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Preface
NordicWay was a corridor stretching from Finland to Sweden, Denmark and Norway
on which cooperative services were deployed using a cellular network. ‘NordicWay
Coop’ was a project deploying road safety-related minimum universal traffic information
services for the Finnish part of the corridor. VTT Technical Research Centre of Finland
Ltd. was contracted by the Finnish Transport Agency and the Finnish Transport Safety
Agency to evaluate the service. The task was to assess the technical feasibility,
readiness for wide-scale implementation, and impacts of the service.
At VTT, Principal Scientist Satu Innamaa was responsible for the impact assessment,
supported by Pirkko Rämä, Merja Penttinen, Anne Silla, Harri Peltola, Fanny Malin,
Pekka Leviäkangas, Henri Sintonen and Uuri Toivonen. Senior Scientist Kimmo Kauvo
was responsible for the technical assessment, which he completed together with Senior
Scientist Sami Koskinen. Koskinen was responsible for the data management.
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1. Summary
The ‘NordicWay Coop’ pilot in Finland included the provision of road safety-related
minimum universal traffic information services. It was evaluated during a one-year field
test with the HERE DTI application in mobile devices used by ordinary road users. The
purpose of the Coop project was to assess the technical feasibility of the system and
the information it provides as part of a cooperative traffic information system and
readiness for wide-scale implementation, as well as its commercial potential and
ecosystem model. Another purpose was to gain knowledge on cooperative services as
a channel for safety-related information, and their impacts on driver behaviour and
traffic management. A socio-economic assessment completed the evaluation.
The expected impact mechanism for the service was that when the driver receives a
cooperative warning of a hazardous situation or condition ahead, (s)he is aware of it
earlier than without the warning (before seeing or detecting the actual situation or
condition) and is thus better prepared. This is manifested in increased alertness, less
multitasking and a smoother approach. Additionally, the traffic management centre not
only receives information on hazardous situations or conditions that would not
otherwise be detected by their traditional incident detection systems/mechanisms or
road weather models, they also get it sooner. This is believed to result in better informed
road users (improved travel quality), fewer primary and secondary accidents, less time
spent in congestion, a slight drop in emissions, and increased road network
performance/efficiency.
The results showed that the cooperative system for providing safety-related traffic
information through a cellular network is a technically feasible concept. The latencies
of the system were short enough (median latency 0.3 seconds for mobile-server-mobile
communication) for a driver information system, and the system architecture ensured
cross-border interoperability. The HERE DTI application used in the field test followed
the requirements by Car Connectivity Consortium and ESoP (European Statement of
Principles) guidelines for applications used while driving.
The service of receiving warnings and being able to warn others about hazardous
situations on the road was well accepted by road users. They felt that it provided
information that other services did not, and that the information was more detailed or
better targeted. The drivers also reported that information on hazardous locations
ahead affected their driving behaviour; concomitant changes in speed were observed
in GPS data analysis.
The direct safety impact on target roads was greatest for warnings of slipperiness and
animals & people on the road, followed by warnings of roadworks and exceptional
weather. Warnings of obstacles on the road, accidents or poor visibility were assessed
to be least effective due to the small number of ‘target accidents’. In addition, overreliance on the system being able to warn of hazards was considered to cause a slight
increase in speed, also affecting safety. The overall assessment of the safety impact
of the service for 2019 was a 0.00–0.09% reduction in injury accidents and a 0.00–
0.08% drop in fatal accidents on motorways in Southern Finland. For 2030 the
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estimated impact was a 0.8–4.6% reduction in injury and non-injury accidents and a
0.6–4.0% drop in fatal accidents on all main roads. The service was also considered to
have travel time benefits if the number of accidents and the ensuing delays were
reduced.
In conclusion, widespread penetration of the system is expected to generate societal
benefits, especially from a smaller number of accidents leading to fewer traffic delays.
The benefit-cost ratio was assessed to be at least 2.3 for the period 2019–2030,
assuming linear growth up to widespread acceptance and use among road users in
Finland.
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2. Description of the problem
NordicWay was a corridor stretching from Finland to Sweden, Denmark and Norway
on which cooperative services were deployed. ‘NordicWay Coop’ was a project
deploying the services for the Finnish part of the corridor.
The ‘NordicWay Coop’ pilot included provision of road safety-related minimum
universal traffic information services (delegated Regulation (EU) No 886/2013) relating
to:
•

Temporary slippery road

•

Animal, people, obstacles, debris on the road, unmanaged blockage of the road
(all warned here as an obstacle on the road)

•

Unprotected accident area

•

Short-term roadworks (here: roadworks)

•

Reduced visibility

•

Exceptional weather conditions.

The purpose of the Coop project was to assess the technical feasibility of the system
and the information it provided as part of a cooperative traffic information system and
readiness for wide-scale implementation, as well as its commercial potential and
ecosystem model. Another purpose was to gain knowledge on cooperative services as
a channel for safety-related information, and their impacts on driver behaviour and
traffic management. A socio-economic assessment completed the evaluation.
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3. Description of the C-ITS implementation
In Finland, the cooperative service implementation included cooperative hazardous
location warning, cooperative weather and slipperiness warning, and probe vehicle
data. The service aimed to detect potentially dangerous locations on the road network
and to warn approaching drivers so they could be better prepared. The hazardous
event was detected either by the driver through manual input (some warning types), or
by the road authority through the road traffic management centre employing various
monitoring systems and services in or related to the infrastructure.
Figure 1 gives an overview of the cooperative service implementation in the Finnish
pilot. Events reported by the driver were received by the service provider cloud, which
processed the data, transmitted the reported events as single-user events to vehicle
drivers near the event, and forwarded them to the national access point (ITS server).
At the service provider cloud, the information was aggregated with messages from
other users and sources and validated. The national access point then forwarded the
information to the road traffic management centre. Safety-related traffic information
events from the traffic management centre were sent via the national access point to
the service provider cloud, which transmitted them to vehicles approaching or in the
event area.

Figure 1. Overview of the Finnish pilot. TMC = Traffic Management Centre

The application ‘HERE DTI’ was made for android devices. It had to be activated for
each journey. For the driver, the service was provided as warnings on the map;
examples of different views are given in Figure 2 and Figure 3. The human-machine
interface (HMI) for sending a warning is shown in Figure 4 together with the
confirmation message. In order to stimulate drivers to use the system, the application
was made attractive through e.g. inclusion of maps showing traffic density information.
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Figure 2. Accident warning on HERE DTI
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Figure 3. Different views of the roadworks warning on HERE DTI
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Figure 4. HMI for sending a warning and view of the confirmation on HERE DTI
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4. Program theory
4.1. Cooperative hazardous location warning
The objective of hazardous location notification was to detect potentially dangerous
locations on the road network, and to warn drivers approaching a dangerous location
so they could be prepared. The hazard classes were
•

Animal, people, obstacles, debris on the road

•

Accident area

•

Roadworks (can be reported by traffic management centre only)

•

Reduced visibility (e.g. fog, heavy snowfall).

The hazardous event was detected by
•

The driver, through manual input

•

The road authority (road traffic management centre) via various monitoring
systems and services in or related to the infrastructure.

The expected impact mechanism for the service was that when the driver receives a
cooperative warning of a hazardous situation ahead, (s)he is aware of the situation
earlier than without the warning (i.e. before seeing the situation) and is thus better
prepared. This is manifested in increased alertness, less multitasking and a smoother
approach (less harsh braking, earlier and stronger speed reduction). Additionally, the
traffic management centre either gets information on hazardous situations that would
not be detected by their traditional incident detection systems/mechanisms or they get
the information sooner.
Expected results included
•

Lower spot speeds when informed drivers approach the hazard site

•

Less harsh braking

•

Increased alertness

•

Less secondary tasking while driving

•

Increased situation awareness

•

More efficient traffic and incident management.

The expected impact will result in
•

Better informed road users (improved travel quality)

•

Fewer primary and secondary accidents

•

Less time spent in congestion, small decrease in emissions

•

Increased road network performance/efficiency.

The program theory for the service is summarised in the graph below (Figure 5).
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Figure 5. Program theory of the C-ITS service ‘Cooperative hazardous location warning’
in the Finnish pilot

Implementation of the function supports the following national and NordicWay project
objectives:
•

Improvement of road network performance through deployment of cooperative
services, in terms of efficiency, environmental impact, safety and security

•

Improvement of the quality and coverage of key safety services (hazardous
location warning) according to the ITS directive priority action c) safety-related
traffic information

•

Demonstration of benefits of cooperative services to users

•

Establishment of the cooperative service market

•

Assessment of the benefits of cooperative traffic information services, including
user acceptance and feasibility for wider deployment.
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4.2. Cooperative weather and slippery road warning
The objective of the weather and slippery road warning was to warn drivers of
potentially hazardous weather conditions by detecting these potential conditions on the
road network. The driver could then reduce the vehicle speed or increase their
alertness. The hazard classes were:
•

Temporary slippery road

•

Exceptional weather conditions (e.g. fog, heavy rain, heavy wind).

The hazardous event was detected by:
•

The road authority, through the traffic management centre.

The expected impact mechanism for the service was that when the driver receives a
cooperative warning of a hazardous weather or slippery road surface ahead, (s)he
becomes aware of the situation sooner than without the warning (before detecting or
seeing it) and is thus better prepared. This manifests in increased alertness, less
multitasking and a smoother approach (less harsh braking, speed reduction, less
overtaking).
Expected results include:
•

Lower spot speeds when approaching the hazard site

•

Less harsh braking

•

Increased situation awareness

•

Less secondary tasking while driving

•

Increased situation awareness

•

More efficient traffic management and road maintenance.

The expected impact will result in
•

Better informed road users (increase in travel quality)

•

Fewer primary and secondary accidents

•

Less time spent in congestion, small decrease in emissions

•

Increased road network performance/efficiency

•

Better quality wintertime road maintenance.

The program theory for the service is summarised in the graph below (Figure 6).
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Figure 6. Program theory of the C-ITS service ‘Cooperative weather and slippery road
warning’ in the Finnish pilot

The implementation of the function supports the following national and NordicWay
project objectives:
•

Improvement of road network performance through deployment of cooperative
services, in terms of efficiency, environmental impact, safety and security

•

Improvement of the quality and coverage of key safety services (road weather
warning) according to the ITS directive priority action c) safety-related traffic
information

•

Demonstration of benefits of the cooperative services to users

•

Establishment of the cooperative service market

•

Assessment of the benefits of cooperative traffic information services, including
user acceptance and feasibility for wider deployment.
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4.3. Probe vehicle data
The probe data was collected both for the needs of the public sector and for providing
business-oriented value-added services. There were two types of probe data:
•

Aggregated data: Service operators provide aggregated data to the road
authority and other users on a continual basis. Service providers aggregate the
data transmitted by individual vehicles (and potentially other data sources) and
send the data at regular time intervals to the road authority. The data includes
as a minimum data on traffic flow, i.e. volume, speed, heading.

•

Individual data: Anonymised data on the individual vehicle at the manual
reporting of an event.

The road authority can subscribe to the information desired (either only minimum
aggregated data, or including additional data).
Road operators receive information based on the data sent by vehicles (mobile phones)
on their own road network, and also provide traffic information, traffic warnings and
recommendations for appropriate speeds and re-routing using their normal broadcast
and dissemination channels.
The expected impact mechanism of the service is that the traffic management centre
gets more detailed information on the traffic flow status than they would using their
other traffic monitoring systems.
Expected results include
•

Increased situation awareness

•

More efficient traffic management.

The expected impact will result in
•

Increased road network performance/efficiency

The program theory for the service is summarised in the following graph (Figure 7).
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Figure 7. Program theory of the C-ITS service ‘Probe vehicle data’ in the Finnish pilot

The implementation of the function supports the following national and NordicWay
project objectives:
•

Improvement of road network performance through deployment of cooperative
services, in terms of efficiency, environmental impact, safety and security

•

Demonstration of benefits of cooperative services to users (traffic management
centre)

•

Establishment of the cooperative service market

•

Assessment of the benefits of cooperative traffic information services, including
feasibility for wider deployment.
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5. Evaluation design
5.1. Evaluation approach
The NordicWay project identified different evaluation areas as shown in Figure 8. The
Finnish national evaluation study was designed to cover all these areas. The evaluation
was based on field tests that recruited ordinary road users to use the HERE DTI
application with tested cooperative services.

Figure 8. The NordicWay structural evaluation approach

5.1. Field tests
5.1.1. TEST AREA
The field test took place on the E18 highway between Helsinki and Turku and on Ring
Road I and Ring Road III in the Helsinki area from May 2016 to April 2017. In November
2016, the test site was expanded to include the E12 between Helsinki and Tampere,
the ring roads around Tampere including the 2.4 km-long Rantatunneli tunnel, the E75
between Helsinki and Lahti, and Road 51 between Helsinki and Kirkkonummi. The total
length of the included road sections (Figure 9) was 542 km.
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Figure 9. The extended NordicWay test area in Finland (HERE WeGo)

5.1.2. TEST USERS
In total, 1 270 test users who had successfully completed the registration procedure
contributed to the evaluation. No incentives were provided. The test users installed the
cooperative service as an application, HERE DTI, on their own Android phones (the
application is described in Chapter 3.) The application logged the GPS coordinates of
the driving pattern on the test roads and the received and sent warnings for evaluation
purposes.
Of the test users, 83% were men, 8% women and 9% preferred not to reveal their
gender; 15% were professional and 85% non-professional drivers. The most common
class of annual kilometres driven was 20 000 – 50 000 (42%, Figure 10), which is more
than for Finnish residents on average (18 800 km/year). The most typical vehicle type
was passenger car (84%, Figure 11).
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Figure 10. Number of test users vs. annual kilometres driven

Figure 11. Number of test users vs. vehicle type

Driving annually over 50 000 km was common among test users who were professional
drivers (73%, Table 1), whereas driving 20 000 – 50 000 km annually was the most
typical option for non-professional drivers (47%). Non-professional drivers typically
drove a passenger car (95%, Table 2), whereas a truck was the most common vehicle
type for professional drivers (53%).
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Table 1. Number of test users, professional/non-professional vs. annual kilometres driven

0 – 10 000

10 000 – 20 000

20 000 – 50 000 50 000 – 100 000

Non-professional

85

295

400

78

Professional

7

7

27

110

Table 2. Number of test users, professional/non-professional vs. vehicle type

Bus

Car

Taxi

Truck

Van

Non-professional

3

816

1

0

38

Professional

22

27

10

80

12

5.1.3. USE OF THE SERVICE
The number of users who used the service and logged GPS data during the test period,
a year starting from May 2016, was 536. Table 1 shows how the recruitment progressed
and how many users remained active.
Table 1. Number of users during the test period

Year

Month

Number of users

Cumulative different users

2016

5

16

16

2016

6

87

94

2016

7

38

100

2016

8

35

107

2016

9

34

115

2016

10

34

119

2016

11

191

273

2016

12

190

349

2017

1

122

376

2017

2

218

511

2017

3

110

528

2017

4

65

536

Of the 536 users, 156 used the application to report an incident. On average, users
who reported an incident sent 4.1 warnings during the test period.
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Among all users, 238 received a warning when approaching a reported location. Of
these, 85 experienced a warning only once or twice. However, 40 users received more
than 20 warnings and eight users more than 100 warnings. The distribution of number
of warnings per driver is shown in Figure 12.

