to minimise variability due to participant age.

Ideally Work Packages 3 and 4 should use younger participants to minimise inter-subject
variability (and especially avoid the 67-76 age group). Gender imbalance may be maintained for
specific reasons (for example, to reflect a population - such as truck drivers being mainly male),
but this does not appear to be a significant factor in Occlusion performance.

Regarding data sampling, the results found that there was no overall differencein either TSOT or
R due to the sampling strategy used (either 10 random participants or stratifying a sample of 10
with two participants aged over 50 years). As such, thisimpliesthat experimentersin afuture
Occlusion study may not need to be too stringent with their criteriafor selecting participants. For
example, whether or not two participants over the age of 50 are included (as suggested by the ISO
standard) might not greatly influence the results. However, as our results have shown, using
subjects aged over 67 would increase the variability of the sample, so should be avoided (although,
of course, this does not imply that IV 1S tasks should only be designed for younger participants,
instead it simply focuses on the process to minimise variability during testing).

Finally, our results found no significant performance improvements due to learning beyond the

I SO standard-specified practice requirements. From the evidence obtained here it does not seem
that learning is occurring through the 5 trials on any task, and that the practice sessions given are
enough for a participant to reach the top of the learning curve. Likewise, no significant differences
were found between those parti cipants who undertook the Occlusion tria s first, and those who did
them second (ie after the non-occluded trials). As such, our results imply that the practice sessions
and experimental order outlined in the ISO standard are sufficient®, and therefore they will be used
in the Occlusion protocol in WP4.

% In the case of experimental order it may be unnecessary, but not harmful.
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4 Work Package 2 - Consideration of 1 VIStasks and expert evaluation

4.1 Background

To help put the obtained results of WP1 into context, WP2 considered the results of the four
different IVIS tasks from WPL1 with reference to other data sources. In particular, WP1 produced a
large amount of Occlusion related data, and WP2 provided additional information to help
interpretation of these Occlusion findings. It examined what aspects of tasks may be
distracting/lack usability, how the results relate to theoretical task performance time and what a
large sample of the UK driving public consider “acceptable” tasksto be performed on the roads.

4.2 Study aims

The aim of this WP was to help understand the characteristics of VIS tasks that are overly
distracting. Thisassisted in later stages of this project to help establish external benchmarks for
IVIS tasks using the Occlusion protocol.

43 Method

Work Package 2 was primarily conducted by means of atwo day workshop with staff from TRL
and University of Nottingham. In addition, some data (the social acceptability ratings) were
obtained before the workshop, and others were obtained afterwards (the keystroke level task
analysis).

4.3.1 Expert Opinion

The expert opinion/heuristic analysis was undertaken by four professionaly qualified human
factors researchers. As shown in the results, a matrix was designed to provide a structure for the
outputs generated during a brainstorming. Using this matrix, the four experts assessed the
characteristics of the four VIS tasks that might be overly distracting, in particular examining the
usability and likely demand from these tasks.

Before the brainstorming session, opinion was also obtained from two international experts (from
CUT in Germany). The views of these two international researchers were incorporated into the
expert analysis.

432 KeystrokelLevd Task Analysis

Based on previous ‘ keystroke level’ task analysis protocol developed by members of the project
team (Pettitt, Burnett and Stevens, 2006), such analyses were undertaken on each of the four tasks.
The purpose was to quantify how long completion of the four 1VIS tasks should theoretically take,
and to compare findings to the data obtained in WP1.

The Keystroke Level Task Analysis model is usually used to predict and analyse specific tasks
with acomputer interface. It was developed in the 1980s and was designed to make predictions of
task performance time by expert users on routine system tasks. The technique involves
decomposition of atask into primitive actions, known as Operators, examples of thisinclude
pressing akey or button or movement of a hand between input devices. Based on that, total time
taken for an “ expert performer” is calculated, taking into account both mental and physical tasks
(Pettitt el al, 2006). Although primarily developed for desktop computing situations, the Keystroke
Level Model (KLM) can aso be used to predict the Occlusion measures TSOT and R, and thus for
our purposes can be used to compare with the earlier data obtained for the four specific IVIS tasks
for TSOT and R. These data can help explain the results from the empirical study completed in
WPL, in particular why some interfaces are likely to be more demanding than others.
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4.3.3 Social Acceptability

Aswill beseeninalater section of this project (WP5) thereis avariation of existing Occlusion
criteriaaround the world (for instance, between Japan and the USA, and even within the USA)
Given thisvariation, it is argued here that to help develop appropriate UK Occlusion metrics
(Demand Reference Levels) it isimportant to also take into account what tasks are considered to
be socia acceptable by alarge sample of UK drivers.

Socia acceptability ratings of performing the different 1VIS tasks during driving were collected
from 60 UK drivers of aged from 17-76 (the same subjects who were used for WP1, so al were
familiar with the four tasks). For each |V IS task they were asked two questions:

1 - Do you believe drivers should be able to carry out thistask while driving?
2 —Would you consider carry out thistask while driving?

How the responses to these questions are linked to the participant’ s actual performance (under
conditions of Occlusion) was also analysed.

Finally, ancillary data obtained from an on-line survey of 712 navigation system users concerning
use of navigation system functions while driving were collected to put the obtained earlier results
of 60 participantsinto awider context (Forbes and Burnett, 2007).

44 Resaults

Theresults for the three data sources are presented separately; thereafter, key implications of the
combined data are drawn.

441 Expert Opinion

To facilitate appropriate data collection, and to aid understanding the four tasks were assessed on
four broad (and somewhat overlapping) categories, these were:

» theInput: how the driver enters information.

» the Task: what needs to be done.

» theDisplay: what is presented.

» the Output: what results are displayed by the system.

In Table 6 (see the following page), the results of all four tasks, for all these four categories, are
displayed as a matrix. The results are coded whereby:

 those shown in red were judged to be negative features (i.e. potentially distracting and/or not
having optimal usability),

» thosein black were neutral features (but still important to note),
» and thosein green were positive features for a specific task.

Ascan be seeninfull detailsin Table 6, al tasks have some negative features (shown in red);
however, in general tasks 3 and 4 have more negative features (except in the ‘input’ category as
they are visual tasks that do not require the user to enter data). Likewise, tasks 1 and 2 have more
positive features (shown in green) in the categories of ‘task’, ‘display’ and ‘output’. To quantify
this, by assigning scores of +1 for each green (positive) item, O for each black (neutrd) item and -1
for each red (negative) item produces the following (Table 5):
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Table5: Summary of scoresfrom the expert review matrix

Task Green items Red items Overall score
(score of +1) (score of -1) Green minus red scores
Task 1 14 9 +5
Task 2 8 7 +1
Task 3 3 11 -8
Task 4 3 12 -9

As such, thereisaprogression in task difficulty/usability difficulties, especialy between those

tasks that are driving related (tasks 1 and 2) and those non-driving related (tasks 3 and 4).
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Table 6: Expert Review Matrix
Stage Task 1 Task 2 Task 3 Task 4
4 button pushes/ 4 screens 9 button pushes/ 5 screens 0 button pushes/ continually moving screen 0 button pushes/ continually moving screen
reguire stylus reguire stylus No input required- purely visual no input required- purely visua
user paced user paced system paced system paced
Input learning required (experience effects) learning required (experience effects) less learning required less learning required
success depends on individual strategy success depends on individual strategy
depends on effective perceptive/cognitive depends on effective perceptive/cognitive
processes/speed (but only one column to scan) | processes/speed (3 columns to scan)
could need to use under conditions of high | could need to use under conditions of high
workload workload
structured task Structured task no task structure no task structure
driving related driving related not driving related not driving related
requires cognitive categorisation (e.g. no reference pointsin screen - constantly no reference pointsin screen - constantly
airport or shopping centre) changing visual image changing visua image
task is semi-interruptable/chunkable (no info
Task task is chunkable/ interruptable lost although additional glances may be task is not interruptible task is not interruptible
user may need to act on partial info for
sometimes better than stopping to re-route | example spelling of town names
scrolling sub-task too long
interferes with driving task due to holding interferes with driving task due to holding interferes with driving task due to holding interferes with driving task due to holding
information in working memory information in working memory information in working memory information in working memory
requires taking hand off wheel requires taking hand off wheel does not require taking hand off wheel does not reguire taking hand off wheel
confirmation bias - look for similar e.g forgetting street/other address - need to hold
Bristol / Brighton info in memory
uses icons some button pushes are on same screen no differentiation between lines e.g. colours no differentiation between lines e.g. colours
size of selection items Non-QWERTY keyboard does not facilitate searches e.g. alphabetical does not facilitate searches e.g. alphabetical
Display | Partly uses colour coding
predictability of display moving target, speed of movement moving target, speed of movement
selection of final point of interest (fiddly)
auditory feedback possible auditory feedback possible picking wrong values no feedback picking wrong values no feedback
Visual feedback — immediate visual feedback — immediate
Output reduces need to use additional distracters reduces need to use additional distracters e.g. might need to use additional distracters e.g. might need to use additional distracters e.g.

e.g. pieces of paper

pieces of paper

pieces of paper

pieces of paper

land on/off

land on/off

little system delay

little system delay but problem with fast input
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442 KeystrokelLevel Task Analysis

Each of the WPL1 tasks (Tasks 1-4) were broken down into ‘ operators’ as explained in Section
4.3.2 As aresult the total task time taken for an “expert performer” is predicted which takes
into account both mental and physical tasks.

The Operators used in this analysis are shown in Table 7:

Table 7: Operatorsused in analysis

Operator name Timevalue ()

Reach far (Rf) — time for hand to move to

: 0.45
device
Mentally prepare (M) —time to read
information, verify action, hold information in 1.35
memory, etc.
Homing (H) — time to move hand between

: 0.40

controls (buttons) on device
Keying (K) —time to press a control (button) 0.20

The analysis can be used to predict and explain the TSOT and R values that were
experimentally produced in WPL. For specific variants of each of the four tasks, analysis
using the Keystroke Level Model (KLM) was conducted, and is reported below. Points are
then made regarding differencesin KLM predictions and observed experimental values for
TSOT and R between tasks.

