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Foreword

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

ies

(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

International Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents|
technical gommittee may decide to publish other types of normative document:

— an ISQ Publicly Available Specification (ISO/PAS) represents an agreement between technical experts
an ISQO working group and is accepted for publication if it is approved by more than 50 % of the memb
of the [parent committee casting a vote;

— an ISP Technical Specification (ISO/TS) represents an agteement between the members of a techn

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further three years, at which time it must either be transformed into
Internationgl Standard or be withdrawn.
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ittee and is accepted for publication if it is approved by 2/3 of the members of the committee casting

r a
b iS
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Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of patent

rights. ISQO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 16P51 was prepared ¢by—"Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC
Ergonomigs applicable to road\vehicles.
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Introduction

:2004(E)

When multiple in-vehicle information systems are present, including both transport information and control
systems (TICS) and non-TICS, various kinds of messages will be presented to drivers from these systems
and displayed at various times. If these messages are not managed properly, drivers could fail to obtain

critical information, which may degrade safety.
mgthods for TICS and other system-initiated or driver-requested messages presented to drivers wh

.

This Technical Specification establishes two

joritization
ile driving.

Other prioritization methods are possible. The primary method given in this Technical Specification takes

criicality and urgency ratings of such messages into consideration when calculating a (priority

prgsented in Annex A and its relative advantages and disadvantages are discussed.

Priprity is one of the parameters to consider in determining when, where and how system message
displayed. As TICS applications are deployed, the number and frequency offTICS messages pr|

dri

TICS suppliers with a consistent basis for the management of messagésycompeting for the driv

inf

important messages reach the driver. This Technical Specification cemplements ISO 15005 [3],
mgnagement standard.

This Technical Specification is intended for those involved invthe design of message manageme

th
for

standard equipment and for after-market TICS devices:

rnative method involving paired comparisons of all possible messages to form 'a -priority

ers can be expected to increase. This Technical Specification will provide\road vehicle manufaq

index. An
matrix is

s are to be
esented to

turers and

er's limited

rmation processing capability. This, in turn, will reduce the driver’s workload and help ensure that the most

a dialogue

Nt systems

integrate in-vehicle messages. It describes how to establish message priorities. It also specifies criteria
message prioritization and, therefore, serves as_an evaluation tool for TICS installed in Vehicles as

© 1SO 2004 - All rights reserved
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TECHNICAL SPECIFICATION ISO/TS 16951:2004(E)

Road vehicles — Ergonomic aspects of transport information
and control systems (TICS) — Procedures for determining
priority of on-board messages presented to drivers

1 | Scope

This Technical Specification provides formal procedures and two, alternative, metheds)(users are |advised to
chgose whichever of the two suits their individual requirements) for determining. the priority of on-board
megssages presented to drivers of road vehicles by transport information and control systems (TICS) and other
sygtems. It is applicable to the whole range of TICS in-vehicle messages, including traveller information,
nayigation, travel and traffic advisories, “yellow pages” information, warnings, systems status, ¢mergency
calling system information, and electronic toll/fee collection, as well as to-messages from non-TI¢S sources
su¢h as telephone, warnings and telltales. Although applicable to systems that allow the free geheration of
megssages, it neither provides guidance on how to use the messages deriving from its procedurg¢s nor is it
applicable to mandatory or legally required messages.

2 | Terms and definitions

For the purposes of this document, the following terms and definitions apply.

contents of message
rmation presented to a user by the TICS or other on-board system

EXAMPLE A message containing, system status information, warnings or alarms presented using|characters,

seyerity of the impact.of the most likely accident or malfunction that can occur when the mesgage is not

deyice that.allows the presentation of visual, auditory, or haptic dynamic information to a driver

driving
activities undertaken by the driver to navigate, manceuvre and handle the vehicle to achieve lateral and
longitudinal control

25
evaluator
person who judges the contents of a message from the point of view of criticality and urgency to the driver

2.6

examiner
person who manages and conducts the use of this Technical Specification for determining priority

© 1SO 2004 - All rights reserved 1
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2.7

ke

weighting of criticality used to calculate the priority index

2.8
k,

u

weighting of urgency used to calculate the priority index

2.9

message management system
system th@T controls and evaluaies a wide range ol _mjormation and presents it ergonomically 10 drivers,

allowing th

2.10
priority
relative im

em to cope with the information while driving and assisting them in driving safely and comfortably

bortance of two or more messages which determines their ranking in a time sequence or emphg

of presentation

NOTE
priority item|

211
priority in

The message with the highest priority is assigned first place (larger priority ratings correspond to hig

5).

Hex

index used to determine which messages should be given precedence /when two or more messages

available fi

212
scenario
explanatio

213

br presentation

n of the driving context and situation for the message presented to evaluators

system-injtiated message

message f
request frg

214
transport
TICS
system co
that contrik

NOTE

215
urgency
time withir]
derived fro

rovided by a TICS or conventional system (both inside and outside of the vehicle) without a speg
m the driver
nformation and control system

mprised of an advancéd)information and telecommunications network for users, roads and vehid
utes to solving problems such as traffic accidents and congestion

See ISO/TR 148131 for a list of TICS services [4].

which driver action or decision has to be taken if the benefit intended by the system is to
M-the message

sis

her

are

ific

les

be

3 Data

collection for the priority index procedure

This clause presents the steps for collecting the data used to calculate a priority index for each message. See
the example outputs given in Annex E and Annex H.