Figure 12 Distribution of number of warnings among users

Table 3 shows the distribution of cause codes for received information and warnings.
Possible repetition of information has been filtered out. For further details on cause
code definitions, see ETSI standard EN 302 637-3. Cause codes 26 and 27 were added
later in the study, the first cases logged in October and November 2016 respectively,
some 5 months later than the other message types. Of all the warnings, 9% were useroriginated and the rest were generated by official sources. The map in Figure 13 shows
the locations of warnings during the tests.
Table 3. Distribution of causes for information and warnings (all received warnings were
not given if the driver did not reach the relevant area within the timeframe during which
the warning was applicable)

Cause
code
2
3
6
10
17
18
26
27
Total

Explanation
Unprotected accident area
Roadworks
Temporary slippery road
Animal/people
/obstacles/debris on the road
Exceptional weather conditions
Reduced visibility
Slow vehicle
Dangerous end of queue

Number of received
warnings
349
11 414
5
311

Number of given
warnings
128
2 615
3
164

0
221
21
3

0
83
8
0

12 324

3 001
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Figure 13. Warning locations in tests

When divided by the numbers of days of the test period (349), the whole test group
received 35.3 information messages and 8.6 warnings per day. Since the users did not
use the service daily, these numbers can be misleading, as there were in total 3 404
days (times of use) when a user had been using the service. As the total number of
warnings in the tests was 3001, a user received a warning almost every day (88%)
that they turned on the service. They received 3.6 information messages per time
of use. When comparing against distance travelled in the test areas, one warning was
received every 10 km.
The users activated the application on an average of 6.4 days during the trial. The
median value was 2. Concluding from this rather low number, we suggest that the next
version of the app would run in the background, activating and hibernating
automatically as was done in e.g. the TeleFOT trials in Finland (Mononen et al. 2013).
The most active user used the app on 150 days during the trial. Median days of use for
users who received a warning during their test period was 5, and average 11.7 days.
The following graph in Figure 14 shows a histogram of received messages on different
times of the day, and reflects the usual peak hours. Due to testing in the winter months,
about 30% of these messages were received in dark driving conditions.
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Figure 14. Distribution of information messages according to time of day

As an indication of what users did when a warning was shown on their screen, 14% of
the time they touched the screen to manually dismiss the warning. There were 32 times
(2%) where the warning re-appeared and the user dismissed it again. In five cases, the
user dismissed the same warning three or four times. These were all due to the driver,
on separate occasions, coming to a long-duration warning area (i.e. driving near the
edge of the 2 km radius relevance area of warning). In a couple of cases, it was also
possible to get a warning again after some time/distance if moving slowly in a traffic
jam.
Regarding how many warnings were on the exact route of the driver — as they were
given to all users within a 2 km radius — based on the data, 57% of warning coordinates
were on the driver’s exact route.
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5.2. Data
5.2.1. SERVER DATA
For analysis of technical performance and driver behaviour, server-side logging was
implemented to collect key information on communicated messages. This included logs
about timestamps and content of messages (DENM and DATEX II) between the service
provider and the national access point, as well as communication towards users.
The cooperative service included features for indicating the quality or trustworthiness
of reported warnings. Server logs also covered these analytics when merging
messages from the same areas and when updating the information to a higher level
when either several users reported the same incident or the traffic management centre
confirmed it.

5.2.2. MOBILE DEVICE DATA
Mobile device data collection included mainly messages shown by the HERE DTI
application, timestamps for communicated messages and a GPS log for driving on test
roads.
For purposes of privacy the server logs did not identify the recipients of the messages
or who had reported an incident. The information linking users to the server-side logs
was stored in the mobile devices as changing session IDs. Servers logged the activity
based on session IDs, and the mobile devices logged which session IDs they had used.
Mobile device logs were collected by central servers automatically.
Mobile device logging suffered a setback from sometimes failing to send the latest log
upon quitting the app. This caused some of the session IDs — the links between the
server and the mobile logs — to be dropped. Fortunately, this did not have a major
effect as the server and mobile logs also contained redundant information; all received
messages were logged on the mobile phone side and all sent messages on the server
side. Thus only the matching between them was occasionally hampered.

5.2.1. BASELINE DATA
To support driver behaviour analysis, HERE provided anonymised baseline data
logged by the users of HERE’s other applications (who did not receive messages) from
the area where HERE DTI users (test users) had received or sent warnings.
When using ±15 minutes as the search criterion and searching for driving in the same
direction, 33% of events could be matched with data from other vehicles. When using
a smaller time difference of ±5 minutes, 25% of events had baseline data. Table 4
summarizes the events and the availability of baseline GPS data.
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Table 4. Warnings and the availability of baseline GPS data

Hour
of day

All
warnings

0
1
2
3
4
5
6

12
22
19
1
2
36
247

Baseline within
±15 min, same
direction
1
0
0
0
0
4
114

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
Total

193
298
105
28
65
96
140
130
178
170
83
47
48
69
66
56
36
2147

50
69
39
8
9
54
57
45
87
63
33
15
4
29
9
10
9
709

Availability of
baseline data
(±15 min)

8%
0%
0%
0%
0%
11%
46%
26%
23%
37%
29%
14%
56%
41%
35%
49%
37%
40%
32%
8%
42%
14%
18%
25%
33%

Baseline within
±5 min, same
direction
0
0
0
0
0
4
103
34
56
39
5
6
43
52
30
73
44
20
10
1
13
4
1
2
540

Availability of
baseline data
(±5 min)

0%
0%
0%
0%
0%
11%
42%
18%
19%
37%
18%
9%
45%
37%
23%
41%
26%
24%
21%
2%
19%
6%
2%
6%
25%

Table 5 indicates the number of cases that have some baseline data for events where
a driver received a warning and passed the warning location. Devices belonging to the
service development team and warnings where the driver did not pass the location
were filtered out.
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Table 5. Number of received warnings where driver passed the event location by warning
type (cause codes) and number of those events where baseline exits ±5 min

Cause
code

Explanation

2

Unprotected
accident area
Roadworks
Temporary
slippery road
Animal/people/
obstacles/debris
on the road
Exceptional
weather conditions
Reduced visibility
Slow vehicle
Dangerous end of
queue

3
6
10

17
18
26
27

Number of
warnings where
driver passed the
location
69

Number of
warnings with
baseline ±5 min

Availability of
baseline

14

20%

808
0

252
0

31%
-

120

37

31%

0

0

-

49
0
0

18
0
0

37%
-

1046

321

31%

Total

5.2.2. EVENT SUMMARY PROCESSING
Mobile phone GPS logs and communicated messages from both the client and server
sides were first collected to a data server by HERE. This dataset was then made
available to VTT for evaluation.
VTT imported the data to a PostgreSQL database to enable data queries, where
information from several sources was combined. In addition, numerous indicators were
calculated from the data with VTT’s LogPro toolkit. The toolkit has been developed over
a period of 10 years to analyse data from various field tests.
The main generated summaries were
•

Event table, listing each event where the driver had either received an
informative icon on the app screen or had been shown a warning

•

Legs (parts of the trip driven in the test area) table, summarising distances,
average speeds and hard braking when driving on test roads

•

Technical indicators table, collecting timestamps from different moments of
communicating an incident between servers and users.
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The processing also included quality checking. Those events were discarded
•

that did not come with a reasonably long GPS log or where GPS quality was
very low

•

where a warning was shown but the logs were missing information about
receiving it.

5.3. Method for the technical evaluation
The key parts of the technical evaluation concentrated on assessing the latencies in
communication and drawing statistics on the use of the system. The technical
evaluation included three steps: (1) proof of concept, (2) acceptance of the start of the
field test and (3) final technical evaluation.
As the first checkpoint on the way to large-scale user tests in 2016, a technical
demonstration day of the proof of concept implementation delivered by HERE and
Infotripla was organised in August 2015 in the Otaniemi area (Figure 15). More than 30
visitors were invited to see the demonstrator in action. Besides introductions and
hands-on demonstrations, the day consisted of several recordings and technical tests
made for validating the prototype implementation.
PoC, 26 Aug. 2015
nd

2 Technical Evaluation, Espoo - Turku - Espoo, 5-7 Apr. 2016
Live Pilot, 9 May 2016 - 30 Apr. 2017

2015

2016

2017

Figure 15. NordicWay technical evaluation steps, PoC = proof of concept

The 2nd Technical Evaluation took place in April 2016 on road E18. It consisted of six
individual drives (leg from Espoo to Turku or vice versa). The test setup arrangement
was as follows: seven mobile devices were placed inside a test vehicle and received
both mobile-originated messages and traffic management centre-originated messages.
In all, 1 063 messages were received during this test week (before the start of the actual
field test). This evaluation contributed to the acceptance of the system for field tests
with real road users.
The final part was the Live Pilot, running from May 2016 until April 2017.
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5.4. Method for the impact assessment
5.4.1. IMPACT ASSESSMENT FRAMEWORK
The aim of the impact assessment was to evaluate
1) how the warnings affect driver behaviour
2) what is the user acceptance of this kind of system (i.e. provision of road safety
critical information via mobile phone application)
3) how effective the system is from the traffic management point of view.
The impact assessment framework is summarised in Figure 16. Questionnaires were
designed to cover user acceptance and use of the system. It was acknowledged and
accepted that the HMI was a pilot version. Nevertheless, it is worth including user
feedback and potential issues affecting impact assessment in the study. Impact on
driver behaviour was assessed based on both survey and logged data.

Figure 16. Impact assessment framework

5.4.2. DRIVER BEHAVIOUR IMPACTS
5.4.2.1. OVERALL METHODOLOGY
Impacts of the tested cooperative warnings on driver behaviour were assessed from
data collected during the field tests along the corridor. The field tests were conducted
along the principles of a naturalistic driving study, i.e. the driving of test drivers was
logged as part of their everyday life and they received warnings of real hazards. No
controlled driving tests or fake warnings were used.
As the nature of the deployed functions is to provide warnings of hazardous, rare
situations, the warnings were sent rather seldom and covered locations that formed
only a small part of the whole journey. The impact of the driver support system on
driving was assessed by comparing driving in the vicinity of a hazardous location
(subject of warning) with driving without a warning in as similar a situation as possible
(i.e. approach to an unprotected accident site with warning vs. an approach to the same
site without warning). This method is called event-based analysis.
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Measurements from driving without receiving warnings form the “baseline”. Those from
driving with activated cooperative services are called “treatment”. For assessment of
the impact, it is crucial that both baseline and treatment data are collected in a similar
environment (same object of warning, physical road structure, speed limit, weather
condition and traffic flow status). Here, the same location and as close timing as
possible were used to form baseline-treatment pairs.
Collection of baseline data was done as follows: Anonymised GPS trajectories of HERE
users or other people who were not part of the test fleet (“non-users”) were used as the
baseline. (The baseline data included only individual vehicle driving patterns (position,
speed, time) in areas and during selected time frames.) For each warning event, the
individual anonymous driving patterns of non-users in the same road section were
compared with those who got the warning in the vicinity of the object of warning (e.g.
the last 1500 m assuming that the warning is given 1000 m before the hazardous
location). This would maximise the similarity in the environment and driving conditions.
Non-identical fleets in terms of vehicle types might cause bias.
The focus on driver behaviour impacts was on changes in speed pattern in the vicinity
of the subject of warning. The accuracy of GPS position is not sufficient for identification
of the driving lane, therefore research on lane change behaviour was excluded from
the data analysis.

5.4.2.2. EVENT-BASED ANALYSIS
Events where the driver received a warning not initiated by him-/herself and passed the
location were included in the driver behaviour analysis (Table 6, on the map in Figure
17 to Figure 20). Some comparisons were made between treatment and baseline
observations in order to distinguish traffic- or location-related variation in driver
behaviour from the impact of warning. A timeframe of ±30 min in passing the event
location was used to match baseline data to the treatment events. The minimum
criterion for valid baseline observation in this selection was 30 seconds of data before
and after passing the event location. Later in the analysis phase, further filtering was
done according to the minimum requirements of data completeness in each specific
case.
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Table 6. Number of events where the driver received a warning not initiated by him-/herself
and passed the location of the warning, number of those warnings with at least one
baseline observation within a ±30 min timeframe with at least 30 sec of data before and
after passing the event location, and number of self-initiated warnings (with full spot
speed pattern from at least 1000 m before to 500 m after event location)

Warning type

Number of
events

Number of events
with baseline data

Number of selfinitiated warnings

Accident

34

5

15

Roadwork

808

307

Slippery road

0

0

Obstacle on the road

22

9

Exceptional weather
conditions
Reduced visibility

0

0

15

5

79

35
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Figure 17. Accident warning events: all (above) and those with baseline within a ±30 min
timeframe (below), self-initiated warnings excluded
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Figure 18. Roadwork warning events: all (above) and those with baseline within a ±30 min
timeframe (below), all warnings initiated by traffic management centre
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Figure 19. ‘Obstacle on the road’ warning events: all (above) and those with baseline
within a ±30 min timeframe (below), self-initiated warnings excluded
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Figure 20. ‘Reduced visibility’ warning events: all (above) and those with baseline within
a ±30 min timeframe (below), self-initiated warnings excluded
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5.4.1. USER ACCEPTANCE
The objective results of the analysis of GPS trajectories were supplemented with a
subjective assessment of impacts obtained via user questionnaires. The first
assessment of user acceptance and uptake was based on a ‘First Impression
Questionnaire’ carried out after the first received warning(s) (see full questionnaire in
the Annex A.1.). A further questionnaire (‘Final Questionnaire’) was completed at the
end of the field test period and assessed only the functions that the user had experience
of. Two versions of the Final Questionnaire were given to participants: one for those
who had more experience using the system (had logged data for at least 2 calendar
months, at least four warnings received) and the other for those with less or practically
no experience of receiving warnings (see full questionnaires in the Annex A.2.).

5.4.1.1. FIRST IMPRESSION QUESTIONNAIRE
The First Impression Questionnaire was sent approximately once a month to
participants who had received their first warning(s). Personalised links were sent by
email to the survey using the Questback Essentials online tool. In total, 177 invitations
to the questionnaire were sent and 93 responses were received between September
2016 and March 2017.
Of the respondents (N = 93), 92.5% utilised the HERE DTI application on a smartphone
and 7.5% on a tablet. The app was designed for horizontal positioning of the device.
The phone was typically mounted horizontally in the vehicle by 41% of respondents
and vertically by 19%. Other fairly common locations were the centre console (40%)
and front passenger seat (22%). A further 8% of respondents tended to keep their
phone in a pocket while driving.
Of the respondents, 72% had noticed (at least one of) the warnings displayed on their
device. Keeping the device on the front passenger seat or in a pocket was more
common among those who had not noticed the warning(s) (Figure 21).
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Figure 21. Typical phone location in the vehicle for participants who had seen the warning
on their display (‘Yes’, 72% of respondents) and for those who had not (‘No’), multiple
selection possible

Respondents who had noticed the warnings (N = 67) were asked to provide answers
for the last time they had received a warning (single event). The event had occurred no
more than 2 days before for 18% of respondents, 2–7 days previously for 18% of
respondents, more than a week but at most 14 days before for 22% of respondents,
and more than 14 days previously for 42% of respondents. The most typical warning
types were roadworks (71% of respondents who still remembered it, N = 65, Figure
22), crash (17%) and an obstacle on the road (9%).
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Figure 22. Warning type for the event for which the questionnaire was answered.

In all, 45% of the events (N = 67) took place on urban roads in the Helsinki Metropolitan
Area (Ring I, Ring III, Road 51, Figure 23) and 6% on similar roads of the Tampere
region (Coastal Road and Ring Road); 37% of events took place on motorways. Option
‘Some other road’ refers to situations where the vehicle was very close to a test road
on another road crossing or parallel to it. The traffic flow status was free-flowing for
47% of these situations, heavy for 27% and more congested than that for 26%
(respondents who still remembered the flow status, N = 62, Figure 24).

Figure 23. Road where the warning was received
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Figure 24. Traffic flow status when the warning was received

5.4.1.2. FINAL QUESTIONNAIRE
The final questionnaire was sent out in May 2017 in two different versions: one for the
most experienced users (use of software for at least 2 months, at least four received
warnings, 104 persons in total) and another for those with less experience (1 166
persons). In total, 56 responses (54%) were received from the most experienced users
and 200 (17%) from those with less experience.
Of the less experienced users, 29% recalled receiving warnings and 31% sending them
during the trial.
For the most experienced users, the main motivations for participating in the NordicWay
trial were the possibility to warn other road users about hazards on the road (68%,
Figure 25), access to useful information (64%), and interest in new technology (59%).
For those who used it less, the motivations were similar, but the possibility to warn
others was selected less often (47%). Among these participants, the duty to participate
was a common (59%) motive.

The sole responsibility of this publication lies with the author. The European Union is not responsible for any
use that may be made of the information contained therein

Figure 25. Main motivations to participate in the NordicWay trial

5.4.2. EFFECTIVENESS FOR TRAFFIC MANAGEMENT
The potential impacts on traffic management include impacts on incident management
(via road user-reported hazards and prevented accidents), situation awareness (via
probe vehicle data), and winter maintenance (via road user reports on slipperiness).
An interview with a traffic management centre expert was carried out after the field trial
(senior officer Mikko Tuomivirta, Finnish Transport Agency, May 2017). Among the
issues discussed was the future use of probe vehicle data generated by a system
similar to NordicWay Coop.
The interview also covered the following topics:
•

The user interface at the traffic management centre (usability)

•

The reliability of information received from road users (location, content)

•

The novelty value of the information received from road users

•

Disturbances (intentional false warnings etc.)

