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a  b  s  t  r  a  c  t

Co-Drive  on-board  traffic  information  system  is a  complementary  tool  providing  a dynamic  management
of  transportation  infrastructure  and  traffic  as  well  as  the  diffusion  of accurate  real-time  information  about
the road  environment  and  motorists’  driving  behaviour.  The  aim of  this  study  was  to  examine  drivers’
acceptability  of Co-Drive  by  investigating  the impact  of  traffic  information  provided  via  on-board  display
devices  on  motorists’  beliefs  and  behaviour.

116 drivers  (Men  = 46.6%),  between  22  and  62  years,  participated  to  a driving  simulator  experiment.
They  were  randomly  divided  into  two  experimental  groups  according  to the  type  of  display  device  (Black-
berry vs.  iPhone)  and  a control  group.  The  experimental  groups  were  exposed  to  fourteen  on-board  traffic
messages:  warning  (e.g.,  road  crash),  recommendation  (e.g.,  the  use of  seat-belt)  and  comfort  messages
(e.g., the  location  of  a gas  station).  They  had  to  validate  each  message  by pushing  the  headlight  flashing
button  as soon  as  they  understood  it.  At  the  end,  all  participants  had to  fill  in a questionnaire.
raffic pictogram
peed behaviour

Drivers  evaluated  positively  the  on-board  messages,  expressed  a  high  level  of confidence  in the  on-
board  information  and  estimated  having  received  it sufficiently  in  advance  for  them  to  adjust  their
behaviour.  Regardless  of the  type  of display  device,  they  took more  time  to  read  warning  and  recom-
mendation  messages  as  compared  to comfort  messages  and  complied  with  them.  Finally,  those  exposed
to the  messages  adapted  their  behaviour  easier  to the  road  events  than  those  who  did  not  receive  them.
Practical  implications  of the  results  are discussed.
. Introduction

Advanced on-board systems provide accurate real-time traf-
c information which improves road safety by facilitating drivers’
pportunity to anticipate traffic events and adapt their behaviour,
meliorates the traffic flow and encourages sustainable mobility
Jamson et al., 2013).

Co-Drive project represents a recent French initiative to validate
 cooperative driving system between the driver, the vehicle, and
he infrastructure, in order to obtain an intelligent and safe route
n the service of sustainable mobility. More specifically, Co-Drive
ystem represents a complementary tool providing a dynamic man-

gement of transportation infrastructure and traffic as well as the
iffusion of real-time traffic information. The information should
e presented via on-board display devices (e.g., mobile phones) and
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notify drivers’ about legal speed limits, time headway, warnings on
local events (e.g., slippery road, traffic jams, the location of a gas
station, etc.) and be updated in a regular manner.

In order for drivers to develop safer interactions with the road
environment and adopt smart mobility, any information provided
via on-board traffic information systems (Bierlaire et al., 2006;
Caird et al., 2006, 2008; Hanowski and Kantowitz, 1997; Lee et al.,
1999; Staplin and Fisk, 1991; Regan, 2004) or variable message
signs (VMS) (Dudek et al., 2006) would have to be quickly read
and understood. In this regard, numerous studies examined drivers’
reading and comprehension of messages provided via VMS  (Dutta
et al., 2005) or road-safety campaigns (Delhomme et al., 2009, 2010;
Haddad and Delhomme, 2006).

Thus, some studies explored the factors with potential influence
on reading and comprehension such as length of the message (Arditi,
2011), colour use (Lai, 2010; Shaver and Braun, 2000), the presence
vs. absence of pictograms (Collins and Lerner, 1983; D’Onghia et al.,
2008; Dowse and Ehlers, 2005), type of display device (Delhomme

et al., 2013), type of message (Wang et al., 2009), and motorists’
characteristics such as driving experience (Tijus et al., 2005), age
(Allen et al., 1980), gender (Al-Madani and Al-Janahi, 2002), and
fatigue (Lum et al., 1983). Thereby, motorists require approximately
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ne second per word presented on VMS  or 4-units information
1-unit information = one word) to accurately process and under-
tand the information and still pay attention to the driving activity
Dudek and Huchingson, 1986; Ullman et al., 2005). Red is asso-
iated with warnings and increases compliance behaviour (Braun
t al., 1994, 1995; Rudin-Brown et al., 2004). Drivers prefer pic-
ograms over text messages and their reading time is shorter for

essages accompanied by pictograms as compared to text-only
Houts et al., 2006; Jaynes and Boles, 1990; Monteiro et al., 2013;
hinar and Vogelzang, 2013; Tijus et al., 2005; Wang et al., 2007).
urthermore, drivers spend more time reading warning messages
s compared to other types of message (Delhomme et al., 2013).
oung (<19 years) and elderly drivers (>54 years) have difficulties

n understanding and recognizing warning traffic signs (Otani et al.,
992; Richards and Heathington, 1988). Female drivers between 40
nd 60 years recognize faster “speed limits” warning signs as com-
ared to male drivers between 25 and 40 years (Schmidt, 1982).
inally, fatigue was associated with difficulties to focussing atten-
ion on stimuli provided via advanced on-board traffic systems
Hancock and Verwey, 1997).

