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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Driving is a complex task consisting of a range of sub-tasks such as keeping the vehicle in the lane,
avoiding other traffic and obstacles, observing road signs and signals, planning and initiating specific
manoeuvres, scanning mirrors and navigating. In addition, drivers often engage in secondary tasks, not
directly related to driving, such as operating the media player, conversing on the phone and reading
road-side commerecial signs.

These different activities place varying, and sometimes conflicting, demands on the driver. In order to
manage the various driving and secondary tasks, the driver thus needs to allocate different resources,

such

funct

drivi
situj?ions, attention is determined by an interaction of proactive (top-down, endogenou

base
exog
even

Ther]

atter
dem{
threq

Sens
to se|
feet,

funcf
and hand-to-eye coordination. Finally, cognitive resgurces refer to brain systems implemen

level
in wi
type
sens
cogn
with

conty

Seve

contq

beha
in-ve
demq
effec
coml

How

Whille, for example, ISO 26022 is sensitive to cognitive load, it lacks specificity sin

2 £ X Land £ £ marxoond o1 rretaia raatar—caonteal rretaa aand lichaxs 1oy
do LlIv \,_y\,o, IIdIIuo, ICCL, l.l\,l \,\,IJLUCII D_y;)l-\,lll;), ITITULUI  CUITILI UIL O)’QL\'IIIO [2994¥ " lllsll\'l IC
ions, to the different sub-tasks in a dynamic and flexible way. This allocation ,0f
g and non-driving activities may be generally conceptualized as driver attentiofyIn 1

d on anticipation of how the upcoming situation will develop and bottom-up-processg
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leading to a corrective action.
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tion. In general, the effect of a task on attention depends on the amount and type

inded by the task. As outlined in further detail in Annex A, resources can be conce
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performance metric (MDEV) is also sensitive to visual sensory motor interference (i.e. visual time
sharing; see Annex A). A standardized method specifically addressing cognitive load is particularly
needed in order to evaluate the attentional demands of new driver-vehicle interfaces designed to
minimize visual interaction such as voice-based interfaces, haptic input devices and head-up displays.

The detection-response task (DRT) method defined in this document intends to fill this gap. More
specifically, the DRT is mainly intended to measure effects of the cognitive load of a secondary task on
attention. However, some versions of the DRT specified in this document may also be used to capture
other forms of secondary task demand (e.g. visual sensory demand). The general rationale behind the
DRT methodology is further outlined in Annex A.

Annex B provides guidance on how to select among the different DRT versions defined in this
document. Annex C reviews factors that could potentially affect DRT performance and thus need to be
accounted for when designing DRT experiments. Annex D offers a review of existing alternative DRT
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methodologies not covered by this document. Annex E provides an overview of the results from a set of
coordinated studies with the purpose to support the development of this document. Finally, a general
bibliography is provided for existing DRT-related research.
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Road vehicles — Transport information and control
systems — Detection-response task (DRT) for assessing

att

entional effects of cognitive load in driving

1 Scope

This
of cd
base

document provides a detection-response task mainly intended for assessing the attentjonal effects
gnitive load on attention for secondary tasks involving interaction with visual-mgnual, voice-
d or haptic interfaces. Although this document focuses on the assessment of attentional effects of

cognijitive load (see Annex A), other effects of secondary task load may be captured,by Specific versions of

the [

RT, as further outlined in Annex B. Secondary tasks are those that may bg performed while driving

but are not concerned with the momentary real-time control of the vehicle (such as operating the media

playsd
navig
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1, conversing on the phone, reading road-side commercial signs andéntering a destinfation on the
ration system).

According to this definition, secondary tasks can still be,driving-related (such as i the case of
hation entry).

document does not apply to the measurement of primary (driving) task demandp related to

the momentary real-time control of the vehicle, such d@s\umaintaining lane position and jheadway or

resp
spec

This
systd
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atter

pnding to forward collision warnings. However, this does not preclude that the DRT| method, as
fied in this document, may be adapted to measute such effects.

document applies to both original equiptmént manufacturer (OEM) and after-market in-vehicle
ms and to permanently installed, as well,as portable, systems.

bmphasized that, while the DRT methodology defined in this document is intended to neasure the
tional effects of cognitive load, it does not imply a direct relationship between such effects and

crash risk. For example, taking the eyes off the road for several seconds in order to watch @ pedestrian

may

Furt

cogniitive load. Specifically, if the goal is to isolate the effect related to the cognitive load i1

secol

motqr,

mant
the ¢
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load
see A

not be very cognitively loading but could still be expected to strongly increase crash risk.

hermore, interpret DRT _vesults cautiously in terms of demands on a specific resoufrce, such as

demanded by the task when performed without the DRT (i.e. alone or during nort

doc

A EX E) Thus, for such response -intensive tasks, DRT results are mterpreted with daution. This
i onithe purpose

of the study and the condltlons under which it is conducted (see Annexes A and B for further guidance

on this topic).

This document specifically aims to specify the detection-response task and the associated measurement
procedures. Thus, in order to be applicable to a wide range of experimental situations, this document

does

not define specific experimental protocols or methods for statistical analysis. However, some

guidance, as well as examples of established practice in applying the DRT, can be found both in the main

body

of this document and in the annexes (in particular Annexes C and E).

2 Normative references

There are no normative references in this document.
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2016 - All rights reserved 1


https://standardsiso.com/api/?name=eee2fc9e29734211ed94c1f4c9f33ba9

ISO 17488:2016(E)

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31
actuator demand
demand for pctuator resources (3.2) imposed by a task (3.30)

3.2
actuator resources
human body systems used to execute overt motor actions

Note 1 to entfy: Examples of actuator resources include the hands, the feet, the vocal cords, etc.

3.3

attention
allocation df resources, encompassing both bottom up and top dowh attentional processes,|to a
particular aftivity or activities

3.4
cognitive control
mental operations such as planning, decision making, errot“detection, inhibiting habitual actjions,
utilizing infprmation in working memory (3.36), and resolving novel and complex situations

3.5
cognitive resources
brain systerns implementing cognitive control (3:4)

3.6
cognitive lqad

cognitive demand

demand for ognitive control (3.4) intpesed by a task (3.30)

3.7
data segment
continuous portion of data

3.8
driver attention
allocation of resources (3.20), encompassing both bottom up and top down attentional processgs, to
driving andfor.nen-driving-related activities

3.9

DRT stimulus

sensory signal controlled and issued to a participant during a DRT test session for the purpose of
eliciting a specified response (3.21)

3.10

hit

response (3.21) initiated within 100 ms to 2 500 ms from the stimulus onset (3.29), not preceded by an
earlier response in the same interval

Note 1 to entry: Hit is synonymous with valid response.

2 © IS0 2016 - All rights reserved
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hit rate
number of valid responses (3.33) divided by the total number of stimuli presented in a data collection
segment, excluding premature responses to stimuli

Note

3.12
miss

1 to entry: See premature response (3.17).

ing response

absence of a response (3.21) within 100 ms to 2 500 ms after stimulus onset (3.29)

3.13

mottl)r demand

demq

3.14

ind for motor resources (3.13) imposed by a task (3.30)

motor resources

brair

3.15
perc
demj

3.16
perc
brair

Note
perce

3.17
pren
resp(
valid

3.18
prin

driving or driving-like task((3:30) used in the surrogate driving, driving simulator or d

expe

3.19
repe
respd
an eg

3.20
reso

| systems implementing the control of motor actions

eptual demand
ind on perceptual resources (3.15) imposed by a task (3.30)

eptual resources
| systems implementing perception

1 to entry: Perceptual functions include lower-level;‘imodality-specific perception (e.g. visual
ption), as well as higher-level cross-modal perceptual integration.

hature response
nse (3.21) initiated within 100 ms ftom the stimulus onset (3.29), prior to the timing i
response (3.33)

jary task

rimental setups

ated response
nse (3.21) initiated within 100 ms to 2 500 ms after the stimulus onset (3.29) that is
rlier response in the same interval

Lrees

and auditory

hterval for a

n-road DRT

preceded by

R | 1 : h] A TR N 1 ol a3 . £ -~ Lee 2 2NN
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3.21
resp

onse

signal generated by the participant pressing the response button

3.22
resp
time

Note

© ISO

onse time
from the stimulus onset (3.29) until the response onset

1 to entry: Response time is only defined for valid responses.

2016 - All rights reserved


https://standardsiso.com/api/?name=eee2fc9e29734211ed94c1f4c9f33ba9

ISO 17488

3.23

:2016(E)

secondary task
task (3.30) that may be performed while driving but that is not concerned with the momentary real-
time control of the vehicle

Note 1 to entry: Examples include operating the media player, conversing on the phone, reading road-side
commercial signs and entering a destination on the navigation system. Thus, secondary tasks may be driving-

related.

3.24

sensory demand

demand on

3.25
sensory reg
human bodjy

Note 1 to ent

3.26

censarvresources (3 24) impnosed bva task (3.30)
) r P4 7

ources
r systems used to sense the exterior environment or internal bodily states

y: Examples of sensory resources include the eyes, the ears, the skin, etc.

stimulus duration

time during
Note 1 to ent

Note 2 to ent
set duration
duration, the

3.27
stimulus cy

which the stimulus is turned on
'y: The maximum stimulus duration is setat 1 s.
ry: Stimulus duration depends on responses. The maximum.stimulus duration represents thg

bf the stimulus in the absence of a response. If the response€'is initiated prior to maximum stiy
stimulus is turned off.

cle period

time from the onset of a stimulus until the onset of the next stimulus

3.28

stimulus offfset

point in tim

3.29

e when the DRT stimulus (3.9),i$ turned off

stimulus onset

pointin tim

3.30
task
process of a

3.31
trial
test of one p

3.32

e when the DRT stimulus (3.9) is turned on

rhieving a specific and measurable goal using a prescribed method

h pre_
nulus

articipant undertaking one secondary task (3.23) one time

unrequested response
response (3.21) given later than 2 500 ms after the stimulus onset (3.29)

3.33
valid respo

nse

response (3.21) initiated within 100 ms to 2 500 ms from the stimulus onset (3.29), not preceded by an
earlier response in the same interval

Note 1 to entry: Valid response is synonymous with hit.

© ISO 2016 - All rights reserved
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3.34
visual angle
angle subtended at the eye by a viewed object or separation between viewed objects

Note 1 to entry: Measurement of visual angle is made edge to edge.

3.35

visual eccentricity

visual angle (3.34), relative to the centre of the fovea, at which a certain visual stimulus impinges on
the retina

Note 1 to entrv: Measurement of visual eccentricitv is made from centre of eve to centre of visnal stimulus.

3.36
working memory
execlitive and attentional aspect of short-term memory involved in the interim intégration| processing,
disp@sal and retrieval of information

4 Abbreviated terms

ANOYVA analysis of variance
B baseline
DRT detection-response task

HDRT head-mounted DRT

HR hit rate

MR miss rate

NO 0-Back

N1 1-Back

OEM original equipmentmanufacturer
R response

RT response time

RDRT remote DRT

SE easy SURT

SH hard SuRT

TDRT tactile DRT

5 DRT methodology: Principles and overview

The DRT method is based on a simple detection-response task where participants respond to relatively
frequent artificial stimuli presented with a specified degree of temporal uncertainty. Detection
performance, measured in terms of response time and hit rate, is assumed to represent the degree to
which attention is affected by the demand and, in particular, the cognitive load component imposed
by the secondary task under evaluation. Longer reaction times and reduced hit rate are indicative of
higher cognitive load.

© IS0 2016 - All rights reserved 5


https://standardsiso.com/api/?name=eee2fc9e29734211ed94c1f4c9f33ba9

ISO 17488:2016(E)

The method may be implemented in several different ways, depending on the purpose of the study.
The DRT versions specified by this document differ in terms of stimulus presentation modality and

experimental setup, as further described below.

6 Measurement methods and procedures

6.1 Participants

Participants should be licensed drivers with a similar level of prior experience with the secondary task
under evaluation. Other relevant characteristics of the participants shall be recorded, including at least

driving experience (e.g. miles or km driven in the last year), similar device use experience, gender, age
and previoufs experience with the DRT.

6.2 Experimental setup

The DRT mdy be used in different experimental setups as described below.

6.2.1 Norn-driving experimental setup

In this setup, the DRT is performed concurrently with the secondary task-under evaluation in a|non-
driving situption. This means that attention is divided between the secondary task under evaluption
and the DRIT, without simultaneous performance of a primary (driving or driving-like) task.|DRT
performancp with the secondary task is assessed relative to a baseline condition where only thel DRT

is performe
selective atf
desktop.

6.2.2 Sur

In this setuj
participant
task could b
viewpoint
and surrog
the surroga

6.2.3 Driy

In this setuj
participant
simulator d
driving the

&

ention in any non-driving setting, including production vehicles, vehicle mock-ups o1

rogate driving experimental setup

, the DRT is performed concurrentlyzwith the secondary task under evaluation whil
performs a surrogate task that/functions as the primary task of driving. This surr
e a simple tracking task, watching a video of real-world driving recorded from the dr
a combination of such elements. DRT performance during the combined secondary
e driving is assessed relative to a baseline condition where the DRT is performed with
e driving task.

ing simulator experimental setup

b, the DRT iserformed concurrently with the secondary task under evaluation whil
drives asdriving simulator. DRT performance during the combined secondary tasK
riving issassessed relative to a baseline condition where the DRT is performed while
simulator. The same scenario is used in both conditions.

. The non-driving version of the DRT may be used, to assess how a secondary task affects

Fat a

e the
gate
ver’s
task
only

e the
and
only

6.2.4 On-road experimental setup

In this setup, the DRT is performed concurrently with the secondary task under evaluation while the
participant drives on a closed track or an open road with traffic. Appropriate safety concerns shall be
addressed for on-road testing. DRT performance during the combined secondary task and driving is
assessed relative to a baseline condition where the DRT is performed while only driving.

6.3 Stimulus presentation

This document specifies three alternative methods for presenting the DRT stimulus. This includes two
methods where the stimulus is presented visually and one method where the stimulus is provided by
means of tactile stimulation. In the head-mounted DRT (HDRT), a visual stimulus (an LED) is presented
through a fixture attached to the head of the participant at a specified visual angle. In the remote
DRT (RDRT), a visual stimulus (e.g. an LED or embedded graphic in simulator scenario) is presented

6 © IS0 2016 - All rights reserved
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in the forward view of the participant. Finally, in the tactile DRT (TDRT), a tactile vibrator is placed
on the participant’s body. These stimulus presentation methods are described in further detail below.
Guidelines for the selection of stimulus presentation mode depend on the purpose of the experiment
and are provided in Annex B.

