University of Groningen

Information along familiar routes
Harms, Ilse
DOI:
10.33612/diss.151948918
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Harms, I. (2021). Information along familiar routes: on what we perceive and how this affects our behaviour.
[Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.151948918

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 09-01-2023

Chapter
7
Discussion and conclusions

7.1

Studying behaviour in the everyday context

7.1.1

The relation between exposure and route familiarity

After a short general introduction in Chapter 1, Chapter 2 started with the notion
that most journeys are repetitive and as a result, most trips are made along
routes well-known. Yet, one of the main conclusions of this study is that route
familiarity is not easily defined. The difficulty with defining route familiarity
is that the phenomenon itself is subjective. It cannot be fully explained by
the number of visits to an area. Instead, the phenomenon of route familiarity
depends on how familiar people feel with a specific area. In fact, it appears that
the correlation between rating oneself as familiar with a certain route or area
and the frequency of visits to this same area, is likely to be skewed. People may
already consider themselves as moderately route familiar on a scale from 1 to 10
after only three to four visits (see Chapter 6). As shown in Chapter 2, taking route
familiarity into account when studying road user behaviour, is not commonplace
in transport research. Studies that made an effort to take route familiarity into
account used proxies such as frequency of visits to the same road, distance from
home, the amount of time participants have lived or worked in the investigated
area, and using a subjective rating scale for route familiarity (see Chapter 2 for
a full review). Examples of transport research which applied aforementioned
proxies for route familiarity include studies by Burdett and colleagues (2017;
2018), Charlton and Starkey (2011; 2013; 2018b), Harms and colleagues (2016;
2017; 2019; 2019), Iachini and colleagues (2009; 2011), Jafarpour and Spiers
(2017), Martens (2018), also together with Fox (2007b; 2007a), Meilinger and
colleagues (2014), Phillips and colleagues (2013), Rosenbloom and colleagues
(2007), and Yanko and Spalek (2013). Although measures of route familiarity
based on repeated exposure cannot account for exact levels of familiarity, they
do indicate relative familiarity.
Feeling familiar may involve feelings of certainty, predictability and knowing
what to expect, as established in Chapter 2. Since familiarity is subjective, it is
likely that the same amount of exposure to an area will result in variable ratings
of route familiarity amongst different people. Another complicating factor is
that a route may feel somewhat familiar even though one has never been there
before, for example due to strong resemblances with a route well-known. It is
this mechanism of using prior experiences to create expectations about a certain
situation that is the base of the concept of self-explaining roads (Theeuwes &
Godthelp, 1995). By increasing the similarity of roads that require the same
155
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For human beings, processing the relevant elements of the traffic environment is
imperative to navigate their way through traffic in order to safely arrive at their
destination. In this PhD dissertation, the cognitive processes involved in visual
information processing of familiar and non-familiar traffic environments were
studied, with the aim to explain what is likely to be seen and what is not.

behaviour, traffic participants will be more likely to know what to expect and
what behaviour to display when travelling along a route they have never
travelled before. Whether people would actually rate these situations as familiar
is currently unknown. It would however explain the apparent swift increase of
feeling familiar after only few encounters.
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7.1.2

