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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.

The prog¢edures used to develop this document and those intended for its further maintenance ‘ate
describefd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentioh is drawn to the possibility that some of the elements of this document may\be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms and
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Tifade Organization (WTO) principles in the TechnicalBarriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This doqument was prepared by Technical Committee\ISO/TC 22, Road vehicles, Subcommittee SC 3P,
Ergonomics.

This secpnd edition cancels and replaces thexfirst edition (ISO/TR 21959-1:2018), which has bedn
technically revised. The main changes compared to the previous edition are as follows:

— editgrial modifications to the format.of the figures;

— corrpctions of the references to-clause numbers (Clause 7 is now Clause 8);
— corrkctions to redundant deseriptions.

Alist of ll parts in the ISO\21959 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body.[A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Although automation technology is advancing at a very fast pace, the majority of automated driving
levels (as defined by SAE) still require a human to fulfil specific remaining (driving related) tasks while
being in automated driving mode. The basic requirements with respect to the driver strongly depend on
the level of automation and are subject to human factors research all over the world. The SAE standards
SAE J3016l701 [71] and SAE ]J3114l72] have already introduced working definitions of key concepts in this
field. This document puts an emphasis on common underlying concepts of driver performance and state
in the context of automated driving.

Dlriver performance includes driver’s activities in transitions both from manual driving to ‘aytomated
driving and from automated to manual driving, as well as interaction behaviour while using th¢ system.
Dfriver state here means driver’s internal conditions that may affect performance including knowledge
of and attitudes toward driving automation systems.

Cpncepts on driver performances in transition from manual to automated driving and from ajytomated
td manual driving are described in Clause 5. Concepts on driver state related to the transftion are
described in Clause 6 and a specific concept “readiness/availability” thaf tefers to driver sfate that
predicts the intervention performance is described in Clause 7. Cencepts for driver’s experiences
and attitudes that may affect driver performance and state in thezeontext of automated drjving are
dpscribed in Clause 8.
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Road vehicles — Human performance and state in the
context of automated driving —

Part 1:

Common underlying concepts
(=4 X

Scope

o B Y

his document introduces basic common underlying concepts related to driyer performz
state in the context of automated driving. The concepts in this document are applicable to all
htomated driving functions that require a human/driver to be engaged or fallback-ready (SA
and 3). It can also be used with levels that enable a driver to resume manual control of the ¥
pmpatible feature for SAE levels 1 to 5).

QN

(@)

pbmmon underlying concepts can be applicable for human factors assessment/evaluations usin
simulators, tests on restricted roadways (e.g. test tracks) or tests on public roads. The inf
bplies to all vehicle categories.

QO

his document contains a mixture of information where technical consensus supports such g

T
a
These common underlying concepts can be also useful for product descriptions and owner
The contents in this document are informative, rather than normative, in nature.

2| Normative references

—3

here are no normative references inthis document.

3] Terms and definitions

N terms and definitions,arelisted in this document.

Yt

§0 and IEC maintaip.terminological databases for use in standardization at the following add

- ISO Online browsing platform: available at https://www.iso.org/obp

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

4 Purpose
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5 well as discussion of those areas where further research is required to support technical cansensus.

manuals.

[esses:
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state for the researchers and developers of driving automation systems (more specifically SAE levels
1-5) in order to facilitate the sharing of information and knowledge as these systems are developed

and deployed.

This document does not provide design principles on how a human-machine interface (HMI) for
automated driving should be designed or developed. However, common concepts and measures could
be used during the development phase when different HMI designs are evaluated in terms of usability,

user experience and safety.

It is not intended that anything in this document restricts or provides direction regar
technology used to create these systems, or the underlying design of these system.

© IS0 2020 - All rights reserved
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5.1 General

Human performance has two aspects—behaviour being the means and its consequence being the
end[1€l. The focus on consequences, and hence on performance, is especially relevant for situations
such as the transition processes from automated to manual control (level 0) and vice versa (see
Figures 1 to 4). The following subclauses give an overview of possible measures for driver- and system-
initiated transitions. For transitions between different automation levels (e.g. 4—2 or 3—1) within one

vehicle appropriate measures tam be sefected oradaptedaccording to the specificcircumstances ]

5.2 Tr

52.1

Figure 1
initiated

EXAMPLE

function”

ansition from manual to automated driving

[ransition process model

by the driver or by the system.

shows a process model for a prototypical transition from manual to automated control, eith¢r

After entering the highway the driver is informed about the avajlability of a “highway pilpt
). He/she decides to activate automation by a dedicated steering wheel Kutton.

1)  See: https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html, Hunger 2017. Highway

pilot system is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

2
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5{2.2 Definition of related concepts
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Figure 1 — Driver/system-initiated transition{rom manual to automated drivin
(concepts are further specified in 5.2.2 and 5.2.3)

Manual control: Driving phase wherea"human driver is performing the dynamic driv
(DDT)—all of the real-time operational and tactical functions required to operate a vehi
road traffic (see Reference [70] foy the definition of level 0 automation). In cases where lo
automation features are already-active, this phase can be regarded as including the r¢
(manual) elements of the DDTJrequired by the driving automation system. For examplg
with adaptive cruise control requires the driver to perform the lateral control (sub) task 3
the object and event detection and response (OEDR) subtask.

Automation available: If all operational conditions for a driving automation system are
the system is ready’to be activated by either the user or the system. This system availab
be signalled to the user via the driver vehicle interface (e.g. screen, tones). However, e
automatiornifeature is available, the driver may have to judge whether activation is apy
[taking int0account the mechanical condition of the vehicle (not detected by the vehicle, e.
suspernsion component)] This will be covered in a future planned document (ISO/SAE 227

Request to engage automation: Event usually initiated by the user through the drive
interface of the vehicle to activate the driving automation system. Apart from user-

U

ring task
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initiated
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possible,

especially after the driver has temporarily overridden the automated mode by manual intervention.
At the end of driver intervention, the system may automatically activate/resume from suspended
to active mode. For example, in some automated steering control systems, after the driver has
transitioned from automated to manual control by manual use of the steering wheel, when the
driver is no longer moving the steering wheel, the system may automatically activate/resume from

manual to automated steering control.