6.3.1

Stimulus presentation timing

The stimulus presentation timing is the same for all three stimulus presentation methods. Figures 1
and 2 illustrate the key principles. The stimulus onset (Son) represents when the stimulus is turned on
and the stimulus offset (Soff) when it is turned off. The stimulus duration (SD) represents the time during
which the stimulus is turned on and the maximum stimulus duration (SDpax) represents the pre-set

maximum duration of the stimulus. SDyax should be set to 1 s. The stimulus cycle period (SEF) represents
the time from the onset of one stimulus until the onset of the next stimulus. The stimulus cycle period
shallfvary and be drawn randomly from a uniform distribution of values between 3 sand 5 5.
Son, sD, S off, Son, SD
e 2
B il &
On |
Off
»le >
SCP, ScP, ScPp,
Key
Son | stimulus onset
Soff | stimulus offset
SD | stimulus duration
SCP | stimulus cycle period
Figure 1 — Definition of parameters relevant for stimulus presentation specifi¢ation
A signal generated by the partiipant pressing the response button is referred to as a response (R). If
the participant responds while-the stimulus is turned on, the stimulus is turned off at th¢ moment of
resppnse (see Figure 2).
Son, s, S off, S ol‘n2 SD,
Iy
_________ : |
|R1 !
le SD max N e SP max
Key
Son stimulus onset
Soff stimulus offset
SD stimulus duration
SDmax maximum stimulus duration
R response
Figure 2 — Illustration of how the stimulus duration is determined by the response (R)
© IS0 2016 - All rights reserved 7
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6.3.2 Visual stimulus specifications

6.3.2.1 Head-mounted visual stimulus

In the head-mounted DRT, the visual stimulus shall be presented by means of a single LED presented
on a stalk attached to the participant’s head. Compared with the remote DRT, the head-mounted DRT
has the main advantage that it is not affected by drivers’ head motion or if drivers look away from the
forward view. Figure 3 shows the setup for the head-mounted DRT. The LED should be supported by
a black frame as shown in Figure 3 and should be positioned to the left if the vehicle has the steering
wheel to the left and to the right for vehicles with the steering wheel to the right. For a non-driving
experimental setup, the LED should be placed either to the left or right, but in a way that visual
interferencq with the secondary task is minimized. More precisely, the LED should be positioned-20° to
the left or right (depending on steering wheel position) along the horizontal meridian and 10%abovle the
vertical metfidian, using the left or right eye as reference point, as illustrated in Figure 3. The-distance
between th¢ eye closest to the LED and the LED should be 12 cm to 13 cm. The position’of thel LED
should be v¢rified on a human or manikin head prior to beginning the experimental trials. Howeyer, it
does not havye to be measured individually for each subject. Recommended default specifications fqr the
LED are givgn in Table 1. The luminous intensity of the LED should be adjusted tosthe lighting condifions
in the experfimental setup so that the visual stimulus is easily detectable whilé-not inducing discoipfort

or harm to the participant.
Table 1 — Recommended specifications for the LED for the head-mounted DRT
Parameter Value
Colour Red
Dominant wavelength 626 nm
LED response time 90.ns
Diameter 5mm
Maximum luminous 0,055 cd
intensity

Care should|be taken to ensure that no portion of the LED is in the blind spot of the left eye. This can be
ensured by fcovering the right eye (when'the LED is positioned to the left) and asking the test subject
to fixate straight ahead with the left éye. The entire LED (when continuously on) should then be clearly
visible in the peripheral visual field-of the left eye (when the LED is positioned to the right, the reyerse

applies).

8 © IS0 2016 - All rights reserved
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6.3.2.2 Remote visual stimulus

The
as a

the gtimuli, it should be placed remotely from the participant, and should be clearly perce

gaze

drivér (i.e. not only indirectly perceived, for example, through reflection in the windshield
positfioning of the LED depénds on the experimental setup. For example, in a passenge
simuflator mock-up, the top of the dashboard would be a suitable position for the LED, as lor
occlyded by the steeringWheel. In outdoor conditions, care should be taken to find a positid

influ

Reco
shou
easil
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Figure 3 — Illustration of the setup-for the head-mounted DRT

stimulus for the remote DRT can benimplemented as a single LED or, in driving simu
oraphical object displayed in a fixed location in the visual display. If an LED is used

is directed straight towards$:the forward roadway. The LED should be directly perc

immended default specifications for the LED are given in Table 2. The luminous intensit
Id be adjusted to the lighting conditions in the experimental setup so that the visua
y detectable while not inducing discomfort or visual impairment to the participant.

ence of ambientlighting on stimulus visibility is minimized (e.g. by means of shielding).

ator setups,
to generate
ptible when
pived by the
). The exact
r vehicle or
gasitisnot
n where the

y of the LED
stimulus is

Table 2 — Recommended specifications for the LED for the remote DRT

Parameter Value

Colour Red

Dominant wavelength 626 nm

LED response time 90 ns

Diameter 5 mm (placed at a distance
that subtends approximately
1°)

Image luminance 2 cd/m2

The exact position of the RDRT stimulus (distance from the participant, visual angle, etc.) shall be
reported in each experiment. If the stimulus is presented graphically on a visual display, the stimulus
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should be implemented as a red filled circle, subtending a visual angle of about 1°. The stimulus should
be presented within the driver’s central field of view in a fixed location on the screen.

6.3.2.3 Tactile stimulus specification

A small electrical vibrator (tactor) is used to present the stimulus for the tactile DRT. The tactor
should be placed on the driver’s left shoulder if the vehicle has the steering wheel on the left and the
opposite shoulder for vehicles with the steering wheel on the right. For a non-driving experimental
setup, the tactor can be placed on either side. The tactor may be attached using medical tape, as
illustrated in Figure 4. The intensity of the tactor should be such that it is easily detectable while not
inducing discomfort to the participant. This should also include consideration for vibrations in the test
environment such as vehicle vibration for on-road setup. Caution should be taken to avoid interfefence
with the sedt belt when it is fastened. The technical specifications of the tactor should be d g¢nted
since the characteristics of the tactor (type, frequency and acceleration) may influence rea’&@q time.

-
o)
AN

Recommended default specifications for the tactor are given in Table 3.

Table 3 — Recommended specifications for the tactoro

C
Parameter Value k\‘
Diameter 10 mm Z, (O
Weight 12g RO
Maximum speed 12 000 rpm \\\<
Vibration amplitude 0,8G ‘\\y

rad Placamant and vttachmoent ofthe factor
P o 3 T o eI It oIt attatIrnt It ortrrC—Ttattor

6.4 Response method

For all versions of the DRT, participants respond by pressing a micro-switch. It can be attached to the
index finger, the middle finger or the thumb, as chosen by the participant, but placement should remain
consistent throughout testing. The micro-switch should be attached to the participant’s left hand if the
vehicle has the steering wheel on the left and to their right hand for vehicles with the steering wheel on
the right. An example is illustrated in Figure 5.

The micro-switch should generate a binary signal representing the response signal in Figure 2. In
experimental setups involving driving, or a surrogate for driving involving the use of the steering
wheel, the response should be made by pressing the switch to the steering wheel. In non-driving
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experimental setups, the micro-switch should be pressed against the thumb or the desktop (as chosen
by the participant). The micro-switch shall provide perceptible feedback clearly indicating that a
response has been made.

6.5

If thd
the primary task shall be clearly reported. Factors that should be considered are provided

6.6

At a
diffefent tasks.

a)

b)

d)

Figure 5 — Illustration of the setup for the response micro-switch

Primary driving task

DRT is used in a surrogate driving, driving simulator or on-road experimental setup, {

Instructions to participants

minimum, the following instructions should be given to participants before trai

Welcome the participant and give a brief overwiew of the purpose of the test, its expec
and the test procedure.

Emphasize that the intention is not to ‘test participant skills but rather how different
3ffect performance.

xplain the secondary task to be‘evaluated, the general principles behind the DRT and
flask (if applied in a surrogate ‘driving, driving simulator or on-road experimental
articipant should be instfucted to prioritize the primary task (driving or a surrogate
nd then, as a lower priority, do their best to also perform both the secondary task unde
nd the DRT. In the thon-driving experimental setup, the participant should be instr
heir best to perform’both the secondary task under evaluation and the DRT simultat
ollowing is an,eXample of a task priority instruction suitable for an experimental set
riving: “Youf.imain priority is to drive safely. Please remember to maintain your pog
our given travel lane. The [LED/tactor] and the [secondary task] task will both be a
he run.\Please do your best to pay attention to both tasks but recall that your primary
riving.”

he nature of
n Annex C.

hing on the

ed duration

tasks might

the primary
setup). The
for driving)
r evaluation
ucted to do
neously. The
ip involving
ition within
ctive during
' task is safe

xplain to the participant that the data collection and analysis programmes are designed to ignore

participant responses that are given when there is no stimulus presented. Thus, a
performing continuous button pressing regardless of stimulus presentation will not
performance and shall lead the participant to be excluded from the experiment.

6.7 Training procedure

strategy of
yield better

Prior to the experimental tests, the participant shall be separately trained on the following tasks in the
following order:

a)
b)

the secondary task(s) under evaluation;

the DRT;

© ISO 2016 - All rights reserved
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<)

if a surrogate driving, driving simulator or on-road experimental setup is used, the primary
(driving or driving-like) task.

Finally, the two or three tasks should be practiced together. The detailed training procedure is specified
in the following sections.

6.7.1 Secondary task training

Training on the secondary tasks shall initially be performed under single task conditions. A
demonstration of the task shall first be given to the participant by the experimenter. Participants shall
then be given a sufficient number of practice trials for each secondary task being investigated until they

reach stabl pertformance and teel comtiortable that they can perform the task successrully. It thre|

of the first
the interfac

The numbe]
Information|
those used i

Each practi
aim to ensy
having diffi

instructiong.

6.7.2 DRI
When the s

DRT (withdut performing the secondary or driving tasks). The training shall continue unti

subject resp
comfortable
the entire tj
the DRT stij
to modify t
In addition,
repeatedly ¥

6.7.3

If the surrog
also be train
primary tas
with the tag
complain of

Primary task training

ur participants cannot successfully complete the practice task at least once in fiwe-t
e design and training protocol should be reviewed.

- of practice trials shall be recorded for each participant and task for poStstest ana
to be viewed or entered for a secondary task in practice trials should\be different
n test trials but equal in complexity (e.g. street name length in a destination entry tasK

ce task should be completed using the designated method and«theé experimenter si
re the appropriate completion of the task by coaching or assisting if the participg
culty with the task. Care should be taken to ensure that the participant understand

 training
bcondary task training is completed, the participant shall be trained on performin

onds to the stimuli in a stable manner (as judged by the experimenter) and reports fe

e out
rials,

lysis.
from

).

1ould
nt is
s the

b the
| the
eling

with performing the task. The experimenter is advised to observe the participant djiring

aining phase to ensure that the participant attempts to respond as quickly as possil]
mulus. If admonishing a subject who,is not responding as quickly as he/she could do
heir behaviour accordingly, thesubject should be eliminated from the test progra
the experimenter should check that the participant does not simply press the b
vithout consideration of théstimuli.

ate driving, driving simulator or on-road experimental setup is used, the participants

le to
fails
me.
tton

shall

ed on the primiapy task (without performing the secondary task or the DRT). Training on the

k should continue until stable performance is achieved and the participant feels comfor
k. Test paxsticipants who are apparently incapable of mastering the primary task, or
motion:sickness during training, should be eliminated from the test programme.

table
who

6.7.4 Tral

ining on multitasking

Finally, the participants shall be trained on performing the secondary tasks together with the DRT
and the surrogate driving, driving simulator or on-road experimental setup, if used. In studies where
several secondary tasks are to be evaluated, the multitasking condition shall be practiced for each. The
training shall continue until stable multitasking performance is achieved and the participant reports
feeling comfortable with performing the two or three tasks simultaneously. Participants who are
clearly incapable of mastering the multitasking should be eliminated from the test, and this number
shall be documented along with the reasons for their exclusion.

6.8 Performance measures

Two performance measures shall be calculated: hit rate and response time. A hit is defined as a valid
response to a DRT stimulus. A valid response is defined as a response initiated within 100 ms to
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2 500 ms from the stimulus onset, and which is not preceded by an earlier response in the same interval.
Responses can be categorized as valid or invalid. There are three general types of invalid responses, all

of which shall be excluded from the calculation of hit rate.

a)

Premature responses: Responses initiated within 100 ms from stimulus onset, prior to the timing

interval for a valid response. The purpose of this criterion is to exclude unrealistically fast
responses.

b)
‘)

Unrequested responses: Responses initiated later than 2 500 ms after stimulus onset.

Repeated responses: Responses initiated within the 100 ms to 2 500 ms after the stimulus onset

A re
stim

The

stim
rathg
defin

The 1
resp
as th

The

data
atle
This
repe

6.9

RT a
DRT
data
therd
of 1

of di
take
tests
tests

More
resp
the s

thatis prm‘pdpd by an earlier respaonse in the same interval

1lus onset.

hit rate (HR) is defined as the number of hits (valid responses) dividedby the tot
h1i presented during a data segment. In some applications, it may be désired to rep
r than hit rate. A miss is simply defined as the complement of a hit~Hence, the miss
ed as the hit rate subtracted from 1.

esponse time (RT) is calculated for hits only and is defined as the'time from stimulus on
bnse. The RT value for an individual participant for a giventask or baseline segment j
e mean response time to all valid responses (hits) duringthat segment.

humber of stimuli shall be sufficient to provide enough response times for statistica
segment shall exceed a duration of 5 s to qualify for analysis, which guarantees that it
st one stimulus. In addition, at least five stimuli should be included in the analysis

could be accomplished either by collecting multiple short data segments for the sam|
hting the task within a single data segmentitil at least five stimuli have been present

Analysing and interpreting DRT performance data

nd hit rate are both important dnd should be considered in the interpretation of the
studies. However, there are some important issues that should be considered when an|
First, hit rates are generallynot normally distributed (see Figure E.6). One reason fo
is often a strong ceiling effect, especially in baseline data, where most data points ta
i.e. 100 % hit rate). Mereover, for short data segments, the hit rate can take only a lim
screte values. For example, for a data segment that contains only five DRT stimuli, the]
only the values ¢f-0; 0,2, 0,4, 0,6, 0,8 and 1. In such cases, the assumptions of parametr
(e.g. t-tests and)ANOVAs) may be violated and it is recommended that non-parametr
are used instead. Caution should be taken to avoid comparing tasks of short and long

over, difficulties interpreting the data may arise if the two performance measures (|
bnse time) do not consistently indicate an effect in the same direction. An example wo
pcondary task under evaluation leads to strong reduction in hit rate but no effect on re

kponse is considered missing when no response is given within 100 ms to-2 5(I>O ms from

jl number of

rt miss rate
rate (MR) is

set until the
s calculated

| analysis. A
will include
f each task.
e task or by
ed.

results from
alysing DRT
I this is that
ke the value
ted number
hit rate can
ic statistical
c statistical
Hurations.

hit rate and
uld be when
fponse time.
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1 4] AV atsal i 1 111 e PR | ipl i
ITCASES, LT URNT TTSPUILIST LT SITOUIU UT HILET pITicu WILIT CAULIUIL.

6.10 Checking data quality

The following steps shall be taken to ensure sufficient data quality.

To check data quality, the frequency distribution of response times across participants should be plotted
in the form of a histogram. If the collected data deviates substantially from the positively skewed
reference distribution given in Figure 6, the DRT measurement setup should be checked for possible
technical problems. To avoid losing test data, this check should be performed during pilot testing.
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6.11 Use o
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reaction tim
for baseline

\

1 2

RT(s)
Figure 6 — Reference RT distribution for checking DRT data quality

all also be checked for cheating strategies. It is possible for participants to attem
ir hit rate by repeatedly pressing the response button regardless of stimulus presentg
ch strategies, the total number of responses for a participant sheuld be divided by the
timuli for that same participant in a given data collectign)segment. If this ratio exc
Cipant should be excluded from the analysis. Video recerding and monitoring are u|
Hetermine if cheating strategies are being used by participants.

f DRT data in decision making

bn-response task (DRT) procedures set ouf/in this document provide methods to a
pf cognitive load, resulting from performance of a secondary task, on attention. |
tions of the DRT methodology are presented, the head-mounted, the remote and the t4
addition, four different experimental setups are described (i.e. non-driving, surrg
plator and on-road setups). While'these different DRT methods are robust in dete
in cognitive load, the absolute values of the measures were found to vary across te
might be expected due to\'different setups and laboratory conditions. Consequ
assessments of performance should be conducted by a comparison of relative performni
by comparison to an.abselute value. This can be accomplished by comparing, for exal
e performance in the-eonditions of interest (i.e. with secondary tasks) with reaction t
performance.

pt to
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Annex A
(normative)

Rationale

A.1 General

As st
the ¢
outli
load.
incof

ated in the introduction of this document, the main goal of the DRT methodology is
ffects of cognitive load on driver attention. This annex provides a rationale forthis s
hing conceptual framework for understanding driver attention and its relation
This account is not based on a specific theory of attention or cognitive load but rat
porate ideas from several contemporary theories into a generic framework.