Other empirical studies examined the impact of traffic messages
n drivers’ behaviour (Ullman et al., 2005). For example, Rämä and
ulmala (2000) investigated the effects of the presence vs. absence
f the message “slippery road” provided via VMS  on motorists’
peed behaviour. A reduction of approximately 2 km/h in the aver-
ge speed was registered among those exposed to the message.
imilarly, Luoma et al. (2000) observed that drivers refocused their
ttention on seeking cues of potential danger and drove more care-
ully on the slippery road segments when exposed to a “slippery
oad” message via VMS. Erke et al. (2007) investigated the effects
f the presence vs. absence of a “closed road segment” message
ecommending an alternative route displayed on two VMS  in Oslo
n drivers’ route choice and speed behaviour. Larger speed reduc-
ions and higher compliance with taking alternative routes were
ound among the drivers who had seen the message as compared
o those who had not been exposed to it.

The aim of our study was to investigate motorists’ compre-
ension of on-board traffic messages provided on two  types of
isplay devices (Blackberry vs. iPhone) and their acceptability of
o-Drive. More specifically, we tested the effects of these mes-
ages on motorists’ beliefs and driving behaviour during a simulator
riving task, according to the type of message (warning, recom-
endation, and comfort messages), gender, and age. In this regard,
e formulated the following hypotheses in accordance with the
revious literature review:

1. Warning messages inform motorists about imminent dangers
herefore, we assumed that motorists will take less time compre-
ending warning messages as compared to recommendation and
omfort messages.

2. Motorists’ from the experimental groups will express high
cceptability of on-board traffic information systems, positive
ttitude towards on-board traffic messages and pictograms, and
onfidence in on-board traffic information, will report changing
heir behaviour after being exposed to on-board information, and
ill declare themselves satisfied with on-board traffic information

nd Co-Drive.

3. Motorists will adjust their driving behaviour according to the
ype of message by reducing speed when confronted to warning
r recommendation messages and maintain it when confronted to
omfort messages which do not require any particular behavioural

hange.

4. Motorists from the experimental groups will adapt their driv-
ng behaviour easier to the road events as compared to those from
he control group.
s and Prevention 65 (2014) 123– 130

2. Method

2.1. Apparatus

In order to achieve the aims of this study, we used the driv-
ing simulator with a fixed platform belonging to the Mobility
and Behaviour Psychology Lab (IFSTTAR). The equipment is com-
posed of ten parallelepiped-shaped panels and visual channels
(2.44 m × 1.83 m)  as well as an instrumented vehicle (Peugeot 308).
Seven of these panels are equipped with a classic video projector
(F22 Projection Design) while the other three with a Titan stereo-
scopical video projector (Digital Projection, 3D). The instrumented
vehicle is positioned in the centre of seven panels with a triptych
facing the driver while the other three panels are fixed in the back
of the vehicle. The retro lateral vision is ensured by external fixed
visual panels and the refresh rate of these panels is 60 Hz. The
driver has a 360◦ field of view. Different driving parameters (e.g.
speed, acceleration, braking, wheel movements, etc.) are registered
in accordance with the virtual traffic situation to which the driver
is exposed (see Fig. 1).

2.2. Experimental design

Two designs were used

(1) Without the control group. To test the effects of the type
of message (warning, recommendation vs. comfort messages)
according to type of display device (Blackberry vs. iPhone), gen-
der (men vs. women) and age category: young (22–34 years),
middle-aged (35–44 years) vs. older (45–62 years) on drivers’
comprehension, acceptability of Co-Drive, and speed behaviour
(Hypotheses 1, 2, and 3).

(2) Including the control group. To the effect of the presence vs.
absence of the messages according to the experimental con-
dition (Blackberry, iPhone vs. control group) gender (men vs.
women), and age category (young, middle-aged vs. older) on
motorists’ driving behaviour (Hypothesis 4).

2.3. Participants

The sample consisted of 116 drivers (Men = 46.6%) between
22 and 62 years (M = 38.73, SD = 10.65). Participants had their
driving license for 17.63 years (SD = 10.74) and had driven over
16,537 km/year (SD = 12,314). They declared driving at a gen-
eral average speed of 128.33 km/h on highway (SD = 13.37) and
a maximal average speed of 135.04 km/h (SD = 10.00, Min  = 100;
Max  = 160). We  divided them by median split into three categories
according to their age: young (42.2%), middle-aged (27.6%), and
older drivers (30.2%).

2.4. Procedure

Participants were selected by a recruitment agency according
to the criteria provided by the experimenter (i.e., gender, age,
and driving experience) and received financial incentives for their
participation. They were randomly divided in three groups: two
experimental groups which received on-board traffic information
via Co-Drive and displayed on a Blackberry (N = 43 drivers) vs.
iPhone (N = 37 drivers) situated on the dashboard of the vehicle
and a control group (N = 36 drivers) (see Table 1).