3.1 Appoint an examiner

The priority index procedure requires an examiner to coordinate the data preparation, analysis, and reporting.
The role of the examiner is detailed in 3.6.

© ISO 2004 - All rights reserved
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The examiner shall be familiar with the prioritization process, knowledgeable on message management, and
have automotive experience.

If the examiner has similar qualifications to that of the evaluators, the examiner may participate as both an
examiner and evaluator.

3.2

Identify and assemble messages

It is necessary for the examiner to identify in advance messages that are to be presented to drivers. Generally
speaking, the messages represent the aggregate output given by the TICS and non-TICS connected to a

m
to

3.3

Fo
the

Th
be
Pa
ha;
the

Th

evaluated. This is because messages may occur in several different driving contexts, and each co

SSage management SyStem. The examiner shall colfect these messages and prepare them for p
he evaluators.

Define driving context and situation

each message, the examiner shall define, or assist in defining, a driving context@nd situation
road environment and the traffic condition in which the message is likely to be-presented.

e contextual and situational factors should be defined at the moment/when the message is
cause the priority (assignment of criticality and urgency ratings) depénds heavily on the drivi
ticular attention should be given to the presentation of messages ‘in potentially hazardous sit
rardous situations should be considered, except for highly unlikely‘possibilities. Based on thesq
examiner may define one or more (normally not more than four)‘scenarios for a particular messa

b same message in two different scenarios shall be regarded as two different information it

J

esentation

n terms of

presented
g context.
ations. All
situations

ge.

ems to be
htext could

yield a different message priority. For example, the priority given to a message pertaining to| a system
mdlfunction will be different depending on whether the' driver is starting the car or is relying on {he system
whjlst driving.

If ganly one scenario is used for a given message, that scenario should represent a reasonable “Worst-case”
sitgation. At minimum, a TICS or non-TICS expert and the examiner should agree on the worst-case driving
scenario. A traffic safety expert may also‘be consulted.

3.3.1 Consider the sensing capability of the vehicle

In practice the messages that are provided to the driver will depend on the capability of the vehicle {o sense or
defect various relevant sjtuations. For example, if the vehicle can detect the driver’s state of arousal, then the
driyer’s state can be considered in describing the driving scenario.

Fo

scenario representing a “reasonable” worst-case situation for the factors listed in 3.3.2.

3.3

Ta

situations inwhich the vehicle is incapable of sensing, the message priority should be detern

.2 FEactors to consider in developing the driving scenarios (see Table 1)

hined for a

ble”1 is provided to assist the examiner in developing driving context and relevant situations. Al

sample of

situation and context factors is given in the rightmost column. The examiner may use these or other factors to
define driving scenarios. If the context cannot be categorized into one of the candidate factors listed in Table 1,
it should be clearly described within the “Other” parentheses. If neither the context nor situation is defined for
one of the factors, select “not defined (N-D)” from the list of the candidates.

The following factors should be considered in developing the driving contexts and situations for evaluators to
consider when making their ratings.

© 1SO 2004 - All rights reserved
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3.3.21

Trip context

The trip context is a factor that considers the aim of the trip (e.g. commuting, leisure), the timing or position
along the route (e.g. relative position between start and destination), and the preparatory distance to the next

all
the

ing

ect
bed

ad.

the

ith

manoeuvre.
EXAMPLE “Close (e.g. 20 m) to turn (or merge)”.

3.3.2.2 Road environment

The road ulIViIUIIIIICI Ii ;b d btd‘lib fdbtUl |ciatcu' tU anL,II btl uu‘lwc ti Idt affcbta dl;V;llg. CUIIb;U‘CIdﬁUI 1S O
include thg road type (e.g. highway, urban road, country road), the speed limit, the number of lanes, and
road width| Consideration shall also be given to the effect on driving of the surrounding environment, inctud
weather cgnditions and time of day (e.g. morning, daytime, night time, raining).

3.3.2.3 [Traffic situation

The traffic| situation is a dynamically changing factor related to traffic or obstacles on_the road that aff
driving. Cgnsiderations here include the relationship to other vehicles, such as headway distance and spe
difference fo the lead vehicle.

EXAMPLE “Headway distance”.

EXAMPLE 2 “Lateral vehicle exists”.

EXAMPLE “Speed difference to the lead vehicle”.

3.3.2.4 Nehicle condition

This factor|originates from the vehicle itself and derives from the relationship between the vehicle and the rg
Vehicle copdition can be separated into “vehicle type/-and “vehicle state”.

EXAMPLE Vehicle type: “passenger vehicle”, *heavy vehicle”.

EXAMPLE 2 Vehicle state: “driving speed’; “driving in left [right] lane”; “negotiating curve [intersection]”; position of
vehicle with|n a lane.

3.3.3 Dofument the driving context and situation

The defined driving context,ssituation, appropriate driver behaviours and/or cognitive demands associated v
each mesgage shall be daCumented. An example for a specific configuration is given in Annex E.