•

Effectiveness of the service for traffic management, how it can be utilized

•

What road network should be covered by the system (coverage)

•

Warning types (traffic management centre and road users)

•

Estimated need for additional resources (work force) for the production-phase
service.
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5.4.1. SOCIO-ECONOMIC IMPACTS
A socio-economic impact assessment was made for the period 2019–2030 according
to the guidelines of the Finnish Transport Agency (2013).
The socio-economic impacts were evaluated for a production-phase service which was
assumed to function reliably and smartly. The service would include all the warning
types as a bundle (user gets them all). However, it was assumed that the ‘obstacle on
the road’ warning would be divided into warnings of animals & people on the road and
warnings of (other) obstacles. It was also assumed that the (road-)users might report
all hazard types and that artificial intelligence would be used to verify and validate the
posted warnings. The service would be part of the systems at the traffic management
centre; thus warnings of hazards known to the centre would be sent automatically.
Warnings of roadworks would be given only when the roadwork site was active. A
summary of warning types would thus include:
•

Roadworks: short-term, long-term; only when active

•

Accident warning: unprotected and protected accident sites until the site is
back to normal

•

Animals & people on the road: large animals on the road, people on the road
(motorways and other roads where walking on the roadside is prohibited)

•

Obstacle on the road: stationary obstacles and debris on the road

•

Slippery road: ice, black ice, frost, oil spill on the road

•

Exceptional weather: unusual, severe or unseasonal weather conditions which
might affect safe driving; i.e. heavy rain, strong winds, flooding

•

Poor visibility: fog, snow-smoke, heavy snowfall

The service would be part of a navigator or other in-vehicle driver support system and
would activate automatically (push service). The service could also be obtained for
nomadic devices like smartphones. Thus, in principle, it would available to (almost) all
drivers. Similarly to the pilot, warnings would be issued in the vicinity of the hazardous
location (within a ~1.5 km radius), taking route information into account. Both
professional and non-professional drivers of all vehicle types would be able to purchase
the service.
An expert workshop was organized in September 2017 to agree on the approach to the
safety impact assessment. The following experts participated: Ilkka Kotilainen, Risto
Kulmala and Auli Forsberg from the Finnish Transport Agency; Anna Schirokoff and
Riikka Rajamäki from the Finnish Transport Safety Agency; and Satu Innamaa, Harri
Peltola, Pirkko Rämä and Anne Silla from VTT. A further expert workshop was
organised in October 2017 to agree on the details of the socio-economic evaluation.
The participants were Ilkka Kotilainen, Risto Kulmala and Anton Goebel from the
Finnish Transport Agency; Anna Schirokoff and Sami Mynttinen from the Finnish
Transport Safety Agency; and Satu Innamaa, Pekka Leviäkangas and Anne Silla from
VTT.
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It was agreed to have two target years and networks for which the socio-economic
impact assessment would be made. In addition, the following assumptions were made
regarding the penetration rate:
•

•

2019
o

Main road network (mostly motorways) in Southern Finland: E18, Road
3 Helsinki–Tampere, Road 4 Helsinki–Lahti, Road 51, Ring roads in
the Helsinki region and Tampere; approximately 800 km in total

o

5% of professional (heavy vehicle) and non-professional (light vehicle)
drivers would have the system.

o

70–80% of the kilometres driven would include use of the system by
the professional drivers who have it. The corresponding proportion for
non-professional drivers would be 20–30%.

2030
o

All main roads in Finland (includes two-lane roads); approximately
13 000 km in total

o

100% of professional and 50–75% of non-professional drivers would
have the system.

o

90–95% of the kilometres driven would include use of the system by
professional drivers who have it. The corresponding proportion for nonprofessional drivers would be 40–80%.

It was decided to include traffic safety and efficiency impacts as benefits and the service
fee and purchases by the driver as costs.
The safety impact assessment is based on nine safety impact mechanisms as defined
by Kulmala (2010):
1. Direct in-car modification of the driving task
2. Direct influence by roadside systems
3. Indirect modification of user behaviour
4. Indirect modification of non-user behaviour
5. Modification of interaction between users and non-users
6. Modification of road user exposure
7. Modification of modal choice
8. Modification of route choice
9. Modification of accident consequences.
The impact that the service will have on efficiency was assessed as reduction of delay
caused by accidents. Other efficiency impacts on e.g. the traffic flow when approaching
a warning location were considered so local that they were not included.
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6. Evaluation results
6.1. Technical performance and quality assessment
6.1.1. RELIABILITY OF COMMUNICATION
A technical research question that arose was whether there were users who passed an
incident location without getting a warning. This analysis was affected by the partial
session ID logs, but from available logs, after running searches for candidate events
and analysing them manually from both sides of logging, such cases were not found;
the servers were aware of the movement and sessions of mobile phone clients.
There were cases where a server had sent a message but the mobile phone had not
logged receiving it. This might be due to problems sending the latest logs, as also GPS
logs were missing from the studied cases. There were also some indications that
logging had started with a brief delay after the app was turned on, because in a couple
of cases the mobile phone had logged showing a warning but not receiving the
information first. Statistically, so few such cases did not have a great effect on analysis.

6.1.1.1. CONFIRMATION DELAY
To measure mobile phone network latencies and how quickly the service reacted to a
message sent by a user, separate logging was implemented for a confirmation
message that was sent back to a mobile application from the service provider servers
(HERE), right after the user had reported a problem on the road.
During the demonstration in August 2015 (Kauvo & Koskinen 2015), mobile phones
received an acknowledgement from the service provider servers in 1.3 seconds on
average, which included various message-processing steps and overseas servers. Of
this turnaround time, on average 0.7 seconds went to internal processing by the service
provider. The remaining 0.6 seconds contained message parsing and user interface
activities in the mobile handset, along with mobile phone network transmission delays.
Following the demonstration, steps were taken to streamline information processing
between NordicWay servers. Further changes were made also to the mobile
application. The following graph (Figure 26) shows the distribution of confirmation times
during the NordicWay field trial, measured from mobile phone logs. The recorded
median value was 0.3 seconds. Nine out of ten messages were confirmed in less than
0.7 seconds. Compared to the demonstration phase, the turnaround time was reduced
by one second.
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Figure 26. Histogram of confirmation delays

Practically all users in an event area received a warning almost instantly after the first
user reported it. Based on mobile phone logging, a few messages were confirmed
instantly, in under 0.01 seconds. However, when analysing the shortest duration ever
logged (0.002 seconds) server-side logs showed a time difference of 0.3 seconds from
receiving that message to sending a confirmation of it. This also shows that the median
delay as logged by mobile phones is within a reasonable range, but also that the mobile
phone timing cannot be fully trusted.
As a comparison, we can consider 4G latency to be 0.05 seconds, and 5G is aiming at
0.001 seconds (http://www.huawei.com/minisite/5g/en/defining-5g.html). However,
one should not expect that the mobile phone network latency is always that small and
e.g. causes some 20% of the total turnaround/confirmation time. If a mobile phone
conveniently drops out of coverage (or suffers from software issues), it can happen that
the confirmation message is received e.g. 30 seconds later. Figure 27 shows a
histogram of logged latencies of over 1 second. More than 6% of all cases were in this
group. From analysis of some of the longest logged delays, the service provider servers
passed on information instantly after it was received, indicating delays either in the
mobile phone or, more likely, due to a poor network connection.
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Figure 27. Histogram of the longest confirmation delays of over 1 second

6.1.1. COMMUNICATION LATENCIES
6.1.1.1. LATENCIES BETWEEN SERVICE PROVIDER AND NATIONAL ACCESS POINT
After a hazard reported by a user was processed by the service provider (HERE), it
became available to other organisations in this trial, mainly to the national access point
(Infotripla’s traffic servers).
Considering the time from a mobile-originated report to the time that the information
was sent to the national access point, the median was 0.7 seconds and the average
1.8 seconds. Such delays depend also on software interfaces and the communication
settings agreed between companies.
In a few cases, the delay exceeded 1 minute. However, these were due to mobile phone
and mobile network issues, delaying the timestamped problem report. In one such
analysed case, after receiving the information, the service provider cloud (HERE) took
less than 0.2 seconds to make the information available to others.
Considering the route of traffic management centre messages from the national access
point, through the service provider, to users, the latencies also depend on the polling
frequencies and interfaces agreed between the two companies. By analysing the traffic
management centre-originated timestamp and the moment when the information was
first sent to a user, the median delay was 2 seconds. The shortest delays were around
0.2 seconds and maximum delays, e.g. due to ongoing server processes, were around
15 seconds.
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6.1.2. CONFIRMATION BY OTHER USERS
The NordicWay servers merged reports of the same type received from the same areas
and gave higher quality information if more than one report was received. The system
even accepted several messages from the same client. It is our recommendation that
this feature would only cover different users.
When filtering out cases where the quality was increased through the activity of the
original sender (someone reported the same hazard multiple times), plus developer
cases, only three cases were left where a user had “confirmed” a report sent by another
user. We conclude that even when the system offers this feature it is not clear to users;
there should be a way to confirm the information quickly on the user interface with e.g.
a thumbs-up emoji made popular by social media. Also, the user probably sees that
the incident has already been reported, and since it is visible in the system they feel it
does not need reporting again.
Case 1: Users reported an unprotected accident site within 25 metres of each other,
with a time difference of 43 seconds.
Case 2: Users reported an obstacle on the road, 200 metres and 30 seconds from
each other.
Case 3: Users reported reduced visibility 7 minutes and 80 metres from each other.
As a suggestion for further development, a thumbs up/down feature would improve
handling of reliability of reported problems and speed up removal of a reported problem.

6.1.3. CONFIRMATION BY OFFICIAL SOURCES
Two cases were recorded where the traffic management centre confirmed a hazard
reported to the system by a user, and there were other users in the area who logged
the changing the quality/trustworthiness of the information broadcast by the app.
However, as there were no changes in displaying the warning, they probably did not
notice the increase in its reliability.
Case 1: The traffic management centre confirmation came 3 minutes later for an
obstacle on the road, coordinates changing by 300 metres.
Case 2: Confirmation came 76 seconds later, 650 metres away from an unprotected
accident area.
Additionally, in four cases somebody was sending a lot of messages, simply testing the
system. Traffic management centre confirmations came as follows:
Case 1: Position difference 340 metres, 19 seconds later for reduced visibility
Case 2: Two reports, 500 and 740 metres away from the final confirmation that came
4 minutes later. Unprotected accident area.
Case 3: 200 metres, confirmation only 5 seconds later, obstacle on road.
Case 4: 370 metres, confirmation only 3 seconds later, obstacle on road.
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6.1.4. CONFIRMATION

OF

TRAFFIC

MANAGEMENT

CENTRE

ORIGINATED

INFORMATION BY USERS

Only in two cases was information originating with the traffic management centre resent/confirmed by users, by sending the same information. This was probably due to
the user interface not encouraging them to do so, since the information already existed
in the system. Nor was there a button to request a cancellation if the situation had
passed.
Case 1: Position difference of 300 metres and 3 minutes on the Helsinki–Tampere
highway, obstacle on road.
Case 2: 200 metres, 7 minutes difference on Kilonväylä, obstacle on road.

6.1.1. EVENT LOCATION ACCURACY BASED ON SELF-INITIATED WARNINGS
Event location accuracy was assessed based on the speed pattern of the event when
the driver initiated the warning him/herself. The assumption was that the difference
between the location of a drop in speed and point zero of the event would indicate the
delay in detection of the incident and reporting it with the application. The true location
of e.g. an obstacle on the road would be somewhere between these points, depending
on e.g. the visibility, type of obstacle and traffic situation around it.
For the obstacle on the road warning, a statistically significant drop in speed started
500 metres before point zero (Figure 28). For the poor visibility warning, a drop in speed
started just under 400 metres from point zero (Figure 29), but most likely due to the
small sample size the speed differences are not statistically significant. For the accident
warnings, the average speed pattern was flat (Figure 30).

Figure 28. Speed pattern in the vicinity of the event for obstacle warning (N = 79)
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Figure 29. Speed pattern in the vicinity of the event for poor visibility warning (N = 35)

Figure 30. Speed pattern in the vicinity of the event for accident warning (N = 15)
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6.1.2. EIP+ QUALITY PARAMETERS
The data was checked against the EIP+ Quality Parameters (EIP+ 2016). The following
tables contain three cases:
Table 7 shows the safety related traffic information (SRTI) for ‘Animal/people/
obstacles/debris on the road’ and also makes a comparison with the traffic
information records of the Finnish Transport Agency (classification correctness).
Traffic management centre confirmation came 3 and 9 minutes later and position
differences were 550 and 300 metres. The EIP+ quality levels for these were
“enhanced” and “basic” for latency, and “advanced” for location accuracy. Figure 31
and Figure 32 depict a situation where user reports an obstacle on the road and the
traffic management centre confirms the message 3 minutes later. Traffic
management centre message locations are ALERT C coded; therefore the position
difference between the traffic management centre-confirmed location and userreported location is about 1 km.
Table 8 shows the SRTI for ‘Reduced visibility’. The traffic management centre
confirmation came 19 seconds later and the position difference was 340 metres. The
EIP+ quality level for this was “advanced” for both latency and location accuracy.
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Table 7. EIP+ SRTI - Animal/people/obstacles/debris on the road; estimated quality

Service
Service (as defined
by EIP)
Event / status
Service level
parameters
Geographical
coverage
Availability
Quality criteria Event
Timeliness (start)
Timeliness
(update)
Latency (content
side)
Location accuracy
Classification
correctness
Event coverage
Quality criteria Status
Reporting period
Timeliness
(update)
Latency (content
side)
Reporting accuracy
Classification
correctness

10. Monitoring of service use statistics

9. Collection of direct user feedback

8. Surveys of perceived quality by users

7. Verification and calibration of traffic /
weather conditions prognosis

6. Regular sampling of message or data
content completeness and correctness

5. Monitoring of data completeness and
latency

4. Time-space oriented reference test methods

3. Reference testing of data collected

2. Manual verification of events or conditions

1. Continuous monitoring of equipment
performance and availability

parameters marked with X

SRTI - Animal/people/obstacles/debris on the road
Event

X
X

X

Report coverage
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Figure 31. Classification correctness, traffic management centre confirmation message
(ALERT C)

Figure 32. Classification correctness, user report (lat., lon.)
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Service
Service (as
defined by EIP)
Event / status
Service level
parameters
Geographical
coverage
Availability
Quality criteria Event
Timeliness (start)
Timeliness
(update)
Latency (content
side)
Location
accuracy
Classification
correctness
Event coverage
Quality criteria Status
Reporting period
Timeliness
(update)
Latency (content
side)
Reporting
accuracy
Classification
correctness

10. Monitoring of service use statistics

9. Collection of direct user feedback

8. Surveys of perceived quality by users

7. Verification and calibration of traffic /
weather conditions prognosis

6. Regular sampling of message or data
content completeness and correctness

5. Monitoring of data completeness and
latency

4. Time-space oriented reference test
methods

3. Reference testing of data collected

2. Manual verification of events or
conditions

1. Continuous monitoring of equipment
performance and availability

Table 8. EIP+ SRTI - Reduced visibility

SRTI - Reduced visibility
Event

X
X

Report coverage
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6.2. Impact assessment
6.2.1. BENEFITS AS A SOURCE OF INFORMATION
In the Final Questionnaire, experienced users were asked about the novelty of the
provided information during the pilot (Figure 33). For information on obstacles on the
road (80%, N = 15) and accidents (46%, N = 39), HERE DTI was most typically ‘always
or in most cases’ the first source of information. For poor visibility, 33% (N = 9)
assessed HERE DTI ‘always or in most cases’ to be the first source of information and
33% that it was never such. For roadworks warnings, the responses varied a lot (N =
33).

