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Abstract
Bus driving is a complex and cognitively challenging task that places high demands on bus drivers’ working memory. Increas-
ing use of “In-Vehicle Information Systems” leads to driver distraction and is a contributing factor to many road accidents 
globally, and with systems for tickets, navigation, and timetables, bus drivers are more exposed to this additional workload 
than other actors in the traffic. This study provides insights into how bus drivers’ driving behavior is affected by auditory 
traffic information through a driving simulator study at the Swedish National Road and Transport Research Institute. A pre-
study showed that many bus drivers in Gothenburg experience that a majority of the messages they receive are irrelevant to 
them. Difference in driving behavior was identified for conditions in which the drivers received messages irrelevant to their 
route, which might indicate that irrelevancy is an important factor for the workload imposed to the drivers. We hypothesize 
that irrelevant messages require processing in the visuospatial sketchpad, which might increase workload more than just 
auditory information processing. The results of this study implies that the routines for traffic communication between traffic 
controllers and bus drivers should be considerate, as to reduce the number of irrelevant messages that are cognitively load-
ing the bus drivers.

Keywords  Working memory · Cognitive workload · Auditory secondary task · Driving simulator · Driver distraction · 
Driving behavior

1  Introduction

Bus driving is a complex and cognitively demanding task 
that requires the ability to simultaneously process infor-
mation from different sources. Driving a bus in city traffic 
places high demands on drivers’ working memory (WM) 
which is constantly loaded from changes in dynamic traf-
fic situations. More frequent use of In-Vehicle Information 
Systems (IVIS) poses an increased traffic hazard and many 
traffic accidents today can be attributed to distraction caused 

by these (Yang et al. 2010; Ranney et al. 2000). Both hand-
held and hands-free phone use can induce cognitive distrac-
tion (Recarte and Nunes 2003), and lead to an increased risk 
of missing traffic signals (Strayer et al. 2003), or adversely 
affect braking behavior (Treffner and Barrett 2004). Thus, 
hands-free phone use seems to occupy working memory 
capacity (Ross et al. 2014). Parnell et al. (2019) argues that 
the legislations seen in several countries against handheld 
phone use might create a false sense of security that makes 
it easy to justify one’s hand-free phone use while driving. 
Strayer et al. (2019) argues that many IVIS features in com-
mercial use today are in fact too distracting to be enabled 
while the vehicle is in motion.

Our WM capacity is limited (Proctor and Van Zandt 
2008; Sweller 1988) and must suffice for both primary and 
secondary driving tasks in order not to be overloaded. Pre-
vious studies (Wood et al. 2016) have found connections 
between WM capacity and the ability to perform secondary 
tasks while driving. Studies have also found that drivers per-
form worse due to reduced attention on the primary driving 
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task during secondary auditory tasks (Chaparro et al. 2005), 
as well as cognitive (Ross et al. 2014), haptic (Kircher et al. 
2014; Strand and Tegelid 2008) and visual tasks (Blanco 
et al. 2006).

At the time of writing, the traffic management in Goth-
enburg sends traffic information to all buses in circulation, 
regardless of who is affected by the information. A prelimi-
nary study by Mullaart and Nilsson (2017) at Västtrafik–the 
bus provider in Gothenburg showed that many drivers expe-
rience that of the majority of the received messages are irrel-
evant to them.

Given that all information communicated from the traffic 
controllers affects bus drivers performance negatively—even 
the irrelevant information—communication routines must be 
overlooked, and the number of messages heavily reduced, as 
to offload the drivers from unnecessary distractions sources. 
Present study seeks to reveal the impact of traffic messages 
on bus drivers, and to investigate the differences in induced 
cognitive workload between relevant and irrelevant traffic 
messages.

2 � Working memory and driver distraction

It is important that the bus drivers’ situational awareness, i.e. 
their perception and understanding of their environment, is 
constantly updated and consistent with the traffic situation. 
The creation and preservation of situational awareness is an 
active cognitive process involving the acquisition, updating, 
integration and retention of temporal and spatial informa-
tion (Endsley 1995; Johannsdottir and Herdman 2010). The 
working memory capacity determines how high a degree 
of situational awareness can be achieved at any given time.

