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Abstract
Cyclists’ use of mobile phones in traffic has typically been studied in controlled experiments. How cyclists adapt their 
behaviour when they are not limited to a certain set of behaviours has not been investigated to any large extent. The aims 
of this study are to explore how cyclists adapt when texting and listening to music in a complex urban environment, and if 
they compensate sufficiently to maintain safe traffic behaviour. Forty-one cyclists participated in a semi-controlled study, 
using their own bike and smartphone in real traffic. They were equipped with eye tracking glasses and travelled two laps 
completing a total of 6 km divided into six segments. For one of the laps, the cyclists were requested to listen to music. On 
three occasions, they received a text message to their phone, which they were supposed to handle as they normally would 
when cycling. Static minimum required attention measures were used to examine the influence on attention. The results show 
that listening to music while cycling did not affect workload, speed, SMS interaction or attention. Seven different adaptation 
behaviours were identified when the cyclists dealt with received text messages. One-fourth of the text messages were replied 
to while cycling. In general, the cyclists manage to integrate SMS interactions with their cycling behaviour. Nevertheless, 
there were two occasions when basic attention criteria were violated while texting, which motivate further studies.
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1 Introduction

Cyclists, just as drivers and pedestrians, often use their 
mobile phones in traffic. Much research has been devoted 
to understanding the consequences of mobile phone inter-
actions in car driving, showing deteriorated control of the 
vehicle (Caird et al. 2008, 2014; Collet et al. 2010; Horrey 

and Wickens 2006; Kircher et al. 2011; Nabatilan et al. 
2012; Svenson and Patten 2005), but also driver adaptation 
strategies to counteract the consequences thereof. Car driv-
ers often initiate visual or manual tasks, such as texting, 
while driving at lower speeds (Funkhouser and Sayer 2012; 
Tivesten and Dozza 2015) or when stopped, e.g. at a red 
traffic light (Funkhouser and Sayer 2012; Huth et al. 2015; 
Kidd et al. 2016). When engaged in a cell phone conversa-
tion, they change lanes less frequently in high-density traf-
fic (Cooper et al. 2009; Fitch et al. 2014) and spend more 
time behind a lead vehicle (Cooper et al. 2009). Drivers fre-
quently adapt their involvement with self-paced additional 
tasks to the current requirements in traffic (Eriksson et al. 
2014; Kidd et al. 2016; Metz et al. 2014, 2015; Platten et al. 
2014; Schömig et al. 2011). Less research has been made on 
cyclists and their mobile phone use.

The prevalence of mobile phone use while cycling has 
been reported to be in the range of 3–30%, much depending 
on whether listening to music was counted as phone use 
or not. In the Netherlands, the prevalence was found to be 
about 3% in 2013, where talking on the phone constituted 
.7% and screen operation constituted 2.3% (de Waard et al. 
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2015). In Vietnam, the prevalence of phone use while riding 
e-bikes was found to be 4.4% in 2015, with 2.4% talking and 
2.1% screen operation (Truong et al. 2016). In Sweden, the 
prevalence was 19% in 2012, with 17.1% listening to music, 
1.9% calling and .6% interacting with the phone (Adell 
et al. 2014). In Boston, MA, USA, 31.2% of the observed 
bicyclists used their phones, where 17.7% used earbuds or 
talked on the phone and 13.5% interacted with their phones 
(Wolfe et al. 2016). How phone use corresponds to crash risk 
is less known. An internet survey in the Netherlands esti-
mated that the odds of being involved in a bicycle crash are 
higher for teen cyclists (factor 1.6) and young adult cyclists 
(factor 1.8) who use electronic devices on every trip com-
pared to cyclists who never use these devices (Goldenbeld 
et al. 2012). However, for the middle-aged and older adult 
cyclists, the use of portable devices while cycling was not a 
significant predictor of crash involvement. In an Italian ques-
tionnaire study, it was found that smartphone use predicted 
crashes through their consecutive effects on cycling errors 
and near crashes (Puchades et al. 2017). Alongside crash sta-
tistics, it is important to investigate behavioural changes to 
get the fuller picture of how mobile phone use while cycling 
affects traffic safety.