4 © ISO 2004 - All rights reserved
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Table 1 — Factors to consider in developing driving scenarios

Driving context/situation Candidate situational or contextual factors

Close to turn (or merge, or diverge)

Trip context Other (...... )

Highway / urban / country / curve / icy / wet

[l A H HwA )
opeTTTt -/

Road Number of lanes (...)

Rqgad environment: N-D

Rain / fog

Time of day (morning / daytime / night-time)
Weather

Headway distanee is approx. (...) mor(...) s
Lateral vehicle(s) exists (yes or no)

Traffic situation
Speed difference to the lead vehicle is approx. (.}.) km/h

N-D

Passenger vehicle / heavy vehicle
Type Other (...... )

Driving speed (...) km/h (mph)
Driving in left (or right) lane

Status on readway / Curve (intersection) negotiation

Vdhicle condition mangosuvre
Other (...... )
N-D
Systems check after start-up shows all systems are normal
Status of vehicle Malfunction of system (...... ) — provide relevant|details
subsystem(s) Other (...... )

Driver’s state of arousal
N-D

Milscellaneous

N-D Not defined.

© 1SO 2004 - All rights reserved 5
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3.4 Select the evaluators

The examiner shall select a minimum of 5 evaluators (see 4.1 and Annex C).

Evaluators should include experienced human factors and road safety practitioners and others who possess a
good understanding of the functions of the subject TICS system. They must be well-informed of the traffic
environment and road environment of the subject country/region and have the ability to evaluate and take into
account the safe presentation of messages. Actual use of the system is recommended for all evaluators.

The profile of each evaluator should be recorded. Profiles should include field of expertise, knowledge of road

safety, hu

3.5

The contents of messages and the driving scenarios shall be explained by the examiner so that.the evaluat
have a co
being exar

Examiners
criteria cor
scales use

Each evall

In general
considered
However,
when the s

If the exa
consider a
worst-casg

3.6

The role of

a)

b)

d)
e)
f)

g)

Evaljuate criticality and urgency of a message

Inst

recorg

create
the qu
provid

explai
mean

dan Taclors, and kKnowleddge oOr the systems proaucing messades that are prioritized (see Annex 4

mmon understanding of the scenario, the functions of the system, and the contents of messa
hined.

shall ensure that evaluators understand the definitions of criticality and urgency, the two evaluat

d to assign criticality and urgency values (see Tables 2 and 3).

ator shall assign a criticality and urgency rating for each message assuming he/she is the driver
urgency will be time dependent. Controllability is onecof the important factors that must
in determining urgency. If the situation is uncontrollable;-ho action shall be expected from drive

f there is a possibility of controlling the situation, thernurgency shall be determined depending

ystem expects drivers to take an action to handle jtl.

miner has not fully defined the driving contéext and situation, evaluators shall be instructed

| hazardous situations, except for highly, dnlikely possibilities. They should assume a reasond
scenario when determining their criticality and urgency ratings.

ructions for the examiner

the examiner is to

information about each)evaluator in the evaluator profile (see Annex D),

the questionnaire”according to Annex E for the vehicle and system to be evaluated, and distrib|
estionnaire and\Tables 2 and 3 to each evaluator (definitions of criticality and urgency should

ed with the guestionnaire),

h the evaluation items and the contents of the message(s) in the questionnaire, while providin
5 fof evaluators to record the driving context and situation they used in making their evaluatig

).

ors
jes

jon

nposing the priority index. For this, evaluators must understand the four-category ordinal evaluation

be
Br'S.
on

ble

ute
be

J a
ns,

wheng

vehthe examiner’s description was not clear or sufficient,

explain the classification of criticality and urgency according to Tables 2 and 3,

explain how to record the rating for criticality and urgency in the appropriate column of the questionnaire,

collect the questionnaire, and

analyse the data and report the results.

© ISO 2004 - All rights reserved


https://standardsiso.com/api/?name=77a41e2d64f787aaf60b919d7f9e0b1a

ISO/TS 16951:2004(E)

Table 2 — Criticality rating scale

Risk to vehicle,

Rating occupants and/or Examples
pedestrians
Ignoring speed warning when driving significantly above the speed limit.
Collision as a result of loss of braking due to ignoring the brake failure warning.
Departing roadway due to ignoring lane departure warning.
3 Severe or fatal injury

Collision-at-high speed
~ Ll

speed.

Leaving the roadway, head-on collision and collision with structures @atinfermediate

Following vehicle ahead too closely at high speed.

Risk of collision due to following a vehicle ahead too closely at intermediate speed.

NQTE 2

NQTE 3

NQTE 4

2 Injury or possible injury | Vehicle(side)-to-vehicle(side) collision due to ignoring collision warning a
intermediate or low speed, vehicle leaving the road, head-on collision andl collision
with structures at intermediate or low speed.

Vehicle-to-vehicle collision except head-on.callision at low speed.
1 No injury (vehicle Following vehicle ahead too closely at low,speed.
damaged)
Collision with structures at low speed.
o |Noinjury (no vehicle Vehicle-to-vehicle contact at very‘low speed.
damage) Collision with structures at véry low speed.
NQTE 1 Initially, three ratings scales were used in calculating.alpriority index. See Annex F for the reason for reducing the number

of fating scales to two.
Only a few examples are shown above. These.can be expected to vary in criticality from region to region depehding on the
rodd environment and other situational and contextual factors. Therefore, examiners are able to alter them at their discretior).

