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ABSTRACT
Road signs constitute a complex and growing communication system where different
elements (pictograms, shapes, texts, etc.) are combined following different strategies. In this
paper we have confronted drivers with a number of messages (congestion or road works,
before, between, after location/s) developed as an adaptation of Advance Location Signs
(class G, 1c in the 1968 Convention) to electronic displays. We manipulate two main factors
a) the reading strategy (top-down vs. bottom-up) and the type of matrix display (hybrid,
dissociating pictogram and text, vs. full matrix), in a repeated measures experimental design.
The time taken to answer and the response given (correct, incorrect) was measured for each
of the 24 message-blocks. Results show that the organization of the elements displayed is a
key determinant for driver comprehension. Further thoughts on the need to understand the
interplay between the formats adopted by static vs electronic message signs are provided.
1. BACKGROUND
This paper deals specifically with complex road signs, i.e., road signs made of many
elementary parts as pictograms, numbers, abbreviations or words. Compare (elementary)
signs A (danger warning) or B (prohibitory) in the 1968 Convention (ECE/TRANS/196,
2007), with (compound) signs G, 1 (advance direction signs) or G, 15 (road open or closed).
Modern electronic road signage (e-signs), either in-car or VMS, may display both. But esigns main raison d’être is fulfilling functions no other road signs could, e.g., locating
variable events ahead, diversions and detours, or strategic truck parking. We will focus here
on complex road signs showing the qualitative location of variable events.
1.1 The official, available templates and display matrices
The Consolidated Resolution on Road Signs and Signals (ECE/TRANS/212, 2010)
recommends the 1968 Convention G, 1 signs to display direction, position or indication on
VMS. Hence, we adopt here the G, 1 class (Advance Direction Signs, ADS) as the main
templates to follow when designing qualitative location of variable events (e.g., road works
between City A and City B) on VMS. We will call them Advance Location Signs (ALS).
Furthermore, the 1968 Convention offers some hints on the way forward (p. 51):
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“Advance direction signs G, 1 may bear the symbols used on other signs informing
road users of the characteristics of the route or of traffic conditions (for example: signs
A, 2; A, 5; C, 3e; C, 6; E, 5a; F, 2).”
This paper will focus on the official G, 1c template to build up the corresponding ALS (Fig.
1). The main reason is that G, 1c is a stack sign (Lay, 2004) and is read as a verbal text (from
left to right, and from top to bottom, see Chan & Spalek, 2005). Standard (hybrid) VMS are
also read as text (Ellenberg & Fabre, 1995). For a number of technical and economic reasons
(Haitz & Tsao, 2011), hybrid VMS split two zones, graphic (pictogram) and alphanumeric
(text), downgrading these signs from international to local. Our experience on VMS
harmonization, however, point to certain design strategies that can make some displays on
hybrid VMS nearly or fully international (Arbaiza & Lucas, 2012). On the other hand, the
coming generation of full matrix VMS and in-car devices may reduce differences with paint
coat by means of a more generous LED surface. We aim to compare the differences in
comprehension between hybrid VMS and ALS based on G, 1c.
1.2 Building ALS based on G, 1c and the corresponding hybrid VMS
How to locate variable events having G, 1c as a basic model? G, 1c makes the most of
standard (western) reading patterns. The location above comes first (Northchurch), the one
below comes afterwards (Wiggington). Numbers (miles) reinforce that reading pattern and
disambiguate other possibilities. Hence ALS should be obtained by the interpolation of the
variable events taking into account these reading patterns. Fig. 1 shows an example taking
the upper box of G, 1c as a guide. Provided that our electronic sign is full matrix, we may
write messages as shown in the center column. An additional question regarding the use of
numbers in todays’ VMS is: would that numbers be taken as miles or as minutes? For reasons
discussed later, we are comparing messages with the same number of informative elements:
arrow, toponyms, and pictogram (i.e., numbers are removed).