Controlled experiments have shown that in general, 
mobile phone use while cycling is associated with reduced 
speed, reduced peripheral vision performance, increased 
mental effort ratings and reduced lateral control (de Waard 
et al. 2010, 2011, 2014). The effects are larger when han-
dling the phone, such as when writing a text message, and 
especially so when using a touch screen (de Waard et al. 
2014). When it comes to listening to music with earbuds 
while cycling, only limited effects on bicyclists’ behaviour 
have been found (de Waard et al. 2011, 2014; Kircher et al. 
2015), except for worsened auditory perception (de Waard 
et al. 2011, 2014). A limitation with most of these studies 
is that the participants were not allowed to choose how to 
integrate the mobile phone task with the cycling task. For 
example, the cyclists claim that they look around more fre-
quently when using their mobile phone, that they do not use 
their devices in demanding situations and that they some-
times use one earbud instead of two (Goldenbeld et al. 2012; 
Stelling-Konczak et al. 2017). Despite these self-reported 
claims, observational studies report that cyclists who use 
their phones make fewer head movements to the right than 
cyclists who were only cycling (de Waard et al. 2015). Such 
discrepancies motivate more detailed studies on cyclist 
behaviour in naturalistic settings. Kircher et al. (2015) and 
Ahlstrom et al. (2016) therefore conducted experiments in 
a semi-controlled setting where the experimenters defined 
the route and the tasks, whereas the participants could 
choose when and where to perform the tasks. The results 
showed that cyclists did indeed use a variety of compen-
sation strategies to incorporate the investigated secondary 

tasks (phoning, texting and browsing) with the cycling task. 
Some cyclists stopped cycling when performing the tasks, 
others reduced their speed, many postponed the task to an 
appropriate time and place along the route, and most of them 
scanned the surroundings prior to commencing the task. 
The results also showed that all cyclists managed to suc-
cessfully integrate the mobile phone tasks with the cycling 
task. Even though the study was conducted in real traffic, 
the traffic environment consisted of a separated cycle path 
with a low traffic volume, so that there were few interac-
tions with other road users. Also on the streets intersecting 
the cycle path, traffic volumes were low. Stelling-Konczak 
et al. (2018) investigated visual behaviour amongst teen-
age cyclists when listening to music on a route from their 
home to school. They found no significant changes in visual 
behaviour when listening to music and concluded that the 
teenagers did not adapt to the music task by increased visual 
scanning, as claimed by other cyclists in self-reports.

Michon (1985) describes three levels of the road user 
task, i.e. the strategic level in which general plans of a trip 
are made, the tactical level in which manoeuvre control is 
applied based on the current situation, and the operational 
level in which automatic action patterns apply. Allowing 
the participants in a study to choose when and where to 
execute the tasks of interest has the advantage that adap-
tive and compensatory behaviour on the tactical level can be 
studied. Disadvantages are decreased experimental control 
and more complicated analyses (Kircher et al. 2017a). In 
a semi-controlled study, the posed research questions are 
allowed to move from the operational level to the tactical 
level, but when doing so, it is important to also adapt the 
corresponding performance indicators to this type of experi-
mental setting. For example, performance indicators of inap-
propriate behaviours that are commonly used in controlled 
studies, such as long glance durations away from the road or 
large swerving but within the lane boundaries, tend to lose 
their meaning if these behaviours only occur in areas with 
no traffic, where it is supposedly safer to look away for a 
longer time period [due to the abilities of peripheral vision 
when it comes to tracking and lane keeping (Wolfe et al. 
2017)]. How to choose appropriate performance indicators 
in a semi-controlled study is not trivial. One way is to define 
situational demands that the participant has to fulfil. The 
number of demands that are not fulfilled can then be com-
pared between baseline and treatment, to see if, for example, 
texting or listening to music while cycling is detrimental 
for safety. In this study, we adopt the minimum required 
attention (MiRA) theory (Kircher and Ahlstrom 2017) to set 
up these demands (or requirements). MiRA defines what a 
road user needs to be attentive to, and also when, where and 
how frequently information needs to be sampled from these 
required targets. Only static MiRA requirements related to 
the infrastructure (such as checking that the side roads are 
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clear before entering an intersection and checking traffic 
lights) are used in this study. Despite the obvious disadvan-
tages of not accounting for the dynamics of moving traffic, 
an actual merit of this is that it allows more fair comparisons 
between baseline and treatment despite possibly different 
traffic situations in the two conditions.

So far, the behaviour of cyclists interacting with their 
mobile phones in their own way in real traffic environments 
has not been extensively studied. There are indications that 
cyclists employ adaptation strategies to successfully inter-
act with their mobile phones in simple settings, but if that 
applies in more difficult situations is not clear. The aims of 
this study are thus to investigate how cyclists adapt when 
texting and listening to music in a complex urban envi-
ronment, and if they compensate enough to uphold a safe 
behaviour with respect to themselves and other road users. 
At the time of the study (2016), there were no specific laws 
prohibiting mobile phone use while driving or cycling in 
Sweden. However, the Swedish legal framework clearly 
states that it is only allowed to use communication devices 
while driving a motorized vehicle if it does not have a nega-
tive impact on driving safety (The Swedish Police 2017; The 
Swedish Transport Agency 2017). This is an amendment to 
the general law against reckless driving (Government Offices 
of Sweden 2015), which covers texting, listening to music 
and many other behaviours. The law against reckless driving 
applies to all road users, including pedestrians and cyclists.