They were equally distributed among the three groups accord-
ing to gender (�2 = .594, p =.74), age (�2 = 3.446, p = .17), and driving

experience (�2 = 3.570, p = .16).

We  have chosen two  types of display device used by drivers to
communicate or receive information on a daily-basis: an iPhone
4S (screen sizes: 8.89 cm × 7.39 cm × 4.93 cm;  screen resolution:
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Fig. 1. The Driving Simulator of the Mobility and Behaviour Psychology Lab (IFSTTAR).

Table 1
Means and standard deviation for age category and driving experience according to the type of display device and gender.

N = 118 Blackberry (N = 43) iPhone (N = 37) Control (N = 36)

Men  Women Men Women  Men  Women

M SD M SD M SD M SD M SD M SD
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2.4.4. Post-experimental questionnaire
At the end, all participants were asked to fill in a 10 min ques-

tionnaire.

Table 2
The fourteen messages provided during the experimental driving task according to
the  order of appearance.

Type of message No. Message

Warning messages 8 02 – Stationary damaged vehicle in 2 km on the
right lane
05 – Caution. Pedestrian in 3 km
07 – You are driving too fast. Slow down!
09 – Slippery road
10 – You are driving too close. Adopt safe time
headway
11 – Peak pollution 110 km/h mandatory
12 – Work zone in 3 km.  Speed limited at
90  km/h
13 – You are driving too fast. Slow down!

Recommendation
messages

4 01 – Smooth driving. I protect the environment
03 – Too fast. Too close = Danger
Age category 43.59 12.17 38.76 9.94 36.25
Driving experience 23.04 12.68 17.19 8.65 14.93

60 × 640 pixels) and a Samsung Galaxy Pro Y blackberry (screen
izes: 6.60 cm × 5.28 cm × 3.96 cm;  screen resolution: 320 × 240
ixels) in order to check any possible influence of the screens’
imensions. The experiment lasted approximately 1 h 30 and was
ivided in four stages as follows.

.4.1. Welcoming stage
On the arrival at the driving simulator, all participants were

riefed on the requirements of the study, their ethical rights, the
isks of simulator operation, and the safety measures employed to
itigate these risks and invited to sign an informed consent.

.4.2. Familiarization with the simulator
The researcher explained them functionality of the driving sim-

lator and assisted them in the simulator while they drove for
pproximately 10 min  in order to familiarize themselves with the
imulation system.

.4.3. Experimental task
Participants were invited to drive on the simulator for approxi-

ately 40 min. The experimental itinerary simulated a 50 km ring
ighway (2×2  lanes) with 3 intersections. During the driving task,
he two experimental groups were exposed to fourteen messages
elected out of a list of 45 messages regularly provided on VMS  by
he highway operator APRR (“Autoroutes Paris Rhin Rhône”). These

essages are presented in Table 2.
Participants in the experimental groups were informed that

everal messages would appear on the Blackberry vs. iPhone via
o-Drive providing warning (e.g., road crash), recommendation (e.g.,
he use of seat-belt), and comfort messages (e.g., the location of a
as station) (see Table 1). The messages contained between 4 and

 words (Min = 17 characters; Max  = 48 characters). All text mes-
ages were written in black on a white background, were centred

nd distributed on 1 to 3 lines. In order to obtain comparable data,
raphical characteristics were controlled in accordance to the verti-
al (Calibri, 60, 1.0 spacing, 22.8 mm)  or horizontal position (Calibri,
0, 1.0 spacing, 16.5 mm)  of the display device. Three of the warning
9.35 38.66 10.55 37.31 10.71 36.55 10.12
9.47 16.52 10.23 17.81 9.64 15.35 11.82

messages were meant to appear only if the participant had trans-
gressed speed limits or time headway. In order to increase the
salience of the messages, each message was  accompanied by a
pictogram located at the top of the text. Two types of pictogram cor-
responding to warning vs. recommendation messages were used.
Their colour characteristics were consistent with the colour codes
as suggested by Brockman (1991) (see Fig. 2).

Participants had to validate each message by pushing the head-
light flashing button as soon as possible after having read and
understood it. Participants in the control group undertook the same
driving task except no messages were provided.
06 – Fasten seat-belt = Protected life
14 – Road crash in 3 km.  Exit 12 recommended

Comfort messages 2 04 – Closed gas station in 10 km
08 – Rest area. Take the next exit.
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Table 3
Number of messages validated during the experimental task.

N = 80 drivers Number of validated messages

14 13 12 11

Type of display Blackberry 5 23 14 1
ig. 2. Example of warning and recommendation messages and the corresponding
ictograms.