The effects of route familiarity on cognition

The systematic literature review on route familiarity, described in Chapter 2,
revealed that repeated exposure, and the experience and expectations that
result from it, affect various aspects of cognition. It showed that route familiarity
typically reduces the amount of cognitive control drivers and cyclists use to
process the immediate environment they are passing through. As a result of
repeated exposure one may enter a cognitive mode also described as ‘being
on autopilot’ while still actively participating in traffic. As such, drivers and
cyclists are more likely to engage in mind wandering while travelling along
a familiar, much frequented road. Practice with the same road also affects
memory: route-familiar pedestrians have a tendency to underestimate travel
time and to exaggerate the length of highly-familiar paths compared to lessfamiliar paths. Drivers, cyclists, and pedestrians all hold strongly embedded
expectations for a familiar environment. Furthermore, these expectations guide
visual search, and for drivers it was shown that they reduce glance duration
at objects such as traffic signs, and may even lead to seeing what we expect to
see. The systematic literature review also showed that route familiarity may
affect traffic participants’ judgement and mental state. Drivers’ and pedestrians’
behaviour rely increasingly on rule-based judgements. Furthermore, drivers
experience a decrease in task difficulty when driving in a familiar area, for which
they may (unsafely) compensate by maintaining shorter headways, increasing
driving speed and increasing secondary task engagement. Familiar roads are
generally easier and less effortful to negotiate, possibly also due to a preference
for easier routes which in turn become even less effortful with progressive
experience. Moreover, familiar routes increase drivers’ opportunities for selfregulatory behaviour, both for young and elderly drivers. In case of reduced
mental capacity, traffic participants have a tendency to resort to familiar roads
and avoid unfamiliar roads.
Yet, it remains unclear when all abovementioned effects of route familiarity
settle in. Some effects appeared after only a few trials, as shown in Chapter
2, though they continued to increase over trials. Some reached asymptote or
a plateau after repeated trials. This exponential course is typical for various
human learning curves. An example of this concerns visual scanning behaviour.
Mourant and Rockwell (1970) already noted considerable changes in visual
sampling strategies after driving the same road three times. During the first
drive, drivers sampled a wide area in front of them, while during the third drive
sampling was confined to a much smaller area. Martens and Fox (2007a) found
the largest decrease of glance duration for traffic signs during the first five drives,
156

7.1.3

Route familiarity and modalities of transport

This PhD dissertation shows that the effects of route familiarity on cognition
appear to differ between modalities of transport, in specific driving, cycling,
and walking. Hence, the importance of studying traffic participants in a familiar
environment may also depend on the mode of transport. For example, the act
of walking may in fact be so ubiquitous that it is already highly automated.
Therefore, no effect of route familiarity was found regarding (a lack of)
awareness of obstacles in a pedestrian’s path (Chapter 6). While for driving,
increased familiarity has been found to result in decreased awareness of the
area (e.g. Chapters 3 and 5, and studies by Charlton & Starkey, 2011; Martens
157
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though glance duration continued to decrease during the remaining twenty
drives. Similarly, after only a few drives, other aspects of cognition appear to be
affected by repeated exposure as well. Bragg and Finn (1985) recorded reports
of decreased risk after only three drives and Yanko and Spalek (2013) reported
on reduced headways after five drives on the same road. Proficiency in detecting
a visual stimulus also seems to occur in the first few drives. In Chapter 3, it
was reported that detection of irregularly appearing trucks quickly increased
during the first four drives. The average detection rate started at 69% during
the first drive and increased to 95% by the fifth drive, subsequently fluctuating
between 93% and 99% for the remaining fourteen drives. Other effects of
route familiarity manifested only after more than five drives. Reports of mind
wandering and being on autopilot have been recorded after repeating the same
drive five to seven times (Charlton & Starkey, 2011). This moment appears to
coincide with the moment that decreasing ratings of difficulty with increasing
familiarity tended to reach a kind of plateau, which occurred after seven drives
(Charlton & Starkey, 2013). The study reported in Chapter 5, showed that
after repeatedly driving the same road for eight times, drivers had automated
reading an overhead variable message sign (displaying various texts) to the
extent that it required very little to no conscious attention. These results suggest
that the moment that a cognitive process is affected by repeated exposure, and
subsequent automaticity, differs between types of cognitive processes. Cognitive
processes related to expectations, such as visual search, glance duration,
stimulus detection, and risk, seem to require less practice before being affected,
compared to cognitive processes related to automaticity in task performance,
such as mind wandering and task difficulty. However, it appears that currently
a larger understanding of when which parts of human information processing,
mental state and task performance are possibly automated or affected by
automaticity, is still lacking. For this, further research is needed. Yet, what these
studies do show, is that similar to other experiences, route familiarity is not
dichotomous. The accumulation of experiences with a specific area will result
in increasing levels of route familiarity. It is concluded that route familiarity is
in fact a gradual process of becoming increasingly acquainted with a route or
area and which increase continues to affect different aspects of cognition at
subsequent thresholds of exposure.