2  Method

A semi-controlled study in real traffic with a mixed design 
was used in the city of Linköping, Sweden. Each participant 
rode the same route twice, once while listening to music and 
once without music. The route was divided into a total of 
six segments, three per lap, and on one of these segments 
on each lap, the participant was asked to think aloud about 
his or her distribution of attention. Each participant also 
received three text messages along the route which they were 
instructed to deal with as they normally handle incoming 
text messages while cycling.

2.1  Participants

Participants were recruited via an on-line questionnaire, 
which was advertised in social media like Facebook, and 
through local bike clubs, flyers and e-mails to companies 
in the area. In total, 533 persons stated that they were will-
ing to participate in the study, and 342 persons fulfilled the 
inclusion criteria: > 18 years old, experienced with cycling 
in the city centre of Linköping, willing and able to cycle 
for 6 km, provide own bike and smartphone, used to using 
the phone in traffic, and normal eyesight or eyesight that 

could be corrected with contact lenses or with extra diop-
tric lenses within ± 4 dioptres, which was a requirement to 
be able to use the eye tracking system. Both normal bikes 
and e-bikes were allowed. Participants were recruited for 
the study primarily with the aim to achieve an equal num-
ber of cyclists self-evaluating their cycling speed as slower 
than others, equal to others and faster than others. The first 
cyclists fulfilling the criteria were contacted for participa-
tion in the study. When asked about familiarity with cycling 
in the city centre of Linköping, about one-third (32%) of 
the participants cycled there daily, while one-third (27%) 
cycled 2–4 times a week and one-third (32%) at least twice 
a month. 10% cycled more seldom in the city centre. Results 
regarding cyclists’ speed and delays at specific traffic sites 
for different self-evaluated speeds are reported by Kircher 
et al. (2018). The study was approved by the regional ethical 
review board in Linköping (Dnr 2016/174-31).

2.2  Design and procedure

The route chosen for cycling was situated in the city centre 
of Linköping and was 3 km long. The traffic environment 
consisted of cycle tracks, mixed traffic as well as pedes-
trian streets without motorized traffic. Segment 1 (A–B in 
Fig. 1) consisted of a separated cycle lane ending with a 
round-about with mixed traffic. The speed limit was 30 km/h 
turning to 40 km/h at the intersection half-way through the 
segment. Segment 2 (B–C) was to a large extent comprised 
of mixed traffic, including a round-about and a stop sign, 
turning into a cycle path and ending with a road stretch 
within a pedestrian zone. Except for the round-about, which 
had a prescribed speed limit of 40 km/h, the speed limit 
was 30 km/h throughout this segment. Segment 3 (C–A) 
started with a cycle path that turned into a cycle and pedes-
trian path, followed by a road stretch with mixed traffic, 
a short cycle and pedestrian path, and ending with a road 
stretch with mixed traffic. The speed limit in segment 3 was 
30 km/h, but on the first mixed traffic part a lower speed of 
20 km/h was recommended by signage.

Each participant brought his or her bike and telephone 
to the starting point. While one researcher equipped the 
handlebars of the participant’s bike with two cameras 
(GoPro Hero 3, one forward facing and one facing the 
cyclist), another researcher informed the participant about 
the study, asked the participant to sign an informed con-
sent form, and fitted and calibrated the eye tracker (SMI 
2.0, SensoMotoric Instruments, Teltow, Germany). A third 
researcher, “the follower”, followed the participant during 
the experiment with a GoPro Hero4 camera facing forward 
on his bike recording the participant and the road environ-
ment. The follower greeted the participant and asked the 
participant to ignore being followed. The follower’s task 
was to ride behind the participant at a distance of 10–15 m, 
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filming an overview of the situation, and to notify the par-
ticipant, in case that he or she took a wrong turn.

Before setting off, the participant was informed whether 
or not to think aloud on the upcoming segment and 
whether or not to listen to music on the first or second lap. 
It was stressed that the participant moved in real traffic and 
that he or she should behave as they would on a typical 
ride, as the aim of the study was to capture the cyclists’ 
natural behaviour.

Think-aloud verbal protocols contain participants 
articulating their thoughts while performing a task, and it 
gives access to information currently in the participants’ 
short-term memory (Ericsson and Fox 2011; Ericsson and 
Simon 1980). On the think-aloud segments, the cyclists 
were asked to verbalize what they were thinking of, pri-
marily in terms of where they directed their attention, what 
caught their attention and how they scanned the traffic 
and the surroundings. Since it is known that think aloud 
affects visual behaviour, with longer glances to objects 
that are currently being described (Hertzum et al. 2009), 

the participants were only required to think aloud on two 
out of six segments (balanced between participants).

In the music condition, the participants used headphones 
connected to their smartphone and could determine volume, 
tempo, how many earbuds they would use and what they 
would listen to, e.g. music, radio or podcast. Throughout 
this article, this will be referred to as listening to music, or 
as the music condition, even though other self-chosen media 
are included.