.5. Measures and instruments

.5.1. Comprehension
Comprehension time was registered with DR2 and ARCHISIM

oftware (Espié, 1999). Once every 33 ms,  DR2 and ARCHISIM
egistered all parameters indicating the drivers’ behaviour while
ravelling (e.g., instant speed, time headway, acceleration, deceler-
tion, lane change, flashing lights, etc.). Later on, this information
as processed in order to extract variables such as reaction time,

verage speed, etc. In our case, an overall comprehension time was
reated as well as comprehension time indexes according to the
ype of message: warning, recommendation, and comfort messages.

.5.2. Acceptability of Co-Drive

.5.2.1. Attitude towards on-board traffic messages. This was  reg-
stered using 6 adjectives (i.e., useful, comprehensible, efficient,
mportant, distracting, and pertinent; scored 1 to 5, not at all/very

uch). The mean of the six adjectives produced an overall scale
Cronbach’s  ̨ = .84).

.5.2.2. Attitude towards pictograms. This was registered by 4 items
e.g., “Have the pictograms accompanying the text help you better
nderstand the messages?”, scored 1 to 5, not at all/very much). The
ean of the 4 items produced an overall scale (Cronbach’s  ̨ = .72).

.5.2.3. Confidence in on-board traffic information provided by Co-
rive. This was registered by 4 items (e.g., “Did you have confidence

n the on-board information provided by Co-Drive?”, scored 1 to 5,
ot at all/very much). The mean of the 4 items produced an overall
cale (Cronbach’s  ̨ = .76).

.5.2.4. Self-reported behavioural change after the exposure to the
essages. This was registered by 3 general items (e.g., “Have you

hanged your behaviour after being exposed to the on-board traffic
nformation provided via Co-Drive?) and 3 items concerning spe-
ific dangers (i.e., the presence of a stationary damaged vehicle,
andering pedestrian, and work zone; scored 1 to 5, not at all/very
uch). The mean of the three general items produced an overall

cale (Cronbach’s  ̨ = .87).

.5.2.5. Perceptions about receiving in advance on-board traffic infor-
ation. This was registered by 3 items (e.g., According to you, the

oad traffic information was presented sufficiently in advance for
ou to adjust your behaviour?, scored 1 to 5, not at all/very much).
he mean of the 3 items produced an overall scale (Cronbach’s

 = .75).

.5.2.6. Self-perceived efficacy of the on-board information provided

y Co-Drive. This was registered by 11 items (e.g., “Have the on-
oard information provided by Co-Drive allowed you to gain time
hile driving?, scored 1 to 5, not at all/very much). The mean of the

1 items produced an overall scale (Cronbach’s  ̨ = .84).
device iPhone 7 20 9 1

Total 12 43 23 2

2.5.2.7. Self-perceived satisfaction towards Co-Drive. This was reg-
istered by 6 items (e.g., “Do you feel satisfied with the Co-Drive
providing you on-board traffic information? “, scored 1 to 5, not at
all/very much). The mean of the 6 items produced an overall scale
(Cronbach’s  ̨ = .80).

2.5.3. Driving behaviour
Driving behaviour included several indicators: (a) average speed

adopted during the experimental task, (b) (c) speed registered at the
moment of the exposure to the message and at its validation, (d)
speed registered at the moment an event occurred on the highway
(e.g., a road crash), and (e) the change in speed after the validation
of the message. This change corresponds to the difference between
the speed adopted at the moment of message exposure and 20 s
after the validation of the message. Once again, the data was regis-
tered in m/s  with DR2 and ARCHISIM.

Furthermore, we  created speed indicators according to the type
of message: a) average speed at the moment of the exposure to war-
ning, recommendation, and comfort messages and b) average speed at
the moment of the validation of warning, recommendation, and com-
fort messages. In addition, we  calculated the change in speed after
the validation of the messages according to each type of message.

2.5.4. Socio-demographic variables
The following socio-demographic variables were registered:

gender, age category, driving experience, mileage in the last 12
months, weekly mileage on highway, speed behaviour on highway,
and number of accidents in the last 3 years.

3. Results

3.1. Effects of the type of message

Results confirmed the hypotheses regarding the effects of the
type of message, type of display device, gender, and age category
on motorists’ comprehension of on-board traffic messages, accept-
ability of Co-Drive, and driving behaviour.

3.1.1. Comprehension
3.1.1.1. Messages’ comprehension. Table 3 presents the number of
messages validated by participants during the experimental task
according to the type of display device.

Drivers validated a different number of messages (14, 13, 12
or 11 messages). Three warning messages appeared only if drivers
had transgressed speed limits (messages 7 and 13) and time head-
way (message 10). Thus, 55 drivers (69%) received the speed limits
warning just one time (M = 114.44, SD = 5.24) and only 18 drivers
(22.5%) received the same warning the second time. As for time
headway, 72 drivers (90%) received a time headway transgression
warning during the experimental task.
3.1.1.2. Comprehension time. We  conducted an ANOVA repeated
measures analysis with one within-subjects factor: type of mes-
sage (warning, recommendation vs. comfort messages) and three
between-subjects variables: type of display device (Blackberry vs.
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Phone), gender (men vs. women), and age category (young, middle-
ged vs. older drivers).