A.2 | Driver attention

Drive
[30] 1
ActiV
dired
to dr
cont]
navig
cell
to dn
nee

r attention can be generally conceptualized as the allocation of resources to a set
[his allocation of resources encompasses both bottom-up and top-down attentiong
ities performed by drivers could be goal-directed or not related to any particular
ted activities could be considered as tasks. Moreover,activities (and tasks) are more or
iving. Driving consists of multiple tasks that can be,characterized as operational (e.g. |
rol), tactical (e.g. decisions on which manoeuvie*to initiate) or strategic (e.g. routg
ratingl66l). Non-driving activities include thesoperation of secondary tasks such as r

aw a distinct line between driving and non-driving tasks; however, such a sharp disti
d for present purposes.

Attention is generally characterized by activation and selectivity. Activation refers to tH
which resources are allocated to an™activity, that is, how much attention is allocated.)

selectivity refers to how resourees are distributed between activities. If there are multiy
with|competing resource demands, the driver shall prioritize certain activities above oth

to measure
tatement by
0 cognitive
her seeks to

of activities.
| processes.
goal. Goal-
less related
basic vehicle
choice and
adio tuning,

hone dialling, conversation with passengers’or performance of the DRT. It is sometifes difficult

hction is not

e degree to
By contrast,
le activities
b1 activities.

Seledting an activity at a particular moment in time can thus be understood as allocatinpg sufficient

resofirces to that activity:2)Attention is driven both exogenously (bottom-up, by factors ex
drivér such as salientstimuli) and endogenously (top-down, by goals and expectancies of th¢

Resoyirces that cafnibe allocated to activities may be conceptualized at three levels: sensc
resofirces, percéptual/motor resources and cognitive control.

Sensory/actuator resources refer to the basic interfaces between the driver and the envird
to sepse‘the environment and perform overt actions. Examples include the eyes, ears, skin

ernal to the
b driver[Z3]).

ry/actuator

nment used
feet, hands,

mouth;3¥ocal cords, etc.

Perceptual/motor resources can be regarded as brain systems for performing specific perceptual-motor
activities. These resources can be characterized along multiple dimensions including perceptual and
motor modalities, such as visual, auditory and tactile and response codes, such as spatial vs. verbal.
[98][99] In general, tasks with overlapping perceptual/motor resources will interfere more than tasks
demanding separate resources. However, as shown, for example in References [25] and [41], different
forms of cross-modal interactions make it difficult to precisely define a finite set of independent
perceptual/motor resources.

1) The concept of an activation level is closely related to the “alerting attention” system proposed by Posner
(e.g. Reference [76]) which refers to achieving and maintaining an alert state. The activation level is partly, but not
entirely, determined by the degree of mental effort[54] mobilized by the driver.

2) The concept of “selectivity” is related to the “orienting attention” systemlZ6] defined as the selection of
information from sensory input.
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Finally, cognitive resources refers to brain systems implementing higher-level mental operations such
as planning, decision making, error detection, inhibiting habitual actions, utilizing information in
working memory and resolving novel and complex situations. These functions may be conceptualized
in terms of cognitive control.316Z] This intentional, top-down allocation of cognitive control generally
requires mental effort and is accessible to conscious awareness. Moreover, cognitive control is not
specific to any sensory/motor modality and can generally be regarded as a single resource with limited
capacity. This is supported by neuroimaging studies demonstrating that a wide variety of cognitive
tasks recruit essentially the same frontal brain regions (in particular the lateral prefrontal cortex and
the anterior cingulate cortex; e.g. Reference [27]). Finally, demands on cognitive control are reduced
with practice, leading to gradually increasingly automatized performance.[Z6][88] However, as pointed
in Reference [38], whether any real-world driving tasks are completely automatized can be questioned.
Rather thar] defining automatization as an all-or-none phenomenon, it seems more appropriat¢ and
useful to consider a continuum from controlled performance (relying strongly on cognitive eorjtrol)
to automatif performance (with no demand for cognitive controll1Z]). The proposed general-resqurce
model is illustrated in Figure A.1.

Cognitive resources

=

Perceptual Mataor
resources resources
e
SENsory resources I I Actuator resources

Sensatlon‘\ Vehicle/ / Action

environment

Figure A.1 — Illustration of the three-level resource model outlined in the text

A.3 Resource demands and task interference

Different activities-place different demands on resources. Based on the three general resource levels
outlined abgve,three corresponding types of demand may be distinguished.

JE— Sensory artuator Inad rafarc ta damande for cancaru/actuiatar racanrecac Evamnlac ineclinda daoy and

e T o 1o T IO to Ot ITOitoro TOT OCTIOUT j f o tuTitOT T CoO Ul CoUT AT PToU HIifcraue oot

for the eyes to monitor the road ahead or to view a display and demand for the hands to steer the
vehicle or turn a knob on the radio.

— Perceptual/motorload refers to demands for perceptual/motor resources. Examples include demand
for visual perceptual resources to detect alead vehicle braking or to perceive the content of a display
and manual motor resources to control braking or perform the radio knob turning action.

— Cognitive load refers to demands for cognitive resources (i.e. those resources needed for cognitive
control). This involves the demand for executive functions and the associated mental effort needed
to, for example, maintain items in working memory, deal with novel or inherently difficult tasks

3) There exists a variety of other terms for referring to these types of high-level cognitive functions, such as
executive attention[Z6] and supervisory attention.[Z3] Here, these terms are treated as roughly equivalent to cognitive
control.
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or to overcome learned habits. Examples include the mental effort needed to negotiate a complex
intersection or the working memory demands imposed by phone conversation. The cognitive load
that a task imposes on a driver cannot be measured directly, but only in terms of its effects on
attention, that is, how it affects the allocation of resources to activities. Thus, in this document, the
main goal of the DRT methodology is stated in terms of measuring the effect of cognitive load on
driver attention (rather than measuring cognitive load directly).

The allocation of resources to activities (i.e. attention) with different resource demands is further
illustrated in Figures A.2 and A.3. Figure A.2 illustrates the hypothetical demands and resource
allocation for lane keeping in normal, non-demanding, conditions (e.g. driving in clear weather on a
sparsely trafficked motorway). As shown, lane keeping is assumed to demand the eyes, the hands,
visudl spatial perception and manual control, but, due to the high degree of automatizatop, very little
cognifitive resources.

Lane keeping

Cognitive resources

—
/T A\

Perceptual Mator
resources , resources
o+
Visual spatial Mahual control
reapton
Sensory resources percep ‘ Actuator resources

q;""'h

‘o T

Se nsation‘\ Vehicle/ / Action

environment

Figure A.2 — Hypothetical resource allocation for lane keeping in normal (non-demnanding)
driving conditions

Figure A.3 illustrates a corresponding hypothesized resource allocation for handsifree phone
convprsation,This task can be assumed to demand the ear(s), the speech motor system, auditory
perc¢ptionspéech control and a relatively large amount of cognitive resources (depending on the
conté¢nt efithe conversation). Different activities may thus demand different resources, and resources
may |bé-allocated to different degrees (except for the sensory and actuator resources which can be
thoughtofasattocatedimamoreattFor-mone fashiomr=—either the trand feye s usedornot):
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Hands-free phone conversation

Cognitive resources

B

Working
Auditory perception / — \ Speech contral
Perceptual ¢ > |
resources ; Motor
rasources
] ) \

SEensory resources t Actuator resources

) - 'i'g. !
Sensation \ Vehicle/ A/mn

environment
Figyre A.3 — Hypothetical resource allocation for hands*free phone conversation

The interfer¢nce between two activities or tasks is generally detéermined by the degree to which the fasks
place overlapping demands on the resources needed to service them.[28]1[99] In the case of signifficant
overlap, there may be an insufficient amount of resourcefs) to support both tasks simultaneously gt the
time of demland. In such cases, performance on one -0r*both tasks may suffer, depending on hoy the
person priotitizes between the tasks. This situation is schematically illustrated in Figure A.4, wher¢ two
tasks place pverlapping demands on a specific resource and the total resources demanded for optimal
performancg on both tasks exceed the availableresources. In this example, Task 1 is prioritized which
leads to degraded performance on Task 2. Resource allocation strategies are further addressed in A.4.

resource limit

Additional resources
Task 1 Task 2 N demanded for optimal
task performance

Y
resource allocation

Figure A.#t — Illustration of total resource demands needed for satisfactory performancejon
two tasks exceed the available resource

However, based on a multiple resource model such as that outlined above, task interference may occur
in parallel for the specific resources. Sensory/actuator interference results from concurrent demands
for the same sensory/actuator resources when there is an insufficient amount of resources to support
both tasks simultaneously at the time of demand. These concurrent demands may, for instance, occur
due to a spatial separation between the forward road scene and a visual display (requiring the driver
to look away from one visual location to view the other) or due to concurrent demands for the hands by
the tasks of steering and peeling a banana. Sensory/actuator interference is fundamental in the sense
that the interference is not reduced with practice (however, the ability to deal with sensory/actuator
interference by scheduling, or time-sharing, attention back-and-forth between competing tasks, e.g. by
shifting gaze, is a skill developed with practice).

Similarly, perceptual/motor interference arises from concurrent demands for the same
perceptual/motor resources when there is an insufficient amount of resources available to support
both tasks simultaneously at the time of demand. Perceptual interference has been demonstrated in
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laboratory studies where the ability of irrelevant peripheral stimuli to capture attention exogenously
during performance of a primary task is reduced as the perceptual demands of the primary task
increases.[56] Motor interference may occur when two similar motor activities are attempted
simultaneously. A prototypical example of motor interference is the difficulty to tap different rhythms
with the two hands. Motor interference may have important implications for the DRT, as further
addressed below. In contrast to sensory/actuator interference, perceptual/motor interference is
generally reduced with practice (i.e. as tasks become increasingly automatized).

Finally, cognitive interference occurs when several tasks place concurrent demands on cognitive control
and there is an insufficient amount of resources available to support both tasks simultaneously at
the time of demand. As mentioned above, all tasks, as long as they are not completely automatized,

demdnd some degree of cognitive control.
resolirce, cognitive interference may arise for any combination of non-automatized tasks-
theirnperceptual/motor or sensory/actuator demands. Thus, for example, cell phoneconver
mainly auditory/vocal demands at the perceptual/motor level) has been demonstratéd to
resppnse times to external visual events (e.g. Reference [44]), an effect that thussmay be 3
cognjitive load.

Retufning to the examples in Figures A.2 and A.3, it may be suggested) that lane keep
demgnding conditions) and “purely” cognitive tasks such as hands:free phone conversat
diffefent resources and should thus not interfere. This is generallycin line with existing r
e.g. References [30], [59] and [63]). The model also predicts thdt that hands-free phone ¢
would interfere with lane keeping in more demanding driving conditions. Indeed, Med
Cooper and Strayerlél], in a simulator study, compared the.effect of cognitive load on lan
condjiitions with and without (simulated) wind gusts and fetthd exactly this result.

A4
The

Resource demands and task interference for the DRT

DRT demands resources at all three levels in the general model outlined above, alt
demgnds differ somewhat between the three’DRT versions included in this document. Th
beloyv focuses on interference between the DRT and a secondary task, as this represents the
of thiis document. However, a similar-discussion could be developed for the interference |}
DRT

and driving or the secondary task'and driving.

bensory/actuator demands¢ With respect to sensory demands, the visual versions of the |

Vith respect to actudtor demands, all DRT versions require a finger to push the respon

Perceptual/motof~demands: The visual versions of the DRT require visual percepti
the stimulus,while the tactile DRT requires somatosensory perception. All DRT vers
manual motercontrol to execute the response.

[ognitive>demands: The DRT is an artificial task, generally not previously encq

ndithis demand should be similar for all three DRT versions. However, the demand fx

gle limited
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sation (with
delay driver
ttributed to
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between the

DRT (remote

ind head-mounted DRT) demand the eyes, while the tactile DRT requires mainly tactile sensing.)

se button.

n to detect
ons require

untered by

arfticipants, and thus not heavily automatized. Hence, it demands some degree of cognjitive control

om the DRT

on cognitive control can be regarded as relatively Iow due To the simpliCity of the task.

Sensory interference should mainly occur for the remote DRT, and mainly for tasks that require
movement of the eyes towards a location (e.g. a display) that is spatially separated from the remote DRT
stimulus. This effect arises because high visual acuity is only available in the small part of the retina
known as the fovea, which subtends about 2° of visual angle; the visual acuity degrades with increased
visual eccentricity from the fovea up to the point where the stimulus appears outside the field of view.
Thus, for the remote DRT, the DRT stimuli will appear in the visual periphery, or entirely outside the
field of view, if gaze is directed away from the location of the DRT stimulus. This effect should be larger
the more the DRT stimulus is spatially separated from the secondary task display. The head-mounted
DRT should not be as sensitive to sensory interference as the remote DRT since the stimulus always
appears in the same position relative to the head, and thus always within the field of view. However, if

4) Insilent testing environments, the tactile DRT stimuli may sometimes also be sensed auditorily.
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the eyes move relative to the head, the head-mounted DRT is also, at least in theory, subject to visual
eccentricity effects, due to the reduced sensitivity in the visual periphery.

For the tactile DRT, visual eccentricity effects of visually demanding tasks are obviously eliminated, but
sensory interference could still occur if the tactile vibration of the tactile DRT is masked by other body
vibrations. For example, there is anecdotal evidence from an existing study,[59] where the tactor was
put on the subject’s neck, that vibrations resulting from speech interfered with the tactile DRT stimulus
(this is the reason why this document specifies that the tactor should be put on the shoulder, where the
interference from speech-induced vibrations should be reduced compared with the neck position).

Actuator interference for the DRT would occur if the hand used to give DRT responses were also needed
to perform he-seconrdat Y task Huvvcvcn, thistsnot uu:{}}_y Pt evented b_y the eXPpet trretreat octuy (v here

participantg respond to the DRT with one hand and perform the secondary task with the otheg):

Perceptual [nterference with the DRT would be expected for secondary tasks with .overlapping
perceptual dlemands. Since, tactile perception is generally not demanded by most commion secondary
tasks in today’s vehicles, this type of interference would mainly be expected for the remote DRT and
head-mountled DRT when combined with secondary tasks demanding visual perception.

In contrast,|motor interference could be expected to occur between all DRT tasks'and secondary tasks
that requirg manual operations similar to the DRT response (for examplé; frequent buttons presses
when operafing an in-vehicle human-machine interface). Some evidence-for'this effect can be foupd in
Reference [31]. In addition, other forms of interference (as well as facilitation) may occur due to vafious
forms of crgss-modal interactions at the perceptual/motor level.[25141] Moreover, the Simon effeft[91]
suggests that responses should be facilitated for stimuli presented on the same side as the resgonse
hand compdred with stimuli presented at the opposite side, Finally, it is possible that interfefence
occurs due fo overlap between DRT perception and secondary’task motor modality. For example, the
tactile DRT |may interfere more than the remote DRT and head-mounted DRT with a secondary|task
that utilizeq a tactile input modality (such as a haptic knob). However, this combination of task Jnput
modality and DRT type has not yet been systematically:tested in any known research to date.