The participant then cycled along the route at his or her 
preferred speed, followed by the follower. At each end point 
of a segment, a researcher met up with the participant, asked 
whether anything special had occurred during the segment, 
asked the participant to fill in a NASA-RTLX (a subjec-
tive, multidimensional assessment tool that rates perceived 
workload in terms of mental demand, physical demand, 
time pressure, performance, effort and frustration, Hart and 
Staveland 1988) for the segment just cycled, explained the 
route for the next segment, and informed the participant 
whether to think aloud or not on the upcoming segment. 
When the participant returned to the starting point after two 

1: Which day 
is candy day?

3: How old do
you feel today?

2: What is your 
favourite colour?

Pedestrian zone

Cycle and pedestrian path

Mixed traffic

Cycle path

Separated cycle lane

Fig. 1  Segment 1 cycled was from A to B, segment 2 was from B to 
C, and segment 3 was from C to A. “Candy day” is a well-known 
concept in Sweden, with the aim that children should only eat candy 

once a week, on Saturday, for dental health reasons. Map source: 
OpenStreetMap contributors (2017)
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laps, the logging equipment was removed, and the follower 
asked the participants about two or three occurrences along 
the route. These were selected freely by the follower, based 
on what had happened while cycling (for example, cycling 
on the pavement). The answers to these questions are not 
investigated here (see instead Kircher et al. 2017b).

Each participant received three text messages when 
cycling. The text messages were sent by an experiment 
leader tracking the position of the cyclist via GPS. For prac-
tical reasons, the order and content of the messages was the 
same for all participants (see Fig. 1). The first message was 
sent on lap 1, segment 2, on a straight road stretch in mixed 
traffic along parked cars, just before arriving at an intersec-
tion with a stop sign. The second message was sent on lap 
2, segment 1, on a separated cycle lane, before arriving to a 
larger intersection. The third message was sent on lap 2, seg-
ment 3, on a cycle and pedestrian path where no motorized 
traffic was allowed. The questions in the messages were cho-
sen so that not too much effort should be required to answer 
them, neither mentally nor manually. The participants were 
not informed about where, when or how many text messages 
they would receive, only that they would receive text mes-
sages and that they were supposed to handle them as they 
normally would when cycling and receiving text messages.

2.3  Data reduction

For each participant, a GPS track, gaze direction, and videos 
of the forward view, of the cyclist’s face and from behind 
from the follower’s bike were logged. In addition, workload 
as measured by the NASA-RTLX was collected for each 
of the six segments, and answers to questions about inci-
dents/events in traffic were noted. The data were annotated 
using the Observer XT 13.0 (Noldus Information Technol-
ogy, Wageningen, the Netherlands), by manually marking 
gaze directions, complexity level and attentional demands. 
Each cyclist’s natural speed was calculated for road stretches 
without intersections, hills or slopes and where there was no 
other traffic. Due to poor GPS tracking accuracy in the city, 
this was done using cues in the traffic environment for start 
and stop of the distance, and the total time that the cyclist 
used cycling the distance.

The eye tracking data were manually encoded as glances 
towards the forward area, towards the phone and towards 

other gaze targets. Given the importance of peripheral vision 
in traffic, a breakdown into smaller target regions did not 
appear meaningful. Complexity levels, estimating roughly 
for how long it would be possible to close one’s eyes or to 
look away from the road without missing important infor-
mation, were determined based on the videos, according to 
Table 1. For each instance where the cyclists interacted with 
their phone when cycling, the complexity level was coded 
in retrospect from the videos, continuously and subjectively 
by the authors. Note that the complexity rating scale has not 
been validated and that the threshold values are based on the 
authors’ previous experience.

The attentional requirements along the route were defined 
according to the minimum required attention theory (Kircher 
and Ahlstrom 2017). This was done by defining all static 
objects the participant had to attend to in order to be able to 
navigate the route safely. Examples include looking left and 
right in intersections, and looking at stop signs and traffic 
lights. In addition to such necessary requirements, we also 
encoded useful for own safety requirements, such as look-
ing over the shoulder before crossing a street even though 
the cyclist had priority. Figure 2 gives an example of static 
MiRA requirements in an intersection. For all SMS events 
where the bicycle was moving, including their matched 
baselines (identical location but on the other lap), and for 
three intersections (one lap with and one without music), it 
was determined whether the MiRA requirements were ful-
filled. The intersections were all four-legged intersections 
where the cyclist route continued straight through, but where 
different rules applied.

Intersection 1 The cyclist travelled on a separated cycle 
path on the approach, passed an intersecting cycle path and 
then reached the intersection where there was a traffic light 
for cars and a separate traffic light for bicycles (see also the 
sketch in Fig. 2).