Task 1 — Point of I nterest Search

Example task: receiving route guidance for journey from current location to Birmingham
Airport

“"Mean observed static task time (unoccluded) = 9.55s

Mean observed TSOT = 7.63s

Observed R=0.85""

KLM for static task time
Rf (Move hand from lap to control of device)
+M+K (Main menu-select “Navigate to”)
+M+H+K (Navigate to menu-select POI)
+M+H+K (POI category menu-select category type)
+M+H+K (List of POIs— select relevant one)
= 1.85s

KLM under Occluded/unoccluded conditions (where the black areas represent the 1.5s
Occluded periods and the blue ones correspond to the 1.5s shutter open periods):

1 vl vl ol vl e

MHK M

" The observed values listed above and in other similar sections refer to the sample of 60 participants.
™ As mentioned previousdly, R is calculated using the ‘ mean of ratios approach; hence the apparent
discrepancy in the calculation above (the “ratio of means’ method would produce an R value of 0.79.)
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From the above diagram, predicted TSOT =755
Therefore, predicted R = 0.96

Note:

Thefirst two H operators are unlikely to require full vision, as they will be automated
movements associated with the top-level menus of the device. However, the final H (locating
the specific POl name from along list — 11 items) will require vision and thereforeis
modelled to start at the beginning of a shutter open period.

Task 2 — Address entry
Example task: receiving route guidance to address “12 Cedar Avenue, Runcorn”

Mean observed static task time (unoccluded) = 14.65s
Mean observed TSOT = 11.77s
Observed R=0.81

KLM for gatictask time
Rf (Move hand from lap to control of device)
+M+K (Main menu-select “Navigate to”)
+M+H+K (Navigate to menu-select Address)
+M+H+K+H+K+H+K+H+K  (City —enter 4 |etters)
+ M+H+K (City-select city from list)
+M+H+K (Street-select street from list)
+M+H+K (House number — say Done)
=13.6s

KLM under Occluded/unoccluded conditions (where the black areas represent the 1.5s
Occluded periods and the blue ones correspond to the 1.5s shutter open periods):

>foo o fan fuwo o o 1o

MHK MHK HKHKHKK MHK MHK MHK

From the above diagram, predicted TSOT =10.5s
Therefore, R is predicted to be 0.77

Note:

It is assumed that only one M isrequired prior to entering the letters of the city name (as the
City is one chunk in working memory). Also, the selection of a specific city and specific
street are from short lists (max. 4 items). Therefore, it is assumed that the associated H
operator does not require full vision.

Task 3 — Short scrolling task
Example task: finding YHR company code and reading out associated share price

Mean observed static task time (unoccluded) = 14.12s
Mean observed TSOT = 10.94s
Observed R=0.78
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In conducting this calculation, the specific search target with a mean static task time closest to
13.9 swas used — thiswas S8 “YHR”. This was done because of the clear differences
between variants of atask according to when the search term would first appear on the screen.

KLM for statictask time
¥9ystem response = 10s
+ M (Search for target on screen)
+ M (Read accompanying share price)
=127s

KLM under Occluded/unoccluded conditions (where the black areas represent the 1.5s
Occluded periods and the blue ones correspond to the 1.5s shutter open periods):

LT

System response

From the above diagram, predicted TSOT =7.35s
Therefore, R is predicted to be 0.58

Notes:

Thistask is problematic to model because KLM assumes that participants should have been
able to detect the target during the first full 1.5 sec shutter open time, once the target appeared
on screen, and then read the accompanying price during the next shutter open time (before the
information went off screen). However, from observation of individual observed TSOTSs, it is
clear that this did not always happen.

Indeed, it isinteresting to note that there was much more variability in TSOT values (in the
observed data) than static task times. This shows the problem with resumability for this style
of interface which should have been reflected in relatively high R values. However, R was
quite low (also shown by the KLM). The KLM indicates that R was lower than it should have
been because of the system response time (where no interaction could occur) which would
significantly reduce TSOT in relation to static task time.

Task 4 —Long scrolling task
Exampletask: finding RLQ company code and reading out associated share price

Mean observed static task time (unoccluded) = 13.6s
Mean observed TSOT = 11.62s
Observed R=0.87

Asfor the short scrolling task, a variant was chosen with a similar static task time to the
overall mean (L8=“RLQ").

KLM for static task time
System response = 5.3s
+ M (Search for target on screen)
+ M (Read accompanying share price)
=80s

* Thisis the time taken for the scrolling letters *YHR' to appear on at the bottom of the screen

TRL Limited 29 PPR 256



Occlusion Published Project Report

Version 1l

KLM under Occluded/unoccluded conditions (where the black areas represent the 1.5s
Occluded periods and the blue ones correspond to the 1.5s shutter open periods):

== m ==

System response M M

From the above diagram, predicted TSOT =5.85s
Therefore, R is predicted to be 0.73

Notes:

Because the first M operator cannot be completed during a shutter open time, it has to start

again at the next opportunity.

Asfor the short scrolling text task, the results are affected considerably by a) the basic
assumption of error free performance and b) the “wait” for the search target to appear.

Observation of standard deviations for TSOT vaues versus static task times for this task show

even greater variability, indicating why observed R was relatively high.

Summary of results

Table 8: Results of observed and predicted TSOT and R

TASK Observed Predicted Observed Predicted
TSOT (WP1) | TSOT (KLM) R (WP1) R (KLM)
Task 1 7.63 7.50 0.85 0.96
Task 2 11.77 10.50 0.81 0.77
Task 3 10.94 7.35 0.78 0.58
Task 4 11.62 5.85 0.87 0.73

Gener

al pointsg/conclusions about the KLM

KLM modelled TSOT performance well for tasks 1 and 2. Relative results were
preserved and absol ute errors were low.

There was atendency for the KLM to underestimate static task time and TSOT. For
tasks 1 and 2, it is possible that the KLM model needs adjusting to become more
accurate.

KLM indicates that the differences between tasks 1 and 2 was largely due to the
number of stages involved in theinteraction. This explains why there were differences
for TSOT/static task time (but not for R).

The analysis for tasks 1 and 2 assumes instantaneous response from the system.
Although, the TomTom system does respond quickly, there will still be some delay
moving between screens, especially when information within a database is accessed.

KLM was inaccurate for tasks 3 and 4. The KLM indicated the importance of system
response time (waiting for information to appear) on the resumability ratio. However,
further work would be required in expanding the M operator for use in modelling tasks
where participants may not be able to find targets in single 1.5 second bursts of visual
attention.
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4.4.3 Social Acceptability
In this section the social acceptability of the four VIS tasks used in WP 1 are considered.

The responses to the questions (Questions 1 and 2) which obtained information on social
acceptability are shown below.

Question 1 — Do you believe drivers should be able to carry out this task while driving?
Question 2 —Would you consider carry out this task while driving?

60
50 —
40 _| | @ Definitely Yes
m Maybe Yes
30 o
O Maybe No

20 | | O Definitely No
O I T T . T -

Task1l Task2 Task3 Task4

Figure 17: Frequency of Responseto Question 1 by Task

60

50

40 _| | m Definitely Yes
m Maybe Yes

30 = &

0 Maybe No

20 | | 0 Definitely No
10 =
O B [ [ I [ -

Task 1 Task 2 Task 3 Task 4

Figure 18: Frequency of Response to Question 2 by Task

Both questions produced an overall similar pattern of results, although there was a tendency
for driversto judge they may personally carry out the tasks, but such tasks may not be
appropriate for driversin general. That is, drivers stated that they would be generally more
likely to engage in the task (question 2) whilst driving as compared with their judgements of
whether the task should be allowed to be performed by drivers as awhole (question 1).
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Purely focusing on question 1, about athird said that Tasks 1 and 2 should be allowed (either
‘definitely yes' or ‘probably yes' answers), about 10% said Task 3 should be allowed and less
than 5% said Task 4 should be allowed (with nobody saying ‘ definitely’ alowed). As such,
the four tasks vary on how socially acceptable they are to perform whilst driving.

The figures below further analyses the responses and breaks them down by age categories.

100%-

80%
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Task 1 Question 1

17-26 27-36 37-46 47-56 57-66 67-76

o+
17-26 27-36 37-46 47-56 57-66 67-76
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Figure 19: Frequency of responseto resear ch question by task and by age category

Again, thereis quite a strong correlation between the resultsin questions 1 and 2 for al age
categories. Focusing one question 1, generally the younger participant thought the tasks were
more socially acceptable to do whilst driving compared with their older counterparts. For
example, for Task 1, approximately half the 17-26 said it should be permitted (either
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‘definitely yes' or ‘probably yes' answers), whereas only about a quarter of the 67-76 group
thought it should be allowed (with no ‘ definitely yes' answers).

Research Question results compared to WP1 Data

To compare the socia acceptability ratings to the actual performance results from WP1, the
results of research Question 1 (Do you believe drivers should be able to carry out this task
while driving?) was compared with their average TSOT values for each of the different tasks.
The scoring for the research question is asfollows: 1 = ‘Definitely No’, 2 =*‘Maybe No', 3 =
‘Maybe Yes and 4 = *Definitely Yes'.

Definitely Y o O Task 1
nr e - Q (o]
Y O Task 2
Task 3
O Task 4
MaybeYes | OOV ® @
MaybeNo | 00 COEEH@ OO O O o
Definitely No | URDOOIND GO @OC® @ 00 O OO0

T T T T T T T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00

Figure 20: Results of Research Question 1 by Mean TSOT value

Of particular interest was to explore if there was a relationship between the obtained TSOT
values and the research question ratings. For example, did those participants who stated a task
could be undertaken whilst driving obtain afaster (ie, lower) TSOT score than those
participants who stated a task should not be undertaken whilst driving? To explore this, a
correlation between the obtained TSOT values and research question ratings was performed.

The results found no significant association (correlation = - 0.138, p= 0.293); this means that
the TSOT score obtained by a participant is not linked to their rating of the acceptability of
the task. As such, participants’ opinions of whether an V1S task should be allowed to be
performed whilst driving is not significantly linked to their actual 1VIStask performance (as
measured by the Occlusion metric TSOT).