Activation of automation: Onset of the driving automation system activation. There may be a
delay between requesting the activation and the activation itself either due to technical reasons or

by intentionally introducing an activation process as an HMI design feature.
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e) Driver state transition (manual to automated): Process where the driver is releasing control to
the driving automation system. The transition includes physical aspects (releasing hands and feet
from primary vehicle controls) as well as cognitive aspects (ensuring that automation has taken
over successfully). The physical transition phase ends when the driver fully releases manual
vehicle control (hands and feet do not have any action on longitudinal or lateral vehicle control).
Behavioural markers for the end of the cognitive transition are less obvious.

f) Automated driving: Driving phase where alevel 1 -level 5 (L1 - L5) system is performing specific
aspects of the DDT.

g) Accéptable driver state by automation Tevel: Driver state that is required or activity that
allowed by the driving automation system. The driver state may or may not be monitored by th

driv
the
leav

h) Non

ng automation system. Requirements on acceptable driver states are strongly dependent d
hutomation level. Sleep is commonly seen as not acceptable by L2/L3 features oriphysical
ng the driver’s seat is not acceptable for L2/L3 features.

. Driving Related Activity (NDRA): Any activity not related to the monitoring’ of the driviy

automation system and/or the current driving situation is called non-drivingrelated activity. Th

can

nclude activities that take up any of visual, auditory, visual-manual, auditory-manual, manu3

or cggnitive capabilities.

i) Non

L Driving Related Task (NDRT): Any activity related to a dedicated task that is different fro

the monitoring of the driving automation system and/or the currentdriving situation is called no

driv

ng related task. An activity becomes a task when it has aspecific goal, and the task can &

madg up of a series of activities leading up to this goal. A NDRT-can also be called secondary tas
but pnly as long as there is a primary task, in this case operating the vehicle. When driving is 1
longer the driver’s primary task—such as during autoniated driving at SAE levels 3 and higher-
the INDRT stops being a secondary task. Under such ciréiimstances the NDRT itself can be regards
as the primary task.

5.2.3 easures for human performance in releasing control to automation

a) Timpe to activate system: It is the tinmie interval between events “automation available” arf
“reqest to engage automation”.

b) Tim to release controls: It is the-time interval between events “activation of automation” an

“fulllrelease of vehicle control’

c¢) Tim
and

d) Met

e to start/resume NDRA: It is the time interval between events “activation of automatiof
‘start of NDRA”.

hod used to engage driving automation system: It is the specification of required driv{

actign to fully release control to driving automation system (e.g. double-pull of stalk at steeriq

colu

nn or simultaneous activation of dedicated steering wheel controls).

5.3 Transition from automated to manual driving

Transiti
initiated

IS

< 5 o

IS

d

T

g

£ 4 o 4 h PR 1 4= AL LL a4 »_ml 1 4=
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or they may be driver initiated as is presented in the subclauses below.
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5.3.1 Transition process models

Figure 2 shows the process model for a system-initiated transition from automated to manual vehicle
control with definitions of relevant time periods. This transition model assumes the result of a fully

stabilised vehicle.

EXAMPLE1  While using a highway pilot system?) the function issues a request to intervene (Rtl) due to an
internal system error. After preparing for taking over manual vehicle control the driver deactivates the highway

pilot function and switches to manual driving mode.

Driver state transition
ontrol stabilisation

Automated driving Take-over mode

i System | | Driver |

Tak . 7, Intervention : Remaining action :
ake-over time Y time Y time k

» <
> < >

P
> <

Y
>

Total time budget

Control stabilisation time

<
<

Figure 2 — System-initiated transition from automated to manual driving
(concepts are further specified in 5.3.2 and 5.3.3)

Ig addition to system:initiated transitions, user-initiated transitions without a Rtl are coyered, as
lgvel 1 to level 3, and/some level 4 or level 5 systems may be designed to be deactivated by|the user
at any point in time during full operation. There are two types of reasons for a user to deactjvate the
apitomation feature which are described below.

Flgure 3.describes the process of regaining manual vehicle control due to the detection cfsystem
performance limitations (mandatory transition). In this case the L1/L2 driving automation system
d

bes'not issue a Rt to the driver.

EXAMPLE?Z  While using a LZ automation system in a construction zone the driver observes that the system
is following invalid lane markings. He/she decides to immediately take-over control by manually overriding the
lateral steering control (leading to manual driving mode).

2) See: https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html, Hunger 2017. Highway

pilot system is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.

© IS0 2020 - All rights reserved
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Figufe 3 — Mandatory human-initiated transition of auto d to manual driving due to
dete¢tion of system performance limits (concepts are ﬁ& er specified in 5.3.2 and 5.3.3)
On the other hand, the driver may want to deactivate the\é@\ling automation system without detectirjg
system performance limitations (optional limitation%&r this case the transition process describgd
above can be slightly adapted (see Figure 4). )
N
EXAMPLE 3  While using a traffic jam pilot featu@eavy traffic on a city freeway, the driver deactivates gll
driving afitomation features using a designated control for that purpose and switches to manual driving in order
to exit th¢ freeway and find a faster route. \\Q
O
N <
@ CA& o
Q& &
> &
CPQ&\%
A
&
Y
c@,
5 al) control
E Driver state transition
a bilisation phase
:
‘i Automated driving
@ Intervention
— : time
P Control stabilisation time ‘
>t

Figure 4 — Optional human-initiated transition of automated to manual driving
(without system performance limit; concepts are further specified in 5.3.2 and 5.3.3)
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5.3.2 Definition of related concepts

a)

Request to intervene (Rtl): Notification by a driving automation system to a driver/fallback-
ready user indicating that he/she should take over vehicle control (perform all or parts of the DDT).
According to the requirements of SAE level 3+ systems, all system related limits are recognized
and appropriate driver requests to take-over control are triggered. The Rtl time stamp is essential
to analyse the subsequent transition process as it is regarded as the beginning of the driver state
transition process. If a request to intervene is not issued by the driving automation system because
of an automation-external vehicle failure (for example, flat tyre, broken steering system and so on),
the (perceivable) failure signal can alternatively be used as a corresponding event. Drivers of level 2

automation may encounter (silent) system failures or performance limits which are noterefognized
and communicated by the driving automation system. In this case the driver may noticesyspicious
vehicle control due to a potential system limit which triggers the decision to regain‘manual control.

Silent system failure and/or silent system limit: System performance limitation of g driving
automation system thatis notrecognized and communicated to the user. Thepérformance limitation
may be due to internal failure states or incorrect interpretation of the driyving environmert.

Critical event due to system limit: Situation that can be specifiédiin time and space|that the
driving automation system cannot handle safely and that will oceur in case the driver [does not
intervene. System limits are associated with different time budgets:

— Long-term system limits (e.g. the planned transition of £ highway pilot when reaching|the exit)
can be communicated well in advance to allow for a sufficient preparation. Driver perfdrmances
with respect to early communication of long-term@ystem limits are not within primary interest
of this document.