Intersection 2 The cyclist travelled in mixed traffic and 
encountered a stop sign on the route, whereas the intersect-
ing road was the main road.

Intersection 3 On approach, the cyclist travelled on a 
cycle lane in the roadway and had the right of way.

Three categories were used for deciding whether a MiRA 
requirement had been fulfilled: attended (based on the verbal 
protocol, eye tracking, or as assumed by behaviour), prob-
ably not attended, or impossible to decide. Impossible to 

Table 1  Categorization of 
complexity levels

Complexity 
level

Time possible to close eyes 
or look away from road

Example situation

0 > 3 s Separated wide cycle path with no surrounding road users
1 1–3 s Cycling at normal speed on cycle path with obstacles far away
2 < 1 s Cycling with obstacles to avoid, such as pedestrians
3 Not possible Overtaking, while approaching the overtaken object
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decide could, for example, occur in cases where eye track-
ing was missing. In this study, only requirements related 
to static objects in the traffic scene were used. Ideally, also 
dynamically changing objects, such as surrounding road 
users, should be included amongst the requirements. How-
ever, the spatial resolution of the eye tracker, along with the 
difficulty of accounting for peripheral vision, prevented such 
analyses in the present study.

2.4  Analyses

Analyses of variance, using participant as a random factor, 
were used. The significance level was set to .05.

For text messages, the data from picking up the phone 
until putting it back again were analysed. In cases where a 
text message is read and answered with a delay in-between, 
the data in-between were excluded from the data material.

3  Results

Forty-one participants (37.4 ± 11.1 years old, 46% women) 
participated in the study. Two participants (5%) used only 
one ear bud, and the remaining participants used two ear-
buds. There was no significant difference in workload 
between when the cyclists listened to music (2.12 ± 1.12) 
and when they did not listen (1.97 ± 1.28), t(40) = − .895, 
p > .05. The workload measures varied on low levels, and the 
participants estimated their load (mental, physical, time pres-
sure, frustration and effort) as small and their performance 

as good in both conditions. There was no difference in speed 
when the cyclists listened to music (20.40 ± 4.22 km/h) and 
when they did not listen (20.90 ± 4.63 km/h), t(40) = − 1.11, 
p > .05. For the three MiRA coded intersections, 82% of the 
necessary MiRA requirements were attended to in the music 
condition and 86% without music. This difference was not 
significant (F(1, 412) = .96, p > .05). The corresponding per-
centages for the useful MIRA measures were both 76% (F(1, 
251) = .004, p > .05).

Out of a total of 123 text messages sent to the partici-
pants, at least two messages were delayed and not received 
until after the test. When we asked the participants after 
completing the test to state how many of our text messages 
they heard, 47.5% stated that they heard all three messages, 
25% heard two of them, 22.5% heard one, and 5% did not 
hear any text message. Not hearing does, however, not infer 
not replying, because the text message could be noticed by 
visual or tactical input. Text messages that were not looked 
at are treated as “ignored or not heard” in the following 
analysis. Figure 3 shows the SMS interactions in total as 
well as the distribution of text messages received in the non-
music and music conditions for each interaction type. Some 
messages were answered when the participant met with the 
experiment leader in connection with answering to the ver-
bal questions after a segment, some participants made a stop 
dedicated to answering the message, and sometimes texting 
was made in connection with stopping at a red light. Of the 
121 analysed messages, about half were handled on a road 
segment. Of these, around two-thirds were handled when 
cycling and most messages were read and answered directly, 
23% in total. There was no significant effect of music on the 
interaction modes to the right in Fig. 3 (H(1) = 2.24, p > .05).

Since music did not affect workload, attention, speed or 
SMS interaction, data from listening to music versus not 
listening to music were merged and will henceforth be ana-
lysed together. Pearson’s Chi-square test showed no signifi-
cant association between the location where the text message 
was received and whether or not the message was handled 
while cycling (χ2(2) = 3.92, p > .05), see Table 2.

Sorting the participants according to their “most com-
plicated” SMS interaction shown in the study, with the 
understanding that the interactions to the right in Fig. 3 are 
ordered from least complicated at the top to most compli-
cated at the bottom, the result in Table 3 was revealed.

The 41 text messages handled while cycling were ana-
lysed further. Pairwise t tests (repeated measures) compar-
ing the road stretches where the cyclists texted with the 
matching road stretches in the baseline condition, showed 
no significant effects on the time it took to cycle the given 
segment, see Table 4.