The examples shown here illustrate that'a warning message can be assigned a high criticality rating, even if fdilure to
regpond to the warning does not result in a crash.

Driving speeds vary by country. The.speed values (km/h) for “very low”, “low,” “intermediate”, and “high” speef will
depend on the country and on elements of the.driving scenario such as urban, suburban, or expressway roads.

Table 3 — Urgency rating scale

Rdting

Description

Examples

Respond.immediately

Obstacle immediately in the vehicle path. Brake

ions.

3 | Taketinimediate action or decision (within zero to three |Immediately. Steer to avoid dangerous situa
seconds) according to the displayed information. ACC malfunctioning.
Respond within a few seconds Obstacle within a few seconds in the vehicle path.
2 Take action or decision according to the information Brake in a few seconds. Steer away from|danger as
within 3 to 10 seconds []. required.
Response preparation
1 Prepare to take action or decision according to the Onset of detection of an obstacle.
information within 10 seconds to 2 minutes.
0 Information only Svstem on
No direct action or decision required by driver y ’
© 1SO 2004 - All rights reserved 7
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3.7 Alte

rnative method for determining message priority

An alternative method for determining message priority, the priority matrix method, is given in Annex A. This
method determines priority subjectively by having subject matter experts make pair-wise comparisons of all
messages. It involves neither the steps of rating criticality and urgency based on Tables 2 and 3 nor the

calculation

of a priority index according to Clause 4.

4 Data analysis for priority index
41 General
This clause provides a method for calculating the message priority index based on evaluator' ratings

criticality (¢;) and urgency (u;).

Since the

number of evaluators affects the reliability of the overall index. Therefore, ten or(more evaluators
recommenided in order to make the priority index reliable (See Annex C). However, féwer than ten evaluat

are accep
procedure
should be

4.2 Select weights

In order to
need num
one way is
k,and k, t
that &, = k|=
and urgen
ratings ran
contributio

4.3 Calc

Priority Pij

the following Equation (1).

riority index for each message is obtained by averaging the priority indexes of eaeh evaluator,

able if the standard deviation across evaluators is small enough1). Anfiex | contains an exam|
for determining acceptable standard deviations. In all cases, the migisium number of evaluat
five, to avoid bias by the selection of evaluators.

use this Technical Specification, those involved in the design of the message management syst
prical values of &, and k,, as the first step. When theregis no established rule to determine k. and

ased on emplrlcal data. An example of the method is shown in Annex G. This example indica
=1 can be used as rounded values for the weight factors. The evaluator’s ratings of criticality
Cy (u;) given in Clause 3 are used to calculate prlorlty index P; in 4.4 [see Equation (2)]. As

ge between 0 and 3 for both criticality and.urgency (see Tables é and 3), k. = k, = 1 means that
h of criticality and urgency to the priority/index would be the same.

tulate priority Pij

ndicates the relative impertance of the ith evaluator and jth message and is calculated according

cij+ kuuij

is the individual value for priority index;

of

the
are
ors

ple
pors

em
k

u’

to assign 1,0 to k and k making criticality and urgency equally important. Another way is to obfain

tes
(Ci)
the
the

to

u;; | are the individual scores, respectively, of criticality and urgency;

k., k,

are weight factors respectively of criticality and urgency against p, (see 4.2).

1) The definition of “small enough” variance is still being investigated.

© ISO 2004 - All rights reserved
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4.4 Calculate arithmetic mean and standard deviation of priority index across evaluators for
each message

The arithmetic mean P; , given by Equation (2), is the priority index, which indicates the relative importance of
the jth message:

i i/n

:i(k Cy +kwu;l.)//n (2)
=1
= llcCC j+kU;
where
P, is the priority index of the jth message;
C,U;, are the mean score across evaluators, respectively, of criticality and urgency of the jth message;
n is the number of evaluators.

Stgndard deviation o, given by Equation (3), indicates the relative confidence of the priority index of the jth
mgssage.

where
o; is the standard.deviation of the jth message;

V; is the variance of the priority index of the jth message.

4.8 Calculate PJ and oj

Repeat Equations (2) and (3), calculating P; and o for each of the j messages.

4. Determine priority order

Rank the messages in terms of their P values; then list the messages in descending order (larger values
correspond to higher priority items). When items have the same numerical P; values, priority should go to the
message whose mean criticality score C; is higher.

Prepare a priority order table that lists the numerical values G and Uj, and P; and o, for each message
evaluated.

An empty table for displaying an example of a priority index calculated by assigning 1,0 to &, and k_is shown
in Annex H.
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4.7 Evaluate data quality

For the evaluators’ priority ratings of each message, verify that a sufficient level of agreement among
evaluators was achieved to ensure sufficiently high data quality. This can be done using either of two different

methods. The agreement is sufficient if:

a) more than half the number of evaluators agree on the criticality and urgency ratings of a message, or

b) the standard deviation of priority index is less than 1,0 (see Annex I).