Working memory refers to the system that forms the basis 
of complex cognitive activity which requires the process-
ing and preservation of information over short time spans. 
According to Baddeley (2015), the working memory mainly 
consists of four components that cooperates to process dif-
ferent types of information. The components are: the Central 
Executive, the Visuospatial Sketch pad, the Phonological 
Loop and the Episodic Buffer.

•	 The visuospatial sketch pad processes visuospatial infor-
mation and is thus important for spatial orientation. In 
the visuospatial sketch pad, sensory information meets 
with stored information from the long-term memory, and 
the sketch pad links these elements together to create a 
coherent image.

•	 Just as the sketch pad treats and preserves visuospatial 
information, the phonological loop processes auditory 
information.

•	 The episodic buffer can be described as the link between 
working memory and long-term memory thus playing an 
important role for the other components work properly.

Wickens (1984) and Baddeley (1986) argue that working 
memory resources are divided into modalspecific pools. This 
means that depending on the modality used to solve a task, 
it is the resource type of that specific modality that will be 
used. If two separate tasks are performed simultaneously 
and rely on the same modality (e.g. visual), the working 
memory’s capacity will be overloaded, leading to a reduced 
performance capability for one or both tasks. On the other 
hand, if the two separate tasks rely on different modalities 
(e.g. visual and auditory), the performance capability will 
only be affected if one or both tasks are so strenuous that 
they drain their respective resource pools (Wickens 1984). 
The task complexity also affects how much resources are 
required to solve it. However, repetition and training on dif-
ficult tasks can lead to a more resource efficient processing, 
and even lead to an automated behavior that can be per-
formed without conscious awareness (Baddeley et al. 2015). 
In the bus drivers’ work situation there are many factors that 
can induce high working memory load, but for experienced 
drivers, the load should be lower than for novices.

Vanderhaegen et al. (2019) highlights the role of atten-
tional dissonances to disturbances in performance, and 
attributes them to consequences related to attentional fail-
ure. Attentional dissonance occurs when stimuli competes 
for attention with resulting cognitive conflicts.

The source of attentional dissonance is not always per-
ceptional, but can also be triggered by emotional conflicts, 
higher-cognitive conflicts such as intent or objectives, or 
in-group conflicts between members of social constella-
tions (Vanderhaegen et al. 2019). Hence, in the context of 
traffic safety, there are several potential conflicts that can 
induce attentional dissonance outside of the scope of present 
study, and the selection presented below are limited to those 
derived in conflicts of perception.

The tunnel effect is an attentional dissonance where 
cognitive resources are focused on particular stimuli to the 
extent that other information is neglected. The tunnel effect 
can occur during high levels of working memory load, or 
in situations where stress is experienced.

2.1 � Related research

Research has shown that commuters’ propensity for route 
switching proposed from radio traffic reports, RTR, and 
changeable message signs, CMS, is high, given that the pro-
posed routes were known to the commuter and the correct-
ness of the information was highly assessed (Jou et al. 2004). 
The same study reported that commuters’ believed that the 
correctness and reliability of RTR and CMS, in general, 
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was high, leading them to switch to the proposed routes. 
These results were partially confirmed in a study investigat-
ing attitudes towards CMS, that reported higher propensities 
towards CMS-evoked route shifting when the proposed route 
was familiar to the driver (Alkheder et al. 2019). However, 
this effect was only apparent when the CMS informed about 
congestion only, compared to when the CMS displayed accu-
mulated information such as congestion, delay time, and 
suggestions of alternative routes.

Adhering to traffic information communicated from the 
traffic controllers is a natural part of the bus driving profes-
sion, as it is important for the general traffic flow that buses 
do not get stuck in congestion. Route switching is thus not 
optional for bus drivers and their propensity for it is ignored, 
something that might well induce insecurity if the suggested 
route is unfamiliar to the driver or if much information is 
presented simultaneously.