Figure 33. HERE DTI as a first source of information, Final Questionnaire, experienced
users; obstacles on the road: N = 15, accidents: N = 39, poor visibility: N = 9, roadworks:
N = 33

In the First Impression Questionnaire, the respondents were asked whether they knew
about the object of the warning before they got the warning via the tested application.
The tested app was the first source of information for 48% (of respondents who did
remember the object of warning, N = 65). For those who already knew about the event,
the earlier sources of information were roadside/gantry signs (17%), radio (11%), or the
navigator or some other application (9%). Of the respondents, 15% had already seen
the object of the warning or its consequences (like a queue) before receiving the
warning.
In the First Impression Questionnaire, for 88% of those who had an additional source
of information (N = 32), the information in the warning provided by the tested app was
in line with the information provided by this other source. For 56% (N = 27) the warning
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on the tested app did not provide any additional information to that received earlier.
However, 30% of respondents found that the location information was more accurate
on the tested app than from this earlier source, and 15% stated that the tested app
correctly identified the hazard type.
Of the respondents who remembered the object of the warning, 46% ( N = 65) did not
see the object of the warning, either due to the situation being over by the time they got
there or the site of the warning not being on their route, or because they chose an
alternative route due to the warning (8%). Of those who saw the object of the warning,
86% (N = 35) thought that the hazard was worth the warning.
Of the respondents who saw the object of warning, 26% (N = 34) considered that the
location of the warning on the tested app was accurate, and 53% that it was
approximately correct. Of these, 15% considered the location somewhat wrong and 6%
that it was clearly wrong. All of those who saw the object of the warning confirmed that
the warning type was correct.
Of the respondents, 57% (all, N = 93) had sent at least one warning to other users;
43% of these warnings were related to an obstacle on the road, 33% to a crash and
24% to poor visibility. Typically (98%), these hazards were not warned of by other users
(i.e. the warning was not only to confirm the hazard).

6.2.2. IMPACTS ON DRIVER BEHAVIOUR
In the First Impression Questionnaire, 40% of respondents (of those who remembered
the object of warning, N = 65) assessed that they drove more slowly after receiving the
warning, most often below the speed limit in the warning area (29%, Figure 34) or
beyond it (8%).

Figure 34. Impact on driving speed, N = 65
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Of the respondents, 33% (N = 60) reported maintaining a longer gap to the vehicle in
front, 30% in the warning area. Also, 45% (N = 62) assessed that the warning had had
an impact on their overtaking behaviour. The most typical reaction was to try to avoid
overtaking (37%, Figure 35).

Figure 35. Impact on overtaking, N = 62

Of the respondents (N = 65), 41% reported that the warning affected their secondary
tasking (e.g. use of radio, phone or other devices) while driving. The most typical
reactions were to follow the application more carefully (27%, Figure 36) or to try to avoid
secondary tasking (19%). As it seems that people need more information than simply
what and where, such information should be readily available in the production-phase
application.
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Figure 36. Impact on secondary tasks (e.g. use of radio, phone or other devices), several
alternatives could be selected, N = 65

Of the respondents (N = 65), 63% reported that the warning affected their attention in
traffic. The most typical reactions were to pay more attention to the traffic in front (54%,
Figure 37) or to the behaviour of other drivers (25%).

Figure 37. Impact on attention, several alternatives could be selected, N = 65

Experienced users were asked in the Final Questionnaire to assess the impacts that
the warnings and information provided had on their driving behaviour by warning type
(Figure 38). All the warning types were considered to affect the speed choice by at least
30% of the users. Another typical reaction was the impact on things the driver focuses
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their attention on in traffic (at least 39% of users). An alternative route was considered
for an obstacle on the road, accidents and roadworks (at least 40% of users). Distance
to the vehicle ahead was affected most by the poor visibility warning (44% of users).
Overtaking behaviour was affected most (33% of users) by obstacles on the road and
accidents. An impact on driving comfort was reported rarely (at most 11% of users).
Warnings of poor visibility had no impact on driving behaviour for 33% of users (N = 9),
roadworks warnings for 15% (N = 33) and accident warnings for 11% (N = 39).

Figure 38. Impacts on driving behaviour, Final Questionnaire, experienced users

The following sub-chapters present the results specific to each warning type. The
impact on speed pattern was studied from average spot speeds in the vicinity (±1200
metres) of a warned incident of drivers who received the warning (self-initiated
warnings excluded). Events that did not have a full spot speed series for this area or
for whom the closest logged GPS was more than 50 metres away from the incident
were filtered out of the analysis. All events were used for the assessment regardless of
whether there was a corresponding baseline observation, as a baseline comparison
was not made here.
The impacts of each warning type on speed and other aspects of driver behaviour were
asked from experienced users in the Final Questionnaire.

6.2.2.1. ACCIDENT WARNING
The spot speed pattern related to accident warning incidents is presented in Figure 39.
On average, the warning was given 2 048 metres before the location of the incident.
There was a statistically significant (p = 0.044) decrease of 1.9 km/h in average speed
between spots 250 and 200 metres before the incident location.
The sole responsibility of this publication lies with the author. The European Union is not responsible for any
use that may be made of the information contained therein

Figure 39. Average spot speeds (blue line, N = 19) of drivers who were given an accident
warning, and average distance to the incident location when it was received (red line),
self-initiated warnings excluded

A comparison of the speed pattern with baseline data was made to see whether the
reaction of warned drivers came earlier than for others. The number of samples with
good quality baseline observation(s), i.e. with a full speed pattern, was small (N = 5).
In this graph (Figure 40), a decrease in speed can indeed be seen after receiving the
accident warning. If the speed patterns were scaled to start from the same level, the
speed reduction was seen to be stronger for the warned drivers than their baseline
(Figure 41).
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Figure 40. Average spot speeds of drivers who were given an accident warning (N = 5)
and of those who were not [‘Baseline (all)’ includes all baseline drivers in these cases
within a 30 min timeframe at the location (N = 50). ‘Baseline (closest)’ (N = 5) includes only
the closest match time-wise.] and average distance to the location of the incident when it
was received (yellow line), self-initiated warnings excluded

Figure 41. Average spot speeds (N = 5) of warned and baseline drivers (closest match)
scaled to start from the same level, accident warning

In the Final Questionnaire, of those who considered accident warnings to have affected
their speed choice (38%, N = 39), 75% (N = 12) stated that they started driving under
the speed limit and 8% that they had stopped speeding. One respondent reported
having more closely followed the pace of the traffic flow and having slowed down when
approaching the incident site.
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Of those who considered an accident warning to have affected their distance to the
vehicle ahead (28%), 75% (N = 8) stated that they kept a slightly greater distance than
normal and 25% a much greater distance.
Of those who considered the warning to have affected their overtaking behaviour
(33%), 80% (N = 10) stated that they avoided overtaking, 20% that they overtook more
seldom, and 10% that they were more careful when overtaking.
Of those who considered the warning to have affected other actions during driving,
such as using the radio, mobile phone, or other devices (18%), 50% (N = 6) reported
having avoided other actions, 50% having followed HERE DTI more carefully, and 33%
having turned the radio on or up or searched for a radio channel with more information.
Of those who considered the warning to have affected their focus of attention (64%),
everyone (N = 14) said that they had observed the traffic ahead more carefully, 64%
that they had focused more on the traffic conditions, 36% that they had paid closer
attention to the vehicle ahead, and the same proportion to the traffic behind. Seven
percent reported having focused more on controlling the vehicle.

6.2.2.2. ROADWORKS WARNING
The spot speed pattern related to the roadworks warning is presented in Figure 42. On
average, the warning was received 1875 metres before the location for which it was
shown on the displayed map. There was a series of statistically significant decreases
in speed between 800 and 0 metres before the location (in total -4.3 km/h).

Figure 42. Average spot speeds (blue line, N = 410) of drivers who were given a roadworks
warning, and average distance to the location for which it was shown on the displayed
map when it was received (red line)
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Assuming that traffic control at the site followed the guidelines for 100 km/h roads
(Figure 43), the speed reaction within the closest 500 m (Figure 42), matched against
the set speed limits. The reaction that took place before the drop of speed limit may be
consequence of the received warning.

Figure 43. Examples of guidelines on reducing speed limits on the approach to roadworks
(Finnish Transport Agency 2017a)

A comparison of the speed pattern was made with baseline data to see whether the
reaction of the warned drivers came earlier than for others. In the following graph
(Figure 44), no clear decrease in speed can be seen after receiving the roadworks
warning. If the speed patterns were scaled to start from the same level, the speed
patterns are very similar (flat) both for the warned drivers and for their baseline (Figure
45).
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Figure 44. Average spot speeds (N = 181) of drivers who were given a roadworks warning
and those who were not [‘Baseline (all)’ includes all baseline drivers in these cases within
a 30 min timeframe at the location (N = 1534). ‘Baseline (closest)’ includes only the closest
match time-wise.] and average distance to the location of the incident when it was
received (yellow line), self-initiated warnings excluded

Figure 45. Average spot speeds of warned and baseline drivers (closest match) scaled to
start from the same level, roadworks warning

In the Final Questionnaire, of those who considered roadworks warnings to have
affected their speed choice (30%, N = 33), 60% (N = 10) stated that they had driven
below the speed limit due to the warning, 30% had stopped speeding, and one
respondent had followed the pace of the traffic flow more closely.
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Of those who considered that the roadworks warning had an effect on their distance to
the vehicle ahead (18%), 62% (N = 8) said that they had kept a slightly greater distance
than normal, and 38% that they had ensured it would not get shorter than normal.
Of those who considered that the warning had an effect on their overtaking behaviour
(24%), 56% (N = 9) said they had avoided overtaking, 33% that they had overtaken
more seldom, and 11% that they had overtaken more carefully.
Of those who considered that the warning had an effect on the other actions during
driving, such as using the radio, mobile phone or other devices (15%), 43% (N = 7) had
followed HERE DTI more carefully, 29% had tried to avoid other actions, and 29% had
turned the radio on or up or searched for a radio channel with more information.
Of those who considered the warning to have affected their focus of attention in traffic
(39%), 93% (N = 14) said they had observed the traffic ahead more carefully, 29% that
they had observed the vehicle ahead more carefully, 29% that they had focused more
on controlling their vehicle, 21% that they had paid greater attention to the traffic
behind, and 7% that they had focused more on traffic conditions in general.

6.2.2.3. OBSTACLE ON THE ROAD WARNING
The spot speed pattern related to the warning of an obstacle on the road is shown in
Figure 46. On average, the warning was given 1102 metres before the location of the
object. There was a statistically significant (P = 0.050) decrease of 0.4 km/h in the
average speed between spots 25 and 0 metres before the obstacle.

Figure 46. Average spot speeds (blue line, N = 14) of drivers who were given a warning of
an obstacle on the road and average distance to the location of the object when it was
received (red line), self-initiated warnings excluded
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A comparison of the speed pattern was made with baseline data to see whether the
reaction of warned drivers came earlier than for others. The number of samples with
good quality baseline observation(s), i.e. with a full speed pattern, was small (N = 8).
In this graph (Figure 47), a decrease in speed can indeed be seen after receiving the
accident warning. If the speed patterns were scaled to start from the same level, the
warned drivers had a clear speed decrease in the vicinity of the obstacle which the
baseline did not have (Figure 48).

Figure 47. Average spot speeds (N = 8) of drivers who were given an obstacle on the road
warning and those who did not [‘Baseline (all)’ includes all baseline drivers in these cases
within a 30 min timeframe at the location (N = 62). ‘Baseline (closest)’ includes only the
closest match time-wise.], and average distance to the location of the incident when it was
received (yellow line), self-initiated warnings excluded
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Figure 48. Average spot speeds of warned and baseline drivers (closest match) scaled to
start from the same level, ‘obstacle on the road’ warning

In the Final Questionnaire, of those who considered accident warnings to have affected
their speed choice (53%, N = 15), 88% (N = 8) stated that they started driving below
the speed limit and 13% that they had stopped speeding. One reported having followed
the pace of the traffic flow more carefully.
Of those who reported effects on their overtaking behaviour (33%, N = 15), 80% (N =
5) stated that they had avoided overtaking and 20% that they had overtaken more
seldom.
Of those who reported effects on their focus of attention (87%, N = 15), 85% (N = 13)
said they had observed the traffic ahead more carefully, 23% had paid closer attention
to the vehicle ahead, and 23% said they had focused more on traffic conditions. Eight
percent said that they had focused more on controlling their vehicle and 8% had
focused more on the traffic behind.

6.2.2.4. POOR VISIBILITY WARNING
The spot speed pattern related to the warning of poor visibility is presented in Figure
49. On average, the warning was received 1 932 metres before the location for which
it was shown on the displayed map. There was a 2.0 km/h drop in speed when the
warning was received and again, 200 metres later, a decrease of 1.7 km/h. However,
these changes were not statistically significant, most likely due to the small sample
size.
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Figure 49 Average spot speeds (blue line, N = 9) of drivers who were given a warning of
poor visibility, and average distance to the location for which it was shown on the
displayed map when it was received (red line)

A comparison of the speed pattern was made with baseline data to see whether the
reaction of warned drivers came earlier than for others. The number of samples with
good quality baseline observation(s), i.e. with a full speed pattern, was small (N = 4).
In the following graph (Figure 50), no clear reaction in speed can be seen after receiving
the poor visibility warning. If the speed patterns were scaled to start from the same
level, a reduction in speed can be seen after the warning compared to the baseline
(Figure 51).
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Figure 50. Average spot speeds (N = 4) of drivers who were given a poor visibility warning
and those who did not [‘Baseline (all)’ includes all baseline drivers in these cases within
a 30 min timeframe at the location (N = 26). ‘Baseline (closest)’ includes only the closest
match time-wise).], and average distance to the location of the incident when it was
received (yellow line), self-initiated warnings excluded

Figure 51. Average spot speeds of warned and baseline drivers (closest match) scaled to
start from the same level, accident warning

In the Final Questionnaire, of those who considered poor visibility warnings to have
affected their driving behaviour (67%, N = 9), 50% (N = 6) stated that the warnings had
affected it only in the warning area, but 33% said that it had affected their behaviour
over a larger area than the warning area, and 17% that it had done so for the rest of
the journey.
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6.2.3. DRIVING ERRORS
In the Final Questionnaire, experienced users were asked about any driving errors they
had noticed due to using the tested system. The majority (77%, Figure 52) had not
noticed any such errors. The most commonly reported errors were that the driving
speed was accidentally lowered (16%) or that the driver had noticed another road user
or obstacle quite late (7%).

Figure 52. Driving errors due to using the tested system, Final Questionnaire, experienced
users (N = 56)

6.2.4. IMPACT ON DRIVING COMFORT
In the First Impression Questionnaire, 36% of respondents (N = 65) assessed that the
tested application improved their driving comfort. For 61% it had no impact and for 3%
it reduced their driving comfort. One of the reasons for dissatisfaction was false
roadwork warnings received on a frequently used route.
In the Final Questionnaire, 10% (N = 39) of those who had received accident warnings
considered that it had an impact on their driving comfort. All of them (N = 5) felt that the
level of comfort had increased with HERE DTI.
For the roadworks warnings, 6% (N = 33) reported an impact on their driving comfort.
Of those, 57% (N = 7) assessed that their driving comfort had increased and 43% that
it had decreased.
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6.2.5. BENEFITS FOR TRAFFIC MANAGEMENT CENTRE
6.2.5.1. NOVELTY INFORMATION OF ROAD USER INPUT
During the field trial, there were some occasions when the accident warning coming
from a road user was the first source of information for the traffic management centre
(accident confirmed with a road camera after receiving the information from the road
user). As received information of obstacles on the road could not be verified in many
cases, multiple road user-generated warnings should have been received in order to
confirm the veracity.

6.2.5.2. RELIABILITY OF ROAD USER INPUT
Traffic management centre personnel assessed that the threshold for sending a
warning of an obstacle or poor visibility was different for road users than for them. An
obstacle large and dangerous enough or visibility poor enough for someone to send a
warning might not always be considered such by the traffic management centre.
Sometimes road users sent a warning of the wrong type, e.g. warning of an obstacle
on the road when in fact there was an accident.
Roadwork warnings can be covered well with the system. Road users reported that
sometimes a roadwork warning was sent at locations where there was no work going
on. Yet the traffic management centre assessed that most likely there was someone
working on the roadside or that there was roadwork equipment or loose rocks in the
road area or narrower lanes, thus the situation was worth warning about although it
was not clearly visible to the road user. For misinterpretations like this, it is not a good
idea to let the road users cancel warnings.