If neither was th the examiners shall interview the evaluators t k_if the explanation of m ge
context wgs ambiguous. If so, the examiners shall clarify or provide additional details of the driving coniext

and situatipn to the evaluators, and the evaluators shall re-evaluate the messages.

NOTE In cases where re-evaluation takes place, messages that in the first evaluation achieved an ayerage criticality

of less than|0,5 and an average urgency of less than 1,5 need not be considered in the re-evaluation.

5 Appljication of results

5.1 Prigritization of priority ranking

As a general principle, designers should use the priority rankings to avoid’'the simultaneous presentatiorn
messages| This is particularly important with auditory messages. If tweyor/more in-vehicle messages need
be display¢d to the driver at the same time, those with larger priority rankings should be emphasized. After
message(g) has been presented to the driver, the driver should be)in control of selecting, deactivating, 3
cancelling messages, independent of priority, except for messages regulated by law.

Even if the| process for determining a priority index is performed adequately in accordance with Clauses 3 tq
it can somgtimes happen that the standard deviation of .one message is extremely large compared with th
of other messages. This might be caused by differences in evaluators’ understanding of the criticality &
urgency off messages. Therefore, due attention should be paid to handling such messages by, for examj
devising special means of message presentation:

5.2 How to deal with additional messages

When new TICS systems or messages’ are developed, it is necessary to establish the priority for such n
messages| If any evaluator is replaced with a new evaluator, he/she should be selected from a sim
discipline as the previous evalyater (see 3.3).

The proceflures according t0”3.2 to 4.5 shall be performed only when additional messages are added. T

values obfained by these-procedures shall be put into the appropriate position of the priority order ta
already obtained according to 4.6 to determine the priority orders of the new messages.

5.3 Dodumentation

hse
nd
le,

ew
ilar

he
ble

The exami
a) evaluators’ profiles (see Annex D);
b) list of messages with driving situations (see Annex E) and consequences if a message is ignored;

c) priority index of each message (see Annex H).

5.4 Other

The installed priority ranking should be communicated to the driver by appropriate means (e.g. operator's

manual).
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Annex A
(normative)

Priority matrix method

A.1 Overview of method

TI@S messages. It can be used in lieu of the method according to Clauses 3, 4 and 5. The-basiqg idea is to
avgid the mathematical formulation of an abstract criterion (index) based on criticality and urgency gnd instead
list| all the messages that will be presented to the driver in a matrix format with » (i.ex number of all the
megssages) columns and rows. Messages are formulated exactly as they would be displayed in the vehicle.
Eaph message should clearly describe the behaviour or malfunction of the system> Experts thep compare
each pair of messages, and the message with higher priority is recorded. The procedure is repeated until all
possible pairs of messages are compared.

Thf priority matrix is an alternative method for determining priority when there are competing TIC$ and non-

A.R Advantages and disadvantages of method

This method has been chosen because it fits well into the _éngineering process of the humgn-machine
interface (HMI) development.

a) | Main advantages
—| The method can be performed with the existing\eXperts for the respective systems, there being no need

to involve persons with an in-depth knowledge, of all warning messages in the car (who could [be hard to
find, even in an automotive company).

—| Optimisation of system reaction is rather easy (see Annex B), with any necessary adjustment|able to be
done in the respective cell without.influencing any other parts of the system.

b) [ Main disadvantages

— | All possible pairs of messages should be evaluated, which can result in a large number of evalyations.

—| System reactions based on the priority matrix require more device memory space to implement

A.B Requirements for examiner and evaluators

A.B.1 ExXaminer

The ‘examiner shall be expert in the TICS systems being evaluated and have HMI experience, or shall be an
HMI expert with a good understanding of the TICS systems being evaluated. The examiner shall also be
familiar with the prioritization process, knowledgeable on message management, and have automotive
experience. The role of the examiner is detailed in A.5.

A.3.2 Expert evaluators

Evaluators shall be selected from experts (specialists) of the respective TICS and non-TICS systems. HMI
experts may also serve as evaluators. At minimum there should be one such expert evaluator representing
each TICS.

The expert evaluator should possess a good understanding of the functions of the subject TICS or non-TICS
system, be well informed of the traffic environment and road environment of the subject country/region, and
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have the ability to evaluate and take into account the safe presentation of messages. Actual use of the system
is recommended for all expert evaluators.

The profile of each expert evaluator should be recorded. Profiles should include: age, gender, expertise,

experience in terms of years in his or her field of expertise, and experience in terms of years in the study of
TICS human interfaces (see Annex D).

A.3.2.1 Expert opinion

The expert evaluator determines the priority for each individual message on the basis of his or her good
knowledgegofthesystenTorof attthemessages that cambe disptayed:

Criticality and urgency are considerations to be discussed when making the priority judgment for ea¢hypair of
messages| The criteria of criticality and urgency are implicitly included in every priority decision, There is|no
need to explicitly rate criticality and urgency in order to determine priority, as is done in the priority index
method.

A.4 Procedure

A.4.1 ldgntify and assemble messages

The examiner shall collect in advance messages that are to be presented)to drivers. Generally speaking, the
messages| represent the aggregate output given by the TICS and“hon-TICS systems connected to the
message anagement system. The examiner shall prepare the priority matrix for presentation to the expert
evaluators| All the messages that can be displayed are entered into the matrix, with each message appearjing
in a colump and in a row (see Table A.1).