Since IVIS do not aim to facilitate a driver’s primary 
task - to drive the vehicle safely—the use of such systems 
usually falls under the category of secondary tasks. How-
ever, secondary tasks while driving may also include other 
things, such as having a conversation with passengers (Shi-
nohara et al. 2010; Sayer et al. 2007), processing auditory 
information (Chaparro et al. 2005) or perform motor actions 
such as regulating the temperature. Auditory information 
processing can adversely affect driving behavior (Chaparro 
et al. 2005), make the driver less aware of surrounding cars 
(Gugerty and Tirre 2000), lead to slower reaction times to 
traffic signs (Strayer et al. 2003) and give rise to inattentional 
blindness (Strayer and Johnston 2001). In an overview arti-
cle on phone use during travel, Ishigami and Klein (2009) 
found that both handheld and hands-free phone use have 
a negative impact on driving behavior. In the studies they 
compared, it was found that the use of hands-free phone use 
rarely had a lesser impact on driving behavior compared 
to handheld. In some studies, it was also found that drivers 
compensated for the negative effects of handheld phone use, 
but not for hands-free. The authors argue that this indicates 
that hands-free phone use during travel can actually pose 
a bigger hazard than handheld. This view is in line with 
the findings of Eriksson, Kircher, Lindström and Sewald 
(2014). Listening to the radio while driving, however, does 
not adversely affect driving behavior in the same way as 
phone use does, which indicates that it is not only speech 
production that loads the working memory during a phone 
call. Drivers can, if the driving situation requires it, inhibit 
radio listening and focus their attention on the road instead 
(Strayer and Johnston 2001). Bus drivers who listen to a 
traffic message have the same choice, but the consequence 
of ignoring a traffic message is worse - the traffic message 
may contain information that can affect their driving route. 
Gherri and Eimer (2010) investigated whether active lis-
tening can affect visual attention while driving. Active 

listening is the process of fully concentrating on auditory 
information, for better comprehension and memorization. 
They found that active listening strongly affects visual atten-
tion, something contradicts previous consensus that visual 
attention is only affected by speech production Gherri and 
Eimer (2010). Thus, impaired driving behavior during phone 
conversations does not appear to be solely due to cognitively 
demanding processes such as verbal processing or speech 
production, but also by the assessed weighted importance 
of the messages. A study comparing the impact of phone 
conversations on driving behavior with passenger conver-
sations found that telephone conversations affected driving 
behavior significantly more (Drews et al. 2009). This can be 
explained by the fact that the driver and the passenger have 
shared attention on the road (Gherri and Eimer 2010), and 
therefore, the rhythm of a conversation naturally adapts to 
the traffic situation. In telephone conversations, there is no 
shared attention as one party of the conversation does not 
have access to the traffic situation. Thus, the risk of auditory 
distraction increases in intensified traffic situations, in which 
the driver has to attend to the primary driving task. Two 
longitudinal parameters commonly used to measure driver 
distraction are speed, and distance to a lead vehicle. There 
is a clear and well-established correlation between speed 
and increased risk of accident (Papantoniou et al. 2017). 
Distracted drivers often apply compensatory strategies to 
regain control over a driving situation that is perceived as 
uncertain (Papantoniou et al. 2017). One such strategy is to 
lower the vehicle speed as to increase the available reaction 
time (Engström et al. 2005). In their review article, Papan-
toniou et al. (2017) also conclude that speed variation tends 
to increase during phone calls. The distance to a lead vehicle 
(headway) is regarded to be a good measure of how much 
safety distance the driver accepts (Papantoniou et al. 2017). 
One compensatory strategy for drivers who are distracted 
by phone calls is to increase the distance to the lead vehi-
cle (Ranney et al. 2005; Strayer et al. 2003). Undistracted 
drivers correct the car’s position with small and controlled 
steering wheel movements (Regan et al. 2008; Brooks et al. 
2005). Distracted drivers, on the other hand, tend to correct 
the position of the car with large and long movements, and 
can make sudden movements if they find their lane position 
different from the desired position. This measure is called 
steering wheel reversal and can indicate cognitive load dur-
ing distraction. Steering wheel reversals can be calculated 
in accordance with the instructions found in SAE (2015).