& Fox, 2007a). Still, effects of route familiarity have been found on cognitive
functions for walking as well. Under high familiarity, pedestrians’ mental maps
tend to expand the space that needs to be covered, while estimates of the time
to travel through this space were contracted (Jafarpour & Spiers, 2017). How
the effects of route familiarity on various cognitive functions may differ between
different modes of transport remains currently unclear. Nevertheless, the current
body of knowledge on route familiarity underlines the importance for traffic
psychological research to either mimic the everyday context by controlled,
repeated exposure or use the natural habitat to study traffic behaviour.

7.2 Skilled behaviour and the ability to act without
awareness
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7.2.1 Skill-based behaviour: automaticity in visual information
processing
In 1983, Rasmussen already noted that at skill-based level ‘the total performance
is smooth and integrated, and sense input is not selected or observed: the senses
are only directed towards the aspects of the environment needed subconsciously
to update and orient the internal map. The man looks rather than sees.’ (p. 259).
The current study suggests that this is also applicable for the concept of route
familiarity. We postulate that repeated practice with the same environment
results in the ability to negotiate a familiar environment at skill-based level. This
automaticity is reflected in both visual information processing itself (Chapters
2-6), as well as in the amount of cognitive control that is required to process
visual information (Chapter 2). The experiences that resulted from practice,
in turn resulted in expectations about which visual information to be present,
leading to increased automaticity in visual information processing. An example
of this is the proficiency that participants displayed after repeated practice
with a stimulus detection task (Chapter 3). Due to increased automaticity, the
required effort to process visual information decreases. Increased automaticity
with reading the variable message sign participants were repeatedly exposed to,
as described in Chapter 5, enabled them to anticipate on a new text more easily.
Participants without practice with reading the sign decelerated more severely
to process it – a form of self-regulation to mitigate attentional overload (De
Waard, 1996) – than those who were accustomed to seeing texts on the sign.
In Chapter 4, the repeated exposure to the same speed limit signs showed an
increase of participants’ ability to memorise the correct speed limit. In some
cases, increased automaticity in visual information processing also led to reports
of what one expected to see; which was the case with the failure to report the
change in variable speed limits (Chapter 3), the failure to report the critical
route instruction (Chapter 5) and the failure to report the signboard (Chapter 6).

7.2.2

Disengagement: monitoring rather than attending

Interestingly, the failure to report an instruction or object that should guide
158

Considered together, these studies display a pattern of traffic participants unable
to report about information present in their surroundings while they changed
their behaviour in accordance with this information. This is a novel finding in
traffic psychology research. When the inability to report equals unawareness
– similar to e.g. Sandberg, Timmermans, Overgaard and Cleeremans (2010)
and Spering and Carrasco (2015) – this behaviour may be regarded as acting
without awareness. This mode of performance enables traffic participants to
process visual information to the extent that they may behave accordingly,
although they are unable to access the processed information to report it. This
means that the lack of a verbal report to confirm an object’s presence does not
necessarily mean that the object has not been taken into account. It may also
suggest that the processing of visual information, of which one is not aware,
is likely to be highly automated. Further proof for this hypothesis has been
provided by the finding that participants were able to engage in other tasks, such
as conversing, listening to music, using their mobile phone and mind wandering
(Chapter 6). This form of highly automated processing of visual information
may be regarded as a monitoring process, bearing strong similarities with the
tandem model for visual information processing as proposed by Charlton and
Starkey (2011; 2013) and the mental disengagement from traffic participation,
also referred to as being on autopilot, as described for driving, cycling, and
walking (Charlton & Starkey, 2011; 2018b; Middleton, 2009; Van Duppen &
Spierings, 2013; Wunderlich, 2008). Due to its high degree of automaticity, this
monitoring process strongly relies on previous experiences and expectations. It
159
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behaviour does not necessarily equal the failure to act. In Chapter 5, all
participants who reported they had seen an advertisement on the variable
message sign instead of the critical route instruction, had changed their
driving behaviour; they took the first exit, in accordance with the critical route
instruction. A similar result was obtained in a study by Fisher (1992) on the
recall of pictorial road signs and speed limits rather than written messages.
Fisher found that 41% (n=11) of drivers who reduced their speed after passing
a pedestrian warning sign and subsequent speed limit sign, were unable to
recall these signs only moments after passing them. In a similar vein, Charlton
(2007) found curve warning signs were quite effective for reducing drivers’
speeds; while in a previous study (2006) he had found that many drivers failed
to detect and recognise these signs. Chapter 3 also reported on a participant
who complied with a sudden speed limit decrease without any recollection of
the new speed limit (this one participant equalled 14% of those who adhered
to the new speed limit). However, since it was only one participant this finding
was initially regarded as an anomaly we could not explain. By now, the findings
show that the phenomenon to act on information that cannot be reported is
not exclusive for drivers. In fact, it is applicable to pedestrians too (Chapter 6).
All participants who failed to report having passed the signboard (53.8%) had
changed their walking trajectory in order to avoid bumping into it. A similar
result was also obtained by Hyman and colleagues (2014).
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may increase the chance that changes in the traffic environment may be missed,
which occurred for example in Chapter 3, but it does not mean that all changes
will necessarily not be processed or acted upon. In fact, continuous variability in
objects in the traffic environment may become part of a subconscious monitoring
process, as long as they have been sufficiently practised.