The fulfilment of MiRA requirements was investi-
gated on the road segments where text messages were 
handled and on the corresponding baseline segments. On 

Traffic light
Cycle path left

Cycle path right
Over shoulder

Fig. 2  Example of static MiRA requirements in one intersection 
located on the experimental route. The intersection consists of two 
four-lane roads (white) flanked by cycle paths (grey) and pavements. 
The dark grey structures in the corners are buildings blocking the 
view from the cyclist’s perspective. The green area above the map 
corresponds to the road stretch within which the cyclist should attend 
to the respective requirements. Map source: OpenStreetMap contribu-
tors (2017) (color figure online)
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these road segments, a total of 61 necessary and 40 use-
ful MiRA requirements were investigated. It is relevant 
to acknowledge that the requirements can differ between 
SMS and baseline, due to the colour of the traffic light. 
Table 5 shows that 3 of 31 necessary MiRA measures 
were probably not attended to while cycling in the tex-
ting condition. A closer look at these revealed that the 
three unattended requirements were all in connection 
with the traffic light, at two separate instances. At the 
first instance, the cyclist attended the green light for cars, 
but was not observed to notice the red light for cyclists 
and had to negotiate with a car turning right. At the sec-
ond instance, the cyclist did neither pay attention to an 
intersecting cycle path to the left nor to the right, when 

Incoming SMS
121 (no music: 62 + music: 59)

Was ignored or
not heard
36 (22+14)

When mee�ng
experiment leader

23 (14+9)

Was handled
on segment
62 (26+36) 

Was not handled
on segment
59 (36+23)

Read only
9 (3+6)

When cycling
41 (19+22)

When standing s�ll
21 (7+14)

At dedicated SMS stop
12 (5+7)

At red light
9 (2+7)

Read with delayed
answer
4 (1+3)

Read and answered
directly

28 (15+13)

Fig. 3  SMS interactions. Result in total (number of outcomes in the no-music condition + number of outcomes in the music condition)

Table 2  Number of text messages not handled vs handled while 
cycling in relation to SMS

SMS Number not handled while 
cycling

Number 
handled while 
cycling

1 29 12
2 30 11
3 21 18

Table 3  Distribution of participants according to their most compli-
cated SMS interaction shown in the study

Most complicated SMS interaction shown Number of 
participants

Ignore or do not hear 3
Meeting experiment leader 8
Dedicated SMS stop 4
At red light 6
Read while cycling 4
Read and reply while cycling 16

Table 4  Task completion time for different SMS interactions

SMS interaction type Mean ± std dev. (s) N t(N−1) p

Read and answered directly 23.3 ± 13.3 28 1.23 > .05
Read with delayed answer 23.8 ± 13.2 4 1.82 > .05
Read only 4.5 ± 6.4 9 − .38 > .05

Table 5  Fulfilment of necessary and useful MiRA requirements while 
handling text messages compared to the corresponding baseline seg-
ments

Results are presented as <attended to/impossible to decide/probably 
not attended to>
NA means not applicable

Necessary Useful

SMS Baseline SMS Baseline

Left 8/0/1 10/0/0 4/0/0 0/0/2
Right 6/2/1 5/1/0 4/2/3 6/1/3
Right of way rule 1/0/0 1/0/0 NA NA
Stop rule 3/0/0 3/0/0 NA NA
Traffic light 8/0/1 10/0/0 NA NA
Over shoulder NA NA 2/0/5 3/1/4
Total 26/2/3 29/1/0 10/2/8 9/2/9
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approaching the traffic light. The cyclist slowed down and 
picked up the phone while approaching the cycle path, 
then started to look at the phone while crossing the cycle 
path, and finally started texting while standing still at the 
red traffic light. For the MiRA requirements not catego-
rized as necessary but useful for own safety, about half 
were attended to and half were not, both in the baseline 
and in the texting condition.

The cyclists used visual time-sharing strategies 
(Zwahlen et al. 1988), i.e. looking back and forth between 
the phone and the forward roadway, when interact-
ing with their phones. This results in an approximately 
equal number of glances to the forward area as to the 
phone, Fig. 4. On average, the cyclists looked at other 
gaze targets once while texting and twice in the base-
line condition, t(21) = − 3,43, p < .05. The glance dura-
tion towards the forward area was 1.5 ± 1.5 s, towards the 
phone 2.1 ± 1.8 s, towards other targets 1.4 ± 1.2 s and 
towards other targets in baseline 1.3 ± 1.0 s. The glances 
towards the phone have longer duration than glances 
to the forward area and glances to other gaze targets 
(F(3, 345) = 5.9, p < .05).