2.2 � Purpose

This study seeks to investigate if and how bus drivers are 
affected by the relevancy of auditory traffic information. 
The purpose of this study is to contribute with insights that 
can lead to improvements in bus driver’s work environment. 
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Furthermore, the study’s results can contribute to an 
increased understanding of how auditory information affects 
driving behavior. A change in driving behavior may indicate 
an elevation in working memory load (Engstrom et al. 2017), 
thus leaving the driver with less cognitive resources for more 
safety critical aspects of the traffic environment.

Previous research shows that artificial auditory second-
ary tasks can have detrimental effects on driving behavior 
(Chaparro et al. 2005). However, it is not known to which 
extent highly realistic auditory tasks such as listening to 
traffic messages during duty, affects the driving behavior of 
professional drivers, i.e. bus drivers. If the traffic messages 
that bus drivers are exposed to affects their ability to operate 
the bus safely, traffic management communication must be 
changed. This study aims to answer the following questions:

•	 RQ1: How is the driving behavior of professional bus 
drivers affected by highly realistic auditory traffic mes-
sages?

The communication system used by the bus operators in 
Gothenburg is designed such that all traffic messages are 
transmitted to every operating bus line even if the informa-
tion does not affect them. Since the traffic messages poten-
tially can affect their route they are compelled to listen and 
process the message until the relevancy of the message is 
understood. Therefore, building on RQ1, we also want to 
investigate whether the relevancy of messages (i.e. if the 
message affects the drivers route or not) has an additional 
impact on driving behavior. We therefore also want to 
answer the following question:

•	 RQ2: Is driving behavior affected by the relevancy of 
traffic messages?

3 � Method

A simulator study with a repeated measures design was con-
ducted at VTI, to compare the bus driver’s driving behavior 
when exposed to relevant and irrelevant traffic messages. 
Four realistic traffic scenarios were created, which were 
described in 12 traffic messages. The content of the mes-
sages was based on real traffic messages that had been ana-
lyzed in a prior study. The traffic messages were recorded 
by a former traffic controller, for increased authenticity. Out 
of the 12 created traffic messages, half contained informa-
tion that would be relevant to the bus line in the simulator 

and remaining messages contained irrelevant information. 
A traffic message lasted between 18–36 s.

3.1 � Participants

Thirty professional bus drivers participated in the simula-
tor study (26 men and 4 women)1. The drivers’ mean age 
was 48.8 years (SD = 11.1), and on average, they have had 
their bus driver’s license for 14.5 years (SD = 11.7). Out 
of the participants, 11 were native Swedes, 18 had lived in 
Sweden for more than four years and 1 participant had lived 
in Sweden for two to four years. All participants received 
a compensation of SEK 1350. The study was conducted 
in compliance with the Helsinki ethical standards (World 
Medical Association 2013).

3.2 � Material

The study was conducted in VTI’s state of the art mobile 
platform driving simulator, Sim IV. The simulator has an 
advanced motion system that allows it to simulate longi-
tudinal and lateral acceleration. The moving platform also 
generates vibrations to simulate different road surfaces and 
road qualities. For a more detailed description of Sim IV’s 
specifications, see Jansson, et al. (2014). A Volvo truck 
cabin (model: FH16) was mounted on to the platform to 
better mimic the driving characteristics of a bus, as both the 
cabin and the software contains vehicle dynamics for a long 
(7.85 m), wide (2.4 m) and heavy (40 tons) vehicle.

Fig. 1   Image of the Sim IV

1  The gender distribution in the study corresponds to that found in 
the bus industry according to the Swedish Bus and Coach Federation 
(2019).
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3.3 � Dependent variables and operational 
definitions

The dependent variables used in the study were: longi-
tudinal speed, steering wheel reversals and lateral posi-
tion of the vehicle, which were collected at a frequency 
of 200 Hz. All operationalizations of dependent variables 
were based on recommendations found in SAE (2015) for 
vehicle-based measurements (Figs. 1, 2).

There is a clear and well-established correlation 
between longitudinal speed and accident risk (Manser 
and Hancock 2007). With increasing speed, the vehicle 
becomes more difficult to control and drivers must react 
more quickly to avoid dangerous situations. Distracted 
drivers often apply compensatory strategies to regain 
control of a driving situation that is perceived as unsafe 
Papantoniou et al. (2017). One such strategy is to slow 
down the vehicle to increase the available reaction time.