7.3

Visual information processing: errors and interests

7.3.1

Perceptual errors while participating in traffic

Two of the main issues regarding visual information processing in traffic
addressed in this study, concern the facts that traffic and traffic management
information are typically highly dynamic and that changes can easily go
unnoticed. Normally, changes are accompanied by transient motion signals, i.e.
brief cues indicative of motion. These signals aid change detection, but when
they are lacking – for example because they are masked – it is increasingly
difficult to detect the change. As a result, people may be rendered ‘change blind’
(Galpin et al., 2009; Grimes, 1996; O’Regan et al., 2000; Rensink et al., 1997;
Rensink, 2002; Uchida et al., 2011; Zheng & McConkie, 2010). It may be that
in traffic masking of changes is quite common. Changes may easily be masked
and the traffic environment generally provides ample opportunity for this. For
example, a change may be masked when it occurred during a temporal gap
(Chapters 3, 4 and 5, and studies by Harms & Brookhuis, 2010; Rensink, 2002)
or when the changing item is briefly occluded (Rensink, 2002). Brief occlusion
may occur during a saccade of the eye or an eye blink (Grimes, 1996; O’Regan
et al., 2000); or by a brief blank (Galpin et al., 2009; Rensink et al., 1997)
or a passing truck. Masking also occurs when an item changes simultaneously
with the appearance of brief distracters, like ‘mudsplashes’ (O’Regan, Rensink,
& Clark, 1996; 1999) or the sudden onset of a lead vehicle’s brake lights; or
when the change is too gradual to generate a motion signal (David, Laloyaux,
Devue, & Cleeremans, 2006; Simons, Franconeri, & Reimer, 2000; Uchida et
al., 2011). The current study has shown that as a result of erroneous change
detection, drivers may even miss changes in information that are crucial for
correctly performing the driving task, such as changes in variable speed limits.
Continuously offering the same information before suddenly changing it, does
not enable the monitoring process of visual information to anticipate on any
changes to this information. If subsequently the information does change and
this change is masked – e.g. the case with the temporal gap between subsequent
gantries –, the ability to detect changes in the traffic environment is insufficient.
Continuously offering the same speed limit, for example a speed of 100 km/u,
and abruptly changing it without further notice, may result in traffic participants
missing a change from e.g. 100 to 80 km/h. As a consequence, drivers will
immediately turn into serious speed offenders, though not deliberately at all.
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Regarding perception in traffic, there is a pivotal role for expectations, in
particular regarding perceptual errors. Unexpected changes are harder to
detect, for example, when a traffic sign is changed into an unexpected sign most
route-familiar drivers may not notice this change (Charlton & Starkey, 2011;
2013; Martens & Fox, 2007a; Martens, 2011). However, the studies described in
Chapters 3-5 all revealed that despite the fact that participants had expected a
change, it did not prevent them from failing to report the change. In all cases, it
concerned a change in information required to adequately perform the driving
task they were assigned. These chapters also revealed a strong relationship
between route familiarity and expectations, and the effect they may have
on visual information processing. In fact, its influence on visual information
processing may well be one of the main effects of travelling along a familiar
route. Due to repetition or, in other words, extended practice, traffic participants
become quicker to interpret what they see and where to find specific information
(e.g. Chapters 3 and 5, and studies by Charlton & Starkey, 2011; Theeuwes &
Hagenzieker, 1993; Theeuwes & Godthelp, 1995). These benefits are based on
automation that guides expectations. Correctly expecting a message’s presence
reduces response time for it (Posner, 1980). Processing new information may
require resources to the extent that it interferes with automatically performed
tasks such as speed control. This effect has been found in the experiment
described in Chapter 5 and has also been reported by Erke and colleagues
(2007). Drivers reduced speed to provide themselves with more time to
process new or unexpected information. In contrast to the benefits of increased
automaticity in visual processing, it may also be a potential source of errors,
especially concerning ‘seeing what we expect to see’, which may be amplified
by route familiarity. In the study described in Chapter 6, when instructed to
describe the environment one had just passed, some route-familiar participants
voluntarily disclosed in fact trying to retrieve memories of previous encounters
with the street. Seeing what we expect to see due to repeated encounters has
also been shown for regular road signs, variable speed limits, variable message
signs, and even traffic situations (Chapters 3 and 5, and studies by Charlton
161