Overall, participants took 5.73 s (SD = 1.16) to comprehend the
essages provided via Co-Drive. An effect of the type of mes-

age (F(2,78) = 14.578, p < .001, �2 = .17) was obtained for overall
omprehension time. Participants took less time to read war-
ing (M = 5.19, SD = .32) and recommendation messages (M = 7.06,
D = .75) as compared to comfort messages (M = 8.97, SD = .52).
hese results are stable across type of display device, gender, and
ge category (F(4,76) = 17.645, p < .001, �2 = .34). Similarly, an age
ategory effect (F(2,78) = 8.575, p < .001, �2 = .17) was observed for
verall comprehension time. Young drivers (M = 5.17, SD = .59) took
ess time to read and understand the messages as compared to older
nes (M = 8.89, SD = .68.). No effect of the type of display device and
ender was found on overall comprehension time (F < 1.00).

Further on, no significant effect of the type of display device,
ender, and age category was found on the comprehension times
or each of 14 messages provided via Co-Drive (F < 1.00). How-
ver, type of display device (F(1,79) = 16.442, p < .001, �2 = .19),
ender (F(1,79) = 36.977, p < .001, �2 = .35), and age category
F(2,78) = 43.370, p < .001, �2 = .56) effect was obtained for the
omprehension time of the “Closed gas station in 10 km”. Thus,
rivers in the Blackberry condition (M = 7.69, SD = 1.08), females
M = 6.10, SD = 1.09), young (M = 5.74, SD = 1.19) and middle-aged
nes (M = 5.68, SD = 1.48) took less time to read this message
s compared to drivers from the iPhone condition (M = 14.05,
D = 1.13), males (M = 15.64, SD = 1.12), and older ones (M = 21.19,
D = 1.37).

.1.2. Drivers’ acceptability of Co-Drive
We  conducted several ANOVA univariate analyses with two

etween-subjects variables: gender (men vs. women) and age cat-
gory (young, middle-aged vs. older drivers).

.1.2.1. Attitude towards messages. Drivers expressed a positive
ttitude towards the messages provided via Co-Drive (M = 4.44,
D = .61). They considered them useful, comprehensible, efficient,
nd important for the driving activity. An effect of age category
as observed (F(2,78) = 4.283, p = .01, �2 = .10): middle-aged drivers

M = 4.74, SD = .12) expressed a more positive attitude as compared
o older ones (M = 4.24, SD = .11).

.1.2.2. Attitude towards pictograms. Drivers expressed a positive
ttitude towards the pictograms accompanying the text (M = 4.08,
D = .91) and considered them useful for the comprehension of the
essages. An effect of age category was observed (F(2,78) = 4.659,

 = .01, �2 = .10): young drivers (M = 4.32, SD = .15) expressed a
ore positive attitude as compared to middle-aged ones (M = 3.66,

D = .16).

.1.2.3. Confidence in the on-board traffic information provided via
o-Drive. Drivers were very confident in the information provided
ia Co-Drive (M = 4.39, SD = 0.69). No significant effect of type of
isplay device, gender, and age category was observed (F < 1.00).

.1.2.4. Self-reported behavioural change after the exposure to the
essages. Drivers declared having changed their speed behaviour

fter being exposed to the overall messages (M = 4.25, SD = 0.93).
ore specifically, drivers declared having changed their behaviour
hen being exposed to the damaged stationary vehicle (M = 4.60,

D = 0.83), wandering pedestrian (M = 4.06, SD = 1.20), and work
one (M = 4.30, SD = 1.07). These results confirmed the findings on

he simulator. Drivers reduced their speed with approximately

 km/h, 9 km/h, and 2.37 km/h after the validation of the “stationary
amaged vehicle”, “wandering pedestrian” and, respectively, “work
one” messages during the experimental task. No significant effect
 and Prevention 65 (2014) 123– 130 127

of type of display device, gender, and age category was observed
(F < 1.00).

3.1.2.5. Perceptions about receiving in advance on-board traffic infor-
mation. Drivers declared having appreciated receiving in advance
traffic information (M = 4.57, SD = .56). No significant effect of type
of display device, gender, and age category was observed (F < 1.00).

3.1.2.6. Self-perceived efficacy of the on-board information provided
by Co-Drive. Drivers evaluated the on-board traffic information
provided by Co-Drive as useful and efficient for the driving activity
(M = 4.09, SD = .67). No significant effect of type of display device,
gender, and age category was  observed (F < 1.00).

3.1.2.7. Self-perceived satisfaction towards Co-Drive. Drivers
declared themselves satisfied by Co-Drive (M = 4.21, SD = .67).
An effect of age category was observed (F(2,78) = 4.330, p < .01,
�2 = .10): young (M = 4.35, SD = 0.11) and middle-aged drivers
(M = 4.38, SD = 0.14) expressed more satisfaction with Co-Drive as
compared to the older ones (M = 3.92, SD = 0.12).