6.2.5.3. BENEFITS OF SERVICE USE
Incident information often comes quickly from the Emergency Response Centre.
Sometimes the location in the first announcement is not accurate and, in principle, the
information sent by a road user could be used to define it more accurately. Road users
could be the first source of information especially for local fog and obstacles on the
road. Road users could also report the location of the end of a queue and the cause of
congestion.
One benefit of a service like NordicWay Coop is that if information on hazards and
incidents on the road can be given to drivers, they will automatically redirect to other
routes. Especially for longer lasting roadworks, road users learn to use alternative
routes when they are informed of congestion in the area.
Another benefit is that the traffic management centre can get information on smaller
incidents for which the Emergency Response Centre is not called (e.g. elk on the road
(side) (i.e. elevated accident risk), local fog or slipperiness, fallen load on the roadway,
etc.).
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6.2.5.4. WARNING TYPES
All the current warning types were considered useful. However, it would be good to be
able to separate animals from other obstacles on the road.
Ghost drivers (i.e. someone driving on the wrong side of a dual carriageway) are very
rare in Finland and, typically, only drive in the wrong direction for a short distance and
time. A warning of a ghost driver could be issued if the incident goes on for longer.
If road users could send information about the end of a queue, the situational picture
could be elevated from the current section-based colour elements to a more accurate
location where the queue starts and ends. As current flow status information comes
with a certain delay, this could be shortened upon receiving information from road
users.
Slipperiness is a hazard type that warrants road users having the possibility to warn
others. It can be very local and is not always detected by road weather stations.
Information on local and temporary slipperiness is important for drivers and could be
issued locally, also using variable message signs or other available means.

6.2.5.5. SERVICE COVERAGE
It would be important to get the system onto roads and streets with the highest traffic
volumes (in the Helsinki area: ring roads, major arterial roads, and the most important
streets). Roads with a high proportion of heavy traffic should also be included. Minor
roads or main roads with very small traffic volumes are not critical, but it does no harm
to include them. On special occasions like the winter holiday season or midsummer,
wider system coverage could be useful.

6.2.5.6. DISRUPTIVE USERS
There have been times when a single road user filled the road with warnings (e.g. Ring
III or Main Road 1). In the piloted version, there was no way for the traffic management
centre to cancel these warnings, which would be an important feature for the production
phase product. In addition, it would be important to be able to disable sending warnings
for such users.
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6.3. Socio-economic assessment
6.3.1. BENEFITS
6.3.1.1. SAFETY BENEFITS
Safety impact mechanisms
The safety impact mechanisms that were assessed to be of relevance are shown in
Table 9. All warning types were considered to have safety impacts through ‘direct incar modification of the driving task’ (M1), namely impacts on attention, speed, headway,
overtaking, lane-changing and secondary tasking. The only warning type for which M1
did not apply was the roadworks warning; this was considered to be boosted by
roadside systems (traffic signs), as a warned driver is better prepared to perceive and
act according to instructions given by these physical signs at the roadworks site (M2
‘direct influence by roadside systems’). In particular, this includes the use and choice
of lanes due to early notification.
Table 9. Relevance of different safety impact mechanisms per warning type (x = relevant,

M9 - Modification of accident
consequences

M8 - Modification of route
choice

M7 - Modification of modal
choice

M6 - Modification of road user
exposure

M5 - Modification of interaction
between users and non-users

M4 - Indirect modification of
non-user behaviour

M3 - Indirect modification of
user behaviour

M2 - Direct influence by
roadside systems

Warning

M1 - Direct in-car modification
of the driving task

(x) = relevant in some cases, – = not relevant)

Accident

x

–

(x)

x

x

–

–

(x)

–

Animals &
people

x

–

(x)

x

x

–

–

–

–

Obstacle

x

–

(x)

x

x

–

–

(x)

–

Roadworks

–

x

(x)

x

(x)

–

–

–

–

Slipperiness

x

(x)

(x)

x

(x)

–

(x)

–

–

Poor
visibility

x

(x)

(x)

x

(x)

–

(x)

–

–

Exceptional
weather

x

(x)

(x)

x

(x)

–

(x)

–

–
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A similar direct impact of roadside systems (M2) to that assessed for the roadworks
warning was found to occur for accident and obstacle warnings, but only if the police
was on site controlling traffic. However, this is not the case for most such events.
For road weather warning types, impact mechanism M2 was found to be relevant. It
was estimated that the impact of variable speed limits would be 5% stronger (seen as
speed advice justified/verified by the warning) on roads where a road weathercontrolled speed limit system was in use. On other roads, the direct impact was
assessed to take place via M1.
‘Indirect modification of user behaviour’ (M3) was assessed to be relevant for all
warning types together as a bundle, due to over-reliance on the coverage and reliability
of the system. This over-reliance was considered to cause a slight increase in speed
(0.3-0.5%) for free-driving passenger cars (i.e. for those not following another vehicle)
on the target network.
‘Indirect modification of non-user behaviour’ (M4) was also assessed to be relevant for
all warning types when the vehicle behind the user needs to slow down due to the
user’s (stronger or earlier) speed reaction to the warning. M4 may also be observed in
overly short headways or risky overtaking if the following non-user does not understand
the reason for the reaction of the user. Thus, this impact mechanism was left at zero in
the calculations.
‘Modification of interaction between users and non-users’ (M5) was assessed to be
relevant for accident, animals & people and obstacle warnings in that users would
inform non-users with hazard-warning or horn signals when the obstacle was visible
and the risk highest. On motorways, some users might even hog the left lane to prevent
others driving too fast to the incident site, but this can be misunderstood by non-users
and cause hazardous behaviour such as risky overtaking. M5 was assessed to be
relevant for all warning types in the form of reduced/late detection of other road users
and other errors in monitoring the surrounding traffic when using the system (eyes off
road). In conclusion, as the potential mechanisms in M5 may include both positive and
negative reactions, it was left at zero in the calculations.
‘Modification of road user exposure’ (M6) was assessed not to be relevant to any of the
warning types because the system does not provide any pre-journey information.
‘Modification of modal choice’ (M7) was assessed to be relevant for a small proportion
of users in adverse road weather conditions (long journeys), in cases where they felt
safer if they trusted the system to pinpoint dangerous locations. In practice, this impact
mechanism was left at zero in the calculations.
‘Modification of route choice’ (M8) was assessed to be relevant for accident and
obstacle on the road warnings on roads with high traffic volume and dense exits, like
ring roads, but only if the warning was given at a location where an alternative route
existed and could still be taken. If by 2030 the warning service is linked with routing
and the navigation app can receive information of the warning sooner, this mechanism
will get stronger. However, this impact mechanism was left at zero in the calculations.
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‘Modification of accident consequences’ (M9) was assessed not to be relevant. (The
impact of reduced speed on accident consequences is taken into account in M1.)
Target accidents
Target accidents were assessed to be the following for M1 (Direct in-car modification
of the driving task) and M2 (Direct influence by roadside systems):
•

Roadworks: accidents at roadwork sites and in their influence area

•

Accident: secondary accidents with delay (no direct vehicle-to-vehicle
communication, thus a delay is needed to report the accident, receive the
warning and react to it)

•

Animals & people: accidents due to an animal on the road, accidents with
people (mainly on motorways and other roads where walking on the roadside
is prohibited)

•

Obstacle on the road: accidents with and due to an obstacle on the road

•

Slippery road: accidents in conditions where the road surface was slippery

•

Exceptional weather conditions: accidents in exceptional weather conditions

•

Reduced visibility: accidents in reduced visibility.

In practice for the assessment, the proportion of roadwork-related accidents was
assessed to be 1.5–2.2%, which is consistent with the estimate of roadwork-related
injury accidents in Denmark (Vejdirektoratet 2011).
Finnish injury accident records for 2012–2016 were analysed for the proportion of
accidents that have been recorded as separate accidents but had a distance of under
200 metres between them and less than a 2-hour time difference. This proportion was
assessed to correspond to the proportion of secondary accidents with enough delay
that the driver could have been warned about the first accident. It was found to be 0.3%.
Based on Finnish accident records for 2012–2016, the proportion of animal accidents
(injury accidents) was 5% on the 2019 network (motorways in Southern Finland) and
7% on the 2030 network (all main roads). The corresponding proportions were 2% on
the 2019 network and 5% on the 2030 network for accidents with people on the road.
The proportion of injury accidents with an object on the road was estimated to be 0.3%
on the 2019 network and 0.2% on the 2030 network based on Finnish accident records.
It was assessed that the same amounts of other types of (injury) accidents also occur
due the obstacle, such as driving off the road, collisions in a sudden lane-change, etc.
According to an analysis made for the study of Malin et al. (2017), the proportion of
kilometres driven in slippery conditions is 15.3% on the Finnish main-road network. Of
the kilometres driven, 1.7% are on roads equipped with a road weather-based control
system (VMS, variable speed limits) in slippery conditions. The corresponding
proportion of kilometres driven in poor visibility are 0.32% on Finnish main roads and
0.04% on road weather-controlled roads, and 3.5% and 0.5% respectively in
exceptional weather conditions. Here, all weather condition combinations belonging to
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classes ‘C - Poor’ or ‘D - Hazardous’ that were not related to slipperiness or poor
visibility were regarded as ‘exceptional weather conditions’.
Target accidents for M3 (Indirect modification of user behaviour) need to be assessed
for the bundle of warning types as a whole. The target accidents include all accident
types and are due to a slight increase in speed and poorer attention when no warning
is present.
Main underlying factor for accidents
The main underlying factor for accidents that can be influenced with a warning system
was considered to be the following:
•

Roadworks: inattention (spot)

•

Accident: inattention (spot)

•

Animal on the road: inattention (spot)

•

Obstacle on the road: inattention (spot)

•

Slippery road: unawareness (not visible, multiple spots or region)

•

Exceptional weather conditions: being unprepared (region)

•

Reduced visibility: being unprepared (region)

Inattention here means that the driver is not paying enough attention to the situation
around the critical moment/location. Thus, even though roadworks, accidents, animals,
people and obstacles on the road are clearly visible, the driver notices them too late
and has too little time to prevent the accident. Slipperiness on the road is often invisible;
thus the underlying factor in these cases is being unaware. Reduced visibility and
exceptional weather conditions are typically such that even though the driver is aware
of the situation (e.g. sees a fog bank or trees bending in the wind), (s)he is unprepared
for its consequences on driving.
Although we acknowledge that there are many other underlying factors for accidents,
most of them presumably cannot be influenced by the warning system presented here.
Effectiveness of warnings
When assessing the effectiveness of warnings (direct impact), we estimated the
proportion of target accidents that would be prevented due to the driver receiving the
warning and changing their driver behaviour in such a way that the accident was
prevented.
It was assumed that this proportion is smaller for the roadworks warning than for more
surprising warnings of accidents and obstacles on the road. It was also assumed that
the effectiveness would be higher for accident warnings than for obstacles, as an
accident is a less random event. The effectiveness of animal & people on the road
warnings was assessed to be smaller than for obstacles on the road, as moving
hazards are harder to anticipate and react to, and more difficult to locate accurately.
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For road weather-related warnings, the effectiveness was assessed to be smaller than
for the spot hazards above. For slipperiness, the effectiveness was assessed to be
higher than for more visible weather and visibility hazards.
The values used in the calculations are listed in the table below. They are based on the
results of expert workshops.
Table 10. Effectiveness of the system as proportion (%) of prevented target accidents due
to the driver being warned (i.e. proportion of target accidents that would have occurred if
the driver had not received the warning)

Warning

2019

2030

Accident

20–40

30–50

Animals & people

20–30

25–35

Obstacle

25–35

30–40

Roadworks

20–30

30–40

Slipperiness

15–25

20–30

Poor visibility

10–20

15–25

Exceptional weather

10–20

15–25

Coverage of warnings
For the safety impact assessment, the coverage of warnings was assessed for each
hazard type. This coverage is the proportion of encounters between a service user and
the hazard. As roadworks are controlled by public authorities, their coverage should be
close to 100%. The coverage of accidents was assessed to be higher than that of
obstacles, and the coverage of animals & people on the road should be lower than that
of obstacles. The coverage of slipperiness was assessed to be smaller than that of
exceptional weather or poor visibility.
The values used in the calculations are listed in Table 11. They are based on the results
of expert workshops.
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Table 11. The coverage (%) of warnings by hazard type

Warning

2019

2030

Accident

70–80

70–90

Animals & people

30–60

40–70

Obstacle

40–70

50–80

Roadworks

90–95

95–100

Slipperiness

20–70

30–70

Poor visibility

30–80

40–80

Exceptional weather

40–70

60–90

Impact on number of crashes
M1 (Direct in-car modification of the driving task) and M2 (Direct influence by roadside
systems)
The effectiveness of single warnings on the number of accidents was estimated as
follows:
Effect on number of accidents = Proportion of target accidents * Coverage of
warnings * Effectiveness of warning * Penetration in traffic
The proportion of target accidents is presented in the subchapter ‘Target accidents’ of
6.3.1.1, coverage of warnings in Table 11, and effectiveness of warnings in Table 10.
The estimate was calculated separately for the target year 2019 and the motorway
network in Southern Finland, and for the target year 2030 and the whole main road
network in Finland. The penetrations of system use in traffic flow were 1.4–1.9% on the
2019 network (motorways in Southern Finland) and 31-65% on the 2030 network (all
main roads).
The assessment was based on a range of the quantity for several variables. The effect
was assessed as a range from the most cautious estimate (always using the smallest
values) to the most optimistic (always using the largest values). The combined effect
of direct safety mechanisms M1 and M2 was assessed by multiplying the mechanismspecific effect.
The resulting proportions are shown in Table 12. The 2030 impact of direct safety
mechanisms M1 & M2 is presented by warning type in Figure 53. The warnings of
slipperiness and ‘animals & people on the road’ were assessed to have the largest
impact (0.3–2.1%). The second group is warnings on roadworks and exceptional
weather (0.1–0.6%). The warnings of obstacles on the road, accidents and poor
visibility were assessed to have the smallest impact (approximately 0.0–0.1%).
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Table 12. Effect of M1 & M2 on the reduction in number of accidents (%)

Warning

2019

2030

Accident

0.001–0.002

0.02–0.08

Animals & people

0.006–0.024

0.30–1.68

Obstacle

0.001–0.003

0.02–0.09

Roadworks

0.004–0.012

0.13–0.58

Slipperiness

0.006–0.051

0.29–2.12

Poor visibility

0.000–0.001

0.01–0.05

Exceptional weather

0.002–0.010

0.11–0.58

Figure 53. Impact of direct safety-impact mechanisms M1 & M2 by warning type in
descending order

The total effect of the safety mechanisms M1 & M2 of the whole bundle of warnings
was calculated by multiplying the warning specific effects due to partly overlapping
target accidents. The overall effect of the mechanisms M1 & M2 was thus assessed to
be a 0.01–0.10% decrease in accidents on the 2019 network (motorways in Southern
Finland) and 0.9–5.1% decrease on 2030 network (all main roads).
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M3 (Indirect modification of user behaviour)
In the assessment, this over-reliance was considered to increase the speed slightly
(0.3–0.5%) for free-driving passenger car users on the target network. The impact on
safety was assessed with the Power Model (Nilsson 2004) according to which the
relative change in number of accidents is equal to raising the relative change in speed
to an exponent. This exponent varies according to the severity of the accident. The
values 2.2 for injury accident and 4.6 for fatal accidents proposed by Elvik (2009) were
used. The impact of mechanism M3 was assessed to be 0.005–0.012% for injury
accidents and 0.010–0.026% for fatal accidents in 2019 (motorways in Southern
Finland). The corresponding proportions were a 0.11–0.55% increase for injury
accidents and a 0.23–1.14% increase for fatal accidents in 2030 (all main roads).
Overall effectiveness of the warning system
The overall effectiveness of the system was assessed by combining the safety impact
mechanisms M1, M2 & M3 through multiplication. The resulting proportions were a
0.00–0.09% reduction in injury accidents and a 0.00–0.08% fatal accidents in 2019 on
motorways in Southern Finland, and correspondingly 0.8–4.6% in injury accidents and
0.6–4.0% in fatal accidents in 2030 on all main roads. The proportions estimated for
injury accidents were also used for non-injury accidents.
Number of prevented accidents
The average number of injury accidents on the target network in 2011–2015 was used
as the number of accidents in 2019. The forecast for 2030 was based on the ratio
2030/2020 of the forecast factors used by Innamaa et al. (2014) for a cluster of
countries where Finland was: 0.61 for fatal accidents and 0.74 for injury accidents
(utilised also for non-injury accidents). The resulting number of accidents on the target
network is as follows (note that the recording of non-injury accidents is only partial):
Table 13. Forecasts of the number of accidents on target networks (without the warning
system)