— Mid-term system limits (e.g. approaching @;construction site that cannot be handlgd by the
system) require the driver/fallback-ready user to take-over within a certain time budget. This
type of system limit is central to the definition of SAE level 3 systems.

— Short-term limits (e.g. due to sensor range) ask the driver for immediate take-over offthe DDT.
This type of system limit is central to the definition of SAE level 2 systems.

[though the majority of systemr limits will be detected and communicated via a Rtl fqr higher

automation levels, there may be system limits for level 2 systems without a Rtl (see Figurd 4).

Take-over mode: The concept refers to the system behaviour after a Rtl has been issped. The
remaining performafice depends on the automation level and on the design of a particular system.
Level 3-5 systems can be able to continue operation after issuing a Rtl for a specified period of
time. Depending?n the type of system limit, system operation might be of degraded natyre. Level
2 systems may)be deactivated immediately after a Rtl has been issued. The take-over mode may
already contain measures to reach a minimal risk condition (such as a stopping manoeuvre).
Howevetydetails on human performance aspects with respect to a minimal risk manoeuvie will be
coveredin a future, planned document (ISO/TR 21959-2[51]).

Driver state transition (automated to manual): Process of transforming the actual driyer state
(possibly determined by NDRA) to a target driver state suitable to effectively take-over manual

f)

control. This process can be analysed on a sensory, motoric and cognitive level. Relevant time
markers within this phase are: interrupting/finishing a non-driving related task, start of visual
reorientation, gaze on road centre, hands on wheel/feet on pedals, etc.

Significant driver intervention: Action initiated by the user of a driving automation system to
request manual control over all or some parts of the DDT. The way manual control can be resumed
by the user depends on the driving automation system design, but usually comprises significant
driver intervention on primary vehicle controls and regular deactivation mechanisms (e.g. based
on buttons or switches). The system reaction towards the driver intervention also depends on
the particular design of the automation function. For higher-level automated driving systems
(ADS) which remain active after a Rtl, “significant driver intervention” corresponds to requesting
system deactivation. The subsequent change of the system status may be immediate or delayed

© IS0 2020 - All rights reserved 7
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(e.g. in order to establish safe conditions for manual driving). SAE level 2 functions may deactivate
vehicle control of some or all aspects of the DDT at the time of issuing the Rtl. In this case driver
intervention takes place in manual mode and typically corresponds to significant and relevant
actions on primary vehicle controls.

g) Post transition (manual) control: A defined, extended time window to analyse the quality
of manual control driving after a Rtl has been issued. The post transition driving phase can be
decomposed in the driver intervention itself and a control stabilisation phase.

h) Completion of driving manoeuvre: The kind of take-over action that is expected by the driver to
successtully handle the system limit. The intervention depends on the demands of the take-oyver
situgtion. Examples range from easy tasks such as bringing hands back on the steering wheel’to
follow the lane to more complex manoeuvres such as manual lane changes or brake manoeuvrels,
etc. Depending on the take-over situation it can be difficult to determine the exact end of\thé driver
intefvention as there is a gradual transition to the control stabilisation phase.

i) Vehicle control fully stabilised: After the immediate driver intervention phase, manual vehicle
contfol performance can be below the average performance of an individual driver. The time periqd
unti] vehicle control performance is fully re-established is referred to as “control stabilisation phasg”.

5.3.3 easures for human performance in regaining control from automation

5.3.3.1 | Type of driver intervention

The method for how a particular driving automation system.cdn be overridden or deactivated cqn

be fully ppecified. This includes describing thresholds for significant driver intervention on primapy

vehicle cpntrols and/or how the system can be deactivated by'dedicated controls.

Followinlg is an overview of methods used to resume manual vehicle control (perform part or all of the

Overviey of different séquences of driver intervention, for example 1st action (leading to manupl
mode), 2hd action, 3rd,action (focus on start of action since actions may also be performed in parallel).

5.3.3.2 | Time-related performance measures

The timg-based performance measures apply to the transition process depicted in Figures 2, 3 and
The desdribéd time periods can be further split up into sub-processes (similarly as is shown for drivér

ation feature override or deactivation(by brake intervention;
automation feature override or deactivdtion by accelerating;

automation feature override or deactivation by steering intervention;

automation feature override or deactivation by dedicated controls (e.g. on/off switch); and

other automation feature oyerride or deactivation.

=

take-over time) but also combined to define new time periods (e.g. driver take-over time + driver
intervention time). For the sake of simplicity, no dedicated concepts are introduced for these derived
measures. Intervention time combined with the previously mentioned term take-over time is also a
relevant time-based metric.

a)

Take-over time: Time interval between onset of Rtl and user-initiated intervention or deactivation
of an engaged automation function. This measure is central to human factors research on automated
driving and has been used by many authors (e.g. References [17]; [6]; [66]). The transition process
can be decomposed into further sub-processes (all starting with the RtI):

— time to first driver reaction (e.g. interruption of non-driving related task);

— time to start of visual re-orientation;
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— time to visually fixate Rtl message (if visual HMI is involved);
— time to visually fixate road centre (or other relevant aspects of the scenery);
— time to start to move (at least one) hand to wheel/feet to pedals;

— time to grasp wheel/touch pedals;

— time to start to operate relevant vehicle controls (e.g. blinker) or steering/pedal operation; and

— time to onset to override or deactivate an engaged automation feature by specified methods.

System deactivation time: Higher level automation functions may be deliberately
to delay the transition to manual control under certain circumstances (e.g. in order’to
safe conditions for manual driving). This period of time (not mentioned in Figures™2 to 4
considered separately and is not part of the human-focused “take-over time”.

Decision time: Time interval between detection of a silent system failure and the de
disengage the automation feature (see Figure 3).

Intervention time: Time interval required by the driver to handle the imminent take-over
by performing an appropriate driving manoeuvre. The requirements of the driver inte

Hesigned
pstablish
1) can be

cision to

situation
rvention

vary from performing complex driving manoeuvres to simplé tasks such as maintaining the

current vehicle dynamics. In the latter case the driver intervention time could be very shor
be neglected. In any case clear behavioural or environmental markers is defined for the e
required driver intervention. An example is shown i Reference [61]. Intervention time ¢
with the previously mentioned term take-over time\s also a relevant time-based metric.

Total time budget: The time interval between the Rtl and the system limit is defined as t

t or even
nd of the
ombined

btal time

budget. It represents the maximum time windew after a Rtl for a successful resumption of manual

control by the driver.