Age Effects

To explore age effects of social acceptability, the data set was subdivided by the age
categories used in WPL. None of the results (for the specific age categories) found a
significant association between the TSOT scores obtained by WP1 and the rating of the
acceptability of the task.

Therefore, whilst the Demand Reference Level developed in WP5 should certainly include
consideration of social acceptability ratings, more objective measures (e.g. Occlusion scores
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for different aged participants, Lane Change Task results, other worldwide metricsin use,
expert tasks reviews, Keystroke Level task analysis and alcohol impairment benchmarks) will
assume an equal importance.

Ancillary Data: Survey of Navigation System Users

The results below show the response to three questions from an on-line survey of 712
navigation system users (novice and expert) concerning the use of navigation system
functions while driving. The data presented below allows the results of the above 60
participant survey to be put into a broader context (for example, to confirm that the above
results from 60 drivers were not abnormal, they were compared to alarger sample).

Novices were defined to be those navigation system users who had:
a) Only ever owned one havigation system, and
b) Had owned it for less than 12 months (n=160).

Experts were defined to be those navigation system users who had:
a) Owned more than one navigation system, or
b) Had owned one for more than 12 months (n=552).

Figure 21 shows that experts admit to entering destinations while driving more frequently
than do novices. In fact, approximately 17% of the experts admit they enter destinations while
driving quite often or frequently.

35

30

201 B Novices

B Experts

157

FErcemaye

F=Y

Never  Hardly ever Occasionaly Quiteoften Frequently

Frequency

Figure 21: Thefrequency that participants admit to entering destinations while driving

Figure 22 is most directly applicable to the aims of this Occlusion project and shows that
destination entry by stored location is considered most acceptable followed by destination
entry by Point Of Interest (POI) and then entry by postcode/address. In relation to the tasks
used in the Occlusion study, approximately 33% of the experts believe destination entry by
POl is acceptable and 27% of experts believe destination by address is acceptable.
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Figure 22: Destination entry featuresthat participantsthink should be allowed while
driving
Finally, Figure 23 showsthat there is a big difference in the perceived acceptability of
manipulating an 1V1S map while driving - approx. 37% of experts believe it is acceptable for
someone to conduct this task while driving compared with 20% for novices. There were few
differences for other functions.
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Figure 23: Navigation system functionsthat participantsthink should be allowed while
driving

The characteristics of participants, who admitted to entering destinations while driving, were
compared with those of participants who did not admit to this. It was found that they:

*  Were significantly younger (p<0.001).
» Considered themselves significantly more skilled at using computers (p<0.001).

»  Were significantly more experienced drivers (based primarily on miles driven in the
last 5 years) (p<0.001).

*  Were significantly more experienced navigation system users (p<0.05).
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The characteristics of participants, who considered some form of destination entry while
driving to be acceptable, were compared with those of participants who thought that any form
of destination entry while driving was unacceptable. It was found that they:

*  Weresignificantly younger (p<0.01) and had held their driving licences for
significantly less time (p<0.05).

» Considered themselves to be significantly more skilled at using computers (p<0.001).

« Used their systems actively (i.e. with route guidance) in familiar areas significantly
more frequently (p<0.005).

As such, the results of this ancillary study broadly support the results of the survey with 60
participants for the four IVIS tasks. In particular, younger drivers are generally more likely to
opinethat 1VIS tasks are more acceptabl e to be performed whilst driving than older
participants. Furthermore, related to the key characteristics of the tasks that are overly
digtracting (uncovered in the earlier-described Expert Review) those IV IS tasks that are
perceived to be ‘easier’, quicker to perform and more driving task related are more likely to
be socially acceptable. For example, destination entry by a stored location is more acceptable
than destination entry by full address, which in turn is more acceptabl e than finding a share
price on ascrolling display.

45 Key Implications

This Work Package undertook afundamental review of our range of four IVIStasks used in
the Occlusion trials. In particular:

e By using apanel of subject matter experts, it examined the likely usability issues and
demands (perceptual, cognitive and physical) from these tasks while driving, and
uncovered the different types of distractions associated with each of the tasks.

» By undertaking a decomposition of each task, it revealed how the results of the
Occlusion trials from WPL1 related to the theoretical time needed to complete them.

* By conducting two surveys (one specifically for the four VIS tasks, and one covering a
wider area), it produced quantifiable data about which tasks, and which components of
the tasks, are considered acceptable by UK drivers.

These three areas produced arich array of results that helped the overall objective of this
project to develop Demand Reference Level criteria using the Occlusion protocol. In
particular:

» The expert review showed from first principles the characteristics of the four tasks that
are overly distracting and/or may cause usability difficulties - these results both help
understand and predict obtained Occlusion scores, and help establish what particular
features of the task make it acceptabl e/unacceptable to the UK driving population.

» Thematrix demonstrated that in addition to scores achieved for TSOT and R (related to
the visual demand of atask) there are other factors that may impact upon acceptability
of an IVIStask. It is clear from the results of WP1 that R scores were relatively low,
yet from the social acceptability results, participants still noted that they felt the tasks
were possibly not appropriate while driving. The matrix demonstrated that the i ssue of
social acceptability is complex and other factors that impact on acceptability include:
manual effort (e.g. number of button pushes, need to remove hands from steering
wheel), interaction with equipment (stylus, screen, vehicle control) and cognitive
digtraction (such as, working memory required for the task).

» Such results help demonstrate, from first principles, the characteristics of the four tasks
that may be overly demanding and/or may cause usability difficulties. When
developing limits (in WP5), the earlier list of positive and negative task characteristics
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can theoretically help explain why anew IVIS task has obtained its specific TSOT and
R scores. Such an approach may be useful in future for developers, policy makers and
researchers to understand Occlusion scores. Thus possibly it could be used to also assist
designers (by maximising the properties of atask so that it has more ‘green’ features).
This approach was applied to the quantification of the four tasks used here, and it
showed that there was a progression in task difficulty (with task 1 being the easiest and
task 4 being the most difficult, and the largest difference was between tasks 1 and 2
(driving related) and tasks 3 and 4 (non driving related).

» TheKeystroke Level task analysis showed that the theoretical task completion times
(both Static and Occluded) were closely linked to the results obtained from WPL for
two of the four IVIStasks. This does not, of course, directly imply that only a
Keystroke Level task analysisis sufficient to demonstrate which V1S tasks may be
acceptable, asit was not agood predictor for the other two VIS tasks. However it does
help support, augment, and explain the results obtained. Specificaly, the Keystroke
Level analysis provided important information regarding why R was not as high as was
expected for the scrolling text tasks. Furthermore, the data demonstrated the primary
interface characteristics that led to differencesin TSOT values between tasks 1 and 2.

As such, the findings of this Work Package provide avaluable pool of data to support
development of a Demand Reference Level for Occlusion: it shows what aspects of tasks may
be distracting/lack usability, how the results relate to theoretical task performance time and
what alarge sample of UK driving public would consider acceptable to be performed whilst
driving.
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5 Work Package 3 - Benchmarking 1VIStasksto another
impairment inducing factor (alcohol) and per for mance measures
(Lane Change Task)

5.1 Background

In addition to the Occlusion method, other techniques exist to assess visual demand from
IVIStasks; oneisthe Lane Change Task (LCT). LCT measures performance decrement on a
driving-like task whilst a participant is also engaged with an IVIStask. The LCT and
Occlusion are both comparatively new techniques, so ng which oneis most sensitive to
detect driver visual demand decrementsistimely.

Impairment from alcohol iswell-known to reduce driver performance, and limits on the
maximum amount of alcohol permitted in adriver exist throughout the world. As such,
comparing the performance decrements from alcohol intoxication at a‘set’ level (the UK
maximum permissible level for drivers) against the decrements from engagement in different
IVIStasks could help identify which VIS tasks would be acceptable to perform whilst
driving. Of course it should be noted that acohol has other (perhaps more important) negative
effects on driving, e.g. risk taking, reaction times and lane keeping, plusit has an impact over
amuch greater period, so it cannot be exactly compared to impairment from VIS use.
Instead, an overall comparison of VIS impairment against alcohol was undertaken.

5.2 Study Aims

WP3 aimed to examine the four representative IVIS tasksin relation to other demands (the
Lane Change Task) and known driving impairments (alcohol). By comparing the results
obtained from these aspects to those found from Occlusion they help to further clarify what
would be an appropriate Occlusion Demand Reference Level.

53 Method

531 Participants

Fifteen participants (7 females, 8 males) were selected at random from the TRL volunteer
database, a pool of 1,300 drivers selected to represent a cross section of the driving
population. Participants were required to have afull United Kingdom driving licence and
normal or corrected vision.

Age boundaries for younger and older participants were established on the basis of the results
from the age trialsin WP 1 (for example, older participants were excluded). The average age
of the selected sample was 44 years 6 months (range 23 to 56), they have held adriving
licence for an average of 25 years and 9 months (range 5 to 38) and travelled an average of
7,269 miles per year (range 2,000 to 15,000).

Participants with severe alcohol problems were excluded; however, participants were required
to be regular consumers of alcohol. Teetotal drivers would be unsuitable for this experiment
as they would have little or no tolerance to the effects of alcohol. Experienced drinkers are
ableto tolerate increased levels of alcohol in the body without demonstrating the outer
symptoms associated with alcohol consumption (such as loss of concentration, impaired
vision and loss of balance) and as the vast mgjority of the population are drinkersit was
decided to sample from the largest proportion of the driving population.
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Participants were paid £30 for involvement in the study. Due to the nature of this study they
were a so provided with transport to and from the experimental facility.

5.3.2 Materials

Alcohol

Appropriate ethica approval was obtained for the proposed method of inducing intoxication.
Participants were required to drink an alcoholic beverage. The beverage congtituted vodka
(40%) plus a disguising mixture (e.g. cream-soda) mixed using the adjusted Widmark formula
(Stowell & Stowell, 1998) so that participants become intoxicated at the legal limit of Blood
Alcohol Content (BAC) (80mg/100ml) with the volume of the mixer adjusted to maintain a
20% volume.

TRL has previously produced conversion charts based on weight, height and gender for when
using the Widmark formulato simplify the task for the experimenter in determining the dose
and mix of alcohol for each participant.