3.1.3. Driving behaviour
Participants’ average speed during the experimental task was

of 108.89 km/h (SD = 6.43). No effect of the type of display device
and gender on the average speed was  observed (F < 1.00). However,
there was  an effect of age category (F(2,78) = 4.581, p < .01, �2 = .10):
middle-aged motorists drove faster (M = 111.36, SD = 1.34) as com-
pared to older motorists (M = 106.14, SD = 1.18).

Furthermore, we  conducted several ANOVA repeated measures
analysis with one within-subjects factor: type of message (warning,
recommendation vs. comfort messages) and three between-
subjects variables: type of display device (Blackberry vs. iPhone),
gender (men vs. women), and age category (young, middle-aged vs.
older drivers).

3.1.3.1. Average speed at the moment of the exposure to the mes-
sage. An effect of the type of message was  observed on the
overall average speed at the moment of the exposure to the
messages (F(2,78) = 5.019, p = .03, �2 = .55): motorists were driv-
ing faster when they received warning (M = 123.10, SD = 1.97) and
recommendation messages (M = 121.56, SD = 2.12) as compared to
comfort messages (M = 116.08, SD = 2.95). No effect of the type of
display device, gender, and age category was found on the over-
all average speed at the moment of the exposure to the messages
(F < 1.00).

Further on, no significant effect of the type of display device, gen-
der, and age category was  found on the average speed registered
by drivers at the moment of the exposure to each of 14 messages
provided via Co-Drive (F < 1.00). However, gender (F(1,79) = 4.833,
p = .05, �2 = .32), and age category effects (F(2,78) = 4.772, p = .03,
�2 = .51) were obtained for the average speed registered at the
moment when drivers received the message “You are driving
too close. Adopt safe time headway”. Thus, females (M = 126.61,
SD = 2.64), young (M = 126.85, SD = 2.59) and middle-aged motorists
(M = 122.39, SD = 2.59) were driving faster than males (M = 118.37,
SD = 2.64) and older motorists (M = 111.86, SD = 4.10).

3.1.3.2. Average speed at the moment of the validation of each mes-
sage. No effect of the type of message, type of display device, and
age category was  found on the overall average speed at the moment
of the validation of the messages (F < 1.00). However, there was
an effect of the gender (F(1,79) = 11.315, p = .02, �2 = .73): women

were driving faster when they validated the messages (M = 123.82,
SD = 1.45) as compared to men  (M = 116.74, SD = 1.37).

No significant effect of the type of display device, gender,
and age category was found on the average speed registered by
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Table 4
Means, standard deviations, difference in means and t-tests for the average speed at messages’ validation and at the encounter of the stationary damaged vehicle, wandering
pedestrian, and work zone on the highway.

Message Speed validation1 Speed event2

M SD M SD Mdif. T

Stationary damaged vehicle in 2 km on the right lane 124.55 6.39 120.38 8.53 4.17 km/h 126.093***
Caution. Pedestrian in 3 km 120.37 11.92 110.45 8.36 9.92 km/h 111.102***

13.4

N  encou

d
p
p
e
i
h
S
d
(

3
a
m
n
S
a
t
t

a
t
i
t
(

3
w
o
w
s
u
d

3

p
d

3

b
i
(

(
a
n
t
a
i
a
g
t
t

prehension of on-board traffic messages and their acceptability
of Co-Drive by investigating the effects of these messages on
motorists’ beliefs and driving behaviour during a simulator task
according to the type of message, gender, and age.

Table 5
Means, standards deviations, and ANOVA for speed change concerning the messages
7,  9, 12, and 13.

Message Blackberry iPhone Control

M SD M SD M SD F �2
Work zone in 3 km.  Speed limited at 90 km/h 106.44 

ote: 1 – average speed at the validation of the message; 2 – average speed drivers

rivers at the moment of the validation of each of 14 messages
rovided via Co-Drive (F < 1.00). However, gender (F(1,79) = 5.487,

 = .04, �2 = .35), and age category (F(2,78) = 4.306, p = .04, �2 = .48)
ffects were obtained for the speed registered when drivers val-
dated the message “You are driving too close. Adopt safe time
eadway”. Thus, females (M = 124.67, SD = 4.53), young (M = 123.05,
D = 3.88) and middle-aged motorists (M = 120.25, SD = 3.88) were
riving faster than males (M = 112.13, SD = 3.78) and older motorists
M = 102.19, SD = 6.14).

.1.3.3. Speed change. An effect of the type of message on the over-
ll speed change was found (F(2,78) = 21.908, p < .001, �2 = .84):
otorists reduced significantly their speed after receiving war-

ing (M = 3.56, SD = .90) and recommendation messages (M = 2.72,
D = .30) and rather maintained or slightly increased their speed
fter receiving comfort messages (M = −1.68, SD = .52). No effect of
he type of display device, gender, and age category was found on
he overall speed change (F < 1.00).