Driving recovery time: Time requiréd by the driver to recover driving with the apy
reaction (according to the driving context) from the Rtl warning. It is defined as take-ove
addition to the intervention time¢Comparison between total time budget and driving recov
is used to provide guidelines(that take account of all the driver’s reactions to ensure a sj
manoeuvre.

Remaining action tirme: Time interval between a successfully finished driver interven
the system limit. Computationally, it can be calculated as the difference between the t
budget and the sium of driver take-over time and driver intervention time. Gold, et al. (
used a slightly'modified variant of this measure, namely the remaining time to last int¢
possibility at-fhe time of intervention.

Controlistabilisation time: Time duration it takes for an individual user to reach a s
compatable quality level of manual driving performance as in ordinary level 0 driving by ay
driver (reference condition). For downward transitions to levels >0, corresponding perf
for'this particular level can be used as reference behaviour. Longitudinal and lateral dime
vehicle control can be considered. An example is shown in Reference [30].

ropriate
r time in
rery time
iccessful

tion and
tal time
p013)117]
rvention

milar or
| average
ormance
nsions of

5.3.3.3 Quality-related measures

Apart from describing the type and timeliness of user response it is essential to assess the quality of
the driver intervention after the Rtl. The interpretation of take-over quality measures will always
depend on the (design of) take-over situation under investigation. For example, a driver reaction
that is beneficial in one situation (e.g. swerving to avoid an accident) may be detrimental in another
(e.g. swerving when there is neighbouring traffic). Accordingly, different investigations of take-
over quality are always compared carefully and with extensive attention to detail. Furthermore, the
described quality measures vary in external validity and sensitivity (usually following the relationship
of increased validity—decreased sensitivity and vice versa). They can further be classified in terms
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of objective (e.g. behavioural and electrophysiological measures that do not depend on a person who
measure) and subjective (e.g. self-reported base on the person’s experience) measures.

a)

b)

The meapsures are recomniended to be used on an individual level to compare baseline manual driving

)

10

Safety-oriented, objective take-over quality measures: A variety of measures are available and
have been used to assess driving behaviour in take-over situations with respect to its safety effects
on the individual itself and on other traffic participants. Examples of performance measures for
assessing the safety-effects of a driver response to a Rtl (e.g. used by References [17]; [38]; [6];
[66]; [45]; [58]) are:

— share of test subjects being able to avoid collision with other traffic participants/prevent run
Dif-road events;

— fescription of collision severity;
— pmission of visual checks/mirror use;
— pperating errors (especially related to system deactivation);

— maximum longitudinal/lateral acceleration values/frequency of strong ey emergency braking
e.g. -4 m/s2/-6 m/s?);

— minimum time to collision/minimum time on/to headway/frequeniey of “near misses” (TTC,;
<15s/1,5s); and

— minimum time to lane crossing (TLC,,;,,)-
Sengitivity-oriented, objective take-over quality measures: As opposed to the safety-orientdd
meapures that are relevant to the critical situation, otheraneasures can be used to show potentip
mid{and long-term detrimental effects of having to regain manual control after an extended periqd
of aytomated driving. The potential measures relatedto lateral and longitudinal control are:

—_

— Ptandard deviation (SD) of lateral position (ég. References [45]; [42]);
— PBD of steering wheel angle (e.g. Reference' [8]);

— yaw rate error and SD of yaw rate‘etror (e.g. Reference [10]);

— metrics of distance to other vehicles or objects; and

— metrics for longitudinal-centrol quality, e.g. time headways, speed behaviour (e.g. considering
speed limits).

perfprmance with pest-transition performance.

Expert-based assessment of take-over quality: In order to assess the overall safety effects pf
a trgnsitionsin/a particular traffic situation, a combination of appropriate measures is taken info
account as-single measures may not be sufficient to differentiate safe and unsafe events (for
a dd finition of safety-critical events see Reference [33]). Expert-based assessments of traf ic
situd i
a global controllability measure. This approach has also been recommended in the Response Code
of Practicel4] in order to assess the controllability of driver assistance systems. In the context of
automated driving, controllability can be defined as the driver’s likelihood to safely cope with all
possible driving situations occurring during normal use, at system limits or after system failures.
Naujoks et al. (2017) [4Z] proposed a standardized rating scheme for controllability of transitions
by trained raters that aggregates different aspects of the take-over situation to one global measure
of driving performance based on video footage (see also References [27] and [26] for expert-based
assessments of manual driving performance) which differentiates the following performance levels:

— Rating “1”: perfect performance (i.e., absence of imprecisions and errors);

— Rating “2-3": imprecisions of vehicle control (e.g., imprecise lane keeping);
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— Rating “4-6": occurrence of driving errors (e.g., late or insufficient braking);
— Rating “7-9”": endangerments of oneself or other road users (e.g., near misses); and
— Rating “10™: collisions or loss of control.

Subjective take-over quality measures: Objective measures are ideally combined with subjective
judgements of the intervention quality, either by the driver him/herself or by an external observer.
Examples of judged aspects can be trust in coping with the situation, experience of being precise,
and to what level the driver feels in control. A potential scale that can easily be adapted for this

PDUI POSC C dl 1U d Y d Ul UI'lV & dllU d dl 1U =1,

Human states in the context of automated driving

The scope of this clause is to introduce a basic structure for how to think about driver states in the

i

62 General concepts for mental state related to automated driving

cpntext of automated driving. Rather than covering measures for all possibile user states, the tverview
intentionally limited to human states that are related to human perfermance in transition si

uations.

The cognitive aspect of a human state in the context of @utomated driving primarily refe
interpretation of the current driving situation with respect to perception, decision and
s¢lection. Itincludes higher-level states such as situationiand automation mode awareness (see |
dpring automated driving as well as in transition situations.

The process of perception, decision and response selection is influenced by the way in which at
r¢sources are allocated to the current tasks (e;g»Reference [64]) as well as by long-term, memo
fdctors such as the mental model a human driver has developed for the system.