Undistracted drivers tend to frequently correct the 
position of the vehicle using small and controlled steer-
ing wheel movements (Brooks et al. 2005; Regan et al. 
2008). Distracted drivers, on the other hand, tend to cor-
rect the position of the vehicle less frequently, using large 
and long movements, and can make sudden movements if 
they find their lane position deviating from their desired 
position. A decrease in steering wheel reversal rate while 
driving can thus indicate cognitive load during distraction 
Papantoniou et al. (2017). A steering wheel reversal was 
defined as a change in the steering wheel’s direction. For 
a steering wheel reversal to count, it must occur in the 
opposite direction and at least 1 ◦.

According to Engström et al. (2005) cognitive load 
induced by secondary tasks leads to a centering of the 
vehicle’s lateral position. However, unlike visual and cog-
nitive distractions, auditory distraction has been shown to 

have minimal impact on lane keeping (Horrey and Wick-
ens 2006; Caird et al. 2008). This finding suggests that the 
maintaining of lateral position relies on modal-specific 
resources. The lateral position was measured in meters and 
was defined as the distance between the vehicle’s center 
point and the centerline of the road.

3.4 � Measurement interval

To determine whether the independent variable relevancy 
affected driving behavior, a baseline run was created in 
which participants were not exposed to traffic messages. 
Since the road was identical for each lap, two positions were 
selected per lap where a message would be played, resulting 
in six positions in total. The positions were chosen based on 
(1) time between messages—they should not come too fre-
quently, and (2) similar road characteristics—the curvature 
should be the same. Since the messages lasted between 18 
and 36 s, driving behavior data was collected at 36 seconds 
at each measurement occasion.

3.5 � Procedure

After having instructed the participants about the task at 
hand, a 3-min practice session was initiated on a straight 
road where participants were instructed to accelerate and 
decelerate to become familiarized with the driving dynamics 
of the bus. After the test run, participants had the opportu-
nity to ask questions regarding the experiment and withdraw 
if they felt any discomfort before the experiment began.

Participants drove on a 30 km long rural road with traf-
fic in both directions. The simulator drive consisted of 3 × 
10 km road with the same curvature, lane width (3.25 m), 
inclination, speed limit (90 km/h) and weather conditions. 
To make sure the participants did not experience the road as 
unnatural and repetitive, the surrounding environment (e.g., 
type of vegetation and tree density) changed every lap. The 
weather was set to light fog to obstruct the visibility, but also 
to make it harder to recognize the recurring route.

A lead car was programmed to lie in front of the vehicle 
from 1100 m to the end of the drive, with a minimum dis-
tance between the vehicles of 75 m. It was programmed in 
such a way that it compensated for the driver’s accelerations 
and decelerations, but delayed, as to not behave unnaturally.

4 � Results

To investigate whether there was a difference in driving 
behavior during exposure between the created traffic mes-
sages, a one-way repeated measures ANOVA was performed 
in SPSS (2017) for each dependency measure.

Fig. 2   Inside of the Volvo FH16 cabin during simulation
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4.1 � Steering wheel reversal

One outlier was found according to a boxplot analysis. The 
steering wheel reversal was normally distributed as assessed 
by Shapiro-Wilk’s test (p > 0.05). Mauchly’s test of spheric-
ity indicated that the assumption of sphericity had not been 
violated, x2 (2) = 1.401, p > 0.05.

The steering wheel reversal differed between relevant 
messages (M = 26.83, F = 9.25), to irrelevant messages (M 
= 25.30, SD = 8.78) and baseline (M = 28.70, SD = 9.02). 
The relevancy of the traffic message led to a statistically 
significant difference in the steering wheel reversal, F (2, 
58) = 10.012, p < 0.001, partial �2 = 0.257. A pairwise com-
parison revealed a statistically significant difference in mean 
steering wheel reversals of irrelevant messages compared to 
baseline (M = 3.40, 95% CI [1.42, 5.37], p < 0.001).