No significant effect of the type of display device, gender, and
ge category was found on the speed change corresponding to
he 14 messages (F < 1.00). However, motorists reduced signif-
cantly their speed after having being warned that they were
ransgressing speed limits (Mdif. = 3.87 km/h) and time headway
Mdif. = 7.76 km/h).

.1.3.4. Speed registered at the moment an event occurred on the high-
ay. Three warning messages informed drivers of specific dangers
n the highway (i.e., the presence of a stationary damaged vehicle,
andering pedestrian, and work zone): a significant reduction in

peed was observed from the validation of these three messages
ntil they encountered the stationary damaged vehicle, the wan-
ering pedestrian, and the work zone on the highway (see Table 4).

.2. Effects of the presence vs. absence of the messages

Results confirmed the hypothesis concerning the effects of the
resence vs. absence of the on-board traffic messages on motorists’
riving behaviour.

.2.1. Driving behaviour
We  conducted several ANOVA univariate analyses with three

etween-subjects variables: experimental condition (Blackberry,
Phone vs. control group), gender (men vs. women), and age category
young, middle-aged vs. older drivers).

The experimental itinerary lasted approximately 27.90 min
Min = 24.99; Max  = 34.74; SD = 1.73) and the average speed
dopted by the three groups was 111.37 km/h (SD = 6.85). Sig-
ificant differences between the three groups were observed on
he duration of the itinerary (F(2,114) = 20.266, p < .001, �2 = .26)
nd average speed (F(2,114) = 24.868, p < .001, �2 = .30). The
tinerary lasted less for the control group (M = 25.98, SD = 0.92)

s compared to Blackberry (M = 28.09, SD = 1.95) and iPhone
roups (M = 27.68, SD = 1.42) underlining that the motorists from
he control group drove faster (M = 116.89 km/h, SD = 3.95) than
he ones exposed to the on-board messages on Blackberry
0 104.07 11.95 2.37 km/h 77.888***

ntered the event on the highway; ***p < .001.

(M = 108.05 km/h, SD = 7.00) and iPhone (M = 109.89 km/h,
SD = 5.64) during the experimental task. Furthermore, an age
category effect was observed (F(2,114) = 4.926, p < .001, �2 = .08):
middle-aged motorists (M = 113.84, SD = 1.20) drove faster than
older one (M = 108.74, SD = 1.13). No gender effect was found
(F < 1.00). In addition, no effect of experimental condition, gender,
and age category was  found (F > 1.00) for average speed at the
moment of the exposure and validation of the message.

3.2.1.1. Speed change. Data registered on the simulator have
allowed us to extract the values corresponding to the speed
at which drivers from the control group were travelling at the
same moments when experimental group drivers (Blackberry and
iPhone) had received and validated each of the 14 messages and,
thus compare the three groups.

No effect of experimental condition, gender, and age category
was found on overall speed change (F > 1.00). However, an effect
of the experimental condition was  observed for the speed change
regarding several warning messages about speed limits, slippery
road or work zone. Thus, motorists from the control group were
driving faster as compared to those who had been exposed to these
specific warning messages (see Table 4). No effect of gender and
age category was found (F < 1.00) (Table 5).

Moreover, an effect of presence vs. absence of the message was
observed for drivers’ speed when they encountered the stationary
damaged vehicle (F(2,114) = 5.634, p < .001, �2 = .09) and the work
zone on the highway (F(2,114) = 32.780, p < .001, �2 = .36). Motorists
from the control group were driving faster when they encoun-
tered the stationary damaged vehicle on the highway (M = 120.85,
SD = 1.21) as compared to those who received the message about
the stationary damaged vehicle on the iPhone (M = 117.62 km/h,
SD = 1.21). Similarly, motorists from the control group were driv-
ing faster when they encountered the work zone on the highway
(M = 120.68 km/h, SD = 1.83) as compared to those who  received the
message about a work zone on the Blackberry (M = 100.75 km/h,
SD = 1.61) or iPhone (M = 107.94 km/h, SD = 1.78).

4. Discussion

The objective of this study was  to investigate motorists’ com-
M7 6.95 4.61 0.50 5.95 -1.16 4.00 6.113*** .31
M9  0.83 1.71 3.07 7.06 -1.49 2.55 3.510** .20
M12  1.98 2.50 2.59 3.65 -0.33 2.05 3.999** .22
M13  4.61 4.92 5.52 4.48 -2.33 5.21 8.055*** .37
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According to our results, participants took approximately 6 s to
ead and comprehend the messages provided via Co-Drive. These
esults are in line with findings of Dudek and Huchingson (1986)
hich showed that motorists required approximately one second
er word presented on VMS  to accurately process and under-
tand the information and still pay attention to the driving activity.
ichards, McDonald et al. (2005) also found that 4 to 6 seconds

s the maximum safe viewing time of a message on a VMS  for a
river travelling at 112 km/h to accurately comprehend the infor-
ation without any interference with the driving activity. Ullman

t al. (2005) also observed that the shortest information message
4-units: 1-unit = one word) would be the most appropriate for
eeping drivers’ attention on the forward roadway. However, when
nformation is provided on VMS, there are other specific factors
hat might interfere with drivers’ reading and comprehension of the

essage such as distance from the VMS, visibility, time of exposure,
tc.