{nowledge (or assumptions) about the likelihood of system limits and the kind of possible tr
influence the speed with which a transition situation can be correctly interpreted. Similarly
ttust is considered as an influending element on the cognitive driver state as it influences the
think about and use automation (see Clause 8).

s to the
response
Clause 8)

rentional
ry-based

hnsitions
, system
way we

The cognitive state is alse ‘influenced by arousal level because total amount of attentional refource is
cpnsidered to be influenced by arousal level. The following list describes exemplary impacts on the
hiiman’s cognitive state-

Attention: ;The element of cognitive functioning in which the mental resources are fogused on
a specificiissue, object, or activity. Attention has been described as a function that accomplishes
selectienf®] and its main purpose is to facilitate perceptual processesl02][4][63], Attentign is also
said-tebe a function that selects stimuli for further higher-level cognitive processingl=1111}1[4],

Attentional resource: Amount of attention applied to the target of attention. Phygiological
measures such as EFRP (Eve Fixation Related Potential) can be used to assess the ainount of

attentional resources applied to the road environment or to the non-driving related visual (also
visual-manual) taskl60l. Attentional resource is also called mental resource. Subsidiary task
methods, such as the DTR (Detection Response Task[¢]), are used to obtain behavioural measures
to assess spare attentional resource. The Operation Span Test can also be used to assess spare
attentional resourcel22,

(Task) demand: Level of mental activities necessary to achieve the goal of a task. The human’s
cognitive state during automated driving may be affected by the level of task demand requested by
the current (potentially non-driving related) activity and the effort invested by the human. A wide
range of measures have been proposed. Examples of subjective measures are the Rating Scale of
Mental Effort(6Z], the NASA-TLX scalel22], and the Driving Activity Load Index (DALI) scalel281(50], In
automobile driving context, road structure (e.g. curve radius) and surrounding traffic (e.g. distance

© IS0 2020 - All rights reserved 11


https://standardsiso.com/api/?name=093c31beda1b4b58c45c6a0d2f4cb1ac

ISO/TR 21959-1:2020(E)

to an adjacent vehicle) are factors of the demand. It also depends on the driver behaviour task that a
driver can select (e.g. target speed and target time to arrive the destination). The amount of mental
resources of a person to perform the task depends on the task demand. Therefore, the demand can
be estimated by workload measures. An example of a behavioural measure to assess the amount
of demand level on the human is the standardized DRT[? to quantify cognitive workload. Another
example is the recent use of AttenD (Driver Attention System[441[29]) to measure the effect of multi-
modal demand on driver attention[261[53],

6.3 Concepts corresponding to automation related driver states

The follgpwing concepts relate to driver states associated with monitoring the driving automdtign
system dr the driving environment (see transition process model in 5.2.1 and 5.2.3).

b)

f)

12

Morlitoring the driving environment: The activities and/or automated routines that accompligh
real{time roadway environmental object and event detection, recognition, classification, arnd
nse preparation (excluding actual response), as needed to operate a vehicle’(SAE ]J3016[41]
and PAE ]J3114[72]),

Mortlitoring the driving automation system performance: The activities and/or automatgd
routines for evaluating whether the driving automation system is performing part or all of the
DDT] appropriately. (SAE J3016[71] and SAE ]J3114[Z2]) This is not limiféd to monitoring the HMI
but also includes monitoring the environment to see if the system\performs adequately for the
circimstances.

Object and Event Detection and Response (OEDR): The subtasks of the DDT that include
monjitoring the driving environment (detecting, recognizing, and classifying objects and events
and jpreparing to respond as needed) and executing an appropriate response to such objects arld
everlts [i.e. as needed to complete the DDT and/or DDFfallback; (SAE J3016[71] and SAE ]J3114[72]).

Receptivity: An aspect of consciousness characterized by a person’s ability to reliably and
appilopriately focus his/her attention in respoxise to a stimulus (SAE J3016[71] and SAE ]J3114[72])

Situption awareness: A driver’s understanding of the driving environment as it pertains to
perfprmance of DDT subtasks, including'the driver’s perception of the elements of the environmernt,
the |comprehension of their meaning, and the prediction of their near-future statusl[41ll1g]
(SAH J3114l72])

ample definition of sitpation awareness in the context of level 2 automated driving is the rate
ich the driver anticipated the safety-critical event and the timing of regaining control of the
al driving task[42}-The situation awareness does not only refer to “knowing, what to do” byit
alsofincludes time aspects of action planning “When do I have to do something?”. Depending gn
how|urgently a RtKis)assessed in a given situation, take-over times are likely to vary accordingly.

Situgtion awareness here focuses on situation awareness of road/traffic environment and does ngt
inclyde situation awareness of driving automation system (see “operating mode awareness” ard
operating’state awareness”).

SAGAT fQVrn;\hrm Awareness Globhal Assessment Tprhmmlp] has heen dpvplnnpd ta_assess level bf
situation awareness. SART (Situation Awareness Ratlng Techmque[lzl) can be applied to assess
the anticipation of a safety-critical event. Other potential indicative measures are unusual short or
long reaction times and/or subjective urgency ratings of the situation.

Vigilance: The ability to maintain attention and alertness over prolonged periods of time. In
the context of driving automation, especially a level 2 system, drivers are required to maintain
attention to road environment and system state. Since drivers are not required to operate any
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steering nor pedal operation, it may be difficult to maintain attention to driving environment, and,
as a result, they may fail to detect Rtl and silent failures.

PVT (Psychomotor Vigilance Task) has been developed to assess vigilance level (e.g. Reference
[3])- PERCLOS (percentage of time the eyes are at least 80% closed) is highly correlated with
performance of PVTI2I,

Operating mode awareness: A user’s understanding of the current operating mode of a driving
automation system. This understanding reflects an awareness of the possible modes of the driving
automation system relative to the one currently engaged (this term is adapted from SAE ]3114:

aJ

614 Concepts corresponding to non-driving related driver states

2016, 5.1). TSAE J3114:2016 further distinguishes between operating mode knowledge (5.2), which
refers to a user’s understanding of the implications of the current mode on which driving' subtasks
s/he performs versus those of the driving automation system, and operating modecontusjon (5.3),
which refers to the user condition in which he/she incorrectly believes the drivihg aufomation
system to be operating in a particular mode, reflecting incorrect or incompléte operating mode
knowledge and/or poor awareness of the current driving automation system.\mode].

Mode of the driving automation system is a system condition defined by/the distributiop of DDT
subtasks and/or DDT fallback between the user and a given drividglautomation systenp feature
ensuring completion of the DDT and DDT fallback (SAE J3114:2016;6.2).

Operating state awareness: A user’s understanding of the current operating state of @ driving
automation system. This understanding reflects an awarenéss of the possible states of the driving
automation system relative to the one it is currently in (this term is adapted from SAE ]3114:2016,
5.4). (SAE ]3114:2016 further distinguishes between/opérating state knowledge (5.5), which is a
user’s understanding of the current behaviour of the 'driving automation system as an |ndicator
of its current operating mode, and operating state-confusion (5.6), which is the user corldition in
which he/she incorrectly believes the driving.aitomation system to be operating in a pprticular
state, reflecting faulty operating state knowledge and/or operating mode knowledge).