For each glance towards the phone, the complexity level 
(see Table 1) at the start of the glance was registered, and 
analyses of the number of glances as well as the glance 
duration were carried out for each complexity level. Since 
there were only two glances to the phone at complexity 
level 3, these were removed from the analysis. The data 
were normalized for frequency of complexity level to com-
pensate for imbalanced complexity level distributions. 
Descriptive statistics of glance durations are provided in 
Table 6 and Fig. 5. There were no differences in the dura-
tion of glances towards the phone between the different 
complexity levels (F(2, 125) = .1, p > .05).
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Fig. 4  The number (left) and duration (right) of glances towards the forward area, the phone and other while texting. Glances towards other gaze 
targets in the matched baseline condition are included in the figure for comparison

Table 6  Descriptive statistics of the number of glances and the glance 
durations when looking at the phone while the cyclists wrote text 
messages

Normalized 
number of 
glances

Mean dura-
tion ± std dev 
(s)

Median 
duration 
(s)

90th percen-
tile duration 
(s)

0 208 1.9 ± 1.4 1.5 4.0
1 140 2.1 ± 1.9 1.7 4.1
2 136 2.1 ± 1.6 1.6 3.9
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Fig. 5  Duration of glances towards the phone for the different com-
plexity levels
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4  Discussion

Listening to music via earphones did not have signifi-
cant effects on workload (NASA-RTLX) or the behaviour 
measures examined here. This is in agreement with other 
studies on cyclists (Ahlstrom et al. 2016; Stelling-Konczak 
et al. 2018) as well as on pedestrians (Hyman et al. 2010; 
2014). On the top of the list of self-reported behaviour 
adaptations, as a means to compensate for the loss of 
auditory information, is increased visual attention (Adell 
et al. 2014; Stelling-Konczak et al. 2017). Stelling-Konc-
zak et al. (2018) found that 21% of the cyclists increased 
and 57% decreased their visual scanning to the right in 
intersections, when listening to music. Out of the total 
amount of intersections, 49% were attended in baseline 
and 41% in the music condition. One explanation to this 
behaviour might be that the cyclists are scanning the traf-
fic scene enough using peripheral vision and do not need 
additional visual input. This reasoning is in line with the 
MiRA approach.

About half of the participants chose to handle, i.e. read 
or respond to, at least one text message while cycling, and 
one quarter never handled any text message while on a seg-
ment. This suggests that cyclists have a personal strategy 
with respect to the maximum complexity of interaction 
they accept, which may be modified by the actual circum-
stances. Such strategies could be to only answer the text 
message if the traffic light is red, but to go on cycling if the 
traffic light is green, or to only read text messages when 
there is no other traffic around and then decide whether to 
stop and answer or not. Such behaviours and strategies are 
comparable to what is typically found amongst car driv-
ers (Funkhouser and Sayer 2012; Huth and Brusque 2013; 
Metz et al. 2011; Platten et al. 2014; Tivesten and Dozza 
2015). Due to the design used in this study, in addition to 
the fact that it is not clear whether all untreated messages 
were ignored, or simply not noticed, it cannot be estab-
lished whether the interaction level used for each mes-
sage was indeed the highest acceptable for each cyclist. To 
pursue this further, and to establish how conscious such 
strategies are, more systematic studies, considering both 
message content, expectations about messages, and the 
current traffic situation would be needed.

In studies where participants know that they are being 
observed, they may alter their behaviour due to this aware-
ness. This is known as the “observer effect” or “Hawthorne 
effect” (e.g. McCambridge et al. 2014). In this study, an 
effort was made to minimize the observer effect by empha-
sizing, both in the written instructions and later orally 
when informing the participants about the study on site, 
that we were interested in the participants’ normal behav-
iour. This was emphasized by a few examples; it is ok to 

walk with your bike if you want to, interact with your 
phone as you normally do—it is ok to ignore or postpone 
incoming text messages, the follower is not there to moni-
tor you—he is there to record what is happening around 
you, etc. After completing the study, the participants were 
asked if their behaviour was in accordance with their regu-
lar cycling and texting behaviour or if it was affected by 
the experimental conditions. Most riders thought it was in 
accordance with or fairly in accordance with their behav-
iour, while a minor share (four of 41 participants) thought 
it was not, mainly because they cycled slower than normal 
due to being part of the study. One of them explained this 
lowered speed by the effort to think aloud.

A clear majority of the necessary MiRA requirements 
were fulfilled for the text messages handled while cycling, 
while the useful MiRA requirements were sometimes 
attended to and sometimes not, independent of texting. Since 
the necessary MiRA requirements were generally fulfilled, 
it appears that the cyclists adopted quite successful strate-
gies to deal with the congruent cycling and texting tasks. 
The participants chose whether to read the SMS, or not to 
read the SMS, by strategic choice and on a tactical level 
while taking the circumstances of the current situation into 
account. The cyclists seem to choose a traffic environment 
suitable for reading the message and if they chose to reply 
while cycling, they waited until the situation allowed it.