A.4.2 Define driving context and situation

For each message, the examiner shall define, or assist in defining, a driving context and situation in termg of
the road epvironment and the traffic condition in-Which the message is likely to be presented. This definitjon
serves twg purposes. It clarifies the drivingscontext and it distinguishes between different situations, when
those situdtions could influence the message priority and/or the system reaction.

A.4.2.1 Clarify driving context
Driving coptext and situation can-be classified into “trip context”, “road environment”, “traffic situation”, and
“vehicle cgndition” (see 3.3.2):\For each message, these contextual and situational factors should be defiged
at the moment when the /message is presented because the priority depends heavily on the driving contgxt.
Particular pttention shodGld"be given to the presentation of messages in potentially hazardous situations.|All
hazardous| situations.should be considered, except for highly unlikely possibilities. Based on these situatipns
the examirnjer may define one or more (normally not more than four) scenarios for a particular message.
If only ong scenario is used for a given message, that scenario should represent a reasonable “worst-case”
situation. At minimum, a TICS or non-TICS expert and the examiner should agree on the worst-case driving
scenario. A traffic safety expert may also be consulted.

A.4.2.2 Differentiate between situations

Messages occur in several different driving contexts, and in some cases each context yields a different
message priority. For example, the priority given to a message pertaining to a system malfunction will be
different depending on whether the driver is starting the car or is relying on the system whilst driving. This
requires that the different scenarios be distinguishable by in-vehicle sensors.

In those situations, the same message in two different scenarios shall be regarded as two different information
items to be evaluated. Each scenario will have a separate row and column in the priority matrix.
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A.4.2.3 Document the driving context and situation

The defined driving context, situation, appropriate driver behaviours, consequences if the message is ignored
and/or cognitive demands associated with each message shall be documented (see 3.3 and Table 1). An
example for a specific configuration is given in Annex E.

A.4.3 Evaluate the priority of messages

The contents of messages and the driving scenarios shall be explained so that the expert evaluators have a
common understanding of the scenario, the functions of the system, and the contents of messages being

examined-

Th

Th
meg
rov

WH

pri
TI

knpwledge of, both applications and can do the comparison alone. If ng~agreement is reached, t

b expert evaluators shall understand the definitions of criticality (2.2) and urgency (2.15).

b expert evaluator assesses and records the priority of the row message compared.'Wwith t
ssage for each cell of the matrix. (A cell is the point of intersection of two messages/from a col
. See Table A1)

en determining priority for messages coming from two different TICS or nansTICS systems, f
prity between two messages is obtained by the agreement of the expert evaluators from the
LS or non-TICS systems. In some cases, the same person may be responsible for, or may ha

he column
umn and a

he relative
respective
e in-depth
he topic is

dispussed under the supervision of the examiner, an HMI expert. If no agreement is yet reached, the priority is
dec¢ided by the vote of the two expert evaluators and the examiner.
An|example of a priority matrix is shown in Table A.1. The example is intended to clarify the method, not to
redommend priorities for application.
Table A.1 — Example priority matrix
Column message
Row message . .
Fasten your safety Minimum fuel level Malfunction oil Receipt ¢f an SMS
belt pressure
Fqsten your safety belt X + + D
Mipimum fuel level X + D
M*Ifunction oil pressure X =
Rdceipt of an SMS X

+

0

the column message has ‘a_higher priority than the row message
the column message.has-a lower priority
two messages have equal priority

NG

TE It is_only necessary to fill in half of the matrix to assess priority for all possible pairs of messages.

A

.p _Instructions for the examiner

The examiner’s role is to

a)
b)
c)
d)
e)
f)
g)

record information about the expert evaluator in the evaluator profile (see Annex D),

create messages together with scenarios to describe the driving context and situation,

create the priority matrix and distribute it to expert evaluators, explaining the scenarios.

collect the responses and check whether there are different opinions in some cases,

if differences exist, arrange a discussion and resolve differences between the expert evaluators
check all results for consistency, and

analyse data and report results.

© 1SO 2004 - All rights reserved
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A.6 Documentation

The examiner shall issue a report containing the following topics:

a) evaluators’ profiles,

b) list of messages with driving situations and the consequences if a message is ignored,

c) priority matrix, if this intermediate result is produced,

d) systenqrresporseTmattix (seeAnmex B);amd

e) list of ppecific scenarios if these are important for the decision in a specific cell in the matrix (thellist dpes
not nged to be complete because the situation in many cells is obvious).
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Annex B
(informative)

System reaction matrix for priority matrix method

B.1 System reactions to prioritized messages

The main purpose of prioritizing messages is to manage messages and ultimately determine _the system
redction for displaying the message to the driver. The priority matrix is useful as an intermediate|result that
dog¢s not generally take into account the specific display system features. Whilst this Technical-Specification is
no{ intended to address system reactions after the message priority has been determined, an g¢xample of
sygtem reactions is provided here for information only.

The procedure for system reactions is similar to the priority matrix procedure. The rows of the matrix represent
thg current messages (i.e. the messages which are currently displayed), and the-columns represert incoming
mgssages that compete with the current messages. For each pair of messages the system feaction is
redorded in the appropriate cell of a system reaction matrix (e.g. a timé~-out for the present watning). The
possibilities for system reactions will depend on the capabilities of the device that displays the mesdages.