For male participants: (3.82-(0.143*A) + (0.168*H) + (0.525*W))* T/100
For female participants. (-3.67+ (0.187*H) + (0.432*W))*T/100
Where:

A =Ageinyears
H = Heightincm
W =Weight in kg
T = Target concentration

Participants consumed an average of 132ml (range 92- 202ml) of acohol (184-404ml
including mixer). This produced a mean intoxication of 38.7ug per 100ml of breath with
(range 29-50u.g) within a40 minute waiting period (before the alcohal trial was completed).

Breathalyzer

The breathalyzer used in this study was a Lion laboratories alcometer SD-400. It is a hand-
held instrument with automatic breath sampling, data storage, PC compatibility and digital
display giving read-out of the subject’s breath acohol concentration.

PDA/ TFT screen

In the IVIS conditions participants were required to complete 4 LCT trias. Each of these
trials was dedicated to one of four 1V1S tasks previously used in WP1:
« PDA POI — entering adestination by selecting a*“point of interest” using the PDA

e PDA Address— entering adestination by “address’ function using the PDA

» Shares Short — searching for a share price from a single scrolling column of text using
an LCD screen

» Shares Long — searching for a share price from three scrolling columns of text using an
LCD screen

The equipment used in this experiment was an after-market Hewlett Packard iPAQ Pocket
PDA, operating on a Windows platform running the Tom-Tom satellite navigation system and
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a8 Inch TFT LCD Monitor produced by LinlITX. Further details were previously given in
WPL.

Health Questionnaire

The health questionnaire contained items relating to the participants current and past medical
history which may have been relevant when considering the nature of this study. The
inclusion of questions concerning whether femal e participants are or could be pregnant again
reflects the nature of experiments that require participants to consume alcohol. It contained
further questions related to participant’s a cohol consumption that hel ped decide whether or
not participants should have been excluded from the experiment on grounds of acute a cohol
consumption.

For the purpose of this study, the health questionnaire was purely a screening tool to select
appropriate subjects; as such, no further information will be reported here.

533 LaneChangeTask (LCT)

The Lane Change Task is alaboratory based combined control and event detection metric
based on the dual task paradigm. The dual task paradigm posits that primary task performance
will degrade with the introduction of a secondary task. In this case, LCT performance can be
viewed as the primary task and it is designed to be analogous to the driving task. It was

devel oped as part of the ADAM project (Advanced Driver Attention Metrics; Mattes, 2003).

Figure 24: Screen shot from the LCT. In thisinstance the driver hasto change from the
centrelanetotheright lane.

The LCT requires participants to negotiate a 3000m long section of three lane highway.
Participants are instructed by signs on the roadside (150m apart) to perform alane change
manoeuvre. During this task participants are required to perform a specific secondary task. To
avoid speed confounding the resultsit is controlled by the program and is kept at a constant
60 kmv/h. lllumination levels were set to approximate daytime driving with a constant light
level. Low level engine sound was provided in order to provide the driver with auditory
feedback more akin to what would they would hear in the driving task. Visua information
was presented using an egocentric (front) view; no visual information was presented
regarding side or rear views. The vehicle dynamics are such that the simulated car behaved as
a standard passenger car. Participants were required to change lane when instructed; when not
performing a lane change manoeuvre they were required to maintain a central position within
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the lane. Performance of the lane change task by itself was used as a measure of baseline
performance for comparison with performance of the LCT and a secondary task.

VXX XY X XXV

@ (b) (c)
Figure 25: Signs; (a) left, (b) centre, (c) right.

During aLCT trial the program automatically records data to the computer on whichitis
running. From these data the LCT analysis program cal culates a number of performance
measures. These include; Mean deviation from the normative model, standard deviation from
the normative model, mean steering angle, as well as time course and distance information to
alow for standardisation of experimental runs.

Figure 26: The LCT comparesthe normative moded (solid line) to the participants
driving cour se (broken line, driving from left toright).

534 Procedure

Informed consent was obtained from participants prior to commencement of the experiment.
Upon giving consent, participants were required to compl ete the health questionnaire to
ensure that they were fit to proceed with the study.

Participants were breathal ysed before the experiment started to ensure they were not aready
intoxicated. If their blood acohol level was already raised above zero then they were
excluded from the experiment as it was problematic to calculate the correct dosage of al cohol
to achieve the desired level (BAC 80mg/100ml).

Participants were al so given the opportunity to familiarise themselves with the LCT by
completion of practice laps and also were familiarised with the IV IS interfaces. Instructions
were provided to participants about the overall study, as well as more specific experimental
instructions concerning how to complete thetrials.

Thefirst five experimental conditions were counterbalanced. However, condition 6 (alcohol)
was always performed last due to participants being intoxicated upon its completion. These
trials were terminated once the tasks had been completed (c.f. conditions 1 and 6 where
duration was fixed at 15 minutes). The six experimental conditions were:

» Baseline (Condition 1)
Participants were required to complete 5 LCT laps lasting 15 minutesin total. These
trials were compl eted without the presence of a secondary task and without the
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influence of acohol. Thesetrials served to act as a baseline measure of driving
performance.

e The41VISConditions
For each of the four 1VIS conditions, participants completed five trials while
performing the LCT (i.e. driving), and another five trials were performed with the LCT
paused (i.e. while not driving). The order of these trials was counterbalanced. The four
IVIS conditions were:

o Condition 2: PDA POI — entering a destination by selecting a“point of
interest” using the PDA.

0 Condition 3: PDA Address— entering a destination by “address’ function
using the PDA.

o0 Condition 4: Shares Short — searching for a share price from asingle scrolling
column of text using an LCD screen.

o Condition 5: Shares Long — searching for a share price from three scrolling
columns of text using an LCD screen.

» Alcohal (Condition 6)
In the alcohol condition, participants were given 10 minutes drinking time in which to
consume the mixture, followed by a brief waiting period (20 minutes from finishing the
drink). Thejustifications for such awaiting period are that the effects of alcohol take
around 40 minutes to reach their peak and it may take this long for any residual alcohol
on the breath to disperse. Participants were breathalysed again prior to beginning the
LCT section of the experiment to ensure that they were at or over thelegal limit. There
were 5 three minute LCT laps lasting atotal of 15 minutes.

Participants were required to remain in the test area after completion until their BAC
returned to normal (this was necessary because it took longer for BAC to return to normal
than it took to complete the trials).

54 Results

541 LCT Results

Parti cipants consumed an average of 132ml (range 92- 202ml) of acohol (total quantity 184-
404ml including mixer). This produced a mean intoxication of 38.7ug per 100ml of breath
(range 29-50u.g) within the 40 minute waiting period. Thiswasjust marginally above the
maximum intoxication level for driving of 35ug per 100ml.

A one-way repeated measures ANOV A was calculated for mean deviation from the normative
model on the LCT across the six conditions (Baseline, PDA POI, PDA Address, Shares short,
Shares long, and Alcohol). There was a significant main effect by condition for mean
deviation from the normative modedl [F (5, 15) = 14.421, p<0.05]. Figure 27 shows the mean
deviation from the normative model by LCT treatment condition. It shows that there was no
significant difference between baseline performance of the LCT and performance of the LCT
under the influence of alcohol. Thiswas supported by the post-hoc comparisons.
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Mean deviation from the normative mode
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Figure 27: Mean deviation from the normative model by LCT condition

A Bonferroni pair-wise comparison of the six treatment conditions was conducted. There
were anumber of significant comparisons (at p<0.05):

Baseline vs. shares short.
Baseline vs. shareslong.
Baseline vs. PDA POI.
Baseline vs. PDA Address.
Alcohol vs. shares short.
Alcohol vs. shareslong.
Alcohol vs. PDA Address.

Thisimpliesthat the majority of the VIS tasks produced significantly worse results than the
acohol results of. Note: Alcohol and PDA POI scores were not demonstrated to be
significantly different. Thisislikely to be due to the higher standard deviation present in the
PDA POI data (see Table 9).

Table 9: Mean Deviationsin performance from the normative model: mean and

standard deviation resultsfor each experimental condition

Mean Standard Deviation
Baseline LCT 1.32 0.22
Alcohol 1.44 0.29
PDA POI 2.02 0.52
PDA Address entry 2.10 0.32
Shares Short 1.97 0.33
Shares Long 2.01 0.45
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Comparison of the four VIS conditions revealed no significant difference in the mean
deviation from the normative model for LCT driving between any of the tasks.

Whilst the mean deviation from the normative model was not different between al four IVIS
conditions, there was a difference in mean total task times between the IVIS conditions.
Additionally, mean total task time was found to be higher when participants completed the
IVIS conditions in conjunction with the LCT. These results are presented in Figure 28. Note
the PDA Address column is markedly higher than the other three (in addition the error bar
also displays more variability, indicating a large variation in the ease with which participants
were able to operate the PDA device and complete the LCT).

80

70

@ IVISonly
BLCT & IVIS

Mean Total Task Time (S)
(S

Standard
20 - Deviation

O T T T
PDA POl  PDA Address Shares Short Shares Long

Condition

Figure 28: Mean total task timefor VIS conditions only, and in dual task (LCT)
conditions

A repeated measures ANOV A reveaed a significant difference between the mean total task
time when only completing an VIS task against completing an 1VIS task while *driving’
though the LCT (MS=83.9, df = 1, p< 0.01). Therefore, participants took longer to complete
an IVIS condition when they were also completing the LCT. Furthermore, the ANOVA
revealed total task time was significantly different between the four 1VIS conditions (MS=
990, df = 3, p< 0.01).

5.4.2 Comparison with Occlusion Results

In terms of abroad comparison with the Occlusion results, Table 10 shows the performance
of the four IVIS tasks for Occlusion (from WP1) and LCT.
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Table 10: Summary comparison of Occlusion and LCT resultsfor the 4 1VIStasks

Task Occlusion LCT
(Observed (Mean
TSOT) MDev)
PDA POI 7.63 2.02
Address 11.77 2.10
Share Short 10.94 1.97
Shares Long 11.62 2.01

Note that WPs1 and 2, the socia acceptability results, the usability evaluation and the pre-test
pilot trials, all showed arelative difference between the four IVIStasks. The Occlusion
results also found this relative difference, in particular identifying that POI produced a
significantly lower TSOT score than the other three tasks. However, the LCT failed to
identify any significant differencesin performance between the IVIS tasks; indicating alack
of sensitivity in comparison with Occlusion.