State of the driving automation systemere refers to the operating behaviours of th¢ driving
automation system within a particular mode [e.g. when adaptive cruise control (ACC) is in ACTIVE
mode, potential states include traveling at a constant speed, reducing speed from the set|speed to
maintain a constant headway, et (SAE ]3114:2016, 6.3)].

Driver states relating to(the NDRA outlined in 5.2.2 and 5.2.3 are explained. States that mfay occur
dpring automated driving even though they are not caused by any specific activity are also in¢luded in
this subclause.

Visually distracted/loaded: Driver’s state when driver’s visual attention is focused on a non-
driving related objects for a certain period of time. If the driver/fallback-ready user is| visually
distracteéd when a Rtl is issued only through visual display, the driver/fallback-ready useir] may fail
to_detect it. It may be affected by the difficulty of visual information processing (i.e. complexity
af visual image) and the amount of motivation (see below). It is related to the allocation ¢f mental
pesource to the visual target.

b)

The time duration of eye glance away from road environment (TORSA/Time Off Road-Scene-
Ahead) and the glancing duration can be measured by driver’s glancing behaviourle8l. The amount
of mental resource allocated to glance obtained can be estimated by Eye Fixation Related Potential
(EFRP) that is an event related potential from EEG signals around the onset of fixation. Specific
measures can be used to assess the current sensory state of the user for each modality. Head
position (e.g. Reference [52]) can also be used to assess visually distracted state. Condition of
holding device for visual activity can be detected by body/hand posture.

Visual-manually distracted/loaded: Driver’s state when driver’s attentional resource is
allocated to perform a non-driving related visual-manual task. The visual-manual task is obtaining
information through the visual channel and performing hand/foot operation according to the
visual information to achieve the goal of activity. Operating a car navigation system, audio control
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d)

f)

14

(e.g. selecting radio channel), climate control (e.g. changing set temperature) and internet browsing
are visual-manual tasks. While performing a visual-manual task in automated driving condition,
the driver/fallback-ready user may fail to detect a Rtl if the driver’s/fallback-ready user's attention
is focused on the task.

In order to perform a visual-manual task while driving without automated driving system, a driver
looks at the display of the device and road environment reciprocally because a driver is required to
monitor the driving condition. When a driver uses an automated driving system (higher than level
3), glance duration to the display of visual-manual task will be longer because monitoring is not
required. Such visual behaviour can be measured by using an eye tracker system. Another method
for measuring visual behaviour is real-time driver-facing video analysis[>2] using machine learning
apprjoaches[3l. The amount of mental resource allocated to the glance to either the display, for
non-driving related task or road environment can be estimated by Eye Fixation Related Potentipal
(EFRP). Status of manual operations during visual-manual task can be measured by body posture
or dptected by signals obtained from the device. Subjective measures such as NASA*TLX[22] cgn
also|be applied to estimate amount of load of the task.

Marually distracted/loaded: Driver’s state when driver’s attentional resource is allocated {
perfprming a non-driving related manual task. The manual task concerns‘using body motions {
achigve the goal of the activity. It can include use of hands and/or feet, but ¢an also involve reachiry
out for things as well as changes to posture or even changed locations within the vehicle a
elabprated in 6.5. Examples of these manual tasks are taking off the shoes, reaching out for a coolg
drink from a refrigerator, or performing a sequence of actions to/prepare coffee. While performir
a mgnual task in automated driving condition, the driver/fallback-ready user may fail to detect
Rtl if the attention is focused on the task. The driver can alsotbe out of position with hands/arm
feet fully occupied with the task.

o O

209 2 w09

Cognitively distracted/loaded: Driver’s state when~driver’s attentional resource is allocated to
perfprming a cognitive task. Cognitive tasks include internal thoughts, mental tasks such as mental
calcyilations and verbal tasks. An example of a yeérbal task is a telephone conversation through|a
mobijle phone. During performance of a cognitive task, a driver may look forward to the road sceng,
and fhus any cognitive task may be perfornied during manual driving and with any level of driver
automation system. However, if a cognitive task is difficult and requires a large amount of mental
resojrce, detecting a hazardous event'or-detecting a Rtl may be failed or delayed.

Subjective measures such as NASA<TLX developed to assess mental workload can be applied to
ate cognitive demand of cognitive tasks. Eye related measures are expected to be used 3s
objeftive measures (See References [53]; [19]; also see [56]).

[l

Min{l wandering: A shift-of attention away from a primary task toward internal information[>7l.
Sim:ﬂlar ideas are expressed by being lost in thought[49] and mind-off-the-road[2%]. Approaches to
easurement.0f mind wandering are found in References [34] and [2].

Arotpisal level~An individual's degree of responsiveness to stimuli. The arousal level can be thought
of ag how much capacity the driver has available to work with. Physiological (e.g. blink duratiop,
EEG|alphatwave, theta-wave, etc.), behavioural measures (e.g. PERCLOS) as well as subjectiye
meafpures (e.g. KSS sleepiness self-rating, Self-Assessment Manikinl14]) are used to quantify aspects
of arousat—TheretsamimvertedY=straped retationship betweemarousatamd performmamnce { Yorkes-
Dodson’s Performance/Arousal Curve). In the context of driving automation, monitoring driving
environment while using a level 2 system in stable condition (e.g. straight highway road) requires
a low level of cognitive demand and is monotonous. Arousal level may be lowered when such a
situation continues over longer periods of time.

A person’s level of arousal can be described as a function of situational awareness, vigilance, level of
distraction and direction of attention. It determines how ready a person is to perform appropriate
tasks in a timely and effective manner. Significantly low arousal levels are expected to have a
negative impact on driver/fallback-ready user performance in take-over situations. On the other
hand, extreme high arousal levels such as panic will also have a negative impact on driver/fallback-
ready user performance in take-over situations.
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Motivation to non-driving task: Apart from the attentional effects due to the current activity
there is also a motivational factor to be considered in take-over situations: Even after a Rtl has been
issued drivers may be strongly motivated to first finish certain NDRA before turning back to the
driving task. Potential indications to quantify this factor are related to how a NDRA is continued
after a Rtl or based on a subjective assessment of the NDRA in a given situation (e.g. Reference [21]).