Finally, all three DRT versions should be sensitive to the attentional effects of cognitive interfefence
when the sefondary task demands cognitive control. Since cognitive control can be regarded as a siingle
resource, the effects of cognitive load should-be similar across DRT types, which is generally confifmed
by existing tudies.[16][39][63]

Given that the different DRT versions vary, at least in theory, with respect to their sensory and
perceptual resource demands, the potential sources of interference with the secondary task ynder
evaluation peed to be carefullyconsidered. A task which imposes cognitive demands typically| also
presents a ¢onstellation of Sensory/actuator and perceptual/motor demands. This means that if the
goal of testing with DRT is\to examine solely the effects of a task’s cognitive load, a DRT version should
be chosen tHat minimize$the overlap of a DRT’s sensory, perceptual and response modalities with those
of the secongdary task under evaluation.

A.5 Adaptive driver behaviour and resource allocation strategies

While the resource model outlined above provides a useful tool for understanding and predicting effects
on the three main DRT versions in this document, it should be pointed out that the driver should not be
seen as merely a passive victim of task load. Rather, in real-world driving, a significant aspect of driver
behaviour is the drivers’ ability to actively manage different driving and secondary task loads in a
proactive, adaptive, manner. For example, while operating a visually demanding in-vehicle information
system (IVIS), drivers tend to reduce speed (e.g. Reference [22]), thus actively reducing the demand of
the driving task. Moreover, the decision of drivers as to whether or when to initiate a secondary task is
strongly dependent on the current or anticipated driving demand.[81]

Nevertheless, experimental dual/triple task methods, such as the DRT, are still useful to obtain measures
of the attentional effects of the potential load imposed by a task on one or more of the resources
distinguished above, once the secondary task is initiated and carried to completion. In the case of the
DRT, a key potential problem related to adaptive behaviour is that drivers may deliberately sacrifice
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performance of some tasks in order to maintain a desired performance level on the other task(s).
Thus, the potential load of the secondary task may not be accurately reflected in DRT performance
due to differences in resource allocation strategies between participants. This is further illustrated in
Figure A.5 and A.6 which represent the application of the DRT to the evaluation of two different tasks,
Task 1 and Task 2, with different demands on the cognitive control resource (i.e. different cognitive
loads). Here, it is assumed that Task 2 is more cognitively demanding than Task 1. Figure A.5 represents
an “ideal” situation where the participant allocates a fixed amount of resources to the driving task in
both secondary task conditions. Thus, on the further assumption that the driver attempts to perform
both Task 1 and Task 2 to the best of their ability, the difference in cognitive load between Task 1 and
Task 2 is directly reflected in the amount of resources left for performing the DRT and, hence, in DRT
performance.

resource limit

Low CL |Driving| = Task 1 DRT : Additional resourcés

demanded for,6ptimal
High CL |Driving Task 2 DRT| | taskperformance

N J
Y

cognitive
resource allocation

Figure A.5 — Driver cognitive resources allocation to the driving task

By contrast, in Figure A.6, the participant instead reduces the amount of resources allocatgd to driving
(for pxample by slowing down) in order to provide “room” for the more demanding task (Task 2).
Thug, in this case, the difference in cognitive load’'between the two tasks is no longer refldcted in DRT
performance. The same argument could becmade for resource allocation to the secondalry task. For
exanpple, the participant may decide to sagrifice performance on Task 2 in order to protect performance
on driving and the DRT.

resource limit

Low CL | Driving | Task1 | DRT : Additional resources
demanded for optimal
High CL“Driving Task 2 DRT : task performance
\ J
Y
cognitive

resource allocation

Figyre’A.6 — Subject resources reduction allocated to driving when facing the higher cognitive
load of Task 2

This example emphasizes the importance of clear, consistent instructions on how to prioritize between
the different tasks. Moreover, it shows that it is necessary to analyse not only DRT performance, but
also driving and secondary task performance to check for effects of resource allocation strategies not
following the task priority instructions. To obtain a complete picture of resource allocation strategies,
performance of all tasks when performed alone should be measured as well as when combined with
other tasks. If this analysis indicates differences in resource allocation strategies between participants
and/or between task conditions, the data needs to be interpreted with caution. However, this is not
feasible in applied DRT studies.

The practical implication of these issues is ultimately an empirical question. In a recent study, the
effect of different task priority instructions was investigated in the context of the DRT and was found
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that task priority instructions actually had little effect on DRT performance.[19] This appears to
indicate that, despite the strong theoretical implications of resource allocation strategies that violate
task instructions, the practical consequences for the DRT methodology may be less severe. This also
indicates that participants may neglect task priority instructions.

A.6 Conclusions

The conceptual framework outlined in this annex, in particular the three-level resource model
illustrated in Figure A.1, is intended as a general aid for conceptualizing what is measured by the DRT.
The model suggests that the DRT is potentially sensitive to specific interference at the sensory/actuator

and percept
for cognitivg
the I1SO-coo
on responsg
and percept
use of DRT

may be used

In general,

it is of key importance to consider the different forms of interference that miay occur between the

and the secd
be taken tof
levels. Howe
(e.g. related

Beyond the
adaptive drj
task priorit)
performanc

uat/motortevels;aswettas geTeT at cogmitive iter ference retatedtoconmcurrentdem
e control (i.e. cognitive load). These predictions are generally supported by the results
dinated DRT studies (see Annex E), which demonstrated a reliable effect of coghitive
time, which was similar across DRT versions, and more specific effects of yisual ser
ual interference on miss rate, especially for the remote DRT. Thus, these resul{s suppoj
o measure the effects of cognitive load on attention and that specific vérsions of the
to measure more specific forms of interference.

vhen conducting a DRT experiment to evaluate the task load induced by a secondary

ndary task under evaluation. If the goal is to isolate the effect of cognitive load, care s}

minimize other sources of interference at the sensoryfactuator and perceptual/
ver, the DRT may also potentially be used to capture suchimore specific interference e
to the visual eccentricity of a display).

resource model, this annex also emphasizes the“importance of considering the effeq
iver behaviour, in particular task allocation strategies. This involves verifying tha
 instructions are obeyed and evaluated nofonly by performance on the DRT, but al
e on the other tasks included in the test (e:g. driving and the task under evaluation).

ands
from
load
sory
tthe
DRT

task,
DRT
jould

otor
fects

ts of

[t the

50 by

22

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=eee2fc9e29734211ed94c1f4c9f33ba9

ISO 17488:2016(E)

Annex B
(normative)

Guidelines for selecting between variants of the DRT method

B.1

General

The
the 1
mod
versi
emp

As s
hit/n
dem{
level
guid
is in
of in
inter

As st
the 3
relat

resolirces. Thus, if the goal is to assess the attentional effects of cognitive load, the DRT versi

selec|
Beloy
secol

B.2

Audi
audif
talki
stud
Annd
task{
cons

]:ical results from the ISO-coordinated studies reviewed in Annex E.

main body of this document specifies three variants of the DRT: the head-mounted-I}
emote DRT (RDRT) and the tactile DRT (TDRT). These variants differ only in~terms
hlity and/or stimulus location. This annex provides some general guidance for.the cli
on given a certain study purpose, based on the conceptual framework outlinéed in Ann

ggested in Annex A, the effect of a secondary task on DRT performance (i.e. respd
hiss rate) can be understood in terms of task interference resulting from competi
inds of the secondary task and the DRT. Annex A outlines a nuiltiple resource mode
5: sensory/actuator resources, perceptual/motor resources‘and cognitive resources.
ng principle, the DRT variant should be selected so that'the type of interference th
ended to address is isolated the extent possible, thus minimizing the influence of
Lerference. This should maximize the sensitivity, asswell as the specificity for the §
ference effect of interest in the study.

ated in the scope of this document, the main intended application of the DRT method i
ttentional effects of cognitive load imposed’by a secondary task. As described in Aj
es to cognitive interference that is a-.competing demand for cognitive (executiv

ted so that sensory/actuator and perceptual/motor interference with the secondary task
v, some more specific guidancé for DRT variant selection are provided for differg
hdary tasks.

Auditory-vocal tasks

fory-vocal tasks generally refer to tasks where sensation and perception mainly o

hg or singing).*Pure” auditory-vocal tasks, such as the n-Back task used in the ISO-
es (Annex BJ; only compete with the DRT for cognitive resources, regardless of DRT
X A). Henge, if the goal is to evaluate the attentional effects of cognitive load impo
, the ehoice of DRT version should not matter and the DRT variant can be chosen based
derations. This is also supported by the results from the ISO-coordinated studies (Ani

sho

RT (HDRT),
of stimulus
oice of DRT
ex A and the

nse time or
ng resource
| with three
As a general
ht the study
other forms
pecific task

b to evaluate
hnex A, this
b attention)
on should be
s minimized.

ent types of

Cccurs in the

ory modality (e.g listening to spoken words) and actions are executed by means of the voice (e.g.

coordinated
variant (see
sed by such
on practical
lex E) which

ed-consistent strong sensitivity to the n-Back task for all DRT versions

However, naturalistic auditory-vocal tasks, such as the interaction with a voice-controlled interface,
generally also involve a certain degree of visual interaction (e.g. related to visual feedback on voice
commands on a display). If such visual interaction is relatively infrequent, the specificity of the DRT
to attentional effects of cognitive load should probably still not differ much between the DRT versions.
However, if a voice interface requires frequent eye-glances to the display, the visual DRTs (RDRT and
HDRT) may also be sensitive to specific sensory or perceptual interference in the visual modality. In this
case, the TDRT is the preferable choice since it bypasses the visual modality and thus has the highest
specificity for attentional effects of cognitive load. Further empirical work is needed to establish more
precisely the extent to which the choice of DRT variants matters for the evaluation of naturalistic
auditory-vocal tasks with a limited degree of visual interaction.
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B.3 Visual tasks

For the evaluation of the attentional effects of cognitive load imposed by secondary tasks with a strong
component of visual interaction, the TDRT is generally preferable. As described above, it minimizes

visual sensory/perceptual interference and thus has the highest specificity for cognitive interfer

ence.

Another advantage of the TDRT in this context is that it should not affect eye movements and thus can

be used in studies involving eye tracking.

However, if the goal is to evaluate effects of visual sensory and/or perceptual demand (e.g. related to
glances towards a display), the RDRT is the preferable method. As demonstrated in the ISO-coordinated
studies, the hit/miss rate of the RDRT was con51stently sensitive to mampulatlons of v1sual demand

The RDRT sjoutd 2
work is needled to demonstrate this.

As described in Annex A, the RDRT is potentially sensitive to both visual sensory and perce
demands (ir] addition to cognitive demands) while the HDRT minimizes the sensory dentand compq
(since the stimulus moves with the head). Thus, the HDRT seems preferable in studies specif
addressing Visual perceptual demand independently of gaze, such as effects of display clutter an

pirical

btual
nent
cally
i the

perceptual demand of different road/infrastructure layouts (although the latter dpplication is oufside

the scope of|this document).

B.4 Tasks involving manual interaction

Due to the fact that the DRT requires manual interaction for executing the responses, there will alwalys be

some degre¢ of motor interference with secondary tasks requiring manual interaction. While this 4
may be prollematic for very response-intensive secondary tasks (see Clause 1 and Annex E for fu
discussion),|it should be the same across DRT variants since they all use the same response method

B.5 Practical considerations

In addition|to the theoretical considerations‘outlined above, the choice of DRT version may
be determimed by practical constraints. Far)example, in studies involving long driving sessio
a simulator| the RDRT may be preferable-over the HDRT and the TDRT due to its lower phy
intrusiveness. If the study involves physiological measurement with sensors attached to the bodj
RDRT (and fo some extent the HDRT) imay be easier to implement than the TDRT.

ffect
rther

also
NS in
sical
7, the

24 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=eee2fc9e29734211ed94c1f4c9f33ba9

C1

ISO 17488:2016(E)

Annex C
(normative)

Additional factors affecting DRT performance

General

This
kept
C.2

Whe
trucl

simullated driving, the realism of the vehicle dynamics strongly affects driving demand a

influ

The
If the
avoid

C.3
The 1

geonpetry, should be consistent throughout the study and reported along with key parame

lane

C4

The
cond

C.5
DRT

the measurements should be conducted during free driving, that is, the driving shall not be

affed

fitions (such as snow.or'ice) should be avoided.

annex provides guidance on factors known to influence DRT performance and hent
under experimental control in DRT studies. These factors should always be reported.

Vehicle type and dynamics

h the DRT is used in on-road driving conditions, the general vehicle(type (e.g. passen
, heavy truck, bus) is likely to affect DRT performance and should thus always be

ence DRT performance. Hence, the vehicle dynamics should e consistent throughout ¢

fype of vehicle transmission used in the experiment sheuld be consistent throughoy
e secondary task under evaluation requires manual intéraction, a manual transmissig
led as it may potentially interfere with the DRT measurement.

Road type

road type (e.g. urban or rural limited access road arterial, collector, local road), as wel

width.

Road conditions

road conditions should be kept constant. In general, dry, flat pavement is preferable

Traffic density

tests should preferably be conducted in low to moderate traffic density (Level of Servic

ted by the presence of surrounding vehicles. If interfering traffic events occur, the test

e should be

rer car, light
reported. In
hd may thus
he study.

It the study.
n should be

as the road
ters such as

aind slippery

e A to B) and
significantly
leader shall

avoid

erformed, it

shou

C.6

initiating secondary tasks during this period. If a secondary task was already being |
1d be interrupted and repeated later.

Lighting conditions

The DRT shall preferably be used in daylight conditions. When the head-mounted or remote DRT is
used in real-world driving, the conspicuity of the LED may be reduced by bright sunlight. Moreover, the
LED conspicuity may vary strongly due to, for example, shading trees. While such factors are difficult to
control for, the lighting conditions should be reported when the head-mounted or remote DRT is used in
outdoor conditions.
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C.7 Visibility

The DRT should preferably be used in conditions of clear visibility and, when used in the real world,
weather conditions such as fog, heavy rain or snow should be avoided.
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Annex D

(informative)

DRT variants
D.1 General
This|annex compiles all the various types of detection-response tasks (DRTs) that h@e been used
histdrically, not just the three types described in the main body of this document. of these DRTs
can pe used for measuring driver attention and performance depending on theé.local rontext and
objectives set for each context. This annex gives priority to the first impleme on of each type that
was ldentified in a literature search, and is not intended to cite the many h eds of papdrs that have
used|the DRT or its predecessors over the past 30 years. O

The pariations of DRTs are classified into taxonomy according to hq%ifferent sensory-motor input
modalities used to present stimulus events including visual, auditor d tactile events (seq Figure D.1).
The Visual DRTs use one or more visual probes in the forward /Jor side views. Various|visual DRTs
have| been developed since 1986 which include two classe ote from the body (rempote DRT or
RDRT') or mounted on the head (head-mounted DRT or H % The RDRT types include the peripheral
dete¢tion task (PDT), visual detection task (VDT), the PD\Q DT and dual remote DRT (DRV-DRT). The
audifory DRT (ADRT) employs sound stimuli for auditony event detection and the tactile PRT (TDRT)
uses|vibratory stimulation for tactile event detection.