55 Key Findings

As demonstrated by the LCT results, driving whilst using any of the four IVIS tasks used in
this study is significantly worse than driving at the United Kingdom legal alcohal limit.

Thereisan increase in the time taken to complete the IV IS tasks when performed in
conjunction with the driving task.

Despite poorer performance in a dual-task situation, participants can maintain a consistent
level of performance across the four IVIS tasks (as evidenced by no significant differencein
LCT performance).

Compared with the Occlusion results, the LCT findings showed less ability to discriminate
between the four IVIS tasks. Thisimpliesthat Occlusion isamore sensitive measure for
detecting performance differences due to varying levels of 1VIS task demand.

The findings therefore allow benchmarking of the effects on performance of driving whilst
undertaking the four 1V 1S tasks against a known, yet continuous, impairment factor (driving
whilst intoxicated).
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6 Work Package 4 — Protocol, Reliability and L oading Studies

6.1 Background

A key objective of this project was to address the issues required to establish an effective
Occlusion methodology for the assessment of In-Vehicle Information Systems. It was the
intention that the research would help develop arobust visual demand measurement protocol
based on Occlusion. The 1SO standard for Occlusion (ISO 16673: 2007) was published during
2007, but this research took an independent and critical view of al of its provisions. In
particul ar, some aspects needed to be extended (e.g. precise experimental instructions for
different VIS task) and some elements modified (e.g. the age groups suggested in the
standard) for an effective protocol to be developed.

6.2 Study Aims

Thefirst aim was to develop an Occlusion protocol that took the form of a detailed method
that contained all the necessary information for replication. Thereafter, a second aim was that
the protocol should be evaluated by means of areliability study. Finally, the protocol would
be adjusted as necessary based on the findings of a study to examine if undertaking a primary
task (in addition to the Occlusion task) made clear differencesto the obtained results. The
fundamental question concerned whether the results from an Occlusion-type study were
modified by using a primary loading task during Occluded (non-visual) periods. Specifically,
did aprimary loading task affect the conclusions drawn from an Occlusion-rel ated study?

6.3 Work Package 4(a): Writing the Protocol

The protocol was devel oped based on the Occlusion |SO standard, from the results of the first
three work packages and by our practical experience of applying the Occlusion method.

The devel opment process was iterative, whereby comments received by TRL from other
organisations (e.g. University of Nottingham, UK and BASt, Germany) were used to further
refine the protocol. Figure 29 shows how the protocol developed. The final version of the
protocol is provided in Horberry et al. (2007; PPR 259).
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Content of the recently Results from TRL / Nottingham experience
published 1SO Standard. WPs 1-3 (e.g. of applying Occlusion in

Informal discussions from appropriate age different studies (e.g. the
TRL’s membership of ranges for experimental instructions from
the Standard participants) WP 1 of this project)
development committee
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Given to Nottingham
and BASt Germany

Protocol iteration. Updating
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Figure 29: Protocol development

Compared with the | SO standard, the protocol largely expands and operationally defines the
requirements for effective occlusion study measurement. Two more noteworthy changes are:

1. Ageand number of participants: Although the ISO Occlusion standard
recommends that 2 of the 10 participants employed should be aged above 50 years,
the results of WP1 suggest that including subjects over 67 years may increase the
variance of the sample. As such, unlessthere is a particular reason to focus on older
drivers, it is recommended that the participants used are aged from 17 to 66 yearsold
(for rediability reasons — refer to Section 3.6). This does not imply that the IVIS
design and the DRL (discussed below) apply only to younger drivers. The restricted
age range allows an increase in measurement confidence, and the DRL is appropriate
for the whole age range.

Similarly, a sample size of 20, rather than a minimum of 10 is prescribed to increase
the confidence of the results.

2. Outliers: Anoutlier was not specifically defined in the I1SO standard. However, the
standard does suggest excluding data where the TSOT value was more than 4 times
the average TTTynee fOr al trials completed by that participant.

There are many ways to handle outliers and no commonly accepted approach; the
method used in this study (WP 1 &4) was based on the outlier definition from the
Lane Change Standard, whereby any data that is more than 2 standard deviations
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above the mean is replaced with the value of mean plus two standard deviations.
However, following statistical advice, the protocol was modified (Horberry et al.,
2007; PPR 259) and now specifiesthat data should be excluded (and not replaced
with another value) in cases where TSOT exceeds 4 times the average TTT ynoc for all
trials completed by that participant. This method is broadly the same as the ISO
standard but the ‘ TRL/Nottingham’ protocol explicitly defined these as outliers that
must be removed. In practice, by comparing these two methods on the data sets
obtained, the results produced by these two exclusion criteria differ very little.
However, the authors believe that the method used in the protocol follows best
statistical practice and henceis preferable.

6.4 Work Package 4(b): Reliability Study

In addition to development of the protocol, areliability analysis was conducted. Piloting of
the protocol was performed at University of Nottingham and compared with results from an
identical, earlier study conducted at TRL. Comparative tests conducted at i ndependent
locations are very informative in the devel opment of a protocol that is designed to be simple
to administer at independent sites.

By comparing the results achieved in the independent tests, we also gained aclear indication
asto thereliability of the protocol, and hence the whole process of ng IVIS by means
of the Occlusion technique. The fundamental research issue that needed to be accounted for
was whether the protocol isreliable. That is, can independent research/design teams make use
of the protocol to reach similar conclusions?

6.4.1 Rdiability Study Method

The study undertaken at University of Nottingham followed the most recent version of the
Occlusion protocol specified by TRL. The data collected were then compared to the earlier
TRL data.

Participants

As required in the protocol, twenty participants were recruited (all aged between 17 and 66,
specifically, mean age 29; range 20-40). Key characteristics of the participants identified in a
pre-study questionnaire (following the protocol instructions) are listed below:

« 15mae; 5female.

» All participants held full driving licences.
* Mean years of holding a driving license was 8.8 years (range 2 to 21).
*  Mean number of milesdriven inlast year = 9,800 (range 2,000 to 22,000).

» All participants were very experienced with using technology. For instance, they all
used computers everyday and had used computers for an average of 14 years (range 9-
25). Furthermore, 16 of 20 had used a navigation system before.

Study L ocation and Tasks Used

The study took place in acar buck within alit indoor environment (see Figure 30 & Figure
31) and lasted for approximately one hour. Four tasks were evaluated in the study and were
identical to those described earlier in this report:
1. POI —Entering a Point of Interest (POI) using a PDA version of the Tom Tom
navigation system.
2. Address-— Entering a street address using a PDA version of the Tom Tom havigation
system.
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3. Short scrolling — Finding a 3 letter stock code from a scrolling list (one column) and
reading out the accompanying share price.

4, Long scrolling — Finding a 3 letter stock code from a scrolling list (three columns)
and reading out the accompanying share price.

Figure 30: Reliability study set up (for  Figure 31: Rdliability study set up (for
tasks1and 2) tasks 3 and 4)

Procedure and Study Design

All participants were fully trained with the four tasks, as specified in the protocol. In a
repeated measures design with counterbalancing, each participant undertook five variants of
each of the tasks under two experimental conditions:

» Static (i.e. unoccluded, with full vision).

e Occluded, using the PLATO goggles with the 1.5 second shutter open/closed intervals
(as specified in the protocal).

Thetimes that participants took to perform the different tasks were taken manually using a
stopwatch and values were then calculated for TSOT (Total Shutter Open Time) and R
(resumability ratio) using the procedure specified in the protocol.

6.4.2 Rdiability Study Results

Table 11 shows the mean values (with standard deviations in brackets) for Total Task Time
when unoccluded (TTT ynocar), TOtal Shutter Open Time (TSOT) and the Resumability ratio
(R) obtained at University of Nottingham.

Table 11: Reliability study main results

TTT Unocal TSOT R
Task 1-POI 10.1 (4.08) 8.0 (2.02) 0.86 (0.249)
Task 2 - Address 15.2 (5.30) 11.4 (1.97) 0.80 (0.198)
Task 3— Short scrolling | 8.0 (2.57) 7.8 (3.57) 1.05 (0.543)
Task 4 — Long scrolling 9.3(5.16) 8.2 (5.06) 1.01 (0.502)

Comparisons were made between the results of this study at Nottingham and those arising
from the WP 1 study at TRL (using 60 participants); Figure 32 and Figure 33 show mean
values for TSOT and R for each of the four tasks across the two studies at Nottingham and
TRL.
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Additionally, as demonstrated by WP1, variability in Occlusion performance increases with
age, therefore, to account for any differences caused by the Nottingham data being sampled
across a younger age range, a subset of the TRL data was extracted covering all participants
from 19 to 37 (22 participants, mean age 27).
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Figure 32: Comparison of University of Nottingham and TRL study results—mean
TSOT
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Figure 33: Comparison of University of Nottingham and TRL study results—Mean R
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The graphs show that there is considerable agreement between the Nottingham and TRL
results for Tasks 1 and 2 for both TSOT and R. Thisis encouraging as the primary use of the
protocol islikely to bein the assessment of fully developed systems.

It is thought that differencesin scrolling rates may have contributed to the differences for
Tasks 3 and 4 (both across the studies and across the two tasks). In the Nottingham
implementation, it was evident that the text scrolled significantly quicker with the short
scrolling task (Task 3) compared with Task 4. This was quantified by measuring scroll time
for 30 lines of share prices, the results reveal ed:

e Task 3 (single column scroll time for 30 lines): 12.8 seconds

» Task 4 (three column scroll time for 30 lines): 24.7 seconds

So in the Nottingham implementation the single column scrolling (Task 3) was comparatively
quicker than Task 4, which caused some problems. Consequently, it was possible to find the
stock code relatively quickly with Task 3 (as the information rapidly scrolled on to the
screen). Conversdly, it was also more likely for participants to miss the code. This may have
contributed to the low TSOT value, yet a high value for R, compared with the WPL study
results.