Fig. 1 – From left to right, G, 1c, and resulting ALS and hybrid VMS
Hybrid VMS can only display pictograms on the graphic part. They cannot follow the full
logic of road signs design available in the 1968 Convention. So the four basic elements in
Fig. 1 (congestion, toponyms and arrow) must be somehow re-arranged. As a result, hybridVMS can only display certain messages adopting an international structure. Fig. 1 shows the
basic movements that would bring a) a stack sign model G, 1c to b) a would-be ASL adapted
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for a full-matrix VMS and c) to a hybrid-VMS. This paper will explore empirically the
following issues:
 The soundness of the verbal reading pattern: if the left-right /top-down scanning
actually leads the reading, comprehension should yield better results when the first
location on the way is placed above and the second below, than vice versa.
 The soundness of the full matrix template: placing congestion between, above or
below locations following the G, 1c template should outperform hybrid VMS.
 Relative difficulties of specific locations: locating an event that happens between and
towards a city will be better understood than locating an event happening after the
city, particularly on hybrid VMS (see Fig. 3).
 Anchoring the route beforehand: participants being asked to tell the order of the cities
with regards to which events may be located, will have better and swifter
comprehension rates.
 Message facilitation: in a manner similar to repetitive or semantic priming (Crundall
& Underwood, 2001) presenting a similar, complementary message before the target
message will yield better results than controls.
2. METHOD
2.1 Design
The design was a mixed model. The anchoring of the route (present, absent) was the
between-subjects factor. Twenty four blocks of messages were shown at random to
participants. With regards to the blocks, the scanning disposition (top-down vs bottom-up),
the type of VMS layout (full matrix vs hybrid), the event location (before, between, after)
and the presence of a prior complementary message (present, absent), were within-subject
factors. Dependent measures form two sets: response correctness and time to answer. The
complementary messages showed a different matrix structure (either hybrid or full matrix)
but followed the same reading order (either top-down or bottom-up), and also displayed the
same pictogram and city names as targets (Fig. 3).
2.2 Participants
The sample was composed of 50 people (26 women), whose average age was 28.2 years (SD
= 9.55). The basic requirement was having passed the theoretical driving test, although 58%
of participants had a driving license. The sample presented a medium-high education level
(50% were university graduates, 20% had vocational training, 14% were high school
graduates and 16% had elementary education). Among them, 75.9% had more than 5 years
of driving experience and 62.1% drive more than 10,000 km a year. They were asked how
often they drove by highway/motorway with a scale from 1 (never) to 3 (often), being the
62% with driving license who indicated “often”.
2.3 Materials
The study was carried out in a driving school of a Spanish city. The study cursed on a quiet
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room, in adequate sound, light and temperature conditions for the task execution. The
stimulus were presented by means of MediaLab Software (v. 2014) using a laptop computer
(HP EliteBook 840, 4 GB of RAM, Intel Core Processor i5-6200U with Intel HD Graphics
520 (2.3GHz), and Windows 7 Professional 64 operating system). The laptop was connected
to a 22-inch screen (Philips, screen resolution 1920x1080 and 59 Hz) to show the stimuli. A
precision Apple USB keyboard (PCB DirectIn V2012) was also used. The participant sat on
a comfortable office chair in a desk.
2.4 Procedure
Recruitment was arranged through a direct invitation in the driving school. On the test day
each participant was provided with an informed consent card, which was read (and signed).
The next step was the experimental block itself. The preliminary phase consisted on the
answer to demographic questions. Then participants were told to imagine they were driving
in a road from Guadalajara to Getafe, passing through Alcalá, Torrejón, and Coslada (Fig.
2). Then, half of the participants were immediately required to indicate the sequence formed
by cities (Guadalajara was placed and they chose the order from a list). The same task
followed for all participants at the end of the experiment.

Fig. 2 – The route where the events leading to displaying ALS would happen
The experimental phase proper consisted on 24 blocks of 2 messages presented at random
(Fig. 3). All participants answered to three example items first. Participants were told to
obviate the first message and answer always with regards to the second one. They were
required to indicate where the event was placed with regards to the cities displayed. There
were two options to answer, pressing one of two keys on the keyboard. The messages
displaying two locations had two options (1 was for “before city A”, and 2 was for “before
city B”). Messages displaying one location also had two options (1 was for “after city A”
and 2 for “before city A” (alternative after/after and before/after options were also available).
All the stimuli were located in the center of the screen. The e-signs displayed occupied an
area of 1024x290 pixels. Firstly, a fixation cross was shown for 500ms. Then the first
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message (complementary message vs control) was shown 2s. Then another fixation cross
was shown for 500ms. Then the target message was shown for 4s. SOA was 2500ms. The
screen was shown in black during 3s between blocks.

Location
Toward

Top-down
Hybrid VMS
Full matrix

Bottom-up
Hybrid VMS
Full matrix

Between
After
Fig. 3 – Basic message set (examples with road works and congestion)
3. RESULTS
3.1 Descriptive
Table 1 presents the averages and standard deviations of skin conductance for the whole
sample separated by driving technique.
Correct
Factor
Level
M
SD
Route anchorage
Control
.59
.018
Present
.64
.016
Reading format
Top-down
.54
.019
Bottom-up
.70
.023
Matrix type
Hybrid
.67
.020
Full matrix
.56
.015
Complementary
Present
.63
.018
message
Control
.60
.016
Before
.69
.027
Event location
Between
.69
.020
After
.46
.035
Table 1 –Measures of correctness and response time

Time (ms)
M
SD
2815
231.91
3500
214.04
3265
182.60
3050
175.08
3072
166.72
3242
183.29
2923
171.93
3392
183.18
2830
177.52
3824
210.27
2819
193.04