Chapter 7 | Discussion and conclusions

The effect of masking may (partially) be mitigated by introducing an artificial
motion cue at the location of the change, to attract the participants’ attention
(Klein et al., 1992; Scholl, 2000; Uchida et al., 2011; Zheng & McConkie,
2010). However, the findings of the current study show that merely artificially
redirecting attention towards the changed stimulus might not necessarily have
the desired effect. The study described in Chapter 4 demonstrated that the use
of motion in order to direct attention towards the changed sign, distracted part
of the participants from conveying the sign’s message instead. This was the case
for the use of amber flashing lights – commonly used in traffic to attract drivers’
attention – as well as for a more subtle motion variant. These findings imply
that caution is appropriate when aiming to attract attention with salient cues,
as attention might indeed be grabbed but it might not be directed towards the
actual message one wants to convey.

& Starkey, 2018b; Martens & Fox, 2007a). Traffic participants did not report
what could have been seen at a particular location, instead they reported what
was typically seen at that location. A possible explanation is a lack of allocated
resources: if the information has been processed mostly automatically, little
to no attentional resources may have been used. As such, even changes that
have been processed to the point that they actually modified people’s behaviour
may still have received too little attention for them to reach awareness. This
explanation would be in line with the previously postulated monitoring process,
in which most information is handled automatically and subconsciously.
However, it must be borne in mind that although the failure to report may be
considered a perceptual error – such is the case with failing to look or lookingbut-failing-to-see (e.g. Martens, 2007; Theeuwes & Hagenzieker, 1993; Uchida
et al., 2011; White & Caird, 2010) –, it does not necessarily imply a failure to
act (e.g. Chapters 5 and 6).
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7.3.2