%)
K\ DRT Taxonomy
by Modality

A\ ‘ d |
Head- Mounted
Remote DRT ADRT
(HORT)
. »)
Visual Dual Remote
Detection Task POT+VOT DRT
(vom (ORV-DRT)

Figure D.1 — DRT taxonomy by input modality

D.2 Development and description for each DRT

D.2.1 Visual detection response tasks

The detection-response tasks associated with a visual stimulus event have been developed first among
all the DRTs. Variations of the visual detection-response tasks depend on the number, position and
colour of the visual events.
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D.2.1.1 Remote detection response task (Remote DRT)

The remote DRT refers to the detection task of visual light(s) in a region away from the driver’s body.
There are several variants.

D.2.1.1.1 Peripheral detection task (PDT)

The peripheral detection task (PDT) uses one or more visual probes in the peripheral visual field (e.g.
one or more red lights to the side of the driver).

D.2.1.1.2 Visual detection task (VDT)

The visual clletection task (VDT) uses one forward visual probe in the central visual field abovg the

central vehifle operation area (e.g. one forward red light).

D.2.1.1.3 Peripheral detection task-visual detection task (PDT-VDT)

The PDT-VD
forward and

T is the combination of the peripheral detection task and the visual detection task wit}
one side red light that are randomly activated in time.

lone

D.2.1.1.4 DPual remote visual detection response task (DRV-DRT)

robe
bct is

The dual remote visual detection response task (DRV-DRT) has oneorward and one side visual {
that can be|either a red or a green light appearing in one of thé positions at a time. The subjg
typically indtructed to respond to one type (colour) of light and ighore the other.

D.2.1.2 He¢ad-mounted detection response task (HDRT)

The head-m
head-mount

ounted detection-response task (HDRT)“is composed of one side red light secured
ed device in the peripheral visual field:

on a

D.2.2 Auditory event detection response task (ADRT)

The detection-response task uses an auditory stimulus event, e.g. a “beep” or broadband noise.

D.2.3 Tactile event detection response task (TDRT)

A tactile (ty
document sj
on the neck

pically vibratory)stimulus is presented on the skin of the subject. The main body o
pecifies that the.stimulus should be placed on the shoulder but other studies have pla
or the wrist.

F this
red it

For all DRT [types, the stimulus is presented with random intervals. Participants are asked to prj
button as qﬂ:ckly and accurately as possible when they detect the stimulus (in some versions, e.{

ess a
. the

DRV-DRT aboveé;.the subject is instructed to respond to stimuli of a certain colour but ignore stimpli of
a different dolour). In this document, the button is attached to the left index finger, but a foot buttpn or
brake pedal has also been commonly used. The response times and hits and misses to the stimulus are
collected.

D.3 Compendium of DRT development, implementation and citations

Table D.1 summarizes the DRT variants that have been developed throughout the 30-year history of the
method. The first instance of each method cited in the literature has been described in the table, but it
should be recognized that many of these types have been used by other researchers in later studies that
are not cited here. Thus, the table is not a compendium of all research on the DRT, but only of the types
of DRTs found in the literature. Table D.1 gives a synopsis of each implementation, along with relevant
citations in a literature search of the driving safety field.
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Table D.1 — Compendium of DRT development, implementation and citations

Type of DRTs

Previous
studies

Description

Response
modality

Photo/s

Setup

Remote visual
DRT (PDT)

References
[68], [69] and
[70]

— A small spot

of light (40 cd/

m2) served as the
target and was
presented spatially
and temporally at
random on the back
of the windshield

Verbal response
(speech)

Open-road
driving

about 55 cm from
participants.

— The stimulus
field extended
about 40° wide and
20° high and the
diameter of a target
light spot was
about 0,5°.

— The
participants’ task
was to respond to
a target orally as
soon as possible
while driving.

Rempte visual
DRT|(PDT)

References
[57], [58] and
[94]

Small red square in
one of 23

possible positions
on left driving
simulator s¢reen

Marnual response
(button press
against steering
wheel by the index
finger of the
dominant hand)

Simulated
driving

Rempte visual
DRT|(PDT)

Reference [74]

The LED light in
one of 23 possible
positions reflected
in the windshield

Manual response
(button press
against steering
wheel by left index
finger)

Open-road
driving

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al. have been shown to be predictive of semi-naturalistic event detection during driving.[é] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.

See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative

and inhibitory functions of attention.
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Table D.1 (continued)

Type of DRTs

Previous
studies

Description

Response
modality

Setup

Remote visual
DRT (PDT)

References [6]
and [7]

A laser projected
red spot on the
left of a simulator
screen

Manual response
(finger press on
button; either hand)

Simulated
driving

Remote visupl
DRT (PDT)

Reference [64]

— Ared LED to
left or right of
screen, moving or
stationary.

— The visual and
moving visual
detection tasks
consisted of a

red circle (radius
29,3 mm x 30,93 mm)
presented
randomly to the
left or right of the
screen. For the
moving visual

DT, the red circle
moved 0,1 s after
its appearance, by
a distance of 01 nt
and in a randomly
chosen direetion.

Manual response
(button press
against steering
wheel by right
index finger)

Simulatled
driving

Remote visupl
DRT (PDT)

Reference [63]

The stimulus for
thevisual detection
task'was a 0,03-m
red circle,
subtending a visual
angle of 0,68°. The
circle was
presented
randomly to

the left or right of
the road scene, at

Manual response
(button press
against steering
wheel by right
index finger)

Simulatled
driving

T hortzomtatangte
of 11° to 23° and
a vertical angle of
2° to 4°above the
horizon.

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
etal. have been shown to be predictive of semi-naturalistic event detection during driving.[é] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Type of DRTs Psl;?l‘:ili(::lzs Description l;le:([l);)lril :; Photo/s Setup
Remote visual |Reference [77] |Computer-based Manual response Simulated
DRT (PDT) simulation: a small |(button press) driving

red circle in one

of six possible

positions on left

and right simulator

screen
Rempte visual |References Non-driving vehicle [ Manual response Open-road
DRT|(VDT) [15] and [33] |simulation: a red (button press with driving[33]

LED reflectionin |leftindex finger) .

s Simulated

central position drivinells]

on windshield (on 8

road) or perceived

directly (driving

simulator)
Rempte Reference [64] | Three red LEDs Mapual response Open-road
visual DRT in peripheral, (bttton press driving
(PDT+VDT) mid-peripheral and_{against steering

central positions en‘fwheel by left index

windows finger)
Rempte References [5] |Red LEDs in side Pedal response Surrogate
visual DRT and [107] and forward (right foot brake driving
(PDT+VDT)a positions outside |pedal tap)

vehicle i

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al. have been shown to be predictive of semi-naturalistic event detection during driving.[é] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Table D.1 (continued)
Previous . Response
Type of DRTs studies Description modality Photo/s Setup
Remote References [5] |Two red LEDs in Pedal response Closed-road
visual DRT and [107] side (left mirror) (right foot brake driving
(PDT+VDT) and forward (hood) |pedal tap)
positions with
sunlight shield,
outside vehicle
NO
)
Remote References [5] |To overcome sun Pedal response Surrogdte
visual DRT and [107] glare, two arrays (right foot brake and cloged-
(PDT+VDT) of bright blue LED |pedal tap) road drjving
lights are
simultaneously
activated in either
side or forward
positions outside
vehicle with
sunlight shield
O]
<
Remote Reference Q; 'wo red LEDs in Pedal response Surroggte
visual DRT [108] Q9 forward (hood) (right foot brake driving
(PDT+VDT) ?\ and side (top or left |pedal tap)
Q mirror) positions
% outside vehicle
/\?\
(o
=]
a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
etal. have been shown to be predictive of semi-naturalistic event detection during driving.[é] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.
b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Table D.1 (continued)
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?\
5

positions on
simulator screen

Type of DRTs Psl;?l‘:ili(::l;s Description l:::g;lril :;: Photo/s Setup
Remote References Ared circle Pedal response Surrogate
visual DRT [10], [11], [12], |[randomly (right foot brake driving
(PDT+VDT) [13], [35], [36], |presented in side or |pedal tap)

[45], [46], [47], | centre position on
[48], [49], [50], | simulator screen
[51], [52], [90],
[102], [103],
[104].[105]
[107], [108]
and [109]
Rempte References Ared circle in side |Pedal response Surrogate
visual DRT [35], [36], or central (right foot brake driving
(PDT+VDT) [103], [45], positions pedal tap)
[47], [48], [49], | projected on
[50], [105] and |mirror, inside fMRI
[106] brain imaging set- Q
up QO
N\
N
¥
N\
Rempte References Ared circle in siol& /Pedal response Surrogate
visual DRT [10], [11], [12], |or central positions | (right foot brake driving
(PDT+VDT) [13] and [14] |on simulator en |pedal tap)
projected yi
scree irror
inM .main
imaging setup
N
ol
o
Duallremote nces Either ared circle |Pedal response Surrogate
visual DRT ],[52] and |oragreencirclein |(rightfoot brake driving
(DRV-DRT)b 105] side or central pedal tap)

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al. have been shown to be predictive of semi-naturalistic event detection during driving.[6] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Table D.1 (continued)

Type of DRTs Psl;?l‘:ili()elgs Description l;fsg;ﬂ :; Photo/s Setup
Dual remote Reference LED red or green |Left foot floor Open-road
visual DRT [106] lights inside left button press driving
(DRV-DRT)b door, top of

dashboard
Head-mounted |References One LED lightis Manual response Simulatled
DRT (HDRT) [42], [43], [Z7], |mounted on the left | (button press driving
[83] and [85] |side of a headband |against steering
wheel by leftd@ndex
finger)
Head-mounted |Reference [95] |One LEP-ight is Manual response Open-road
DRT (HDRT) mourtéd on the left | (button press with driving
side’of a headband |index finger; hand
was not specified)
Head-mounted |Reférences One LED light is Manual response Open-rgad
DRT (HDRT [t85] and [106] |mounted on the left | (button press with driving
side of a headband |left index finger (data
pressing against collectdd
the steering wheel) by Dynamic
Research
Inc.)

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al. have been shown to be predictive of semi-naturalistic event detection during driving.[é] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Type of DRTs Psl;?l‘:ili(::lzs Description l;le:([l);)lril :; Photo/s Setup
Auditory Reference [64] |Participants were |Manual response Simulated
detection instructed to (button press with driving
response tasks respond to left index finger
(ADRT) auditory beeps. pressing against

the steering wheel) 1
I -

Audi|tory Reference [63] | The auditory Manual response Simulated
deteftion detection task (button press driving
resppnse tasks consisted of a burst |against steering
(ADRT) of broadband noise |wheel by right

presented through |index finger)

the car’s speakers,

which were located

in the driver and

passenger doors.
Tact]le References — Thevibrators  |Manual response Open-road
deteftion [28] and [30] |were put on the (button press with driving
resppnse task wrists, one on each |left index finger
(TDRT) hand. préssing against

— Atactile the'Steering wheel)

stimulus was given .

to left or right j

wrists with random

intervals.
Tactlle Reference [64] == The vibrators Manual response Simulated
deteftion were put on the (button press with driving
resppnse task wrists, one on each |left index finger
(TDRT) hand. pressing against

— Atactile the steering wheel)

stimulus was given .

to left or right j

wrists with random

intervals.

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al. have been shown to be predictive of semi-naturalistic event detection during driving.[6] This provides evidence of the
validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Table D.1 (continued)
Previous . Response
Type of DRTs studies Description modality Photo/s Setup

Tactile Reference [64] |— The tactile Manual response Open-road
detection vibrators were put |(button press with driving
response task in the car seat, aka |left index finger
(TDRT) “seat vibration”. pressing against

— The tactile the steering wheel)

stimuli were

givenina

TandomT Itervat.
Tactile Reference [65] |— A tactile Manual response On-roag
detection vibrator was (button press driving
response tagk attached to the against steering
(TDRT) left neck. wheel by right

— The vibration of index finger)

the tactor motors is

also audible.

— Thus, the TDRT

actually provides

two types of

stimulation

concurrently -

tactile and

auditory.
Tactile Reference [63] |— A tactile Mahual response Simulatled
detection vibrator was (button press driving
response tagk attached to the left”’|against steering
(TDRT) neck. wheel by right

— The vibration of index finger)

the tacton motors is

also audible.

~~.Thus, the TDRT

actually provides

two types of

stimulation

concurrently -

tactile and

auditory.
a  This DRT|type,along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Sedman,
et al. have beqn shown to be predictive of semi-naturalistic event detection during driving.[6] This provides evidence ¢f the

validity and meaningfulness of what RDRTs measure for driving, as well as providing a key link to their safety-relevance.
See the identified citations for more information about this topic.

b This DRT variant allows the effects of task load on two different functions of attention to be assessed: the facilitative
and inhibitory functions of attention.
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Type of DRTs Psl;?l‘gi(::l;s Description l;lesg;)lril :; Photo/s Setup
Tactile Reference — Atactile vibrator | Manual response Surrogate
detection [104] was attached to the |(button press with driving
response task left shoulder close |left index finger
(TDRT) to the neck base. pressing against

— The vibration of the steering wheel)

the tactor motors is

also audible.

— Thus, the TDRT

actually provides

two types of

stimulation

concurrently -

tactile and

auditory.
Tactile Reference — Atactile vibrator | Manual response Open-road
deteftion [104] was attached to the |(button press with driving
resppnse task left shoulder close |left index finger (data
(TDRT) to the neck base. pressing against collected

— The vibration of the steeringwheel) gy Dynamic

. esearch,
the tactor motors is Inc)

also audible.

— Thus, the TDRT
actually provides
two types of
stimulation
concurrently
tactile and
auditory:

a  This DRT type, along with those types implemented by the group of researchers involving Young, Angell, Hsieh, Seaman,
et al.|have been shown to be predictive of semi-naturalistic event detection during driving.lé] This provides ¢
validjty and meaningfulness of what-RDRTs measure for driving, as well as providing a key link to their saff

See the identified citations for more\information about this topic.

b This DRT variant allows the,effects of task load on two different functions of attention to be assessed: the facilitative

and iphibitory functions of attention.

vidence of the
bty-relevance.
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Annex E
(informative)

Summary of results from the ISO-coordinated studies

E.1 General

The purposg
conducted in support of this document. There are similarities and differences across the-siteg
verall, across studies, there is strong support for the DRT as a procedure forassessing the

setups, but
effects of co

These coord

using the ta
tasks and a

objective wi
can producs

E.2 Key i

Question 1:

driving, driy

Question 2:

Question 3:
load for aud

e of this annex is to provide an overview of the results from the multisite studies that

onitive load of a secondary task on attention.

Ctile DRT (TDRT), head-mounted DRT (HDRT) and remote DRT (RDRT) for four desigi

baseline condition, according to specifications in the main bpody-of this document
s to investigate whether tests of secondary tasks using the DRTymethods in this docu
reliable and valid results across different sites and setups.

research questions

fing simulator and on-road setups?
To what extent are different RT results obtained with the TDRT, HDRT and RDRT?

s the DRT RT sensitive and specific to.the attentional effects of low vs. high levels of cogr
tory-vocal and visual-manual tasks?

were

and

linated studies were carried out by members of ISO TC 22/SC 39. Tests were conducted
jated

The

ment

[0 what extent are different RT results obtained with the DRT during non-driving, surrggate

itive

Question 4: [To what extent are the results for hits/misses consistent with those for RTs?
E.3 Methods
E.3.1 Sites
Table E.1 shiows the eight'sites that provided data for the coordinated studies analysis. The crosg-site
analyses wejre carried\out by Wayne State University.
Table E.1 —Eight international sites that provided DRT test data for the cross-site analygis
No. Site Name €ountry Citation—
1 WSU Wayne State University USA Young et al.
(20131104])
2 [FSTTAR French Institute of Science and France Bruyas & Dumont
Technology for Transport, Spatial (2013[16])
Planning, Development and
Networks
3 TC Transport Canada Canada Harbluk et al.
(201339])
4 DRI Dynamic Research, Inc. USA Kirsch & Chiang
(2012I55])
5 JCI Johnson Control, Inc. Germany
a  Reference [20] describes the experimental setup only.
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Table E.1 (continued)
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No. Site Name Country Citation
6 MIROS Malaysian Institute of Road Safety |Malaysia Mohd Firdaus et al.
Research (2014[71])
7 TUM Technical University of Munich Germany Conti etal.
(2013[20])a
8 Volvo Volvo AB Sweden Engstrom et al.
(2013(31])
a  Reference [20] describes the experimental setup only.