Participants also took less time to read warning and recom-
endation messages as compared to comfort messages which

onfirmed our first hypothesis and were consistent with previous
esults (Delhomme et al., 2013; Wang et al., 2009). However, the
omprehension of messages depends not only on the type of infor-
ation provided but also on their length or the presence vs. absence

f pictograms. For example, the warning “Caution. Pedestrian in
 km”  contained 27 characters and was accompanied by a “danger”
ictogram while the comfort message “Closed gas station in 10 km”
ontained 25 characters and was a text-only message. These results
ay  raise questions on whether the difference in comprehension

ime resides in the type of information provided, the presence vs.
bsence of the pictograms, the interaction between these factors or
thers.

In addition, young drivers took less time to read the messages
s compared to elderly drivers. Richards and Heathington (1988)
ound that very young (<19 years) and elderly drivers (>54 years)
ncounter more problems in the comprehension of rail road grade-
rossing traffic control devices. Similarly, Otani et al. (1992) showed
hat older drivers’ (>60 years) have difficulties in recognizing and
omprehending warnings traffic signs.

Further on, participants expressed a positive attitude towards
he messages provided via Co-Drive and the pictograms accompa-
ying the text. They found the messages comprehensible, efficient,
nd important for the driving activity and the pictograms useful
or the comprehension of the messages which is consistent with
revious findings (Katz et al., 2006; Mansoor and Dowse, 2004;
aivio, 1975). They were also confident in the information provided
ia Co-Drive and declared having changed their speed behaviour
fter being exposed to the messages which was  consistent with
heir behavioural reactions registered during the driving task. Fur-
hermore, they estimated having received the information about
oad traffic or their behaviour sufficiently in advance for them to
dapt their driving behaviour and declared themselves satisfied by
o-Drive. These results confirmed our second hypothesis.

In addition, young and middle-aged drivers expressed a more
ositive attitude towards the messages and the pictograms and
eclared being more satisfied by Co-Drive as compared to the older
nes. In everyday life, elder people express more resistance to
hange (Kasteler et al., 1968; Pollman and Johnson, 1974). More-
ver, older people are known to express more negative attitudes
owards the adoption of new technologies (Czaja et al., 2006;
acken et al., 2005).

Regardless of the type of display device, participants reduced
heir speed after having received warning and recommendation
essages, and, as expected, maintained it after having received to
omfort messages which did not require any particular behavioural
hange. Moreover, they validated a different number of messages
epending on their transgressive behaviour, Thus, approximately
 and Prevention 65 (2014) 123– 130 129

70% of the drivers received only one time speed limits warning
while only 23% of them received it the second time under-
lining the potential benefits of Co-Drive in terms of adjusting
speed behaviour. These results confirmed our third hypothesis and
were consistent with previous findings (Levinson, 2003; Erke and
Sagberg, 2006).

Moreover, middle-aged motorists drove faster as compared to
older ones which is congruent with previous findings (Cavallo
and Triggs, 1996; Palamara and Stevenson, 2003) suggesting that
younger drivers have more crashes and violations than older drivers
due to speeding (Clarke et al., 2002; Engström et al., 2003).

Furthermore, participants from the control group travelled at
approximately 117 km/h while those who  received on-board traf-
fic messages provided on the Blackberry or iPhone travelled at
108 km/h respectively, 110 km/h. Moreover, those in the exper-
imental groups adapted their driving behaviour easier to the
road environment because they could anticipate traffic difficulties
through the on-board traffic information provided via Co-Drive as
compared to the control group. For example, a reduction of approx-
imately 9 km/h was  observed in the average speed of those who
received the message about the wandering pedestrian as compared
to those who hadn’t been exposed to the message and who  main-
tained their speed. These results confirmed our fourth hypothesis
and were consistent with previous findings (Chatterjee et al., 2002;
Luoma et al., 2000; Wardman et al., 1997).

Thus, participants processed and evaluated differently the infor-
mation provided via Co-Drive and adjusted their driving behaviour
accordingly. These findings may  be explained by the fact that the
messages provided via Co-Drive are personalized and directly con-
nected not only to the road environment but also to the drivers’
behaviour, creating a system–driver interaction which determines
the later to be more self-engaged and thus, react promptly to the
feedback provided by the on-board advanced Co-Drive system.

5. Conclusion

The presence of on-board traffic information plays an impor-
tant role in the driving activity as it allows drivers to promptly
react to traffic events and adjust their behaviour according to the
road environment, thus, ensuring traffic fluidity and road safety.
These results offer support and recommendations for designing
the central messages of road safety campaigns’ as well as for
the ergonomics of the on-board traffic information presentation
which might be provided by other on-board advanced systems.
Furthermore, they underline the importance of these systems, their
effectiveness on drivers’ behaviour, and the implications for road
safety.
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