What raises the traffic participant’s interest

Since many stimuli of the traffic environment appear to go unnoticed or at least
unreported, it begs the question what does appear to interest traffic participants,
i.e., what do they respond to and, or, report about. Possibly, what is of interest
for a car driver may differ from what may interest a pedestrian. Since comparing
the interests of motorists and pedestrians is beyond the scope of this study, the
present discussion will not elaborate on that. Nevertheless, there appears to be
some overlap between their interests while participating in traffic. Both motorists
as well as pedestrians displayed an interest in other road users’ behaviour
and/or appearance, traffic related objects, including signage, and landmarks
(Chapter 3 and Chapter 6). The amount of interest expressed per topic varied
between the motorists and the pedestrians, though this is likely due to the
different ways both participant groups were questioned. While the pedestrians
were asked to described the area they had just passed, motorists were instructed
to report anything interesting, unusual, or hazardous during the drive. The
latter instruction may especially affect the number of reports regarding fellow
road users. The interest in landmarks is not surprising. Previous studies have
shown that landmarks are used to confirm one is on the right track (e.g. Spiers
& Maguire, 2008). Moreover, drastically changing the visual appearance of a
familiar road and its surrounding landscape (while the road geometry remained
identical) in fact increased self-reported task difficulty (Charlton & Starkey,
2011). What is interesting though, is that despite the fact that the motorists
in Chapter 3 indicated only a very mild – though comparatively robust even
after repeated exposure – interest in traffic elements related to road geometry
compared to other topics, drivers in fact use these features to categorise roads
on which they would display the same behaviour (Charlton & Starkey, 2017a).
Possibly this low self-reported interest may be explained by the Charlton and
Starkey’s theory (2011) that the visual processing of traffic elements related to
the road geometry is largely covered by the monitoring process.
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The higher interest for speed limits might well be related to a preference for
stimuli that may have repercussions, such as speeding tickets. In a similar
vein, Charlton and Starkey (2013) found that more than half of their routefamiliar participants mentioned an oncoming police car, when instructed to
report anything interesting, unusual, or hazardous while driving. It appears
that this tendency to avoid adverse effects may be so well-trained that it was
even found in a driving simulator. Nevertheless, these detection rates were still
lower than for explicitly instructed targets of interest. What interests us can
be learned quickly: with repeated exposure participants in Chapter 3 quickly
became proficient in detecting a red Volvo truck. Similar results were obtained
by Charlton and Starkey (2011; 2013) whose participants had to detect a VW
Beetle instead of a truck. Reportedly, the trained interest in VW Beetles was so
strong that it even translated from driving in the simulator to driving in real-life.
Finally, the number of items that interest traffic participants appears to decline
over time. This appears to be the case for both traffic-related elements as well as
landmarks. In this general tendency of decreased interest for their surroundings
over time, the increased interest in other road users stands out. Chapter
3 reveals a clear shift in self-reported focus; while initially other road users
constituted 60% of all reports of anything interesting, unusual or hazardous,
by drive 18 they make up 94% of all reports. Charlton and Starkey’s (2018b)
163
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Chapter 3 showed that, while driving, self-reported interest in traffic signs
was not very high and declined strongly over time. This finding is in line with
previous work and suggests that in general motorists’ interest in traffic signs
is limited, especially over time. This, despite statements prior to driving that
indicated that on average various traffic signs were rated as at least moderately
meaningful (Chapter 3). Nevertheless, studies on various traffic signs have
shown that, in general, awareness of drivers towards traffic signs is relatively
low (Al-Gadhi et al., 1994; Johansson & Rumar, 1966; Johansson & Backlund,
1970). As a rough estimate across these studies, on average participants recalled
just about half of the traffic signs. That is, visual processing of these traffic signs
did not always reach the level of awareness required to report on them. The
exception appears to be speed limit signs. Rämä (2001) and Luoma (1991)
reported correct recollection of speed limit signs varying between 69% to 91%.
This preference is corroborated by the participants in Chapter 3 who rated the
standard speed signs as most meaningful (4.1 on a 5-point Likert scale). What
is more, drivers who have become familiar with a specific road tend to pay less
attention to traffic signs along this road. Martens and Fox (2007a) as well as
Jamson and Merat (2007) found that for traffic signs initially glanced at, gaze
duration shortened over time, which suggests a fading interest after repeated
exposure. This also appeared to be the case for the studies described in Chapters
3 and 5. Participants knew what had been displayed most of the time on the
traffic signs, though they failed to notice, or report, what had been displayed
after the signs had changed.

study on memories for everyday driving confirms this interest for other road
users’ behaviour, apparently leaving a bigger impression than (changes in) the
actual environment itself. A possible explanation for this increased interest
in other road user’s behaviour is that over time, increasingly more elements
of traffic participants’ surrounding are incorporated in the highly automated,
mostly subconscious, monitoring process of visual information. Thus, freeing up
mental space to observe other people and their behaviour. Differences in how
information is processed and whether it will reach awareness, make it difficult
to truly measure what interests traffic participants. What is measured appears
to be mainly the difference in what reaches traffic participants’ awareness and
what they consciously attended to, and what did not enter consciousness. This,
while other information that is handled without reaching awareness, may still
affect behaviour, similar to skilled performance.
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7.4 Research methodology: cognitive and behavioural
measures
7.4.1