2019

2030

(Motorways in Southern Finland,
appr. 800 km)

(All main roads,
appr. 13 000 km)

Fatal accidents

11

65

Injury accidents

199

853

Non-injury accidents

1190

4675

Estimates of the number accidents prevented by the NordicWay warning system are
shown in Table 14 by accident type. For the number of non-injury accidents, the same
effectiveness was used as for injury accidents.
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Table 14. Estimates on the number of prevented accidents (/year)

2019

2030

(Motorways in Southern Finland,
appr. 800 km)

(All main roads,
appr. 13 000 km)

Fatal accidents

0.00–0.01

0.4–2.6

Injury accidents

0.00–0.18

6.5–38.9

Non-injury accidents

0.02–1.08

35.6–213.3

6.3.1.2. TRAVEL TIME BENEFITS
Reduction in delays caused by traffic accidents was assessed for the two target years
and road networks. In addition to fewer delays caused by a smaller number of
accidents, using the service also has other, smaller impacts on travel time. A driver
who uses the system drives a little slower each time (s)he passes a warning object,
causing a further delay. This was acknowledged but not taken into account in the
calculations.
It was assessed that Finnish drivers experience on average 19.94 hours of delay per
year in traffic (EC 2017). As the average number of kilometres driven is 18 800 km, the
average delay per kilometre driven is 3.8 seconds. The traffic volumes are higher and
thus delays longer on the road network of Southern Finland; we estimated double the
delay time. The average delay was used for the whole main-road network.
Total kilometres driven was assessed for light and heavy vehicles. The total kilometres
driven on the highest-class main roads (‘valtatiet’) in the regions Uusimaa, VarsinaisSuomi, Kaakkois-Suomi and Pirkanmaa were used as the estimate for the 2019
network. Total kilometres driven on all Finnish main roads was used for the 2030
network by multiplying them by a growth factor (Finnish Transport Agency 2017b).
It was assessed that 33% of delays on the main roads of Southern Finland are caused
by incidents. The corresponding proportion on all main roads was assessed to be 67%.
As incidents include also other issues than accidents, the proportions of delay caused
by accidents was assessed to be somewhat smaller: 24% (main roads of Southern
Finland) and 60% (all main roads). Thus, taking into account estimates of the proportion
of prevented accidents, the total number of prevented delay was estimated for heavy
and light vehicles. The result is presented in Table 15.
Table 15. Estimates of prevented delay (hours/year)

2019

2030

(Motorways in Southern Finland,
appr. 800 km)

(All main roads, appr.
13 000 km)

Light vehicles

95–4320

121 000 – 727 000

Heavy vehicles

18–803

19 000 – 116 000
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6.3.2. COSTS
6.3.2.1. ADDITIONAL COSTS OF TRAFFIC MANAGEMENT CENTRE WORK AND SYSTEMS
If the traffic management centre is monitoring e.g. only the Helsinki region and there is
no need to keep track of the whole country, the use of a system like that piloted by
NordicWay Coop does not require additional resources. One moderate resource need
relates to the analytical layer of the system, which is intelligent. It includes features like
traffic announcements turning automatically into warnings: if there are roadworks in the
area and someone reports an obstacle on the road, the system is able to merge the
warnings and select the correct warning type. It also enables highlighting of warnings
that have a high confidence level, precluding the constant monitoring of all lowconfidence information.
Achieving all the necessary features of traffic management centre systems will require
some investment. However, as these systems (mostly) have purposes beyond the
evaluated service, and these other benefits compensate for the investment, operation
and maintenance costs, no additional costs for traffic management centres or their
systems were included in the socio-economic evaluation.

6.3.2.2. SERVICE FEE
It was assessed that the service fee for the public authority would be roughly 500 000–
750 000 €/year at the beginning (2019), and increase linearly with area of coverage
and number of users to around 1 000 000–1 500 000 €/year in 2030.

6.3.2.3. OTHER COSTS
For safe use of the application on a nomadic device, safe installation of the device is
required. According to the First Impression Questionnaire results, 40% of users did not
use (have) a phone mount in their car. Therefore, it was assessed that 40% of new
users of the service would need to purchase a mount. A price of €5 was taken to be
the share of the purchase cost for this service.

6.3.3. SOCIO-ECONOMIC EFFECTIVENESS
The socio-economic effectiveness of the NordicWay project was assessed based on
societal benefits in terms of prevented accidents and consequently prevented delays.
The safety and efficiency benefits were assumed to increase linearly from the 2019 to
the 2030 values.
The current national unit costs were used as such for 2019. For 2030, an annual
increase of 1.125% was used as recommended by the Guidelines of the Finnish
Transport Agency (2013). In addition, the values were discounted by 3.5%. The values
were calculated for all the years from 2019 to 2030 (see 2019 and 2030 values in Table
16).
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Table 16. Unit values used in the socio-economic calculations (calculated also for all the
years in between)

2019

2030

Fatal accident

2 911 100 €/accident

2 255 055 €/accident

Injury accident

439 900 €/accident

340 764 €/accident

3 200 €/accident

2 479 €/accident

Time spent travelling / light vehicle

12.89 €/vehicle-hour

9.99 €/vehicle-hour

Time spent travelling / heavy vehicle

52.31 €/vehicle-hour

40.52 €/vehicle-hour

Non-injury accident

For 2019, the safety benefits were estimated to be 750–106 500 € and the travel time
benefits 2 100–97 700 €, with total benefits around 3 000–204 000 €. The benefits for
2030 discounted for 2019 were 3 300 000–19 700 000 € in safety costs, 2 000 000–
11 900 000 € in travel time, with total benefits of 5 200 000–31 600 000 €. For the
whole period 2019–2030, the proportion of safety benefits was 62% of the total benefits.
The societal additional costs of the system were assessed to increase linearly from
500 000–700 000 €/year in 2019 to 1 000 000–1 500 000 €/year in 2030. In addition,
there was 5 € cost per phone mount for 40% of new users (light vehicles). The same
discount rate of 3.5% was included in the fee. The total societal costs for 2019 were
thus estimated to be 790 000–1 040 000 €/year and the costs for 2030 discounted for
2019 to total 850 000–1 280 000 €/year.
If the most cautious estimate of the benefits is used together with the highest estimate
of the costs, the socio-economic benefit cost ratio of the warning system was 2.3 over
the period 2019–2030. Naturally, using the most optimistic estimate of the benefits and
the smallest value of costs, this ratio would be significantly higher (21). The
development of the benefit-cost ratio is shown in Figure 54.
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Figure 54. Benefit-Cost Ratio for each year during the period 2019–2030

6.4. User acceptance
6.4.1. USER SATISFACTION
In the First Impression Questionnaire, most users considered the tested application to
be useful. The most common reasons were that it provides the means to warn other
drivers of hazards on the road (83%, Figure 55), that it improves traffic safety (60%),
and that it improves traffic fluency (49%). Dissatisfaction was mostly related to limited
functionalities of the prototype application or to the small penetration of users in traffic
(and therefore events).
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Figure 55. Overall usefulness of application, several alternatives could be selected

In the Final Questionnaire, user satisfaction with the application was asked on a scale
of 1 = very dissatisfied, 2 = quite dissatisfied, 3 = quite satisfied and 4 = very satisfied.
Only less experienced users who had received and sent warnings (57 respondents)
were asked to rate their level of satisfaction. The average scores for different topics are
shown in Figure 56 and more detailed results in Table 17. The level of satisfaction was
equally high or even higher among less experienced users compared to more
experienced ones. There were very few very dissatisfied respondents in either group.

Figure 56. User satisfaction with the used application, average score on a scale of 1 = very
dissatisfied, 2 = quite dissatisfied, 3 = quite satisfied and 4 = very satisfied
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Table 17. User satisfaction on used application
Comprehensibility of received warnings

Experienced users

Others

Very dissatisfied

0%

4%

Quite dissatisfied

13%

4%

Quite satisfied

52%

53%

Very satisfied

36%

40%

I cannot say
Reliability of information

0%

0%

Very dissatisfied

2%

2%

Quite dissatisfied

11%

0%

Quite satisfied

71%

61%

Very satisfied

16%

32%

I cannot say
Timing of information

0%

5%

Very dissatisfied

0%

4%

Quite dissatisfied

18%

7%

Quite satisfied

64%

51%

Very satisfied

18%

30%

I cannot say
Usefulness of information

0%

9%

Very dissatisfied

0%

2%

Quite dissatisfied

20%

5%

Quite satisfied

52%

48%

Very satisfied

29%

41%

I cannot say
Noticeability of received warnings

0%

4%

Very dissatisfied

0%

4%

Quite dissatisfied

23%

16%

Quite satisfied

38%

39%

Very satisfied

39%

37%

I cannot say
Sending of warnings

0%

5%

Very dissatisfied

4%

4%

Quite dissatisfied

18%

13%

Quite satisfied

45%

33%

Very satisfied

34%

50%

I cannot say

0%

0%
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Those who were not fully satisfied with sending warnings suggested adding more
options such as hazard type, especially for animals on the road, and the possibility to
add a short description of the incident. Some users felt that the tested version was
difficult to use while driving. Integration as part of the navigation system was suggested,
as well as the possibility to filter out incidents not on the intended route. Another
requested feature was information on the direction of an incident on dual carriageways.

6.4.2. ADDITIONAL VALUE OF THE SERVICE
In the Final Questionnaire, the respondents were asked about the additional value that
the tested service gave them. The three most commonly chosen options were that
HERE DTI gave more specific location of the disturbance (57%, Figure 57), it gave
information only about disturbances close to the vehicle (45%), and it gave information
about disturbances that the user had not heard about from any other source (45%).
Only 11% assessed that it did not have any benefit and 4% chose ‘I cannot say’.

Figure 57. Assessment of the additional value of the tested service, Final Questionnaire,
experienced users (N = 56)

6.4.3. PRIORITY OF WARNING TYPES
In the Final Questionnaire, the respondents were asked to rate the priority of the
warning types on a scale of 1 = most important, 2 = second most important, etc. Both
user groups gave the highest priority to warnings of accidents and obstacles on the
road. Poor visibility was given the lowest priority (Figure 58).
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Figure 58. Priority of warning types on a scale of 1 = most important, 2 = second most
important, etc.

In addition to the hazard types included in the test app, the users suggested including
warnings for
•

Traffic jam

•

Elk, reindeer, other animals on the road

•

Driver with abnormal behaviour

•

Damaged road

•

Police, traffic cameras

•

Special transport.

The users also suggested being shown an alternative route if the road is blocked or
very congested.

6.4.4. W ILLINGNESS TO HAVE
In the Final Questionnaire, respondents were asked whether they would be willing to
continue using the application; 95% of experienced users said that they would. This
was slightly lower for less experienced users, at 86%. The most typical answer was
‘yes, as part of a smartphone navigator’, selected by 54% of experienced users and
45% of the others. Only 2% of experienced users and 8% of the others would not be
willing to use it, and correspondingly 4% and 7% stated ‘I cannot say’.
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Figure 59. Willingness to continue using the HERE DTI app if HERE were to launch it

6.4.1. USE OF SERVICE (PRODUCTION PHASE)
In the Final Questionnaire, the respondents were asked about their habits relating to
when to activate the system if they had it in use; 63% of experienced users and 53%
of the others assessed that they would try to activate it always (Figure 60). Many would
like the system to activate automatically, either when they activate the navigator or
connect to the Bluetooth system of the car. Only 1% of experienced users and 5% of
the others thought that they would not activate the system very often.

The sole responsibility of this publication lies with the author. The European Union is not responsible for any
use that may be made of the information contained therein

Figure 60. Use of service if production phase application would be in use

Of those who selected not always activating the app, 89% of experienced users (48%
of others) thought that they would activate it in congestion, 63% (61%) for long
journeys, 42% (45%) when they expected to get warnings of situations that others
should be warned about, and 42% (40%) when they had a tight schedule.

6.5. Financial performance and business models
The business model for Finland was considered in an interview with Anna Schirokoff
from the Finnish Transport Safety Agency, and Risto Kulmala and Ilkka Kotilainen from
the Finnish Transport Agency.
How do you see connected vehicles being implemented?
It is up to car manufacturers how they want to connect their vehicles to the outer world
(C2X, IoT) and infrastructure. Based on how they do it, others need to adapt or try to
discuss with them what would be the best way forward to connect with vehicles; on the
European level, mandating any specific technology seems improbable. Naturally,
vehicles will anyway be connected (at least via the driver) to the devices that occupants
bring into them. At least, most so-called Day 1 C-ITS services aim to inform the driver
rather than the vehicle.
Political and infrastructure operator decisions will have an impact on how fast the
vehicle fleet is renewed. Technology choice and adoption speed will depend on the
technological evolution (driven by both industry and user uptake).
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What roles do you think this requires?
The C-ITS Platform has defined the roles on a general level. Finland is no exception.
What is missing in the NordicWay concept?
Links to other central service nodes (corresponding to the NordicWay Interchange
Node here) are missing. In addition, other service providers should be able to join the
NordicWay community (missing: management and security of the interchange node
and principles of how this should be done and by whom). National traffic clouds could
be connected to the national interchange nodes. Other users of the traffic cloud could
be mentioned in addition to the traffic management centre. This will be looked into as
part of the NordicWay2 project (with CEF funding, 2017–2020).
Who does what? Who is in charge and what does it involve?
In Finland, the Finnish Transport Safety Agency has carried out a trial on how monetary
incentive may accelerate renewal of the vehicle fleet. There have been no trials on how
to support the market uptake of driver support systems via taxing principles when
purchasing a new vehicle. The Finnish Transport Agency will facilitate connectivity by
digital infrastructure (incl. National Accept Point) and physical infrastructure (roadside
units on critical sections and in traffic signals) together with cities/municipalities. The
ministry is in charge of the legal framework and the Finnish Communication Regulation
Authority of the needed communication frequencies.
The Finnish road transport automation roadmap and action plan for 2016–2020
includes connectivity aspects.
If C-ITS services are not provided in Finland on a commercial basis, the public sector
is prepared to procure such services on the part of the road network where this is
feasible socio-economically. Service providers not dependent on car manufacturers
may have an important role in the provision of cellular C-ITS services using after-market
and nomadic devices.
What is required for interoperability?
Good business models, good cooperation.
Technical interoperability requires harmonized data models, use-case related profiles
and interfaces. European and global standardization bodies have an important role in
this. This includes security and privacy.
Contractual interoperability requires that the roaming principles be agreed upon, so that
the national service provider could get monetary compensation for visiting users; some
sort of clearing house would be needed. Interoperability is supported if public
procurement is done jointly between different public bodies (joint procurement?).
Functional interoperability would require that the user get the same service (common
look & feel) no matter who is providing the service.
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Are there several options for implementation or do you see a clear way forward?
Yes, there are several ways. This depends highly on what will be the dominating
technology solution in the future (the long-term solution will rule, but we are not there
yet). Therefore, we do not see a clear way forward. Will there be a mandating decision
on this?
Is your role clear? If not, what is unclear? What can be done to clarify it?
Yes, pretty clear. The way forward from here on is based on trials and cellular-oriented
hybrid communication where we do not have to invest in C-ITS-specific infrastructure
except for specific locations. In Finland, we have a long public road network with low
traffic volumes (only 900 km of motorways, 78 000 km of public roads in total), making
other solutions mostly non-profitable.
Are the roles of others clear? Finnish / Nordic / International perspective (C-ITS)
Within the NordicWay countries, the roles are clear.
What do you hope to get from collaborating with other actors? Are you getting
it? How important is cooperation to you?
Faster development and deployment with open sharing of experiences (good and bad
practices, benefits and costs). In addition, by joining forces Finland will be part of a
bigger (= more interesting) market area for industry players.
NordicWay has supported this in the creation of a common architecture and in the
collection of experiences.
Cooperation is essential to a (population-wise) small country like Finland.
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7. Impact of the service
C-ITS for the provision of safety-related traffic information via cellular networks was
proven to be a technically feasible concept. The latencies of the system were short
enough (0.3 second median latency for smartphone–>HERE cloud–>smartphone, in
90% of cases < 0.7 seconds) for the driver information system and system architecture
to ensure interoperability cross-border. The application followed the requirements by
Car Connectivity Consortium and ESoP (European Statement of Principles) Guidelines
for applications to be used while driving.
The service of being warned and being able to warn about hazardous situations on the
road was well-accepted by road users. They saw it as providing information that other
services did not, and giving more detailed or more targeted information. The drivers
also assessed that information on hazardous locations ahead affected their driving
behaviour by increasing their focus, changing their speed or amount of headway, and
altering their overtaking behaviour or secondary tasks while driving. The changes in
speed could also be seen in the GPS data analysis. Thus, the results reveal that the
impact mechanisms sketched in the program theory do exist, although due to the small
number of these warning events not all mechanisms can be verified with objective data.
The direct safety impact on the target roads was greatest for warnings of slipperiness
and of animals & people on the road (approximate 0.3–2.1% reduction), followed by
roadworks and exceptional weather warnings (approximate 0.1–0.6% reduction).
Warnings of obstacles on the road, accidents or poor visibility were the least effective
(approximate 0.0–0.1% reduction) due to the small number of target accidents. Overreliance on the ability of the system to warn of hazards was considered to cause a slight
increase in speed (0.3–0.5%) of light vehicles on target roads in free-flow driving. This
increase, also manifest in increased accident risk, counteracts the direct safety impact.
Thus, the overall safety impact of the service was assessed to be a 0.00–0.09%
reduction in injury accidents and a 0.00–0.08% drop in fatal accidents in 2019 on
motorways in Southern Finland, and correspondingly 0.8–4.6% in injury accidents and
0.6–4.0% in fatal accidents in 2030 on all main roads. The proportions estimated for
injury accidents were also utilised for non-injury accidents.
The service will also have travel time benefits if the number of accidents, and thus
resulting delays, is reduced. These reductions were estimated to total roughly 110–
5120 hours/year in 2019 on the main roads of Southern Finland, and 140 000–840 000
hours/year in 2030 on the whole main-road network in Finland.
The service has relatively low costs and is easy to deploy; thus the main challenge will
be to get drivers to use the service. In addition, development work is still needed for
safe use and analytics to ensure reliable warnings and provide easy access to
additional information.
In conclusion, if wide penetration of the system is achieved, societal benefits can be
expected. These will originate from a drop in the number of accidents and consequent
reduced delays in traffic. The benefit-cost ratio was assessed to be at least 2.3 for the
period 2019–2030, assuming linear growth.
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8. Transferability of the results
8.1. Lessons learned
8.1.1. SOCIO-ECONOMIC IMPACT OF THE SERVICE
The challenges for traffic in Finland are mainly related to weather and incidents, rather
than traffic volume. The extent of the road network (78 000 km of public roads without
streets), high-quality mobile phone network coverage, and low-cost limitless data
packages for mobile phone users makes a cellular solution attractive from the benefitcost ratio perspective.
The socio-economic benefits derive from the reduction of target accidents. In Finland,
accidents in challenging road weather conditions and with animals (elk, deer, reindeer)
form a significant share of accidents. As the safety-related traffic information defined in
the Delegated Regulation is targeting those hazards, the service is becoming effective.
The results can be transferred to other regions where hazards to traffic and the accident
distribution are similar to those in Finland. For regions with different challenges, like
over-demand and related accidents, the same methodology can be used for assessing
driver behaviour, user acceptance and socio-economic impacts.