E.3.2 Test parameters

Tabl¢ E.2 shows the test parameters at each site. The first four sites provided a completq data set by
testing all three DRTs (TDRT, HDRT and RDRT) and providing the participant-level data ll:eeded for a
a

crosg-site analysis of variance. The data from these four sites were the data used{or the m

in cross-site

comparison. Site 5 tested only the HDRT, sites 6.1 and 8 tested only the TDRT; site 6.2 tested both the
TDRT and the HDRT and participant-level data were not available from site)7. The subsidiary data from

sites|5 to 9 are shown for comparison to the main data set from sites 1.t0’4 where relevant,
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E.3.2.1 Setups

Table E.2, column 3 “Setup”, indicates whether laboratories used non-driving, surrogate, simulator or
on-road testing conditions.

E.3.2.2 DRTs

Columns 4 to 6 in Table E.2 show the DRTs used at each site. Sites 1 to 4 and 6 used the tactile DRT
(TDRT) developed by TNO in the Netherlands and sites 7 and 8 used custom TDRTs. Sites 1 to 5 and 6.2
used the head-mounted DRT (HDRT) from TNO. The HDRT light was presented on the left for sites 1 to
5 and on the right for site 6.2 since they have right-hand drive in Malaysia. Site 7 used a custom HRDT.

Sites
aw
addit
DRT

teste

E.3.2

The
visud

The

recal
perfd
inter
hear

1to 4 and 7 used the remote DRT (RDRT). It had a single red light in the left position
SU, 4 DRI), in the off-centre position for one site (TC) and in the centre for one siteN2
ion, one site (7 TUM) used four off-centre red RDRT lights. Five sites (1 to 4 and\?) tes
types, one site (6.2 MIROS) tested only the TDRT and HDRT, two sites (6.10MIROS ¢
d only the TDRT and one site (5 JCI) tested only the HDRT.

.3 Tasks

fwo tasks selected for use in this document were the auditory-vecal n-Back task[62]
l-manual surrogate reference task (SuRT[60]).

n-Back task has auditory and vocal loads but no visual orymanual loads. It is a fixed-p
| task using single numerical digits that is designéd to measure continuous me
rmance in a given time period. The spoken digitskwere presented by a loudspeakg
val for a 1- or 2-min trial period. In the 0-Back taskiparticipants verbally repeated the
1. In the 1-Back task, they repeated the number‘that was heard just before the last ny

I

or two sites
STTAR). In
ted all three
nd 8 Volvo)

[82] and the

hce memory
mory recall
r at a fixed
last number
mber heard

(or i the case of 2-Back, two numbers before theilast number heard). The n-Back task therefore has

a pu
It is
is hig
verb
(see
resp

last dligit heard and manage the conflict between the rehearsals of digits in memory at th

that

The ]
Parti
stroj
visug
right

e auditory (listening) and verbal (vocalizing single digits) load, without visual or 0
well established from cognitive neuroscience brain imaging experiments that the co

h]l memory, which overlaps with_the’cognitive control (executive attention) network
Annex A). This greater attentionalldemand arises from several factors. The subject sha
bnse to the immediately heard digit, delay the response before reporting the digit jug

hew digits are being hedrdin auditory form.

buRT is a self-paced’sedrch task that has visual and manual loads with no auditory or y
cipants scanned-a“display of circles on a screen with one larger “target” circle w
fe-width than4he “distractor” circles. The target and distractor circle differences wq
1lly discriminate for Easy SuRT than that for Hard SuRT condition. Participants pres
keypad<buttons to move the grey outline bar to the region that contained the targg

pres
cogn

bed thes“enter” key to confirm their selection. The self-pacing of SuRT also likely impof{

hanual load.
gnitive load

rher with 1-Back and 2-Back than with the 0-Back task due to the greater demand on short-term

in the brain

[1inhibit the

t before the
e same time

rerbal loads.
ith a bolder
re easier to
sed the left-
bt circle and
es aload on

itivé control to determine and manage the rate and intervals at which screens are @

ompleted (a

cognjitive control component of SuRT that is often overlooked). In addition, cognitive contro] is required
in the SURT task to decide the timing of when to press the right-hand button for the self-paced SuRT
task, vs. when to press the left-hand button to respond to the machine-paced DRT stimulus, whether
tactile or visual.

All sites tested 0-Back and 1-Back except site 7 (TUM), which substituted 2-Back for 1-Back. Six sites (1
to 4, 6.2 and 7) also tested SuRT. Thus, six sites (1 to 4, 6.2 and 7) tested all five main task conditions:
two levels of the n-Back task, two levels of SURT and a baseline condition with no secondary task. Only
four sites (1 to 4) tested all five task conditions and all three DRT types, and also supplied participant-
level data. These data were therefore used for the main overall analysis of variance. The data from sites
5 to 8 were cited where relevant to this main analysis.
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sks by setup

The surrogate, simulator and on-road setups were “triple-task” conditions, meaning that participants
performed driving or surrogate driving, the DRT and the secondary task. The baseline condition for this
triple-task condition was the dual-task condition of driving (or surrogate driving), while performing
the DRT. That is, the baseline condition had no secondary n-Back or SuRT. The non-driving setup was
only a dual-task condition, with no on-road, simulated or surrogate driving, having just the DRT and the
secondary task. The baseline for the non-driving setup was the single-task condition of the DRT alone
with no secondary task or driving of any kind (on-road, simulated or surrogate).

E.3.25 Tr

ial duration, repetitions and exposure time

Five sites (4 IFSTTAR, 3 TC, 5 JCI, 6.2 MIROS and 7 TUM) used the trial duration of 1 min, spécifi

the minimu

total DRT and task exposure time of 1 min per participant (column 12 in Table E.2) which is abo
DRT stimulifon average per task. One site (6.1 MIROS road) also used one trial, but had a’trial dur

that was 4

with two repetitions, for 2 min of total DRT and task exposure time per subject-Site 4 DRI had &
min trial tigne with two repetitions, for 3-min exposure time. Site 1 WSU had,2-min trials with

repetitions |

Longer exp(

ranges in the response time (RT) and the proportions of misses andyhits. Longer exposure times

give the par
reduce varig

E.4 RT rg

A global AN
experiment
participants
measures A
procedures

All main eff;

Site (F 4
from T(

DRT (F
for HDR

Task (F
longer
differen

in the draft standard at the time of testing. They also used a single trial, resulting

in for baseline and 2,5 min for tasks. Both Volvo sites (Volvo 8.1 and 8,2)\used 1-min {

or 4 min of DRT and task exposure time per subject.

sure times present more DRT events and have more responses, reducing the uncert

ticipants more experience in performing the tasks and. DRT while driving which may
ibility in the estimates.

esults (questions 1 to 3)

OVA was carried out with results from ‘the four sites that provided complete data

factors: the DRT (TDRT, HDRT and RDRT) and the tasks (baseline, NO, N1, SE, SH). Rep¢
NOVAs were carried out for response time analyses and are summarized below. Statij
were performed with STATA.

bcts were statistically significant:

2,69,df =3, p <0,001)results from WSU and IFSTTAR are significantly different than {
and DRI;

T than for RBRT;

= 178,73,'df = 4, p < 0,001): all four secondary tasks have longer RT than baseline; N
RT than NO; SuRT tasks have longer RTs than n-Back tasks; no statistically signif]

= 22,27, df = 2,50 < 0,001): significantly faster RTs are obtained for TDRT than for HDRT

bd as
rin a
it 15
htion
rials
1,5-
two

hinty
also
also

The

il design included one between-participants factor (the four sites) and two within-

pated

tical

hose

and

| has
icant

cés,are obtained between SE and SH.

All two-way interaction effects were statistically significant:

— Site x DRT (F=4,17,df = 6, p < 0,001): DRT main effect has different pattern at different sites, giving

risetot

he interaction between site and DRT type;

Site x Task (F=3,84,df=12,p < 0,001);
DRT x Task (F =3,16,df =8, p = 0,002).

The three-way interaction was not statistically significant:

42

Site x DRT x Task (F = 0,94, df = 24, p = 0,5467).
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E.4.1 TDRT RT results

Figure E.1 presents the mean RT results for tasks at each of the 10 sites and setups that used the TDRT.
As can be seen, all sites and setups have similar relative profiles across tasks for the TDRT RT results.

Statistical analyses were conducted to compare the mean RTs within each laboratory and setup
combination. Paired t-tests were used to conduct these analyses so that a similar method could be
used for each analysis at each site regardless of whether or not participant-level data were available.
Conditions labelled with the same letter (A, B or C) did not differ significantly.

It should be noted that different statistical approaches to these comparisons could result in slightly
diffepentresults-

E.4.1.1 N-Back TDRT RT results

Figure E.1 shows that the baseline (B) consistently has the shortest RT, 0-Back lias-the nexit longer and
1-Ba¢k (or 2-Back for the 7 TUM site) has the longest RT. Seven of the 10 site ahd setup cpmbinations
easily discriminated 1-Back from 0-Back. The exceptions were 8 Volvo "(non-driving),[ 2 IFSTTAR
(simyilator) and 6.1 MIROS (road). Yet even here, the RTs were in the expected direction|with longer
1-Ba¢k RTs than those for 0-Back, suggesting that with more or-lénger trials and/of more test
participants, these sites might also discriminate 1-Back from 0-Back:
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Figure E.1 — RT for TDRT by task condition, for all sites and setups in the cross-site studies

Error bars are standard errors across participants for that site and setup. Task conditions sharing a
letter label are not significantly different at the p = 0,05 level within each of the 10 sites and setups.
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E.4.1.2 SuRT TDRT RT results — Easy vs. Hard SuRT

Reaction times typically did not differ significantly between the Easy SuRT and Hard SuRT conditions
at each site and setup. The one exception was site 3 TC where longer RTs were observed for the Hard
SuRT compared with the Easy SuRT.

E.4.1.3 SuRT TDRT RT results — SuRT vs. n-Back

In all cases, the SuRT conditions had mean RTs that were either greater than, or not statistically different
from, the 1-Back task. For 7.2 TUM non-driving, 1 WSU, 8 Volvo, 6.2 MIROS and 7.1 TUM simulators,
Easy and Hard SuRT did not differ statistically from 1-Back. In other comparisons, the SuRT conditions
had longer HTs than the T-Back tasks.

E.4.1.4 Excellent relative validity: Correlation analysis for TDRT RTs

RTS)
htion
cally

hnalyses of the five task means for the nine sites and setup combinations thatiuse the T[}
visual similarity of the task RT patterns in Figure E.1. Table E.3 shows that correl
ranged from 0,842 to 0,998. All correlation coefficients in Table~E.3 are statist

Correlation
confirm the
coefficients

significant §
the relative
However, it

tp < 0,05 (except the minimum 0,842, which is marginal at p = 0,07). This indicates
pattern of RTs across tasks is similar due to the fact that they increase across condit
does not indicate that the actual RTs are the same (as can be seen in Figure E.2), it si

that
ions.

mply

reflects the|ordering of the means. Nor does it indicate if the differences between the means in gither
group differ|in any significant way. This is accomplished by the statistical testing of the means.
Table E|3 — TDRT RT: Pairwise correlations for the five tasks at the nine sites and setups
No. | TDRT | wsu |IFsTTAR| Tc | DRi | MROS | TUM | UM Volvo | Yol
1 |WSU 1 0,842 0946 | 0913 0,923 0,953 0,944 0,943 0,482
2 [FST|ITAR 0,842 1 0,903 0,984 0,952 0,963 0,944 0,962 0,981
3 TC 0,946 0,903 1 0,929 0,987 0,944 0,987 0,924 0,883
4 DRI 0,913 0,984 0,929 1 0,966 0,993 0,970 0,992 0,985
6.2 |MIRPSSim 0,923 0,952 0,987 | 0966 1 0,964 0,998 0,949 0,923
7.1 |TUMSim 0,953 0,963 0944 | 0993 0,964 1 0,973 0,998 0,980
7.2 |TUMNonD 0,944 0,944 0,987 0,970 0,998 0,973 1 0,960 0,926
8.1 |VolvpSim 0,943 0,962 0,924 0,992 0,949 0,998 0,960 1 0,986
8.2 |VolvpNonD 0,882 0,981 0,883 0,985 0,924 0,980 0,926 0,986 |

le RT
Ships
DRT.

The results |n Table E.3'indicate that any given setup and site can make excellent predictions for t}
results for any other'setup and site using simple linear regression with the same relative relation
between tagks forthe nine sites and setup combinations that tested the five task conditions using ]|
There was excéllent relative validity for all sites and setups that used the TDRT.

E.4.1.5 Poor absolute validity: TDRT RTs differ among sites and setups

It is apparent from visual inspection of Figure E.1 that the absolute RTs differed considerably
between the sites and setups for TDRT, despite their excellent relative validity. For example, the “1
WSU surrogate” setup has short RTs and the “7.1 TUM simulator” setup has long RTs. The differences
between the RTs at these sites are actually larger than the differences between the task conditions
within each site (see Figure E.1). Since the TDRT stimulus and response device and analysis methods
are quite similar for these sites, these absolute TDRT RT differences between sites and setups may be
due to setup differences and possibly subtle and unknown procedural or demographic differences,
despite best efforts at all sites to follow the requirements within this document as closely as possible.

5) Site 6.1 “MIROS road” did not collect data for SuRT and hence could not be used for the correlation analysis.
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This type of finding is not surprising and is commonly found. The literature often notes that there
are major differences in the results obtained for on-road driving vs. simulated driving. Here, we also
see differences between results within type of setup, two simulator studies and two road studies. For
example, it is apparent from Figure E.1 that even within the simulator setups, there is considerable
variation in the absolute values of the RTs (compare 2 IFSTTAR with 6.2 MIROS). Likewise, the road
setup 6.1 MIROS has substantially lower RTs than the road setup 4 DRI for the baseline and n-Back
tasks tested. Indeed, the low absolute values of the 2 IFSTTAR simulator setup actually appear more
consistent with the 6.1 MIROS road setup than the other four simulator setups (8.1, 6.2, 3 and 7.1). In
addition, the “1 WSU surrogate” setup is best matched in absolute RT values by “2 IFSTTAR simulator”
setup and “6.1 MIROS road” setup. Differences in absolute RTs are not attributable to on-road driving
vs. simulated or surrogate driving. Furthermore, triple-task conditions, if run at the same site with the
samg¢ equipment, are well known to have longer RTs than dual-task (non-driving) setups.(fompare 8.2

Volv

beca
triplg
dual{
that

simullated and on-road driving.