Cognitive measures for visual information processing

One of the challenges regarding the study of visual information processing is
how to measure the results of this process. This is a prerequisite to know what
is really seen, or in other words, what visual information has been processed.
The simplest, and arguably most common method to assess what has been seen
is to ask (e.g. Al-Gadhi et al., 1994; Johansson & Rumar, 1966; Johansson &
Backlund, 1970; Luoma, 1991). Researchers may use methods such as recall and
recognition. When using recall, the participant has been presented with a visual
stimulus which has disappeared, and which needs to be retrieved from memory.
For recognition, the participant is presented with the reappearing target stimulus,
generally together with some distractor stimulus, and the task is to recognise
the target stimulus. The methods of recall and recognition, however, likely
yield different results. Not because different information has been processed,
but because both methods appeal to a different manner of retrieving the visual
information that has been processed. This has been clearly demonstrated for
traffic participants in Chapters 3, 5 and 6. Hence the two methods cannot
substitute each other, since differences in outcome between the two measures
may be explained by differences in retrieval from memory. They may also be
explained in terms of different levels of awareness. Recall appears to mostly tap
into richer experiences and representations, which may be more easily accessible
and retrieved, whereas recognition may also touch upon more degraded levels
of awareness. Contrary to recall, a recognition question may serve as a prompt
(Tulving & Pearlstone, 1966), enabling participants to retrieve and confirm
stimuli that have been present, whether it concerns the actual VMS message
(Chapter 5) or the presence of a signboard (Chapter 6). As a result of degraded
awareness some participants may hold only very vague experiences, which they
thereupon might not share with the observer (Overgaard & Sandberg, 2012).
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The method of recognition, providing participants with a prompt, is known to
make it easier for them to report these experiences after all. Another method to
prompt participants to report even the faintest experiences or representations
is to encourage them to guess (Overgaard & Sandberg, 2012). This method
has also been used in the current study when assessing change blindness. The
downside of this method is that participants might also provide a correct answer
by chance, rather than as a result of visual information processing. Regardless,
for all these methods applies that as a single method, none of them is capable of
providing a full overview of the output of visual information processing. Hence,
to get an understanding of the visual information that has been processed to
the extent of awareness, a variety of seemingly similar though (semi) mutually
exclusive verbal report measures needs to be used.

Behavioural measures for visual information processing

To distinguish between what is seen and what is not seen it is insufficient to rely
solely on verbal reports. This has been clearly demonstrated by the cognitive
mode of acting without awareness. Visual stimuli may guide behaviour without
the participant being able to report on this stimulus, as shown by Fisher (1992)
and in Chapters 5 and 6. This means that the presence of said stimuli have
in fact been sufficiently processed in order for the participants to be able to
successfully incorporate them in their behaviour, e.g. by negotiating the
obstacle, by taking the correct exit or by complying with the actual speed limit.
The ability of people to act without awareness underlines the importance of
behavioural measures when assessing (the results of) visual information
processing. For measuring visual information processing, not all behavioural
measures are equally suitable. Behaviours that require a discrete choice are
to be preferred, such as obstacle avoidance or taking an exit. Speed on the
other hand is continuous behaviour, making it more difficult to determine if
and when information has been processed. Another complicating factor with
speed is that in a driving simulator there is little incentive to stick to the speed
limit. In Chapter 3 the speed limit was increased after eighteen trials for this
reason, but the behavioural parameter was not very informative regarding the
visual information that had been processed. Additionally, even using discretechoice behaviour will not provide an exhaustive measure for visual information
processing. This has anecdotally been pointed out by the participant in Chapter
5 who had failed to take the exit, and yet, at the end of the trial triumphantly
exclaimed ‘the road wasn’t closed at all!’.
In conclusion, it remains difficult if not impossible to exhaustively assess whether
visual information has been processed. Nevertheless, to optimise measurements
of visual information processing – extending from full awareness, via partial
awareness to acting without awareness – it is advised to combine various
cognitive and behavioural measures (preferably discrete-choice behaviour).
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7.4.2