8.1.2. LATENCIES
When considering transmission delays to and between mobile phone users, published
reports often compare e.g. the shortest delays in 3G, 4G and 5G networks. This can
be misleading: when mobile phones suffer from a bad connection, messages get
delayed by seconds. Further, if messages need to be relayed through several internet
servers, each step adds considerable delays, multiplying the shortest 4G ping
latencies. The modern mobile phone networks offer vehicle-to-vehicle communication
with similar speeds, only using infrastructure-to-vehicle communication loop that
includes several servers, e.g. one for each car manufacturer.
There are methods to ensure ultra-fast transmission between mobile phones, but they
require new set-up: For example, direct mobile to mobile connectivity is one of the latest
additions to 4G/5G standards and it will later be extended to support vehicle-to-vehicle
applications. Another option is to streamline server and base station operations so that
the closest base station processes most of the data and replies instantly, not having to
make inquiries first from far-away serves. Both of the new designs require agreements
and models between companies, aiming at low-latency operations and collaboration.
Finally, it is really only collision-avoidance types of applications and calculations that
require fast communication between vehicles. When the goal is simply to give
information and warnings to drivers, communication delays of one or two seconds
seems acceptable. In the NordicWay trials, 94% of messages could be transmitted to
other users in under one second.
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8.1.3. APPLICATION DESIGN
8.1.3.1. ROAD USER APPLICATION
A finding that keeps repeating itself in studies is that app users do not wish to spend
time entering destinations or turning on systems when they are simply off to work and
not planning a longer trip. Therefore, mobile apps that occasionally provide travel
information are required to run in the background and start and hibernate automatically.
If users need to turn on the app they mostly forget to do so, even if they would benefit
from getting traffic information. We recommend, for commercial traffic information app
design, to have the apps run in the background.
As another lesson learned is that the thumbs-up/down feature that has become popular
in social media would likely be a nice addition to traffic apps. This would enable drivers
to easily confirm or cancel incident reports by other drivers. If they lack this option the
information quality remains rather low, with only one driver reporting and others merely
noting that the warning is in the system without having to repeat it.

8.1.3.2. TRAFFIC MANAGEMENT CENTRE HMI RELATED SUGGESTIONS
During the NordicWay Coop trial period, the map showing active warnings was zoomed
in by the Helsinki traffic management centre to the relevant locality. Some wishes were
expressed related to the user interface:
•

The icons could be clearer and more illustrative. Now, several information
types were covered by the same icon (e.g. animal and obstacle on the road).
In the traffic management centre it would be more informative to have separate
icons for all information types (even though the selection of icons would be kept
simpler on the road user interface).

•

Warnings initiated by the traffic management centre should also be visible on
the traffic management centre interface; now they were not. In the current
system, extra work was required to check from another system whether a
warning of a certain hazard had already been issued.

•

There should be a possibility to cancel false warnings. This would improve the
quality of service. The traffic management centre should be allowed to ban
users who send false warnings with clear intent to disrupt the service.

•

It should be possible to tell whether the traffic management centre already
knows about an incident. If it does and it has more information, it should be
able to fix the location of the incident or the warning type.

•

Active warnings in the NordicWay Coop system should have a layer of their
own on the integrated user interface system (T-LOIK) of the traffic
management centre. Road-user input could be added to the incident
information system (list of incidents) with the possibility to cancel/remove it if it
is assessed not to be relevant or reliable.

•

Warnings initiated by the traffic management centre should be visually clearly
different to users (e.g. have a different colour).
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8.2. Definition of the next deployment phase
Next phase deployment will take place in the NordicWay2 project. Details of the Finnish
C-ITS deployment next steps were not finalised at the time of finishing this report
(December 2017) as the procurement will start in early 2018.
Several sources are used when planning the next phase deployment. Planning includes
the use of NordicWay results and Deployment Roadmap that outlines barriers, enablers
and recommendations. In addition to the reports, the Finnish Transport Agency and the
Finnish Safety Agency use public and private sector market discussions events that
are open to all stakeholders.
Based on the evaluation results, the Finnish Transport Agency and the Finnish
Transport Safety Agency have released following vision for 2030 to be used in the basis
of the next phase tendering and deployment:
−

Prediction and detection of the incidences that are relevant in Finnish road
conditions

−

User accepted services that scale up. As the main challenge will be to get
drivers to use similar type of service, it is important to have

−

o

Interoperability with other services and border agnostic functionalities

o

Wide network coverage including public roads and street network

New type of ecosystem
o

Service providers, OEMs and Public authorities share Safety Related
Traffic Information

o

New business models and services, e.g. for the use of automated
driving

o

Low costs for implementation, maintenance, operations of digital and
physical infrastructure
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Appendix A. English translations of the questionnaires
A.1. First Impression Questionnaire
You are participating in the NordicWay project as a test user. In the project, you receive
traffic-related warnings to an app called “HERE DTI”. The app lets you warn other
drivers by sending warnings. This survey is related to your first experience of the
service.
1. On what device have you used the HERE DTI app?
o

Mobile phone

o

Tablet

o

Other device, what:_____________________________

2. Where do you usually keep your phone/device in the car? (You may select
several alternatives.)
□

In a phone mount close to the windscreen (phone in horizontal position)

□

In a phone mount close to the windscreen (phone in vertical position)

□

In a phone mount next to the steering wheel (phone in horizontal position)

□

In a phone mount next to the steering wheel (phone in vertical position)

□

In the centre console (without a phone mount)

□

On the seat next to me

□

In my pocket

□

In my bag

□

Somewhere else, where:____________________________

□

Wherever / no regular habit

3. Have you received any warnings so far via the HERE DTI app?
o

Yes

o

No

Questions only for those who replied YES to Q3:
4. How many warnings have you received, excluding those that you sent
yourself?
o

One

o

More than one
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Now think about the last time you received a warning via the HERE DTI app (not sent
by you).
5. When did you receive this warning? (Select the most suitable option)
o

At most 2 days ago

o

At most 7 days ago

o

At most 14 days ago

o

More than 14 days ago

6. What was the object of the warning that you received?
o

Obstacle on the road

o

Poor visibility

o

Slippery road

o

Exceptional weather

o

Accident

o

Roadworks

o

I am not sure

7. What was the road for which the warning was given?
o

Helsinki-Turku motorway

o

Ring I

o

Ring III

o

Länsiväylä (Road 51, Helsinki-Espoo-Kirkkonummi)

o

Helsinki-Tampere motorway

o

Tampere Ring Road

o

Tampere Coastal Road (Rantaväylä)

o

Helsinki-Lahti motorway

o

Some other road, what:__________________________

8. What was the traffic situation when you received the warning?
o

Free-flowing traffic

o

Heavy traffic

o

Slow traffic

o

Queueing traffic

o

Stopped traffic

o

I am not sure
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9. Did you already know about the incident before you got the warning via the
HERE DTI app?
o

No

o

Yes, I had heard about it on the radio

o

Yes, I had seen warnings on a variable message sign above/on the side of
the road

o

Yes, I had received warnings via a navigator or other app

o

Yes, I had seen it / its consequences (e.g. queue) myself

o

Yes, I had got information about it some other way

o

I am not sure

Question only for those who answered YES to Q9:
10. Was the information that you already had of the incident consistent with the
warning provided by the HERE DTI app?
o

Yes

o

No, the location was somewhat different

o

No, the incident type was different

o

No, there were some other inconsistencies with the information,
what:____________________

o

I am not sure

11. Did the warning provided by the HERE DTI app provide you with any additional
information? (You may select several alternatives.)
□

No

□

Yes, correct incident type

□

Yes, more precise location

□

Yes, some other additional information, what:_____________________

□

I don’t know

Questions only for those who answered YES to Q3:
12. Did you yourself see the incident that you were warned about?
o

Yes, I saw the incident that caused the warning and I think it was worth the
warning

o

Yes, I think I saw the incident but I don’t think it was worth the warning

o

No, the situation had resolved before I got to the location

o

No, the incident was not on my route
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o

No, I took another route due to the warning

o

No, some other reason, what:_____________________________

Questions only for those who answered YES to Q12:
13. Was the location of the incident correct on the app (icon on the map)?
o

Yes, it was perfect

o

Yes, it was more or less correct

o

No, it deviated somewhat from the true location

o

No, it was clearly located wrongly

o

I don’t know

14. Was the incident type shown on the HERE DTI app correct?
o

Yes

o

No

o

I don’t know

Questions only for those who answered YES to Q3:
Assess whether the warning had any impact on you. Consider the situation before and
after you received the warning, and the impact of the warning only, not the impact of
the incident.
15. How did the warning affect your speed selection?
o

The warning did not affect my driving speed

o

I stopped speeding

o

I drove more slowly (than the speed limit) in the warning area

o

I drove more slowly for a while (beyond the warning area)

o

I drove more slowly for the rest of my journey

o

I drove faster

o

Some other speed effect, what:________________________

o

I don’t know

16. How did the warning affect your distance to the vehicle in front of you?
o

The warning did not affect the distance

o

I kept a longer distance in the warning area

o

I kept a longer distance for the rest of the journey

o

Some other effect on the distance, what:_______________________

o

I don’t know
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17. How did the warning affect your overtaking behaviour (when approaching the
warning site)?
o

It did not affect my overtaking behaviour

o

I tried to avoid overtaking

o

I overtook with greater caution

o

I overtook more seldom

o

I overtook more frequently

o

Some other effect on my overtaking behaviour, what:_________________

o

I don’t know

18. How did the warning affect other tasks that you performed while driving (e.g.
use of radio, mobile phone or some other device)? (You may select several
alternatives.)
□

It had no impact

□

I tried to avoid other tasks

□

I turned the radio on or up / I was looking for a channel with more
information about the event

□

I turned the radio off or down

□

I followed more closely on the HERE DTI app

□

Some other effect, what:___________________________

□

I don’t know

19. How did the warning affect your attentiveness to traffic? (You may select
several alternatives.)
□

It had no effect

□

I was more attentive to the situation ahead

□

I focused more on controlling my own vehicle

□

I was more attentive to the driving behaviour of other vehicles

□

I was more attentive to the traffic behind me

□

I was more attentive to the vehicle in front of me

□

I paid more attention to the driving conditions

□

Some other effect, what:___________________

□

I don’t know

20. How did the warning affect your driving comfort?
o

It had no effect
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o

It improved my driving comfort

o

It reduced my driving comfort

o

I don’t know

21. Did the warning affect you in some other way; if so, how?
_________________________________________________________
Questions for all participants:
22. Have you sent any warnings via the HERE DTI app?
o

No

o

Yes

Questions for those who answered YES to Q22:
23. What was/were the object(s) of warning?
o

Accident

o

Poor visibility

o

Obstacle on the road

24. What was/were the situation(s) like?
__________________________________________________________
25. Had someone else already issued a warning about it via the HERE DTI app
(and you confirmed the warning)?
o

No

o

Yes

26. What was your motivation for providing this/these warning(s)?
__________________________________________________________
Questions for all participants:
27. What is your general opinion of the HERE DTI app? (You may select several
alternatives.)
□

Useful; it improves traffic safety

□

Useful; it improves traffic fluency

□

Useful; it provides means to warn other drivers on the road

□

Useful; some other reason, what:___________________________

□

Useless; no impact on traffic safety or fluency

□

Useless; I can receive the same information by other means

□

Useless; some other reason, what:__________________________
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□

I don’t know

28. Free comments for further development of the HERE DTI app
__________________________________________________________
29. Is your work related to traffic or the development of traffic-related services?
(You may select several alternatives.)
□

No, my work is not related to traffic or the development of traffic-related
services

□

Yes, my work is related to the development of traffic-related services

□

Yes, my work is related to traffic safety or traffic management

□

Yes, my work is related
how:_________________

to

traffic

in

some

other

way,

We hope that you use the app actively and mount your phone safely in a clearly visible
place in the car.
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A.2. Final Questionnaire
A.2.1. FOR EXPERIENCED USERS
1. What was your main motivation for using the HERE DTI app during this pilot? (You
may select several alternatives if needed.)
□

I considered that the app provided me with useful information

□

The app allowed me to warn other road users of incidents on the road

□

I participate in the development of HERE DTI or a similar app myself

□

I’m interested in new technologies and services in general

□

I felt obliged to use the app, since I had registered for the pilot study

□

Other reason, what:_________________________________

2. Compared with other information sources, HERE DTI provided… (You may select
several alternatives):
□

More precise location of the incident

□

More precise information on the reason for the incident

□

Selected incident information only close to my location

□

Incident information that I did not receive from elsewhere

□

None of the above

□

Some other difference, what:______________________________________

□

I don’t know

3. How satisfied were you with the HERE DTI app on a scale of 1 = very satisfied, 2
= somewhat satisfied, 3 = somewhat dissatisfied, 4 = very dissatisfied
a) Comprehensibility of the warnings: 1 2 3 4
b) Reliability of the information: 1 2 3 4
c) Timing of the information: 1 2 3 4
d) Usefulness of the information: 1 2 3 4
e) Warnings getting my attention: 1 2 3 4
f)

Sending a warning: 1 2 3 4
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Questions only for those who replied 2–4 for Q3a:
4. You were not very satisfied with the comprehensibility of the warnings. How could
it be improved?
________________________________________________________
Questions only for those who replied 2–4 for Q3f:
5. You were not very satisfied with the sending of warnings. How could it be
improved?
________________________________________________________
Questions for all participants:
6. When using HERE DTI, did any of the following happen? (You may select several
alternatives.)
□