EXAMPLE Warnings from the navigation system and from the ACC¢come into conflict. The experts fof navigation
and ACC decide the priority, if necessary under the direction of a humap’ factors expert. By making an entry in the cell,
both the priority and the system performance are regulated. For example, the system reaction might be to [nterrupt the
nayigation direction advice and connect in the audio source with the ACC system. This means that the overall system
behaviour can be described in a very comprehensible way.

o

Some examples of the many possible system reactions-that could be chosen by a system designer |nclude:
—| message overrules existing message,
—| message is displayed after x seconds,
—| messages are shown alternating;

—| messages are shown simultaneously,

—| message changes to audifory channel.

B.2 Examples(see Table B.1)

Exgmples are'provided to illustrate how the system reaction matrix is used with the priority matrnix method.
Nejther the\priorities chosen in Table A.1 nor the possible system reactions in Table B.1 are recommended for
future application.

EXAMPLE 1 The current message is the warning message “Fasten your safety belt”. The incoming megsage is the
warning message “Minimal fuel level”. Regulation of priorities: the information concerning the fuel level is more important
than the message concerning the safety belt and, therefore, replaces this message. In this cell the number “2” is entered.

EXAMPLE 2 The current message is the warning message “Malfunction oil pressure”. The incoming message is
“Receipt of a SMS”. Regulation of priorities: the oil-pressure warning has a higher priority than the SMS-message. The
SMS-message is not displayed. The number “1” is entered in the cell.

EXAMPLE 3 The current message is the message “Receipt of an SMS”. The incoming message is the message
“Fasten your safety belt”. Regulation of priorities: the incoming message is displayed after a time-out of 20 s. The number
“3” is entered in the cell.

EXAMPLE 4 The current message is the message “Minimum fuel level”. The incoming message is the message
“Malfunction oil pressure”. It is assumed that both messages are brief, so they are displayed simultaneously. The number
“0” is entered in the cell.
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Table B.1 — Example system reaction matrix

Current message

Incoming message

Fasten your safety

Minimum fuel level

Malfunction oil

Receipt of an SMS

belt pressure
Fasten your safety belt X 2 2 3
Minimum fuel level 1 X 0 1
Malfunction oil pressure 1 0 X 1
Receipt offamSMS 3 t 2 X

0 messades can be relayed simultaneously
1 incoming message is not displayed

2 currentmessage will be removed, incoming message will be displayed
3

incominjg message will be displayed after a time-out of 20 s

16
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Annex C
(informative)

Rationale for recommended number of evaluators
for priority index method

At
falg

C.

1—Objective

rocedure is described for determining the number of evaluators, N, needed to keep the error-be
ely concluding that Message B has higher priority than Message A, when in reality the oppesite i

2 Detailed explanation of the procedure

If
ob

pri
bef

C.]

In

as?umed to be normally distributed, then the distribution of the difference-between any two prior

e true variance, S, of the priority index is known, and if priority indexes\for each of the meg
ained by having N persons evaluate each message can be specified” This difference betwe

brity indexes will have a normal distribution with a variance of 2 S/V and a mean equal to the
ween the two means 2).

P.1 Conduct pilot study

prder to determine N, a study was conducted to.evaluate message priority for a variety of

Si

terms of criticality and urgency, and the means and-variances of the priority indexes were computs
megssage, using the method described in Clause\4. The evaluators also rated every pair of messag
of [the level of importance. A judgement tatio, which is the percentage of evaluators who be
megssage was more important than the other, was computed for every pair of message combination

Sep Figure C.1. The relationship between priority index difference (horizontal axis) and evaluators’
ratjo, which indicates the ratio of\evaluators who believe one message was more important thar

teen evaluators were asked to assign a rating for each of 22 messages. The evaluators assigne

low 5 % in
s true.

sages are
ty indexes
en the two
difference

messages.
J ratings in
d for each
bs in terms
ieved one

D.

judgement
the other

(vertical axis), was found for 462'pairs (22 x 21) of messages. Applying regression analysis to the data to fit a

culbic expression, the following formula was obtained:

Relative number of jGdgément = 0,5 + 0,26 x (priority index difference) — 0,01 x (priority index difference)? (C.1)
C.2.2 Calculate the number N
Assume that,)in order to be confident, Message A truly is more important (i.e. has higher priority) than
M¢gssage B, at least 70 % of a large number of evaluators should make that judgement in g pair-wise
comparison of these two messages. That is, the probability that Message A has greater pfiority than
M¢gssage B is 0,7. Call this probability P70. 'I

2)

Assuming that the priority index of Message A is a random variable which takes a normal distribution with mean x;

and variance S4/N, Message A’s priority index derived by averaging the priority indices from N evaluators will have a
normal distribution with mean x4 and variance S4/N. In the same way, Message B’s average priority index obtained from N
evaluators will have a normal distribution, with mean x, and variance Sy/N. The difference of the average values will also
have a normal distribution, with mean x4 — x, and variance (S + S5)/N [standard deviation (SD) is /S + S2 /\/ﬁ]. If the
variances are assumed to be homogeneous, i.e. S1 and S, have the same value S for all messages, the difference of the
average values will have a normal distribution, with mean x4 — x, and variance 2S/N (SD is /25 /N ). The assumption of a
normal distribution is not necessary for this relationship.
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When the priority index procedure is applied to these same two messages, the priority index of Message A,
calculated by averaging the priority indexes obtained from N evaluators, should be greater than the priority
index of Message B. The number of evaluators, N, needs to be large enough so that the probability of finding
instead that Message B has a larger priority index than Message A is small (i.e. less that 0,05).

a) Step 1: Calculate P70

Use the results of the study to calculate the priority index difference between the two messages where 70 %
of the evaluators judge that one message is more important than the other.