4.2 � Mean lateral position

No outliers were detected as assessed by a boxplot analysis. 
Standard deviation longitudinal velocity was normally dis-
tributed as assessed by Shapiro- Wilk’s test (p > 0.05). Mean 
lateral position for relevant messages was (M = − 1.77, SD 
= 0.12 m), for irrelevant messages (M = − 1.79, SD = 0.14 
m) and baseline (M = − 1.76, SD = 0.11 m). Mauchly’s test 
of sphericity indicated that the assumption of sphericity had 
not been violated, x2 (2) = 5.400, p > 0.05. The relevance 
of the traffic message did not lead to any significant change 
in mean lateral position, F (2, 58) = 1.136, p > 0.05, partial 
�
2 = 0.0103.

4.3 � Average longitudinal velocity

Ten outliers, five of which were extreme, were found through 
a boxplot analysis. Average longitudinal velocity was not 
normally distributed as assessed by Shapiro-Wilk’s test (p < 
0.05). Mauchly’s test of sphericity indicated that the assump-
tion of sphericity had not been violated, x2 (2) = 5.714, p 
> 0.05. Average longitudinal velocity differed between rel-
evant messages (M = 87.23, SD = 4.41 km/h), to irrelevant 
messages (M = 87.74, SD = 3.13 km/h) and baseline (M = 
87.92, SD = 4.09 km/h). The relevancy of the traffic mes-
sages did not lead to any statistically significant change in 
average longitudinal velocity, F (2, 58) = 1.170, p > 0.05, 
partial �2 = 0.039.

4.4 � Standard deviation longitudinal velocity

No outliers were found according to a boxplot analysis. 
Standard deviation longitudinal velocity was normally 
distributed as assessed by Shapiro- Wilk’s test (p > 0.05). 

Mauchly’s test of sphericity indicated that the assumption 
of sphericity had not been violated, x2 (2) = 1.565, p > 0.05.

Standard deviation longitudinal velocity differed between 
relevant messages (M = 2.21 km/h), to irrelevant messages 
(M = 2.38 km/h) and baseline (M = 2.23 km/h). The rel-
evancy of the traffic message did not lead to any statistically 
significant changes in standard deviation longitudinal veloc-
ity, F (2, 58) = 0.604, p > 0.05, partial �2 = 0.020.

5 � Discussion

The study objective was to investigate how driving behav-
ior of professional bus drivers is affected by highly real-
istic auditory traffic messages. Changes in behavior when 
drivers are exposed to messages might indicate an increase 
in working memory load and constitute a safety hazard.

The research questions were:

•	 RQ1: How is the driving behavior of professional bus 
drivers affected by highly realistic auditory traffic mes-
sages?

•	 RQ2: Is driving behavior affected by the relevancy of 
traffic messages?

The statistical analysis revealed a significant decrease in 
the number of steering wheel reversals during exposure 
to irrelevant traffic messages compared to baseline. The 
analysis also showed that the average and standard devia-
tion of longitudinal velocity did not differ significantly 
between the baseline level and message relevancy.

Previous research has shown that the processing of audi-
tory information loads working memory in such a way that 
driving behavior suffers and situational awareness declines 
(Chaparro et al. 2005; Gugerty and Tirre 2000; Ishigami 
and Klein 2009). According to Wickens (1984), two tasks 
that rely on different modalities (e.g., visual and auditory) 
can affect each other’s performance if one or both tasks 
are so exhausting that they drain their respective resource 
pools. The present study has not found support for this. 
If such an effect were detected, a significant difference 
between baseline and exposure to traffic messages would 
be revealed, regardless of the message relevancy. However, 
the results indicate that the relevancy of traffic messages 
in fact affects driving behavior. It is established that pro-
cessing of auditory information in the phonological loop 
impairs working memory. Our results can be interpreted 
in the light of Baddeley’s model of working memory and, 
more specifically, his theory of automated behavior (Bad-
deley et al. 2015). The drivers’ average age was 48.8 years, 
and on average they have had a bus driver’s license for 
14.5 years. This indicates that they were experienced and 
thus skilled in operating vehicles similar to that used in the 
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study. We did not find that any longitudinal compensatory 
strategies were applied upon exposure, which indicates 
that participants’ speed keeping is automated.