Likewise, there were differences in scrolling speeds between computers used at Nottingham
and TRL for Tasks 3 and 4. At TRL, these were:

» Task 3 (single column scroll time for 30 lines): 7 seconds
» Task 4 (three column scroll time for 30 lines): 14.5 seconds

So scrolling speed was markedly quicker at TRL compared with Nottingham.

Using Task 4 as afurther example, the times to scroll 30 lines of share prices are shown
below. At TRL, how long it took the 30 rows of sharesto appear on the screen in Task 4 was
measured across four different computer systems to compare with the Nottingham
implementation.

« Nottingham computer = 24.7 seconds (Used in WP4)

* TRL older laptop, Win98 = 14.5 seconds (Used in WP1)
* TRL fairly old laptop, XP = 24.7 seconds

* TRL modestly specified desktop PC, XP = 24.7 seconds
* TRL very high specification laptop, Vista= 21 seconds

So, scrolling speeds can vary significantly between different computers (ranging from less
than 15 seconds to almost 25 seconds on the five computers tested).

The overall result indicates that the protocol should require information to be recorded
regarding the technical environment in which atask isimplemented (additionally, the
language in which atask iswritten should be selected carefully to ensure that a consistent
speed of display is possible). This requirement (operationally defined in terms of performance
speed) was added to a revised version of the protocol. Thiswill better enable evaluation teams
to make meaningful cross-study comparisons.
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6.5 Work Package 4(c): Primary Loading Tasks and Occlusion Performance

This study involved consideration of the primary loading task on Occlusion parameters. There
is asuggestion that Occlusion has limited validity because there is no apparent sensory or
cognitive load during the Occluded periods. The participant is therefore able to consider the
VIS task and plan their next actionsin thistime. This does not necessarily reflect the
conflicting demands of performing the VIS task whilst driving areal vehicle since the
participant must attend to the driving situation in the periods between doing the VIS task.
Thisraises the question of whether asimulated driving task or “primary loading task” is
necessary during the Occlusion interval. The aim of this work package was to determine
whether or not the Occlusion measure should be accompanied by a primary loading task.
This study investigated the effects of two different primary loading tasks on Occlusion
parameters.

In order to determine if a primary loading task (PLT) modifies Occlusion performance (and
whether a PLT might be used to help approximate the demands of real driving), the work
investigated:

1. Thegenera effect of the presence/absence of PLT on performance of IV IS tasks
under Occlusion. So, whether undertaking aloading task whilst performing an IVIS
task made any difference to the Occlusion results produced.

2. Therédative effects of two different types of PLT- one visual and one auditory. The
nature of the PLT islikely to be important because different loading tasks will tap
different mental resources. 1V 1S tasks exploit afaculty of the brain known as working
memory, which has separate verbal and visuospatial elements. The PLTs were chosen
that compete with the VIS task for these processing resources. We examined the
effect of PLTs that load working memory in different ways to investigate whether
thereis adifferential effect on participant performance in completion of VIS tasks.

3. Theeffect of the PLTs on performance on different 1V IS tasks under Occlusion.
Again (as example IVIS tasks) the four tasks were employed as previoudly detailed in
WPL.

6.5.1 Loading Task Method

Participants

Ten participants were recruited for this study - a subset of the 20 participants used in the
reliability study described above. The participants returned to the laboratory at University of
Nottingham either one or two days after the reliability study to completethe PLTs.

Participant characteristics were as follows:
* Mean age 28.4 (range 22 to 40).

* 9mae 1female.

e All held full driving licences.

e Mean age of holding driving license = 9.5 years (range 3 to 21).

e Mean number of milesdriven inlast year = 9,500 (range 2,000 to 15,000).

» All were very experienced with using technology.
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Study L ocation, Design and Tasks Used

The study |asted approximately one hour and required partici pants to undertake the same four
tasks as used in the reliability study. In a repeated measures design with counterbalancing,
each participant undertook five variants of each task under two experimental conditions:

e Primary Loading task 1 — Visua-spatia task (PLT1-VS)

e Primary Loading task 2 — Auditory-spatial task (PLT2-AYS)
Participants were full trained in both of the primary loading tasks before data were collected.
For PLT1-VS, participants were requested to alternate their vision between the primary
loading task (PLT) and the secondary tasks. The PLT occurred as part of a PowerPoint slide
show that appeared on a17” monitor directly in front of the driver (see Figure 34). The
secondary display was always to the left side of the driver within the vehiclein afixed

location. The dlide show progressed between variants of the PLT and ablank slide every 1.5
seconds.

Figure 34: PLT1-VSstudy set up (for tasks 1 and 2)

An auditory beep occurred asthe PLT appeared notifying the participant that he/she must
return visual attention to the PLT. Instructions made it clear to participants the importance of
maintaining error-free performance onthe PLT.

For thisPLT (PLT-VS), participants were asked to search an array of four blocks of arrows
and indicate verbally whether one is different or not (see the Figure 35). In piloting work, it
was established that this simple visual -spatial task was consistently achievable in the 1.5
second period available.

11] 11} 11 11}
L1 11} L1 11}
11} 11} 11} 11k
11] L1} 11} Hu
Correct verbal responseis: “same” Correct verbal responseis: “different”

Figure 35: Examplevisual PLT task
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For PLT2-AS, participants wore goggles as per the Occlusion protocol and 100ms into the
Occluded interval atone was presented (lasting 500ms). This tone was presented from two
speakersin front of the driver and was programmed to be one of 3 possible pitches of equal
intervals (262Hz, 330Hz and 392Hz or C4, E4 and G4 on a piano). Participants were asked to
state whether they believed the tone they heard was higher, lower or the same in pitch asthe
one heard in the last Occluded interval. They gave their answer as a verbal response from the
second Occluded period onwards.

Valuesfor TTTynee Were aready available based on the results of the reliability study. In
addition, based on data collected using a stopwatch, the following measures were cal cul ated:

» Total Interrupted Vision Time (TIVT) —time required to achieve a secondary task with
vision, when interrupted by visual-spatial PLT (so being comparable to the TSOT time
obtained in the auditory-spatial condition)

» Tota Shutter Open Time with auditory-spatial PLT (TSOT as) — time required to
undertake a secondary task when vision permitted, under Occlusion conditions

«  Resumability (PLTL) = TIVT/TTTunoes (PLT1)
«  Resumability (PLT2) = TSOTag/TT Tunoca (PLT2)

6.5.2 Loading Task Results

Table 12 shows the mean values (with standard deviations in brackets) for Total Interrupted
Visiontime (TIVT), Total Shutter Open Time with auditory-spatial PLT (TSOT as) and the
Resumability ratiosfor PLT1 and PLT2.

Table12: PLT study main results

PLT1-VS PLT2-AS
TIVT R(PLT1) TSOTas R(PLT2)
Task 1-POI 10.0 (3.77) 1.07 (0.27) 10.1 (3.36) 1.14 (0.40)
Task 2 — Address 11.6 (2.93) 0.82(0.19) 15.5(3.89) 1.11 (0.25)
Task 3—Short scrolling | 5.0 (2.48) 0.77 (0.43) 6.2 (2.54) 0.90 (0.40)
Task 4—Longscrolling | 6.4 (2.92) 0.96 (0.51) 7.2 (3.18) 0.96 (0.36)

Taken together, these results present an unclear picture, particularly with reference to the
‘experimental’ tasks 3 & 4. Therefore, until further research has been completed the results of
such prototype tests are not informative; therefore they have been excluded from the analyses
below.

Figure 36 shows the mean valuesfor TIVT and TSOT 4s for Tasks 1 & 2 when contrasted
with the values obtained for TSOT with the basic Occlusion protocol. Similarly, Figure 37
shows the mean values for R(PLT1) and R(PLT2) for all tasks when compared with the mean
value for R according to basic Occlusion.
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Figure 36: Comparison of TSOT-related results acr oss conditions
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Figure 37: Comparison of R-related results acr oss conditions

Taking Figure 36 and Figure 37 together, some interesting observations can be made:

For the two tasks (POl and Address) both PLTs led to higher values compared with traditional
Occlusion —i.e. reduced performance. This effect seems reasonable in terms of the overall
demands placed on participants, whereby a participant having to switch between two different
tasks would generally be expected to show alower level of performance than when they had
to undertake just one task (separated by 1.5 second Occlusion intervals).
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For these two tasks, the Auditory-Spatial PLT (PLT2-AS) generally was associated with
higher values than the Visual-Spatial PLT (PLT1). Thiswas particularly the case for the
destination entry by address task where TSOT 45 was markedly higher than the original TSOT
value. Thismay be due to the Auditory-Spatial PLT interfering with participants’ rehearsal of
the address, thus disrupting the phonological loop (an address is more complex than a point of
interest and, thus, require active rehearsal to be retained in working memory).

In comparing Tasks 1 and 2 based on the Occlusion protocal, it is concluded that the duration
of visual demand (TSOT) was markedly higher for Task 2 (address) compared with Task 1
(PQI), whereas there was little difference for intensity of visual demand (R). Thiswas not
quite the case with the PLT conditions. With PLT1 (visual spatial |oading) there was little
difference in the duration of visual demand across these tasks (Figure 36), whereas the
intensity of visual demand was higher for Task 1 compared with Task 2 (Figure 37). For
PLT2 (auditory-spatial 10ading), the duration of visual demand was significantly higher for
Task 2 (address) compared with Task 1 (POI), whereas the intensity of visual demand was
eguivalent across the two tasks.

6.6 KeyImplications
Thiswork package undertook three tasks, the key implications for each are:

i) The protocol has been successfully developed. This forms a detailed method that
contains all the essential information for an Occlusion study to be reliability
replicated (Horberry et a., 2007; PPR 259).

i) The protocol has been shown to be reliable. For tasks that are fully developed (tasks 1
and 2 in this study) it produced comparable results at TRL and Nottingham. To
encompass tasks running on prototype hardware or software the protocol has been
extended to ensure that the technical environment in which the testing takes placeis
more precisaly specified (an example of thisis differencesin presentation speeds of
the information presented by the IV1S).

iii) The presence of aprimary loading task whilst performing an IVIS task does make a
difference to the Occlusion results. For the two navigation system tasks, performance
was reduced (as expected) for both TSOT and R. However, for the two more
‘experimental’ tasks (scrolling) performance presented a mixed picture (possibly due
to participants adopting more optimal search strategies) and future research would be
required to elucidate this.