6.5 Driving position and posture

Apart from sensory and cognitive state, physical state of a driver/fallback-ready user is also considered.

rivapr/fallbhacly pwaodyy o narfor tho DT by Ao

\ml

hen-a-driverfallbackreadyuserisrequired-to-performthe DPbT-by-operatingasteeringwheel and
pedals, that user maintains a proper driving position. When a user is not required to usepedals and/
of hold a steering wheel, they may not keep the proper driving position. If it is quite different|from the
proper position, the driving position may take time to take-over DDT when a Rtl is issued:

Hands on the steering wheel: Driver’s postural state is that of least onecof’the driver’s hands
touching the steering wheel. There are several variations of the state of-hands on the|steering
wheel: holding the steering wheel with both hands the same as usually)held by the drivier in the
fully manual driving condition; holding the steering wheel with one hédnd as the driver usuplly does
in the fully manual condition; and just lightly touching the steering’wheel with one hand, which
is not a state that occur in fully manual driving. For the one-hand.conditions, the other hand may
hold something (e.g. nomadic device, food etc.) or be vacant. There are variations in the pgsition of
vacant hand(s): hand(s) on the lap, hand(s) on the arm rest (either centre console or door $ide) and
other positions.

State of hands on the steering wheel may affect ‘the time-based intervention perfgrmances
(e.g. intervention time and control stabilisation¢tithe in 5.3.3.2) and the quality of intdrvention
performance (see 5.3.3.3).

Hands off the steering wheel: Driver’s postural state is that both of the driver’s hand$ are not
touching the steering wheel. In this state, the hand(s) hold something or are vacant. Ip case of
holding something, the object is held by either both hands or one hand. The thing can b¢ big and
heavy or light and small. There are*variations in the position of vacant hand(s); hand(s) on the lap,
hand(s) on the arm rest (either centre console or door side) and other positions.

State of hands off the steering’ wheel may affect the time-based intervention performallzlces (e.g.
take-over time, intervenfion time and control stabilisation time in 5.3.3.2) and the quality of
intervention performance (see 5.3.3.3) (e.g. References [45] and [25]).

Hands occupied:Inability to instantly use one or both hands to resume manual driving because
the user is holdifrg Something in his/her hand. Depending on the type and size of the objedt putting
it away in a s@itable place may be complex in a transition situation.

Foot paosition: Position and posture of driver’s foot and leg during driving automation dondition
where the driver/fallback-ready user is not required to operate pedals. Typical foot ppsture is
putting one or more feet on the floor between pedals and driver’s seat. A driver/fallback-rgady user
may bend their knee(s).
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intervention performance.

Out of driving position: In the automated driving condition, a driver may move the seat to the
rearmost position to make enough space to work on a laptop computer; may start to prepare food
and drinks for a lighter meal; or may lean the seat back to spend time in a relaxed position.

Driving position affects the time-based intervention performances because more time is needed
to reach to steering wheel and/or pedals. It also affects the quality of intervention performance
because the driver/fallback-ready user may try to operate the steering wheel and/or pedals with
unusual body posture before returning seat to the proper driving position.
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7 Driver readiness/availability

Driver readiness and availability are synonymous and defined as the state of the driver during
automated driving that influences successive driver’s intervention performance to regain control of the
vehicle from the system (see 5.2) to continue driving manually, avoid a hazard or bring the vehicle to the
minimum risk condition. Driver readiness/availability is a continuous index that correlates positively
with the driver’s intervention performance. The highest value of readiness/availability is allocated to
the state of the driver that is sufficient for the intervention performance successful or equivalent to
that of full manual dr1v1ng The 1ntervent10n includes both system 1n1t1ated (1 e. intervention after the

availabiljty is low, successive intervention performance is low resultlng in longer time to achieve(the
highest yalue and perform the required intervention. Driver readiness/availability when the driver fs
performing the OEDR task with the level 2 system is higher than when the driver is performing.a non-
driving fask with the level 3 system (Figure 5).

Driver r¢adiness/availability are still conceptual but can be composed of dynamic and-static factors
of the drjiver. The dynamic factors are changeable while driving automatically anddnclude some or g1l
of the supbsets of the driver state mentioned in Clause 6. The static factors are driver’s attributes sugh
as knowl]edge of the system functions and skills to use the automated system mentioned in Clause B.
Driver rgadiness/availability is a predictor of successive intervention performance in case it is initiatgd
by the system or by the driver. Therefore, it is proposed to monitor the readiness/availability during
automatged driving via a Driver Monitoring System (DMS), (SAE J3016[71and SAE J3114172]).

When the DMS detects the readiness/availability lower than the required level, the system is expectqd
to alert the driver to be able to respond to a Rtl properly, terminate automated driving after a Rtl ¢r

bring th¢ vehicle to the minimum risk condition to avoid risk that can happen in the near futurel321[3]
[32][39],

Level of driver A
readjness/availability

Level 2 automated driving

Level 3 automated driving

>
Start of system \ Time
initiated intervention
Time to reach the
Start of system/driver readiness /availability
Initiated intervention sufficient for the
intervention performance

successful or equivalent to
that of manual driving

Figure 5 — Conceptual model of the “driver readiness/availability” in transition

8 Drivers’ experiences and attitudes regarding driving automation system

Drivers’ state and intervention performance in the context of automated driving depends on driver’s
understanding and behavioural attitude to the use of the driving automation system. If a driver/
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fallback-ready user completely relies on the system, for example, the driver/fallback-ready user may
concentrate on non-driving related tasks while using the driving automation system and may not care
about the driving environment. The driver’s understanding and the behavioural attitude are developed
in the process of being a user of the system.

Even before actually experiencing the system, people may have some system image that is formed by
information through, for example, mass media. This image can be called a prior system image. When a
driver has a chance to use the system (e.g. buy a vehicle with driving automation system), they will have
the opportunity for education and training (at a car dealer, for example). In the education and training,
knowledge of the driving automation system is given. Knowledge includes functionality, functional
limit, mechanisms of the system, and so on. When this knowledge is given, a driver gets-a|primary
uhderstanding of the system. Then, a user starts to use the system and the user’s undérstdnding of
the system is changing as user experiences the use of the system. A user’s understanding|includes
berations to use the system and user’s thought about how the system work (i.ex. mental model).
Bpsed on it, a user’s mental attitude to the system, such as trust is developed. User’s undergtanding
of the system influences the user’s behavioural attitude and actual behaviour @While using the system
(1

igure 6).
Process of being

@)

a user of DAS
Image Prior knowledge
beforehand Prior expectation Knowledge of DAS
¢ Functionality

. e Functional limit
Education and

e Mechanism

training opportunity «  Reliability
| User’s thought about how system works e HMI