From Equs

b) Step ?

Assuming
0,79 and

0,05 and t
indexes is

The condit
0,79/

Solving thi
below 5 %

In fact, it
16 evaluat
evaluators

age A having the greater priority index.

age A when the true priority order (P70) of two messages has a priority index difference of 0,

ariance 2S/N (= 1,58/N), calculate the number N such that the cumulative probability is less th
he observed priority index difference is less than 0 (i,e: the observed difference between prig
reversed from the true difference).

on that the probability of a negative difference.is,less than 0,05 is
,/1,58/N) <164

5 equation gives N > 6,8. This means.that 7 or more evaluators are needed in order to keep the
of concluding the less important message has the higher priority.

is probably best to have thoere than 7 evaluators, since the study described here only us
brs and 22 messages to-estimate population mean and variance. For this reason, 10 or m
are recommended.

the

ter
79,

the true priority index difference between two messages.follows a normal distribution, with me¢an

an
rity

isk

sed
ore
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Figure C.1 — Relationship between relative number of.judgement and difference of priority index
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Key
X mean of difference of priority index
Y relative number of judgement

Figure C.2 — Relationship between relative number of judgement
and mean of difference of priority index
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Annex D
(informative)

Example evaluator profile

Evaluator

Name

Date of binth

Gender

Company/prganization

Expertise

Systems W

orked on

Experience

Years of expertise

Years in TICS

Company/organization

Expertise

Systems worked on

University System design_(R&D) In-vehicle message system
Public laboratory Product design ACC
Automotive industry System-evaluation Navigation and RGS
QEM parts supplier Human factors FVCWS
Other mlanufacturer (pls. specify) Traffic management Display
Government organisation Traffic safety General

Other

Accident investigation

Other (pls. specify)

Marketing

Other (pls. specify)

20
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Annex E
(informative)

Driving scenarios

ISO/TS 16951:2004(E)

TICS -
TICS - TICS - TICS - - e
TICS and Other Systems Collision | Collision | Collision | ~ i -———iTICS - ACC
. . . System | Departure
avoidance | avoidance | avoidance .
Warning
Information Obstacle Pedestrian Approellchlng Brake fluid Cros.S\.lee Warning
present present vehicle position Inessage
S|ow down:
osasei | caumion || waung [0y Lo
Contents of Message ) Pedestrian ’ Low brake p g ’
Brake or . Brake : lane ACC brake
walking. |. . fluid-level
steer now. immediately. system
capacity
Trip context N-D N-D N-D N-D N-D N-D
urban road Eouniry foar
Road | Road | highway | . . urban road | downhill highway highway
environ- intersection
slope
ment
Weather| Dry road N-D N-D N-D N-D N-D
- . | Avehicleis Headway
) Pedestrian is . .
Traffic . A coming from djstance is
Situation/ A vehicle | walking just a priority 1 2 sec
. Traffic situation | stops about(])behind and S N-D N-D ’ 5
Vehicle 100m abead] . left of the direction at Lgad vehicle
Condition lead vehicle intersection is|braking at
when the 30m ahead. 0.4G.
message
is to be Tyoe | 'P@ssenger | passenger | passenger | passenger | passenger passenger
presented YR vehicle vehicle vehicle vehicle vehicle vehicle
Priving
Context ) Approaching 100km/h; 00km/h
VeZmIe stop sign for one side of ACCis
condition Turning left, | intersection vehicle is on deactivated
State 100km/h 10km/h at 50km/h Bk the shoulder tgmporarily
without of roadway Hy driver's
decelerating (Figure E.1) action
Miscellaneous N-D N-D N-D N-D N-D N-D
Reduce Know that
To take To wait to. Be aware of §p_eed by ACC system
. turn left until . shifting down . cgnnot keep
evasive s a potential | aspiving Steer vehicle alsufficient
Expected driver behavior and / action . crash with ; back into -
L . . pedestrian . brake or safe
or cognition immediately vehicle. your lane .
. evacuates to handbrake. | . . distance.
by braking or Emergency immediately
steerin a place of brakin Park the Take control
9 safety 9 vehicle ina (brake or
safe place. change lane)
Criticality
Rating
Urgency
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Key
1 roadce
2 shouldg

A picture is
described ir]

NOTE

htreline
r

often helpful in describing the driving-secenario to the evaluators — in this case, the lane departure scenario
the table.

One side of the vehicle is on the_shoulder of roadway; vehicle speed is 100 km/h.

Figure E.1 — Lane departure scenario

22
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