There were two occasions that resulted in three MiRA 
requirement breaches in the SMS condition. In the first case, 
the cyclist picks up his phone about 80 m from the inter-
section but keeps it in his hand without looking at it until 
after the intersection. The first actual glance to the phone 
occurs after having passed the intersection. In the second 
case, where two MiRA requirements were breached, the 
cyclist picks up the phone before the intersection but post-
pones the first glance to the phone until after the last MiRA 
zones have been passed. Eventually, he replies to the text 
message while standing still at the red light. This means 
that in both cases, the cyclists have started interacting with 
their phones when the MiRA requirements are breached, 
but in neither case is the cyclist looking at the phone. The 
first occasion, where the cyclist neglected the red light for 
cyclists but clearly looked at the green light for motorized 
traffic on the parallel road, was probably due to a misjudge-
ment of the situation. In retrospect the participant stated that 
“I made a bad choice when I just went ahead. I noticed that 
the vehicles were standing still and therefore I decided to 
cross. I missed that it was still green for cars. There was a lot 
of traffic”. There are a few ambiguities with this statement. 
The cyclist claims that he did not notice that the cars had a 
green light even though he clearly looked at the green light 
according to the eye tracking data. Implicitly, he states that 
he was aware of the red light for cyclists but decided to cross 
the intersection anyway since the motorized vehicles were 
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standing still. This must have been picked up by peripheral 
vision since the eye tracking data show no glances to the 
cycle lane’s red traffic light. Hence, it was non-compliance 
when the cyclist decided to cross the intersection despite the 
red light, but the unnecessary negotiation with the car was 
due to a misjudgement of the traffic situation. The second 
occasion, where the cyclist was not observed to look left and 
right before entering an intersecting cycle path, is harder to 
interpret. It is possible that the cyclist used peripheral vision 
or hearing to know that there was no traffic on the intersect-
ing path. On the other hand, it is also possible that the cyclist 
did not focus much on the intersecting cycle path at all and 
hence expected it to be sufficient to come to a stop in front 
of the traffic light. These possibilities are not exhaustive but 
indicate that to understand why the necessary requirement 
was breached, other methods would need to be used. For 
instance, the participant was not required to think aloud on 
this segment but that could have been informative.

While interacting with their phones, the cyclists looked 
at other gaze targets approximately once while texting and 
twice in baseline, with the same glance duration per glance. 
Hence, glances to the phone are not only taken from the 
forward glances, but also from other glance targets. This 
is in agreement with our previous study (Ahlstrom et al. 
2016) and is hence applicable to a more complex urban traf-
fic environment than the previous study. When texting, the 
glances to the phone are longer than forward glances, but the 
complexity level did not affect glance duration to the phone. 
The small number of glances to the phone in situations with 
complexity level 3 could imply that cyclists choose not to 
look at the phone at high complexity levels. However, the 
complexity level might be too blunt a measurement, given 
that there were no differences in the duration of the glances 
towards the phone for the other complexity levels, where it 
was assumed possible to shut one’s eyes for from less than 
a second to more than 3 s.

There are a few limitations to this study. Only static 
MiRA requirements were assessed. To also account for the 
prevailing traffic situation, the static MiRA requirements 
were complemented with a continuous encoding of the 
complexity level. Ideally, the complexity level should have 
been defined in a way that peripheral vision was considered 
(i.e. not based on the possibility to shut one’s eyes). This is 
important given the capabilities of peripheral vision and the 
perception that can be achieved in the absence of selective 
attention (Wolfe et al. 2017). A road user who is looking at 
the phone is indeed attempting to develop situational aware-
ness based on peripheral input alone (Wolfe et al. 2017). 
Future research is needed to clarify when, where and for how 
long peripheral input is sufficient for safe travel. In car driv-
ing, lane keeping and maintaining headway have been found 
to be guided mostly by peripheral vision (Bhise and Rock-
well 1971; Summala et al. 1996). Also, more experienced 

car drivers use peripheral vision to a larger degree than nov-
ice drivers (Summala et al. 1996). It is very probable that the 
same is true for cycling. Also, no inter-rater reliability tests 
were carried out. This applies to the complexity coding, the 
MiRA coding and the glance coding. However, the raters 
were part of developing the coding scheme, and they also 
coded the first participants together to harmonize the ratings.

In conclusion, cyclist behaviour was not affected by 
music, neither in terms of subjective workload, attention, 
speed nor SMS interaction. No adaptation in terms of 
increased visual scanning could be found, but there were 
also no signs of decreased information intake when listen-
ing to music. For text messaging, seven different adapta-
tion behaviours were found, from ignoring the text message, 
stopping the bike while reading, postponing the interaction 
with the phone, to instantly replying to the message. One-
third of the text messages were dealt with while cycling. The 
overall impression was that the cyclists managed to integrate 
their mobile phone usage into their cycling behaviour. How-
ever, the three MiRA requirement breaches motivate further 
studies with larger study populations to investigate if this 
is a large problem and why it occurs. To understand why 
MiRA requirement breaches occur, a feasible way to go for-
ward could be to make in-depth interviews with the cyclists 
breaching the requirements or having them think aloud from 
video recordings of their own behaviour.
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