3.2 Inferential analysis
3.2.1 Correct answers
A mixed ANOVA has been carried on for a 2 (route anchor present /control) x 2 (reading
format top-down / bottom-up) x 2 (matrix type hybrid / full) x 2 (complementary message
present / control) x 3 (event location before / between / after) design. Only the first factor is
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between-subjects. The analyses show significant differences in the effect of the initial route
anchor, F(1,48) = 5.24; p < .05, ηp2 = 0.098. There is also an effect of the reading format,
F(1,48) = 21.23; p < .001, ηp2 = 0.301, yielding more correct answers when messages are
written bottom-up. There is also an effect of the matrix type, F(1,48) = 20.86; p < .001, ηp2 =
0.303, hybrid VMS yielding more correct answers. Both factors yield an interaction, F(1,48)
= 10.69; p < .01, ηp2 =0.182: when reading bottom-up the differences between matrix type
are not so acute (hybrid: M = 0.71; full: M = 0.64) as when reading top-down (hybrid: M =
0.63; full matrix: M = 0.44).
Mauchly’s W test indicates that the assumption of sphericity is not reached for the factor
grouping event location (X2(df=2) = 26,14, p < 0,001, Chi-square). Therefore the degrees of
freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = 0.701), quite
conservative (Pardo & San Martín, 2010). The analyses show significant differences in event
location, F(2,96) = 19.17; p < .001, ηp2 = 0.285. More mistakes are made when the event is
located after a city than before or between two cities, F(1,48) = 22.28; p .001, quadratic (table
1). Event location yields a (marginally significant) interaction with matrix type, F(2,96) = 2,85;
p =0,066, ηp2 = 0,056, and this gives way to a second order interaction with reading format
(top-down, bottom-up), F(2,96) = 3.34; p < .05, ηp2 = 0.065 (Fig. 4).

Fig. 4 – Reading format, matrix type and location mean correctness
3.2.2 Response time
The analyses show significant differences in the effect of the initial route anchor, F(1,48) =
4.71; p < .05, ηp2 = 0.089 (table 1). There is also an effect of the complementary message,
F(1,48) = 8.28; p < . 01, ηp2 = 0.147, the previous display of a complementary message yields
lower response times than controls. The absence/presence of a complementary message
nuances the effect of the reading format, F(2,96) = 11.47; p < .001, ηp2 = 0,193: the presence
(M = 3306) or absence (M = 3225) of a top-down complementary message yields similar
response times compared to the presence (M = 2540) /absence (M = 3560) of the bottom-up
one. Finally, the analyses show significant differences in event location, F(2,96) = 17.41; p <
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.001, ηp2 = 0.266. Locating events between two cities (four elements) takes more time to
answer than locating before or after one city, F(1,48) = 29.79; p < .001, quadratic (table 1).
4. DISCUSSION
Official road signs (ECE/TRANS/196, 2007) make use of two main design trends, either
staking information (top-down) or presenting it as a diagram (Lay, 2004). Compared to
hybrid VMS, full matrix e-signs allow for certain possibilities (e.g., inserting a pictogram
between locations). We have followed the G, 1c template to make a full matrix e-sign (ALS),
although not completely: we have not placed numbers (referring to miles or kilometers). We
made it this way for two reasons, a) to keep the very same number of informative elements
on each message (parsimony) and b) because our experience in previous comprehension test
tells us that isolated numbers on VMS displays are not self-evident as in posted ADS. Drivers
may think that numbers are travel times, exits or speeds.
Results indicate that the information displayed top-down obtains poor comprehension,
particularly with full matrix displays. Stacked information may work if, following the
immediacy principle (cf. Carroll, 2008), each element on the stack is understood and inserted
in a phrase or sentence structure. Hybrid VMS seem to follow this mechanism. For example,
location between cities is similarly understood either when the arrow points up or down, and
this is more or less the case for location towards city (Fig. 3). The problem is locating the
event after city and the meaning assigned to the arrow (Kurata & Egenhoffer, 2005). For
example, considering the bottom-up display, the element “arrow” on the stack may have two
meanings: after/from and in the direction of (quite common for any arrow). The first
translation would yield a good top-down answer, but the second translation of the arrow
equates after and towards (in fact, this is a common result in standard comprehension tests;
EIP, 2015). Here ambiguity plays against coherence. The arrow pointing up (or down) to
toponyms may also be translated as towards or as in the direction of, i.e., both agree on
message meaning. But full matrixes made after the G, 1c template behave more
ambiguously. Drivers understand them but only bottom-up. The big arrow on the left means
“in the direction of” or “towards there” but it also seems to adopt a quasi-diagrammatic
stance –i.e., the arrow represents the road. Locations are so read in parallel to that road: up
is far, down is near, and events are located in correspondence. The size of the arrow prevents
the verbal reading scheme, although not completely. Adding numbers representing miles or
kilometers is more an orthopedic measure than required information. This context may
explain why complementary information between hybrid and full matrix displays, previous
to the target message, had no effect on comprehension.
However, being exposed 2 s (SOA = 2.5s) to a bottom-up message improves response time
of the corresponding target (nearly one second compared to the control) with hybrid VMS
and full matrix designs the same. The human mind may translate into a mental model both
written and visual information (Johnson-Laird, 2006). What type of mental representation
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enhanced the complementary message? Complex representations as such are not stored in
Long Term Memory (perhaps this is one reason for not finding a facilitator effect on
comprehension). This issue, as well as the overall effects observed by anchoring of the routes
(enhancing comprehension, but slowing response times) open new ways for our enquiry,
concerning the operative modes followed to understand signs, and the role of both short and
long term memory on the mental manipulation and response to road information.
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