7.5

Concluding remarks
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Being route familiar, and consequently being seemingly inattentive, is the
default mode of how we behave in traffic. This behavioural mode is supported by
increased automaticity in behaviour, also referred to as skilled behaviour, having
many perks. It is swift, energy efficient and allows us to perform multiple tasks
at once. These are all components that are potentially very beneficial in traffic,
however, it also has drawbacks. Errors are lurking, as shown by the increased
likelihood of crash risk and violations (Chapter 2). What is more, is that for skill
level errors it is very difficult to realise our mistakes hence making it harder to
correct them (Reason, 1990).
Acting without awareness is not limited to driving. It appears to be a universal
cognitive state for human beings when they are up and awake. This is the heart
of automaticity and the base of our sheer existence which may also suggest that
mobility is not so much a task itself. In fact, it points in the direction that to the
general commuter – who is accountable for most journeys (Mucelli Rezende
Oliveira et al., 2016) – transport is nothing more than a means to get from A
to B, to proceed with their life. Hence, when studying road user behaviour, it is
imminent to mimic these natural circumstances as closely as possible.

For road authorities, it is important to realise that not all information presented
on or near the road will be processed by traffic participants. Not because traffic
participants do not wish to comply with the rules, but simply because of the
energy efficient way their human information processing system processes, i.e.
filters all information present. This means traffic participants may be disobeying
the rules, but not deliberately at all. To mitigate this, traffic information on
signage should be supported by the actual traffic environment. Therefore, road
authorities should design for automaticity, though up to a certain extent. Selfexplaining design thrives on automaticity and corresponding expectations.
Furthermore, road authorities should aim to design the traffic system in such a
way that it enables changes to occur with a frequency high enough to become
part of traffic participants’ monitoring system. Thus making it easier for traffic
participants to display the right behaviour. Finally, prudence is warranted for
the deployment of flashers and other motion-based traffic signals. Indeed it may
attract traffic participants’ attention, though not necessarily to any additional
message one wants to convey. This means that flashers should typically be
deployed when they can convey the message themselves, such as alerting road
users that something will happen and they should be alert and reduce speed
(without requiring compliance with an exact speed limit). In other words,
flashers may be useful to attract attention when something has changed, but
should be avoided when the same message is repeated.
For researchers, the ecological validity of studies in traffic psychology could
improve dramatically when testing participants in their habitat, their natural
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The aim of this PhD thesis was to provide insight in the cognitive processes
involved in visual information processing of familiar traffic environments and to
explain what is likely to be seen and what is not. Similar to traffic psychologists,
drivers as well as pedestrians appear to have a special interest in other road users’
behaviour. Regarding the road, or pavement, and its environment, it is difficult
to report on changes that have occurred under familiar conditions, especially
when the instant something has changed occurred out of sight. Nevertheless,
human beings perceive a lot more information than they are aware of. Despite
the apparent lack of full, or even partial, awareness, information – including
information that has changed in an otherwise familiar environment – may still
guide behaviour (such was the case with the text on the VMS and with the
signboard on the pavement). Acting upon information without having become
aware of it, is possible when performance can be executed at skill-based level;
a level of automaticity which is enabled by progressive exposure to the same
traffic environment.
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environment, i.e. a familiar environment, as participating in traffic in a familiar
context is the default. Hence, research should either mimic the everyday
context by controlled, repeated exposure, or confine to traffic behaviour in the
natural habitat. When studying traffic participants, it is important to include
behavioural measures next to self-report measures, to control for acting without
awareness. Scientific areas that would need further investigation include 1) the
development of various aspects of cognition to reach skill-based performance
level as a function of exposure, and how to retain relevant skills when trafficrelated tasks, such as navigating or driving, increasingly transition from being
human-controlled to being machine-controlled; 2) the cognitive shifting
between traffic-related stimuli which reach awareness and which are acted upon
without awareness; 3) differences in properties of traffic-related stimuli that do
not reach awareness and are acted upon or not.