Whatever, the exact reasons for the differences, it seems that introducing aloading
task has few clear advantages in terms of Occlusion performance (and generaly
creates more inconsistencies). As such, theimplication isthat using aloading task
with the Occlusion technique is not recommended, and the protocol was not modified
to include the use of such an additional task. Further work in this area would be
required to comprehensively establish the impact of different PLTs on Occlusion
reliability and validity.
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7 Work Package5 — Setting Limits

7.1 Background and Study Aims

The objective of this WP was to develop a clear “benchmark” or Demand Reference Level
(DRL) that can be used by DfT (and others) to identify in-vehicle devices, tasks or functions
that involve an unacceptably high level of demand if used while driving.

Note that a Demand Reference Level using the occlusion technique is not the same as a
safe/unsafe threshold for a number of reasons:

» Firstly, the demands of the driving task vary such that there are no absolutely “ safe”
situations in which secondary in-vehicle tasks can be carried out; in very demanding
driving conditions, a brief glance away from the road scene could precipitate an
accident.

» Secondly, different drivers have different capabilities for undertaking primary driving
and secondary information tasks resulting in different performance and safety levels.

» Thirdly, distraction (and reduction in safety) results from a driver’ s engagement with
the secondary task and different drivers have different strategies — an extreme example
would be a driver that decides not to use an in-vehicle device, thus rendering its
digtraction to zero.

The Demand Reference Level (DRL) can be likened to a blood-alcohal concentration, above
which society deems that driving is unacceptably unsafe. By analogy, the DRL would provide
atarget performance for industrial designers to achieve, and a criterion for the Department for
Transport and othersto usein legidation, guiddlines or consumer information.

7.2 Method and Findings

In terms of a methodology to determine the DRL, the research initially considered direct
measurement of driving safety: athough performance reductions can be measured (e.g. in a
simulator), there are no widely agreed measurement scales or limits of what represents safe
(or unsafe) driving for a particular driver. Therefore, we consider it impractical to directly
assess the safety of [VIStasksin terms of driving performance.

We therefore concluded that the Demand Reference Level should be informed by including
scientific, social acceptability and commercial views. In al seven data sources were
employed:

1. A meta-analysisof theliteraturereview data, presented in Section 1, especially
focusing on the ‘limits’ used in other countries. This was largely restricted to
Occlusion research, but other work was considered (e.g. the Society of Automotive
Engineers (SAE) 15 second rule for the completion of 1VIStasks, as reported in the
Driver Metrics Report, 2007). Many research groups have conducted research into
completion of tasks with continual intermittent visual Occlusion. Care was taken with
data quality as different researchers have used different Occlusion parameters (e.g.
shutter open and closed times) so some data normalisation was necessary.

Thisfound only three major Occlusion cut-off criteria. The most stringent isthe
Japanese version (with amean TSOT value of 7.5 seconds). Of course, a UK limit
should not follow the most stringent international criteriajust for the sake of it but as
long asthe value is redlistic, there is an argument that the UK should use asimilar
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level to the Japanese; otherwise researchers/designers may simply choose to follow
the JAMA value as the most restrictive/univeral. This suggests that the DRL for mean
TSOT should be set at around 7.5 seconds.

Thereisfar less agreement over the R value, but, as seen in the driver metrics
international report, (where R is used) an R value of 1 is often considered the cut-off.

2. Tosupplement thereview of literature, personal contact was made with
Occlusion expertsin the USA, Japan, Canada and Germany at an 1SO TC22 SC13
WG8 meeting (concerning in-vehicle ergonomics) in Italy in May 2007. Thiswas
further supplemented by an email questionnaire to key individuals around the world.
As such, these two approaches formed a virtual workshop with other world expertsin
Occlusion to try to reach an international consensus. Email opinion was received
from Ford in the USA, Germany (a combined response from several German
organisations, for example, BASt & Bosch), Dynamic Research (aleading contractor
in this areato the USA government, and active in SAE and SO committees), a
recently retired representative of SAE and arepresentative of Toyota USA.

As expected, only limited international consensus was revealed. The main points
were:
» Most countries favoured their respective criteria (e.g. the Japanese using the
JAMA guidelines).
» There was no fundamental disagreement about having some kind of measure
of the spread of TSOT scores.
* Finaly, there was little agreement for the role of R - some researchers
(especially from Europe) value it, whilst others (mainly in North America) do
not consider it useful.

3. Experimental work conducted by TRL and Nottingham (WP1) concer ning age.
Combinations of the two main parameters TSOT and R were studied using four tasks.

As seen earlier in this report, the study found some differences between the age
categories for the two Occlusion performance measures. In particular the ol der
participants showed a greater spread of scores (especialy for TSOT). Overall, these
results imply that to obtain minimal inter-subject variability an experiment should
ideally use younger/middle aged participants, and especially avoid the 67-76 age
group. Of course, the Design Reference Level described later should apply to all age
groups. But when undertaking limited Occlusion studies (of 20 or less participants)
then using awider number of older subjects would ssimply create more variance in the
results, so could potentialy cloud any effects of comparing different IVIS tasksin
different studies (that may be using different groups of participants).

4. Thesocial acceptability/tasks analysis (keystroke level model)/likely usability
issues (in WP2). IVIS tasks that are already considered acceptable (e.g. tuning a
radio), those that are borderline acceptable (e.g. Point of Interest Search with a
navigation system) and those that are widely considered unacceptable (e.g. reading
scrolling text not related to driving) were considered to determine possible boundary
points. Likewise, the usability analysis helped identify, from first principles, those
tasks that are better designed to be performed whilst driving.

The expert review showed the fundamental characteristics of the four tasks that are
overly distracting and/or may cause usability difficulties: Task 1 had the least
usability problems and Task 4 had most. These results both help understand and
predict Occlusion scores, and helped establish what particular features of the task
make it acceptable/unacceptable to the UK driving population. The social
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acceptability findings showed that none of the four example tasks had widespread
overall public support for them to be undertaken whilst driving. However, Task 1 was
considered the most acceptable, and often considered acceptable by younger drivers.
This may imply that the TSOT boundary for whether an 1V1S task is acceptable/
unacceptable should be set at approximately the usability scorelevel of Task 1
(shownin Tables 5 and 6 above).

The Keystroke Level task analysis showed that the theoretical task completion times
(both Static and Occluded) were closely linked to the results obtained from WPL1 for
two of the four IVIS tasks (and described why it does not predict scores for the other
two tasks). These findings help support, augment, and explain the obtained results
and provide a theoretical underpinning concerning, for example, why Task 1 has a
lower TSOT score than Task 2. As such it provides another independent data source
to illustrate why cut-off criteria set approximately at the level of the mean TSOT
results for Task 1 may be appropriate.

5. Using the Lane Change Task; the work undertook a comparison of impair ment
of visual demand from using an I VISwith impairment caused by alcohol
intoxication at the socially agreed UK limit (WP3).

This showed that, in general, impairment from an VIS is greater than driving at the
maximum permitted alcohol level. However the types of impairment, of course,
differ; for example, acohol impairment is continuous, whereas IVIS impairment is
usually driver initiated and for limited duration. The results may imply that having
strict Occlusion cut-off criteria may restrict the overall impairments from VIS use to
be no worse than the overall impairments from driving at the alcohol limit (in terms
of agross measure of driver impairment throughout awhole drive).

When compared with Occlusion task performance (from WP1), the LCT findings
showed less ability to discriminate between the four IVIStasks. Thisimplies that the
Occlusion technique is preferable to the alternative LCT approach, so strengthens the
case for using the Occlusion protocol.

6. Theresultsof thereliability analysis (using the developed Occlusion protocol at
two resear ch centres) and thefindings of the primary loading task (WP4).

For tasks that are fully developed on specific hardware (i.e. Tasks 1 and 2 in this
study) the reliability study found the Occlusion protocol produced comparable results
across laboratories. This independent data source shows results are reliable, so
provides further confidence of the judgement to set cut-off criteriaaround the level of
Task 1.

With a primary loading task, performance was reduced for the two navigation system
tasks using the Occlusion metrics. This result is broadly as expected in terms of task
loading (where having more tasks to undertake within the same period of time can
reduce performance). Introducing aPLT increases variability and it generates
additional experimental difficulties without any obvious benefit; this indicates that the
TSOT benchmark should be set without aloading task.

7. Knowledge of theway in which industry uses design guidelinesfor the
development of new In-Vehicle I nformation Systems.

VIS designers and manufacturers need a procedure that is reasonably easy to apply
(as Occlusion, using the newly devel oped protocol, undoubtedly is) and that cut-off

criteriaare clear, smple to calculate and are unambiguous. The statistics required to
calculate if an IVIStask is acceptable need to be reasonably undemanding. Also,
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designers require criteriathat can be applied early in the product design lifecycle, and
that allows them to make any necessary changesto the IVIS task and then re-test it
against the criteria. Finaly, the criteria should be capable of being applied to original
manufacturer fitted equipment, nomadic devices and other off-the-shelf systems.

7.3 TheDemand Reference L evel

A Demand Reference Level (DRL) has been requested by DfT (and others) to identify in-
vehicle devices, tasks or functions that involve an unacceptably high level of demand if used
while driving. The DRL proposed hereis based on the Occlusion parameter TSOT. The
diagnostic value of R isthe subject of much debate, although thereis a view amongst some
researchers (e.g. Pettitt et al, 2006) that R greater than 1 is unacceptable. Given the unclear
pattern for R from the results of this study, and the general lack of internationa support for its
use, it was decided that R should not be used in the DRL, but that it should, nevertheless, be
included in the protocol and reported by experimenters.