It was hard to stay in lane

□

My speed decreased for a while (unintentionally)

□

The gap to the vehicle in front of me got too short

□

I noticed another road user, object on the road or another vehicle too late

□

None of the above

□

Another driving error, what:_____________________________________

7. In your opinion, what is the order of importance of the warnings given by HERE
DTI? Please rate the following from 1 to 6, where 1 = the most important and 6 =
least important (each score may be selected only once)
a) Object on the road: 1 2 3 4 5 6
b) Poor visibility: 1 2 3 4 5 6
c) Slippery road: 1 2 3 4 5 6
d) Exceptional weather: 1 2 3 4 5 6
e) Accident: 1 2 3 4 5 6
f)

Roadworks: 1 2 3 4 5 6

8. Should HERE DTI include other warning types, which?
_________________________________
9. Which of the following did HERE DTI warn you about during the pilot? (You may
select several alternatives.)
□

Obstacle on the road

□

Poor visibility
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□

Slippery road

□

Exceptional weather

□

Accident

□

Roadworks (that I was not aware of)

□

None of the above

□

I don’t know

Questions only for those who selected ‘Obstacle on the road’ in Q9:
10. When you were warned of “obstacle on the road” by HERE DTI, how often was
that the first information you got related to that particular obstacle?
o

Always or in most cases

o

In more than half the cases

o

In about half the cases

o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Poor visibility’ in Q9:
11. When you were warned of “poor visibility” by HERE DTI, how often was that the
first information you got related to that particular visibility problem?
o

Always or in most cases

o

In more than half the cases

o

In about half the cases

o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Slippery road’ in Q9:
12. When you were warned of “slippery road” by HERE DTI, how often was that the
first information you got related to that particular slipperiness?
o

Always or in most cases

o

In more than half the cases
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o

In about half the cases

o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Exceptional weather’ in Q9:
13. When you were warned of “exceptional weather” by HERE DTI, how often was that
the first information you got related to that particular weather condition?
o

Always or in most cases

o

In more than half the cases

o

In about half the cases

o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Accident’ in Q9:
14. When you were warned of “accident” by HERE DTI, how often was that the first
information you got related to that particular accident?
o

Always or in most cases

o

In more than half the cases

o

In about half the cases

o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Roadworks’ in Q9:
15. When you were warned of “roadworks” by HERE DTI, how often was that the first
information you got related to that particular roadwork?
o

Always or in most cases

o

In more than half the cases

o

In about half the cases
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o

In less than half the cases

o

Seldom

o

Never

o

I don’t know

Questions only for those who selected ‘Obstacle on the road’ in Q9:
16. What kind of impacts did the HERE DTI warning of an obstacle on the road
generally have on your driving behaviour? You may select several impacts. Note
that further details will be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.

□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focused my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It had no impact on my driving behaviour.

Questions only for those who selected ‘Poor visibility’ in Q9:
17. What kind of impacts did the HERE DTI poor visibility warning generally have on
your driving behaviour? You may select several impacts. Note that further details
will be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.

□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focused my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It have no impact on my driving behaviour.
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Questions only for those who selected ‘Slippery road’ in Q9:
18. What kind of impacts did the HERE DTI slippery road warning generally have on
your driving behaviour? You may select several impacts. Note that further details
will be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.

□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focused my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It had no impact on my driving behaviour.

Questions only for those who selected ‘Exceptional weather’ in Q9:
19. What kind of impacts did the HERE DTI exceptional weather warning generally
have on your driving behaviour? You may select several impacts. Note that further
details will be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.

□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focused my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It had no impact on my driving behaviour.

Questions only for those who selected ‘Accident’ in Q9:
20. What kind of impacts did the HERE DTI accident warning generally have on your
driving behaviour? You may select several impacts. Note that further details will
be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.
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□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focused my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It had no impact on my driving behaviour.

Questions only for those who selected ‘Roadworks’ in Q9:
21. What kind of impacts did the HERE DTI roadworks warning generally have on your
driving behaviour? You may select several impacts. Note that further details will
be asked of the impacts you select below.
□

It had an impact on my driving speed.

□

It had an impact on the distance I kept to the vehicle in front.

□

It had an impact on my overtaking behaviour.

□

It had an impact on my secondary tasks while driving, e.g. use of radio, mobile
phone or other device.

□

It had an impact on where I focus my attention in traffic.

□

It had an impact on my route choice, if there was an alternative route available.

□

It had an impact on my driving comfort.

□

It had no impact on my driving behaviour.

Questions only for those who selected impact on speed in Q16:
22. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
your driving speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on gap in Q16:
23. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
the distance you kept to the vehicle in front. What kind of impact did it have?
o

I kept a much longer distance than usual

o

I kept slightly a longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual
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o

Some other impact on gap, what:______________________________

Questions only for those who selected impact on overtaking in Q16:
24. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
your overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q16:
25. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
your secondary tasks, such as using the radio or mobile phone. What kind of
impact did it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________

Questions only for those who selected impact on attention in Q16:
26. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
where you focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me

o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q16:
27. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
your driving comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions only for those who selected impact on speed in Q17:
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28. You indicated that a HERE DTI “poor visibility” warning had an impact on your
driving speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on distance to vehicle in front in Q17:
29. You indicated that a HERE DTI “poor visibility” warning had an impact on the
distance you kept to the vehicle in front. What kind of impact did it have?
o

I kept a much longer distance than usual

o

I kept a slightly longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual

o

Some other impact on the distance, what:____________________________

Questions only for those who selected impact on overtaking in Q17:
30. You indicated that a HERE DTI “poor visibility” warning had an impact on your
overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q17:
31. You indicated that a HERE DTI “poor visibility” warning had impact on your
secondary tasks, such as using the radio or mobile phone. What kind of impact did
it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________

Questions only for those who selected impact on attention in Q17:
32. You indicated that a HERE DTI “poor visibility” warning had impact on where you
focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me
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o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q17:
33. You indicated that a HERE DTI “poor visibility” warning had impact on your driving
comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions only for those who selected impact on speed, distance to vehicle in front,
overtaking, secondary tasking or overtaking in Q17:
34. How large was the area were the warning affected your driving behaviour?
o

Only the area of warning

o

Longer than the area of warning

o

For the rest of my journey

Questions only for those who selected impact on speed in Q18:
35. You indicated that a HERE DTI “slippery road” warning had an impact on your
driving speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on distance to vehicle in front in Q18:
36. You indicated that a HERE DTI “slippery road” warning had an impact on the
distance you kept to the vehicle in front. What kind of impact did it have?
o

I kept a much longer distance than usual

o

I kept slightly a longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual

o

Some other impact on distance to the vehicle in front,
what:________________

Questions only for those who selected impact on overtaking in Q18:
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37. You indicated that a HERE DTI “slippery road” warning had impact on your
overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q18:
38. You indicated that a HERE DTI “slippery road” warning had an impact on your
secondary tasks, such as using the radio or mobile phone. What kind of impact did
it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________

Questions only for those who selected impact on attention in Q18:
39. You indicated that a HERE DTI “slippery road” warning had an impact on where
you focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me

o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q18:
40. You indicated that a HERE DTI “slippery road” warning had an impact on your
driving comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions only for those who selected impact on speed, distance to vehicle in front,
overtaking, secondary tasking or overtaking in Q18:
41. How large was the area were the warning affected your driving behaviour?
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o

Only the area of warning

o

Longer than the area of warning

o

For the rest of my journey

Questions only for those who selected impact on speed in Q19:
42. You indicated that a HERE DTI “exceptional weather” warning had an impact on
your driving speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on distance to vehicle in front in Q19:
43. You indicated that a HERE DTI “exceptional weather” warning had an impact on
the distance you kept to the vehicle in front. What kind of impact did it have?
o

I kept a much longer distance than usual

o

I kept a slightly longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual

o

Some other impact on the distance, what:____________________________

Questions only for those who selected impact on overtaking in Q19:
44. You indicated that a HERE DTI “exceptional weather” warning had an impact on
your overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q19:
45. You indicated that a HERE DTI “exceptional weather” warning had impact on your
secondary tasks, such as using the radio or mobile phone. What kind of impact did
it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________
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Questions only for those who selected impact on attention in Q19:
46. You indicated that a HERE DTI “exceptional weather” warning had an impact on
where you focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me

o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q19:
47. You indicated that a HERE DTI “exceptional weather” warning had an impact on
your driving comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions only for those who selected impact on speed, distance to vehicle in front,
overtaking, secondary tasking or overtaking in Q19:
48. How large was the area were the warning affected your driving behaviour?
o

Only the area of warning

o

Longer than the area of warning

o

For the rest of my journey

Questions only for those who selected impact on speed in Q20:
49. You indicated that a HERE DTI “accident” warning had an impact on your driving
speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on distance to vehicle in front in Q20:
50. You indicated that a HERE DTI “accident” warning had an impact on the distance
you kept to the vehicle in front. What kind of impact did it have?
o

I kept much a longer distance than usual

o

I kept slightly a longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual
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o

Some other impact on the distance, what:_____________________________

Questions only for those who selected impact on overtaking in Q16:
51. You indicated that a HERE DTI “obstacle on the road” warning had an impact on
your overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q20:
52. You indicated that a HERE DTI “accident” warning had an impact on your
secondary tasks, such as using the radio or mobile phone. What kind of impact did
it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________

Questions only for those who selected impact on attention in Q20:
53. You indicated that a HERE DTI “accident” warning had an impact on where you
focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me

o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q20:
54. You indicated that a HERE DTI “accident” warning had an impact on your driving
comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions only for those who selected impact on speed in Q21:
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55. You indicated that a HERE DTI “roadworks” warning had impact on your driving
speed. What kind of impact did it have?
o

I stopped speeding

o

I drove slower (than the speed limit)

o

Some other impact on speed, what:_____________________________

Questions only for those who selected impact on distance to vehicle in front in Q21:
56. You indicated that a HERE DTI “roadworks” warning had an impact on the distance
you kept to the vehicle in front. What kind of impact did it have?
o

I kept a much longer distance than usual

o

I kept a slightly longer distance than usual

o

I paid attention to the distance and didn’t allow it to get shorter than usual

o

Some other impact on the distance, what:_____________________________

Questions only for those who selected impact on overtaking in Q21:
57. You indicated that a HERE DTI “roadworks” warning had an impact on your
overtaking behaviour. What kind of impact did it have?
o

I avoided overtaking

o

I overtook more carefully

o

I overtook less frequently

o

Some other impact on overtaking, what:_________________________

Questions only for those who selected impact on secondary tasks in Q21:
58. You indicated that a HERE DTI “roadworks” warning had an impact on your
secondary tasks, such as using the radio or mobile phone. What kind of impact did
it have?
o

I tried to avoid secondary tasks

o

I turned the radio on or up / I searched for a channel with more information

o

I turned the radio off or down

o

I paid more attention to the HERE DTI app

o

Some other impact, what:______________________________

Questions only for those who selected impact on attention in Q21:
59. You indicated that a HERE DTI “roadworks” warning had an impact on where you
focused your attention in traffic. What kind of impact did it have?
o

I paid more attention to the traffic in front of me
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o

I paid more attention to the vehicle in front of me

o

I paid more attention to the traffic behind me

o

I focused more on operating my own car

o

I paid more attention to the driving conditions

o

Some other impact, what:_______________________________

Questions only for those who selected impact on comfort in Q21:
60. You indicated that a HERE DTI “roadworks” warning had an impact on your driving
comfort. What kind of impact did it have?
o

It increased my driving comfort

o

It decreased my driving comfort

Questions for all participants:
61. Would you like to continue using the HERE DTI app if HERE launches the product?
o

Yes, as a separate app on a smartphone

o

Yes, as part of a phone navigator

o

Yes, as part of a car navigator

o

Yes, as part of another in-vehicle device (e.g. devices for professional drivers)

o

No

o

I don’t know

62. On what kinds of trip do you think you would activate HERE DTI if a productionphase service were available to you after this pilot? You may select several options
if needed.
□

I’d try to activate it always

□

I’d activate it when I have a tight schedule

□

I’d activate it for longer trips

□

I’d activate it when driving on congested routes

□

I’d activate it for trips on which I either expect to receive a warning or
experience situations worth warning others about

□

I don’t think I’d have any particular usage pattern

□

I’d like the app to be activated automatically when I turn on the navigator

□

I’d like it to be activated when I plug my phone into the car’s Bluetooth system
or similar

□

I don’t think I would use it very often
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□

Something else, what:________________________________

63. Please indicate below if you’d like to share any feedback or ideas on how to further
develop HERE DTI.
_______________________________________________________________
Thank you for your answers and for taking part in our research!

A.2.2. FOR OTHERS
1. What was your main motivation for participating in the NordicWay trial? You may
select several alternatives if needed.
□

I considered that the app provided me with useful information

□

The app allowed me to warn other road users of incidents on the road

□

I participate in the development of HERE DTI or a similar app myself

□

I’m interested in new technology services in general

□

I’m interested in transport-related trials in general

□

Other reason, what:_________________________________

2. Did you receive warnings from the HERE DTI app during the trial?
o

Yes

o

No

o

I don’t know

3. Did you send warnings to other drivers with the HERE DTI app during the trial?
o

Yes

o

No

o

I don’t know

Questions only for those who answered YES to Q2 and Q3:
4. How satisfied were you with the HERE DTI app on a scale of 1 = very satisfied, 2
= somewhat satisfied, 3 = somewhat dissatisfied, 4 = very dissatisfied?
a) Comprehensibility of the warnings: 1 2 3 4
b) Reliability of the information: 1 2 3 4
c) Timing of the information: 1 2 3 4
d) Usefulness of the information: 1 2 3 4
e) Warnings getting my attention: 1 2 3 4
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f)

Sending a warning: 1 2 3 4

Questions only for those who answered YES to Q2 and NO to Q3:
5. How satisfied were you with the HERE DTI app on a scale of 1 = very satisfied, 2
= somewhat satisfied, 3 = somewhat dissatisfied, 4 = very dissatisfied?
a) Comprehensibility of the warnings: 1 2 3 4
b) Reliability of the information: 1 2 3 4
c) Timing of the information: 1 2 3 4
d) Usefulness of the information: 1 2 3 4
e) Warnings getting my attention: 1 2 3 4
Questions only for those who replied 2–4 for Q4a or Q5a:
6. You were not very satisfied with the comprehensibility of the warnings. How could
it be improved?
________________________________________________________
Questions only for those who replied 2–4 for Q4f:
7. You were not very satisfied with the sending of warnings. How could it be
improved?
________________________________________________________
Questions for all participants:
8. In your opinion, what is the order of importance of the warnings given by HERE
DTI? Please rate the following from 1 to 6, where 1 = most important and 6 = least
important (one score may be selected only once)
g) Object on the road: 1 2 3 4 5 6
h) Poor visibility: 1 2 3 4 5 6
i)

Slippery road: 1 2 3 4 5 6

j)

Exceptional weather: 1 2 3 4 5 6

k) Accident: 1 2 3 4 5 6
l)

Roadworks: 1 2 3 4 5 6

9. Should HERE DTI include other warning types, which?
_________________________________
10. Would you like to continue using the HERE DTI app if HERE launches the product?
o

Yes, as a separate application on a smartphone

o

Yes, as part of a phone navigator
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o

Yes, as part of a car navigator

o

Yes, as part of another in-vehicle device (e.g. devices for professional drivers)

o

No

o

I don’t know

Questions only for those who replied YES to Q10:
11. On what kinds of trip do you think you would activate HERE DTI if a production
phase service were available to you after this pilot? You may select several options
if needed.
□

I’d try to activate it always

□

I’d activate it when I have a tight schedule

□

I’d activate it for longer trips

□

I’d activate it when driving on congested routes

□

I’d activate it for trips on which I either expect to receive a warning or
experience situations worth warning others about

□

I don’t think I’d have any particular usage pattern

□

I’d like the app to be activated automatically when I turn on the navigator

□

I’d like it to be activated when I plug my phone into car’s Bluetooth system or
similar

□

I don’t think I would use it very often

□

Something else, what:________________________________

12. Please indicate below if you would like to share any feedback or ideas on how to
further develop HERE DTI.
_______________________________________________________________
Thank you for your answers and for taking part in our research!
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