¢ Mental model ¢ Role of driver

User’s User’s mental dttitude to the system

understanding *  Trust

of DAS e Distrust
e Over trust
o\ [_Trust calibration

v
User’s behavioural attitude while using DAS
e Acceptance: overtime attitude
(- ¢ Reliance: case specific attitude
e Overreliance, under reliance

l l

User’s use of
DAS -

User’s interaction with DAS User’s behaviour/manner
e Monitor | at DAS use
e Operating mode awareness e Complacency
¢ Operation state awareness e Disuse
e Misuse
o Abuse

Figure 6 — Process of being a user of a driving automation system

8.1 Prior system image

a) Prior knowledge of driving automation system: Driver’s mental model of driving automation
systems based on information available prior to personal hands-on experience with the driving
automation system. The prior knowledge may be based on information via mass media, internet,
and word-of-mouth. The user’s prior knowledge may affect the mental model of, trust in, and use of
the driving automation system.
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b) Prior expectation of driving automation system: Driver’s expectation and belief of what driving
automation system can do or how it works based on the driver’s needs or social needs. It is created
before a user has gained personal experience with the driving automation system. The prior
expectation may be inconsistent with the prior knowledge of driving automation system.

8.2 Education and training

a) Knowledge on driving automation system: The explicit information about the driving

automation system that is supposed to be informed to users at the official education and training.
do cladac tha fu Aty tha flin ol o af o

The cnaula Pt v tha f 41 1 i dx Haomats cta +L e
HOw u,uE,\, Herdeaestie Auu\,uuuuu\__y, Hre+rre e e 1v1116 aHteoatior u_yau,.u, tr

mechanism of the driving automation system, the reliability of the driving automation system,HM|,
how]to use the driving automation system, and the user’ role.

b) Fungtionality (purpose) of driving automation system: The function that the driving automatign
system is supposed to achieve. The functionality is described in the design specification. The
fundtionality is related to user’s trust in driving automation system. If the user’s prior expectatidqn

on the functionality of the driving automation system is inconsistent with the ac¢tual one, the usef’s

trusf may be inappropriate. This is related to the “purpose” dimension of trusg33],

c¢) Fungtional limit of driving automation system: Driving automation (System operating state |n
whigh the system’s manner of behaviour is undesirable from a user’s;standpoint due to transient
lapses in performance that are inherent in the system as designed and specified, rather than due {o
a sygtem failure of driving automation system, silent failure (SAEJ3114:2016, 6.1.2).

d) Mechanism (process) of driving automation system: The/way the driving automation systemn
achigves its functionality. The functional limit of a drjving automation system depends on the
mechanism. The mechanism is related to the “process” dimiension of trust[32l,

e) Relipbility (performance) of driving automation-system: Ability of the ADAS to perform gs
reqyired, without failure, for a given time interyal, under given conditionsl[Z3] (this is inconsistept
with the definition in Reference [72] which is fiiom the user's perspective).

f) Human-machine interface (HMI) of driving automation system: The medium through whigh
the yiser and the driving automation system interact with each other. A visual display is a typichl
exarpple of an HMI, but there are othepitypes of HMIs. The contents of the HMI include Rtl as well gs
information on the status of the driving automation system.

g) Rolg of user: The expected-aetivity of a given primary actor, based on the design of the driving
automation system in question and not necessarily to the actual performance of a given primary
actof. The user’s rolecdepends on the level of driving automation system, and may include
monjitoring, OEDR and-fallback[70l,

8.3 Usger’s understanding of driving automation system

8.3.1 ser’s;thought about how driving automation system works

Mental mede e _( em: jua ]

about how the dr1v1ng automatlon system behaves. Mental model is consc1ously or unconsc10usly
formed from our experiences, and it (when formed) guides our thoughts and actions to the system.
Mental model provides predictive and explanatory power for the understanding the interactionl42l,

8.3.2 User’s mental attitude to driving automation system

a) Trustin driving automation system: Trust includes from general trust in automated systems to
trust in a particular automated system. The human propensity for relying on driving automation
technology (SAE J3114). Trust is the attitude that an agent will help achieve an individual’s goals in
a situation characterised by uncertainty and vulnerability[3Z]. According to Lee & See (2004)[3Z],
trust has three dimensions: (i) purpose, (ii) process, and (iii) performance.
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Distrust: Inappropriately low trust in the driving automation system compared to the system
capability. In Reference [37], distrust is defined as “trust falling short of automation capabilities.”
Distrustisbased ondissatisfaction with drivingautomation system performance. The dissatisfaction
may come from the gap between the user’s prior expectation and his/her understanding of the
driving automation system. Distrust thus may occur even if the user understands the driving
automation system appropriately. Several types of distrust can be distinguished according to the
dimensions of trust(24],

Overtrust: Inappropriately high trust in the driving automation system compared to the system
capability. In Reference [37], overtrust is defined as “poor calibration in which trust exceeds

(o)

(o)

84 User’s use of driving automation system

4.1 User’s behavioural attitude while using driving automation system

8/4.2 User’s interaction with driving automation system

- Monitor the driving automation system performance: see 6.3.

4.3 User’'sbehaviour/manner at driving automation system

system capabilities.”

Trust calibration: Trust calibration refers to the correspondence between a person’s tryst in the
automation and the automation’s capabilities[36l[43],

Acceptance: A dynamic bidirectional process of how trust in-and use of an automateq system
is developed through interaction [Technology Acceptance Model (TAM)[L3]]. Acceptanck can be
measured as attitude, behavioural intention, or actual use of the automated system.

Reliance: By using the driving automation system, te_let the driving automation system have
control in a specific situation. Reliance could be case-specific.

Overreliance: The situation in which, despite apparently degraded driving automatiof system
performance, the user does not intervene becatse the system has not issued a warning or otherwise
seems to be performing adequately (SAE J3114:2016, 4.5.1).

Underreliance: The intentional sceptical use of a driving automation system feature. (SAE ]3114:
2016, 4.5.2).

Operating mode awafreriess: see 6.3.

Operating state@wdreness: see 6.3.

Complacency: Overconfidence on the part of a driver or fallback-ready user in his or her kjowledge
of what to expect in terms of performance by a given level 1 through 2 driving automatior] feature;
such overconfidence may lead to over-reliance and/or lack of monitoring the driving aufomation
System (SAE J3114: 2016, 4.5.1.1, modified).

b)

d)

Disuse: The intentional non-use of a driving automation system feature (SAE ]3114).

Misuse: The unintentional use of a driving automation system feature in a manner contrary to the
manufacturer’s instructions (SAE J3114:2016, 4.3).

Abuse: The intentional use of a driving automation system feature in a manner contrary to the
manufacturer’s instructions (SAE J3114:2016, 4.1, modified).
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