Before discussing the absolute level, it is necessary to explore the distribution of TSOT
values. Typically, Occlusion data are not normally distributed. The skewed nature of the data
occurs because most VIS tasks cannot be completed in less than a certain amount of time®,
whereas there can often be along ‘tail’ where some participants take longer to perform tasks.
A typical distribution example for TSOT is shown in Figure 38:

Mean Example outliers

85" Percentile

~mo3cZ

“Spread zone”

|

|
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< >

|

|

TSOT (seconds)

Figure 38: Typical distribution of TSOT for atask

Based on the discussions of Section 7.2 and the research team we believe that a TSOT at the
JAMA level of 7.5 seconds (mean) is broadly appropriate as areference level. However, from
our appreciation of the distribution of TSOT, statistical considerations imply that the mean
valueisa poor representation of the data. Arguably the 85™ percentile provides a‘ better’
single value as it emphasises thetail of the distribution more.

Our recommendation is that the DRL takes account both of the absolute values of TSOT and
the spread of the distribution. As a single absol ute value we acknowledge that the mean is the

%8 Indeed, the occlusion method is inappropriate for testing tasks that take less than 5 seconds
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most widely used and reported value in occlusion research and so (despite statistical
arguments for using 85" percentile or transforming the data to remove the skew) we can agree
with the use of the mean.

To take account of the distribution of TSOT values, we propose the use of a spread parameter
which is the squared difference between the 85™ percentile and the mean, normalised by
dividing by the mean:

i.e. spread = (85" percentile— mean)?
mean

This can be thought of as similar to a standard deviation term but one more appropriate for a
skewed distribution of values.

The demand level produced by adding the mean TSOT and the spread (DL o) alowsfor a
trade-off between absolute value and spread. Our proposal is below:

For an IVIS task to ‘meet’ the Demand Reference Level, the TSOT values produced (mean +
‘spread’ combined) need to be below 8.0 seconds. The formulais:

Mean + (85" percentile- mean)®> <80s (Equation 1)
mean

It is considered that using the mean (or, indeed, 85" percentile) alone would not adequately
account for the spread of scores, so the spread is a valuable statistic, especially when only a
low number of participants are used for Occlusion testing. But it is still simple to calculate, as
it requires only two values: the mean and 85™ percentile. Given that the data are skewed,
purely using standard deviation as a spread is not appropriate.

Using these values, the process to assess if atask meets the Demand Reference Level (and is
therefore considered to be ‘acceptable’ by this Occlusion criteria) is shown in the simple
flowchart (Figure 39) below.

Calculate mean TSOT
Calculate 85™ percentile TSOT
Calculate Spread (S)

Add mean TSOT and Spread= DL gy

Isthe value obtained (DL o) < the
prescribed DRL (i.e. less than 8s)?

YES- ‘Passed’ DRL NO - DRL not met
End. Redesign/ further testing required

Figure 39: Graphical representation of the processto evaluateif an I1VIStask is
acceptable or unacceptable using Occlusion

Applying the DRL to the results obtained in WP1 with 60 people for the four example tasks
used in this research shows that three of the four tasks would not have met the DRL. Task 1,
the POI, is aborderline pass (with a TSOT with spread (i.e. DLogy) Of just less than 8s), but
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the other three tasks would have been clear failures, with al producing a DL oy Of over 10s
(see Table 13).

Table 13;: Mean TSOT and R valuesfor Tasks1to 4

Task Mean TSOT (s) | 85" Percentile (s) Spread (s) DLoc ()

Task 1 7.63 9.06 0.27 7.90 (pass)
Task 2 1177 14.96 0.86 12.64 (fail)
Task 3 10.94 13.21 0.47 11.41 (fail)
Task 4 11.62 16.79 2.3 13.92 (fail)

These results are fundamentally in agreement with the work undertaken earlier in this project.
For example:

» Thesocial acceptability finding in WP2 showed that none of the four tasks had
widespread overall public support for them to be undertaken whilst driving (although
Task 1 was considered the least unacceptable, and often considered acceptabl e by
younger drivers).

» The expert review in WP2 showed the four tasks had arange of significant usability
issues (but, again, Task 1 had the least severe problems, and was quantified as the most
usable).

« Theresults of the alcohol study in WP3 showed that in some cases the effect of using
IVIS can be more detrimental on simulated driving performance than driving at the
highest legal level of alcohol intoxication. This suggests that the research and policy
community need to focus more strongly on the safety implications of in-vehicle
distraction.

» Given the potential safety issues with excessive visual demand from IVIS devices,
there is growing international recognition that stringent criteria are important. The DRL
proposed isin line with the most stringent guidelines used elsewhere in the world (the
JAMA guidelines as evidenced in the literature review in WP1).

« There was a moderate degree of international consensus; for example, on the need to
examine the spread of TSOT scores (as evidenced in WP5).

As such, thereis converging evidence from other sources that supports a DRL for TSOT. The
situation concerning R is mixed. Our work here does not support the use of R but we
recommend that it is measured and reported.

7.4 International Opinion

As reported above, although thereislittle international agreement on any specific Occlusion
limit, the response from Ford USA compared the proposed DRL to a major study undertaken
in the USA with 13 different IVIS tasks (Tijerina, 2007, persona communication). These
tasks included radio tuning, destination entry, manual dialling of a mobile phone and map
reading. The results showed that the proposed DRL agreed with Ford' s classification of
whether atask had alower or higher workload (roughly approximated to a pass/fail on the
DRL) for 12 of the 13 tasks. The one task that the two approaches disagreed upon was a
‘mid-difficulty’ task: the proposed DRL found it should not be allowed, whilst the Ford
approach measured alower workload (and so suggested it should be permitted).

Thislevel of agreement with previous American results gives further confidence in the DRL
developed here.

TRL Limited 62 PPR 256



Occlusion Published Project Report Version 1

7.5 KeyImplications

Using the Occlusion protocol and the DRL created by this project allows manufacturers,
researchers and regulators to both undertake repeatable Occlusion research and to compare
the visual demand from using an VIS with a Design Reference Level (DRL). This process
can be used both for original manufacturer fitted equipment and for nomadic and other off-
the-shelf systems.

The DRL presented hereisin the form of criteria and aflowchart, whereby the Occlusion
metrics of TSOT and its distribution is employed. If an VIS system exceeds the reference
level itsinterface should generally be redesigned and/or further testing should be undertaken.

Such an approach could be included within a‘ star rating’ system, whereby the DRL rating
could be used for consumer information which might aso include factors such as button size,
security of mounting (for anomadic IVIS device) and crashworthiness.

An VIStask that meetsthe DRL doesn't necessarily imply that it is ‘safe’ for adriver to
perform whilst avehicleisin motion, but it does suggest the visual demand required during
the interaction is within a benchmark limit. 1V 1S tasks that do not meet the DRL generally
involve an excessive level of visual demand. However, there might be situations where such
tasks are still acceptable based on other grounds (such as long tasks that are easily
interruptible and impose only alow intensity of visual demand). In such cases, the
justification for such tasks being acceptable should ideally also be evidence-based, for
example established by other repeatable metrics (e.g. within driving simulator evaluations).
As such, the DRL is aguideline rather than an absolute limit, and it is recommended that
more DRL datais collected on as many common |V IS tasks as possible to further support the
values proposed (in part thiswill only come over time as use of the Occlusion method
becomes more widespread).

The DRL was informed by many converging data sources and it is the contention of this
project that it represents a reasonabl e criterion to assess if an VIS presents an acceptable
level of visual demand when driving.
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8 Conclusions

This project has successfully collected and analysed a great deal of valuable Occlusion-related
data. For example, it undertook the largest Occlusion study to date in the world (the age
experiment reported in WP1) and reported that occlusion data were generally skewed). It
analysed several illustrative tasks from first principles (e.g. their likely usability issues and a
task analysis of the theoretical time to complete them) and it benchmarked the performance
decrements of using an IVIS whilst driving to impairments from alcohol intoxication. The
research also conducted the first assessment of reliability for the Occlusion protocol and
explored theissuesinvolved in utilising primary loading tasks for Occlusion.

Thework hasreceived a great deal of international attention (for example, invitations to speak
about the research at international events) and has generally helped promote the Occlusion
method. As such, it has helped devel op scientific knowledge regarding the use of the
Occlusion method to assess visua demand from IVIS tasks.

On amore practical level, the research has devel oped both a comprehensive Occlusion
protocol and a Demand Reference Level. It is believed that using both the protocol and DRL
will help identify 1V1S tasks that require excessive visual demand. This should aid road safety
by helping to reduce the use of such ‘inappropriate’ IVIStasks by providing firm evidence to
support policy, design guidelines and consumer information.

9 Recommended next steps

We recommend that the protocol is disseminated widely. One route is to publish the protocol
as an IS0 technical report (to support the |SO standard). This would require
acknowledgement of an international consensus and it would give the protocol maximum
exposure internationally.

Second, the DRL was developed using awide range of data sources. Taken as awhole these
largely agreed and produced converging evidence. Following the widespread dissemination of
the DRL, it isrecommended that it is periodically reviewed (especially as new VIS devices
appear on the market and new research findings emerge).

Finaly, it is recommended that further data s collected to benchmark the visual demand for a
wide range of VIS tasks against the proposed DRL. Such research would also investigate the
relationship between occlusion-related measures and those taken from more established
methods, such as simulator and road trials. Such research could assist DfT in understanding
the range of interface types that could be considered to be unacceptable.
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Abstract

This report addresses the issues required to establish an effective Occlusion methodology for
the assessment of In-Vehicle Information Systems (IVIS). The research develops a robust
visual demand measurement protocol based on Occlusion, and proposes criteria for the
acceptability of different tasks. This provides information on which IVIS tasks should not be
undertaken while driving. This work was undertaken in five work packages:

1. The impact of age on performance of IVIS tasks whilst applying the Occlusion
technique

2. Consideration of IVIS tasks and expert evaluation

3. Benchmarking IVIS tasks to another impairment inducing factor (alcohol) and
performance measures (Lane Change Task)

4. Production of a detailed protocol for assessment of IVIS tasks, performing a reliability
study of Occlusion procedure and testing the influence of a primary loading task

5. Setting limits: determining performance limits based on the Occlusion measures
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