Are {
thed
meth
shor
both
with
TUM
task

driving setup had lower RTs than the simulator setup. This result would seem to indicate

exan
in ab
poin{
and
and
arel

Coul
abso
men,
men
aren
stud)
subs
for. |
foun

non-driving with 8.1 Volvo simulator and 7.2 TUM non-driving with 7.1 TUM simulg
ise of the higher attentional cost required to perform three tasks instead ofrtwo. H
p-task 1 WSU surrogate, 2 IFSTTAR simulator and 6.1 MIROS setups all haveé-lower K
task non-driving 8.2 Volvo and 7.2 TUM (except for the baseline for 8.2 Volve). These 1
the discrepancies in the absolute RT values do not arise from differences inh non-drivin

hese absolute RT discrepancies instead explainable by different equipment and meth
ifferent sites? This explanation seems unlikely. MIROS presumably used the same TDR’
ods for its simulator study (6.2) and road study (6.1). Yet th€ir road study (6.1) had s
fer RTs than their simulator study (6.2) for baseline, 0-Back-and 1-Back. However, Volv|
non-driving and simulator setups (compare 8.2 Volwo non-driving with 8.1 Volv
the same custom DRT tool, yet obtained quite différent results from the two setup
used a non-driving setup (7.2 TUM) and a simulator setup (7.1 TUM) with their cust
conditions, differing only in whether driving, 0ccurred or not. As with the Volvo tqg

lination that the non-driving vs. driving setups could explain why there are such largg
solute RTs across sites and setups. However, closer examination of the data shows a
ed out in the previous paragraph, three triple-task sites (1 WSU surrogate, 2 IFSTTA
b.1 MIROS road) had lower overall:\RTs than either of the dual-task non-driving setupg
V.2 TUM). The discrepancies and-inconsistencies in absolute RT values between siteg
irger than the differences between dual-task and triple-task conditions.

| there be differences inm the demographics of the participants between sites, which

aged 30 to 50, with-aCommercial truck driver’s license. However, the other sites used
nnd women, all afwhom had only standard driver’s licenses and similar age ranges. Alf]
hay be culturaldifferences between the people in the many countries represented in th
U, the RT is-alfundamental human characteristic and there is no known evidence th
Fantially<between people of different background or genetic make-up, assuming age i
urthefmore, three sites (Volvo, TUM and MIROS) tested people with the same nat
1 major differences in the absolute RTs, with MIROS finding lower RTs in the road tes

simu|lator.

itor). This is
owever, the
 Ts than the
esults show
b, surrogate,

ods used by
" and n-Back
ubstantially
o conducted

simulator)
s. Likewise,
bm DRT and
st, the non-
pn a surface
differences
bain that, as
R simulator
s (8.2 Volvo

and setups

can bias the

ute values of the RTs-either higher or lower at any given site? For example, the Volvo site used only

a balance of
hough there
is cross-site
ht RT varies
s controlled
onality and
F than in the

It has been well established since the 19th century that RT varies with stimulus intensity. Could it be
that tactor intensity varied substantially between sites? The intensity might be stronger at the Volvo
site because it used a custom tactor, explaining its record low 200 ms mean RT for the baseline no-
driving condition. TUM also used a custom tactor. However, this explanation is not valid for the other
five sites, all of which used the identical tactor from TNO in the Netherlands. It is also doubtful that slight
variations in the placement of the tactor on the shoulder can explain the results because these would
likely vary randomly from person to person as much or more than from site to site. A few participants
occasionally find the tactor uncomfortable at first, and request it be repositioned, but such individual
differences would also likely be random across sites and average out.

Thus, there is no obvious explanation of why the absolute RTs for TDRT are inconsistent between
setups and sites in this cross-site study. An unexplainable variation in absolute RTs between sites is
consistent with previous DRT research.[102][103] The implications of this mixed TDRT result (excellent
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relative validity but poor absolute validity) are that valid acceptance criteria shall be based on relative
rather than absolute RT criterion, as explained further in the discussion section of this annex.

E.4.2 HDRT RT

Figure E.2 presents the results for all sites that used the HDRT, for the setup or setups that were used
at each site.

HDRT
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Figure E.2 - RT for HDRT by task condition and setup

Error bars pre standardyeprors across participants. Task conditions sharing a letter label ar¢ not
significantly different at.the p = 0,05 level within each site and setup condition.

The HDRT relativesRT results in Figure E.2 are consistent with the TDRT RT results in Figure E.1 ir} that
the same ingrease’in RT is observed from baseline to 0-Back to 1-Back, with a levelling off for eagy vs.
Hard SuRT.

The similarity of these relative patterns for HDRT across all sites and setups is confirmed by a correlation
analysis of the five task means for each combination of site and setup against the task means for every
other combination site and setup. Table E.4 shows that the correlation coefficients ranged from 0,921 to
0,993 and each comparison was statistically significant at p < 0,05, indicating excellent relative validity
for all seven sites and setups that used the HDRT. This indicates that the relative pattern of RTs across
tasks is similar due to the fact that they increase across conditions. However, it does not indicate that
the actual RTs are the same (as can be seen in Figure E.3), it simply reflects the ordering of the means.
Nor does it indicate if the differences between the means in either group differ in any significant way.
This is accomplished by the statistical testing of the means.
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Table E.4 — HDRT RT: Pairwise correlations for the five tasks at the seven sites and setups

No. HDRT WSU | IFSTTAR TC DRI MIROSSim | TUMSim | TUMNonD

1 WSU 1 0,988 0,932 0,982 0,941 0,989 0,962

2 IFSTTAR 0,988 1 0921 0,993 0,934 0,976 0,960

3 TC 0,932 0921 1 0,957 0,991 0971 0,993

4 DRI 0,982 0,993 0,957 1 0,966 0,985 0,985
6.2 MIROSSim 0,941 0,934 0,991 0,966 1 0,966 0,992
7.1 TUMSIim 0,989 0,976 0971 0,985 0,966 1 0,985
2 ToMAonD 8,962 8,966 8,993 8,985 8,992 8,985 1

E.4.3 RDRT RT

Figute E.3 presents the results for all sites using the RDRT for the setup or setups. The RDRT results
are dimilar to those for the TDRT in Figure E.1 and HDRT in Figure E.2 inthat the samg increasing

pattérn in RT is observed from baseline to 0-Back to 1-Back, with a levelling off for SuRT.
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Figure E.3 — Task condition by setup and site for RDRT
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Error bars are standard errors across participants. Task conditions sharing a letter label are not
significantly different at the p = 0,05 level within each site and setup condition.

The similarity of these patterns for RDRT across all sites and setups is confirmed by a correlation
analysis of the five task means for each of the six sites and setup combinations that used RDRT.
Table E.5 shows that the correlation coefficients ranged from 0,933 to 1,0009) and all were statistically
significant at p < 0,05. This result is despite the fact that there was variation in the RDRT setup at the
different sites that used it; namely, right to left or centred relative to the driver’s forward view, or one
or four lights (see Table E. 2 column 6) There has been excellent relatlve Vahdlty for all 51x 51tes and
setups that pse s-irete : r due
to the fact that they increase across condltlons However 1t does not 1nd1cate that the actual RTs\are the
same (as cap be seen in Figure E.3), it simply reflects the ordering of the means. Nor does it(indicpte if
the differentes between the means in either group differ in any significant way. This is accomplish¢d by
the statisticpl testing of the means.

vith the findings from the TDRT and HDRT RT data, there is relatively poor absolute RT

etween sites that used a simulator set up for RDRT.

Consistent ¥
agreement i

Table §.5 — RDRT RT: Pairwise correlations for the five tasks at the six sites and setupg
No. RDRT WSU IFSTTAR TC DRI TUMSIim TUMNpD
1 WSU 1 0,935 0,961 0,947 0,972 0,937
2 IFSTTAR 0,935 1 0,981 0,999 0,984 1,00
3 TC 0,961 0,981 1 0,985 0,970 0,982
4 DRI 0,947 0,999 0,985 1 0,990 0,998
7.1 TUMSim 0,972 0,984 0,970 0,990 1 0,982
7.2 TUMNonD 0,933 1,000 0,982 0,998 0,982 1
E.4.4 Comparison of mean RTs for different DRT types
The analysgs discussed in this subclause are the results of the global ANOVA conducted on the|data
from the four sites as described in E.4with complete participant-level data for all three DRT types and

the five test|

Figure E4 s
four sites in

identical thy
addition, thq
by demogra
come about

ng conditions.

hows the DRT mairCeffect (F = 22,37, df = 2, p = 0,001). This analysis compares only the
Table E.1 with coniplete subject data for all DRT types and tasks. These four sites use
ee DRT types.for all five task conditions and have similar test parameters (see Table E.
e same participants are used for all three DRT types at each site, ruling out any confour
phic variables. Therefore, the differences between the DRT types evident in Figure E.5
from iftherent properties of the DRT types themselves and not from extraneous factor

first
d the
2). In
1ding
shall
S.

6) Note that the strong correlation between 7.2 TUM and 2 IFFSTAR is because the relative pattern across task
conditions is nearly identical and not because the absolute RTs are the same, as can be seen in Figure E.3. The
correlation coefficient subtracts the means and standardizes the variables, so it ignores any absolute differences
between variables. It simply reflects the ordering of the means. As such, it does not indicate if differences between
means in either group differ in any significant way. This is accomplished by the statistical testing of the means.
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Figure E.4 — DRT main effect

Figufre E.4 shows that the absolute mean RT for TDRT is less“than HDRT, which is less

Spec
RDR

fically, TDRT has about a 50 ms faster RT than HDRT and HDRT has about a 50 ms fa

effect is highly significant statistically, even with the small’effect size, because of the large
the data are collapsed across sites and DRT conditions:

E.4.5 DRT x task interaction for RTs

Figure E.5 shows that the RT trends across tasks were generally similar for the different
the interaction effect was analysed only for-those sites that provided complete subject data

DRT

than RDRT.
tter RT than

[, when collapsed across the first four sites and setups-inTable E.1, and all five task corlditions. The

“n” when all

DRTs (again
for all three

types).
DRT x Task P—
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Figure E.5 — DRT x task interaction

Error bars are 95 % Cls. Within a DRT type, tasks sharing a letter label are not significantly different
at the p = 0,05 level. The interaction was calculated across the sites 1 to 4 that conducted all DRT types
across all task conditions and supplied subject-level data. Figure E.5 shows that the main effect of DRT
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type (TDRT < HDRT < RDRT) occurs across all task conditions. It also shows that the main effect of task
(Baseline < 0-Back < 1-Back and Hard SuRT approximately Easy SuRT) was similar across all DRT types.

The statistically significant interaction (i.e. a difference in task profile across DRT type; F = 3,16, df = 8,
p = 0,002) is not immediately obvious from visual inspection of Figure E.5. A significant interaction
means that the three curves in Figure E.5 are not parallel. The only statistically significant difference
that might help explain the interaction effect is that 1-Back did not have a statistically significant
difference from Easy SuRT for the TDRT (red arrows in Figure E.5) and both task conditions share the
letter “B”, meaning they are significantly different. However, RDRT (blue diamonds) and HDRT (red
squares) both found that Easy SuRT had a slightly longer RT than 1-Back by about 25 ms.

E.5 Discnllssion of results for RT (questions 1 to 3)

E.5.1 Answer to question 1

Question 1 ;
surrogate d

isked, “To what extent are different RT results obtained with the DRT durihg non-driving,
riving, driving simulator and on-road setups?” The answer given by the cross-site gtudy
results is that the same relative pattern of RT results is obtained with non-driving, surrogate driving,
driving simpilator and on-road setups. However, the absolute RTs are substantially different between
sites, as welll as between setups within a site. These absolute differences between sites and setups are
found regarfless of whether TDRT, HDRT or RDRT were used. This finding is consistent with preyious
driver behaviour literature, which provides strong evidence that-absolute RTs will vary between
experiment$ conducted in the laboratory vs. road venues. Howeveér, the RTs in a road test cgn be
reliably and|accurately predicted (e.g. by using simple linear regression, which corrects for variations
in absolute RT) by a laboratory test using the same tasks (e.g. References [5], [6], [102], [103] and [104]).
That is, different setups and sites in driver performance research have excellent relative validity, but

poor absolu
metrics.[2][4

E.5.2 Ans

Question 2 4
The answer
TDRT than

findings in |
important t
results are (

E.5.2.1 W

A simple ex
faster RTs fq
This fact ha
universally B

Le validity. This holds true not just for the DRT‘but also for many other driver performni
1[102][103][113]

wer to question 2

1sked, “To what extent are differfent RT results obtained with the TDRT, HDRT and RD

given by these cross-site study results is that faster absolute RTs are obtained wit
vith the HDRT and with the-HDRT than with the RDRT. This result is consistent wit
Reference [63] that the FDRT gives rise to a faster response than the RDRT. However
b note that despite these-absolute RT differences between DRT types, the same relatiy
btained regardless’ofthe DRT type.

hy is there afaster response to TDRT than to HDRT or RDRT?

blanation for the more rapid TDRT RTs vs. HDRT or RDRT RTs is that there are inher
r tactite’stimuli (e.g. TDRT) than visual stimuli (e.g. HDRT and RDRT), all else being e
5 beeryknown for a century and half.[40] Woodworth and Schlosbergl[100] state, it has a
éen found that response to light has a longer latency than that to sound or to a touch o

ance

RT?”
h the
h the

it is
re RT

ently
qual.
most
n the

skin. That is, The TDRT uses the tactile sense, which has an inherently faster RT than the visual sense, all
else being equal.

Of course, “all else being equal” is an important qualifier. The faster RTs for touch vs. vision occur when,
for example, the intensities of both stimuli are above threshold. In general, RT varies with the intensity
of a stimulus, no matter what sensory modality is used. Therefore, it is possible that a weak tactile
stimulus could have a slower RT than a strong visual stimulus. In addition, the standard TDRT as used
in most of the multisite experiments also emits an audible sound that can be heard by many participants
when it is activated, particularly in the standard shoulder or neck attachment position where the tactile
vibrator is near the ear. The bimodal combination of two sensory modalities will always have a shorter
RT than a unimodal stimulus in either sensory modality alonel23] because of mathematical probability
laws. The combined effect will be particularly beneficial if the bimodal stimuli are superimposed in
time and space, as is the case with the TDRT. One can avoid this bimodal effect by reducing the intensity
of the auditory component of the TDRT by placing the TDRT tactor in a soundproof enclosure. However,
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this would also reduce the intensity of the tactile stimulus, which would lengthen the RT to it. The
loss of both the auditory component and the lowered intensity of the tactile component could make the
response to the tactile stimulus actually slower than that to the visual stimulus in the HDRT and RDRT,

the reverse of what was found in all the cross-site experiments here.

E.5.2.2 Why is there a faster response to HDRT than to RDRT?

The faster RT for HDRT than RDRT cannot be explained by a difference in response latencies between
sensory systems because both HDRT and RDRT use light stimuli.

One explanation is that HDRT is in the “ego-zone” of attentional space and is given higher priority

than
of at
rapid

Anot
the d
happ
That
and
back
that
In ad
visud
head|
ahea
ther
not 4
perij
DRT
5%

stimull in peripersonal or extrapersonal space (see Figure E.ITJ. Since stimull in th
fentional space are given higher priority or increased salience, they may be respon
ly than stimuli in the farther-away regions.

her explanation is because the RDRT RT can be increased by head and eye&movemen
irection of gaze so far away from the forward gaze for some participants‘that, unless
ens to glance back to the forward view, the visual stimulus does not fall'on the retina
extended time may add to the RT when the subject finally does glance back to the forwg
hotices the light. Alternatively, if the light has already turned off\by the time the sulj
to the forward view, the light would be missed. The HDRT, because it is mounted on
is affixed to the head, and hence moves with the head, is not affected at all by head
dition, eye movements relative to the head cannot plage‘the stimulus outside the t
11 field. With the standard placement of the HDRT, even with a large eye movement re|
the visual stimulus still always falls on the retina. For’éxample, if the participant look
d but glances to the SuRT display without movingdis or her head, the HDRT light is st
ptinal periphery (Sean Seaman, personal communication). The effect of eye movementg
s large with the HDRT as it is with the RDRT;*but it still potentially exists to the ext
heral retina has a different RT than the ceftral retina. The differences in the RT rej
light in the central vs. peripheral retina-are quite small, but were still found to accou
bf the variability when a left or centre light was randomly activated in the same DRT

during 79 commonly done visual-manual.tasks in five vehicles, in an experiment conducted
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In addition, the standard HDRT }ight has a higher luminance than the standard RDRT light
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thus|are well known in¢vision science to give rise to faster RTs. In contrast, the TDRT is npt subject to
light|falling off the retina due to eye movement effects, nor luminance and spatial summdtion effects,
becapise there is novisual stimulus with the TDRT. Table E.6 summarizes these predicted dffects on RT
of the various DRTSfrom eye and head movements.
Table E;6 = Predicted effects of DRT types on RT as a function of head and eye moyvements
Tack Type of movement
Head Eye

TDRT No effect No effect

HDRT No effect Slight increase

RDRT Increase Increase

E.5.2.3 Examination of RT similarities across DRT versions

The RTs for all the DRT types that involve a manual response component (as in this document) are
likely increased during any secondary task that involves a manual component. Cognitive control is
required to resolve response conflict between the commands issued to the motor resources that control
the actuator resources (the two different hands). (See the three-level resource model in Figure A.1.)
Cognitive control is required to decide whether and when to press the DRT button, vs. whether and
when to press the SuRT button; see Reference [104]. Note that this is not a low-level actuator resource
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conflict, such as if the same hand or finger had to be used for the SuRT button and the DRT button. It is
also not a mid-level motor resources conflict as in Figure A.1 because the high-level motor systems that
control the left and right hands are distinct in the cortex of the brain, and the left and right arms are
controlled by separate muscles. Indeed, the individual button presses for the SURT and DRT are well-
practiced and undoubtedly nearly automatic by the time the subject has had a considerable amount of
practice or proceeded fairly far in the test protocol. Despite these facts, all the DRTs in this document
will have RT increases if a secondary task has a manual component. The reason is because cognitive
control (executive attention) is required to decide which motor command to issue to the muscles
controlling the left or right hand and when to issue it. Cognitive control is required to resolve conflicts
such as “should the SuRT button be pressed in the next instant or should spatial attention be kept on
the DRT stimulus location?” (Even a tactile stimulus has a spatial location.) Cognitive control is also
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Annex A.
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longer RT values than the 1-Back task could be explained in terms of specific sensory/perceptual
visual interference. However, this does not explain why the TDRT (which does not compete for visual
resources) also found that both Easy and Hard SuRT had longer RT values to 1-Back (see grand mean
TDRT in Figure E.1).

One line of explanation for the lack of difference between the Easy and Hard SuRT on DRT RT is that
participants adopt certain task allocation/pacing strategies such that they tend to slow down the pace
on the Hard SuRT to compensate for the difficulty while instead trying harder, and performing at higher
pace, on the Easy SuRT. Thus, according to this interpretation, the resulting degree of cognitive control
allocated to each task is similar, as reflected in the DRT RT.

Another possible interpretation, which does not exclude the previous one, derives from the fact that
the DRT and the SuRT both rely on manual responses (button presses) separately executed with the
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two hands. Thus, there is a potential for motor response conflicts that need to be resolved by cognitive
control. Such motor conflicts are not present to the same degree for the n-Back task since it relies on
vocal rather than manual responses, which presumably would not conflict as much with the manual
responses to the DRT. Analysis of SuRT button presses (e.g. in Reference [104]) showed that the Easy
SuRT has a far greater number of button presses than Hard SuRT in a given trial time. Hence, there
is a stronger potential for motor response conflicts with the DRT for the Easy SuRT compared with
the Hard SuRT. Resolving such conflicts places a relatively strong load on cognitive control, which is
reflected in longer RTs for Easy SuRT, making its cognitive load effect on attention similar in degree to
that of 1-Back and Hard SuRT. Thus, even if the Hard SuRT, when performed without the DRT (alone or
during normal driving), requires a higher degree of cognitive control than the Easy SuRT, the stronger
response conflicts with the DRT for the Easy SuRT results in a similar attentional effect of cognitive
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r concerning the fundamental definitiorof driver distraction in Reference [34].
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rer this question,Seme background understanding of hits and misses is first required.
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results_in‘this section are mainly discussed in terms of misses rather than hits. As spe
bodyyef this document, a miss is defined as the complement of a hit and the miss rate is
subtracted from 1.
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E.6.2 What does a miss mean in the context of the DRT?

A miss means that “task load” interfered with the ability to attend and respond to the DRT stimulus at a
given moment. The nature of the interference is perhaps different in magnitude from a slowed response
time. A slowed response time indicates that attentional processes are slowed in responding to DRT
stimuli. Misses, however, may also indicate that the attentional processes have “failed”, in the sense that
no detection/response to a stimulus occurred at all within the defined period.

Of course, it could be argued that a miss may just be an extreme slowing of response rather than a total
miss of the stimulus (i.e. there really would be a response if a longer time than 2 500 ms were allowed).
However, fine-grained analyses extending the window of analysis beyond the cut-off point of 2 500 ms
have found little or no evidence that misses represent “extreme slowing” in which a response would
eventually occur, if only enough time were allowed for the response.
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E.6.3 Multiple causes of misses

The misses of main interest in the scope of this document are those caused by the attentional effects
of “cognitive load”, rather than those caused by “visual load” from a secondary task. However, some

misses may

also result from effects of “visual load”, as described below.

E.6.3.1 Not “seeing” a DRT stimulus

If the visual load of a secondary task leads a driver’s eyes to be positioned at a visual angle that is too
large compared with the position of DRT stimuli (e.g. near the forward line of sight to the road), it is
obvious that these DRT stimuli will be missed (e.g. as in a remote visual DRT) because the events do

not fall on t
established
secondary t

E.6.3.2 Nd¢

RTs and mi;
monitored f
accounted fi
shift attenti
effect which

task loading.

Whether it i
(i.e. a failurg
looks away
load that led
c) shedding
are not the (

E.6.4 DRI

It is, howev
contributing

The RD

The HD
load (re

e retina. The metrics for measuring eyes-off-road time and other glance metrics are
in the driving literature. Such metrics have been used to capture the “glance portion

t “shifting attention”

ses will be reduced (i.e. improved) if attention is shifted to the location that needs

pr DRT stimuli. Not all of the variance in missing a DRT stimulus @inder visual task g
br by extreme visual eccentricity; some of the variance is apparerntly caused by failuy
pn to a stimulus location that needs to be monitored, independently of eye movement
has been well studied in cognitive psychology.[Z3] This is an‘attentional effect of secon

s attributed to a task’s visual load, or attributed to the’attentional effect of a cognitive

of cognitive control), matters less than the fact thabit contributes to “misses”. A driver
from the location of DRT stimuli can miss a visual DRT stimulus because of a) visuall
ds to the DRT events not falling on the retina;b) the attentional effects of cognitive lo
the DRT, or some combination of these. Nonetheless, effects of “visual secondary task
entral interest of the main body of this document.

" types and misses

er, important to be aware that-different types of DRTs are differentially sensitive t
y “causes” of misses.

RT is sensitive to the effects of both visual load and the attentional effects of cognitive

RT is sensitive tp-the attentional effects of cognitive load and reduces the effects of v
ative to the RDRF) by mounting the light stimulus on a headband that moves with the

NOTE T

secondd

e
The TDILT is.mainly sensitive to the attentional effects of cognitive load, at least if non-t3

measures\¢ah still be somewhat affected by factors related to visual load.

ryfasks are being assessed. Since the main tactile stimulus is not a visual stimulus, it c3

well
" of a

hsk’s visual load and have been shown to be safety-relevant in naturalistic driving-studlies.

to be
ad is
es to
S, an
dary

load
who
task
nd or
oad”

b the

load.

isual
head.

ctile
nact

asa‘“pr

be” for the central attentional effects arising from the cognitive load of visual-manual

Asks.

The TDRT RT and hit/miss rate are not expected to be affected that much by visual load.

They are expected to be affected by the effects on attention of cognitive load.

The hypothesis is that the hit/miss rate (or RT) to a tactile stimulus will be affected in the same

manner as the hit/miss rate or RT to a visual or auditory stimulus because the central attention
effects of orienting to those stimuli are similar regardless of sensory modality.

By studying the effect of a secondary task on the miss rate (or RT) to a tactile stimulus, we are

assumed to be estimating the effect of a secondary task on the miss rate (or RT) to a visual
stimulus, independently of any eye movements or blinks.
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E.6.5 Miss rate analysis methods

Figure E.6 shows all the 945 miss rates (i.e. the probability of a miss) for all sites, DRTs, tasks and
participants in the main cross-site study of the four sites which provided complete data. Visual
inspection of Figure E.6 shows that there is a dominant peak in the miss rate at 0 (no misses), with a
long tail to the right, out to almost 0,96, meaning that one subject for one test condition missed almost
every DRT stimulus. The results for hit rate (not shown) are exactly the complement, a dominant peak
at 1 (all hits), with a long tail to the left.

~
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Mean| 0,072 54
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Figure E.6 — Histogram showing statistical distribution of 945 miss rates in the mpin study
compared with a normal distribution

The best-fit Gaussian distribution shown as the blue line in Figure E.6 is a poor fit because [the data are
extr¢mely non-Gaussian. This extreme non-normality indicates that conventional statistiqs applied to
hit/miss rate data-will not give rise to valid estimates of the population. Even the calculatign of a mean,
stanglard deviations, standard errors, etc., from such a non-parametric sample will not be cprrect when
extrapolatedto)the population. Hence, conventional statistics (e.g. ANOVA) will not give valjd estimates
of the population if applied to such extremely non-normal distributions. Standard deviations, standard
errors ahd'variances in general will be too large with a distribution like that in Figure E.6 Because they
assume_an underlying Gaussian distribution. The distribution in Figure E.6 is so extreme that there is
no reasonable transformation of the data that will convert it to a normal distribution. The basic reason
is that hits and misses are binary and not continuous variables.

A more appropriate method of analysis is therefore logistical regression analysis. A logistic regression
analysis was performed, which assumes only binary responses (a hit or miss). No normality assumption
isrequired. The method was applied to the individual hits and misses on a stimulus level. That is, the hits
and misses for each individual subject are tabulated and analysed. Hence, there is a much larger n (the
number of events) compared with when using conventional statistics, which have the n as the number
of participants. There is a corresponding large increase in statistical power using logistic analysis. That
is, confidence intervals are much smaller than with ANOVA and the ability to discriminate between
task conditions is much better than with an ANOVA. The results for the four sites with complete data
are redrawn in Figure E.7. These results may be compared with those for the RT in Figure E.1.
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E.6.6 Miss rate results

Figure E.7 a) shows the results of the logistic analysis for the four main sites with complete data.
Figure E.7 b) shows the reaction time results from the four main sites redrawn from Figures E.1, E.2
and E.3. The confidence intervals are generally smaller for the misses/hits than for the RT. Analysing
the patterns in the changes in the probability of a miss across the tasks for each DRT type reveals
several new findings not seen in the RT metric.
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a) Data jused in the logistic regression plotted as hits and misses from the four main sitefs
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The following figures redraw the results from Figure E.7 for an easy visual comparison of miss and RT

metr

ics.

Figure E.8 shows that for TDRT, Hard SuRT and Easy SuRT had no significant differences in misses for
all four sites consistent with no significant differences in their mean RTs.
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Figure E.9 — HDRT results redrawn from Figure E.7 for comparison of miss and|reaction

time.metrics

E.6.4.3 RDRT: Hard SuRT has more misses than Easy SuRT, but RTs were not different

Figure E.10 shows for RDRT as withHDRT in Figure E.9 that Hard SuRT had more missgs than Easy
SuRT for sites TC and DRT, but now also for WSU and IFSTTAR (top panel, black ovals). The DRI road
setup (upper right) has particularly large increase in the miss rate for Hard SuRT vs. Easy ShRT. Yet, the

meain RTs for Easy and Hard SuRT (bottom panel) were not statistically different.
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Figure E|{10 — RDRT results redrawn from Figure:E.7 for comparison of miss and reactipn
time metrics

E.6.7 Dis¢ussion, miss analysis

The key finding from this miss analysis was that the probability of a miss for the visual DRTs, in
particular the RDRT, exhibited a strorger sensitivity to the Hard SuRT than to the Easy SuRT.|This
contrasts sHarply to the results forRT/ where none of the three DRT versions distinguished betyveen
Easy and H4rd SuRT. For example;.the TDRT miss probability was similar for Easy and Hard SuRT and
generally lower than for the visual’'DRTs. It could also be observed that the n-Back task had a relatjively
minor effect on DRT miss probability in general.

There are spveral possible interpretations of these results. First, the finding that the effect of JuRT
task level only occupred for the visual DRTs, and not for the TDRT, may indicate that the effect was
due to a spelcific interference in the visual modality. The further result that the effect was strongegr for
the RDRT than_ faor-the HDRT might indicate that the effect was mainly due to visual sensory, rather
than visual perceptual, interference (that is competition for the eye rather than competition for vlisual
perceptual resotrreestnthebrain—seeAnnexAfor-thedefinitionof-thesetermsy: aserris'that,
as explained above, the RDRT stimulus, during glances towards the SuRT display, might appear in the
visual periphery or even outside the field of view. Since the HDRT stimulus is fixed to the head, this
effect is reduced compared with the RDRT for those participants who tend to make head movements
rather than eye movements to view and respond to the SuRT device. Hence, the high miss rate observed
for the Hard SuRT might be mainly related to eye movements towards the display increasing the visual
eccentricity of the DRT stimulus. Under this interpretation, the effect of SuRT on miss rate is not at all
related to attentional effects of cognitive load but rather to the physical incompatibility between the
display and the DRT stimulus locations. This can be further investigated by a more detailed analysis of
eye movements in relation to DRT stimulus timing. A further finding was that the comparison of 1-Back
to 0-Back (which can be regarded as a pure cognitive difference) did not appear to have any strong
effect on DRT miss rate. However, the fact that the difference between Easy and Hard SuRT was also
found for HDRT (at least for some sites) indicates that visual perceptual interference might play a role
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as well or that some participants may make eye movements rather than head movements to interact

with

the SuRT.

An alternative (but related) interpretation is that participants might occasionally completely shed the
visual RDRT and to a lesser extent the HDRT (increasing their miss rate), in order to maintain good
performance on Hard SuRT, in a classic speed-accuracy trade-off. However, since the TDRT does not
compete for visual resources, it is not shed to the same extent by the participants. Likewise, visual DRTs
may not be shed when they are combined with the n-Back task. In short, this interpretation says that
some stimuli were completely ignored to keep the RT at an acceptable level. Whether the “ignoring”
of the stimuli was a conscious decision on the part of the subject, or was rather caused by an effect of
the attentional load of the SuRT tasks that was not a conscious process of the participants, will require
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NOTE Adapted from Reference [41], Figure 8.1, p. 94.

Figure E.11 — Schematic diagram of the concept of the different functional regions of space
around the driver

Thus, in answer to question 4, “To what extent are the results for hits/misses consistent with those
for RTs?” the current cross-site analysis clearly shows that hits and misses reveal information above
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