Automated speed keeping likely facilitates bus drivers 
in their everyday work as it relieves working memory load, 
which allows them to focus on other aspects of attention 
demanding traffic situations. However, automated speed 
keeping does not always have to be positive, for example, 
if it occurs in combination with increased working mem-
ory load. We found a significant difference in the number 
of steering wheel reversals upon exposure to irrelevant 
messages, compared to baseline driving. At the same time, 
we also found that measures of longitudinal velocity did 
not differ significantly.

Ishigami and Klein (2009) found that compensatory strat-
egies, such as decreasing longitudinal velocity, were applied 
only when the drivers were aware of the elevated risk associ-
ated with a secondary task. In their study, the risk of using of 
a handheld phone while driving was perceived to be higher 
than that of a hands-free. Although the task of carrying out 
a conversation, regardless of the phone was being handheld 
or not, in fact equally affected their attentional resources. 
Instead it was the perceived elevated risk that motivated 
the compensatory strategy to be applied. Our results can 
be interpreted in the light of their findings. It might be the 
case that the bus drivers did not compensate the distraction, 
as assessed by the significant difference in steering wheel 
reversals, simply because listening to a traffic message is 
falsely perceived as a risk-free task.

It is important to note that speed keeping is an intentional 
process, whose status is updated as the driver samples the 
speedometer. The number of steering wheel reversals, on 
the other hand, is a measure of an unintentional act, whose 
status is difficult to overlook. The number of steering wheel 
reversals is thus a more sensitive indicator of working mem-
ory load than speed keeping. The results indicate that the 
drivers’ working memory was strained above normal. It is 
conceivable that less experienced drivers, who have not yet 
attained abilities such as automated speed keeping, would 
have applied compensatory speed reduction strategies in 
similar situations.

The above framework can be extended if combined with 
theories of attentional dissonances. For example, tunneling 
effects can occur when workload levels are elevated or when 
stress is experienced (Vanderhaegen et al. 2019). Present 
study has found that workload was elevated when partici-
pants listened to traffic messages, and it is known that bus 
drivers often experience stress due to tight schedules, pas-
senger responsibility and multiple IVIS to operate. Hence, 
there is a risk that the tunneling effect creates a trade-off 
between listening to potentially important traffic informa-
tion, and focusing on the primary driving task.

Why do irrelevant messages affect driving behavior more 
than relevant ones? A plausible explanation is that drivers 
inhibit irrelevant messages as to focus their attentional 
resources on their primary driving task. This cognitive pro-
cess is demanding of working memory capacity, thus affect-
ing driving behavior.

However, before the relevancy status of a message has 
been determined it can cause uncertainty regarding impact 
of the traffic situation on one’s route, hence each message 
must be carefully evaluated. It is conceivable that this is 
done by visualizing one’s own route, a process taking place 
in the visuospatial sketch pad. Similarly to the findings of 
Blanco et al. (2006) we believe that the drivers must com-
pare the information given in the message with knowledge 
of his own route that is located in long-term memory, and 
then act accordingly. If the content of the message does not 
fit with the mental representation of the route, the message 
could be dismissed as irrelevant. However, in situations 
where the relevancy status is not clear a dissonance between 
one’s information regarding the route and any new informa-
tion from the traffic message can emerge. This will strain the 
working memory of the driver, and impose an increased risk 
for inattentional blindness.

This process includes all components of the working 
memory: the phonological loop processes auditory infor-
mation, mental visualization takes place in the visuospa-
tial sketch pad and the episodic buffer retrieves informa-
tion from the long-term memory. As irrelevant information 
is processed, less resources are left for the processing of 
information related to the primary task. Since driving relies 
heavily on the visuospatial sketch pad, parallel processing 
in this system in particular should affect driving behavior.

6 � Conclusions

Present study attempted to isolate the effects of one out 
of several secondary tasks that bus drivers carry out on a 
daily basis. Presenting the participants with a driving con-
text of high ecological validity paved way for prerequisites 
needed to create an immersive scenario. This enabled the 
participants to engage with the presented task, without the 
distractions normally present during a work shift. A statisti-
cally significant difference in driving behavior was found in 
driving behavior between conditions, although only using a 
fraction of the sources of distracting elements normally pre-
sent in the work environment of bus drivers. In reality, the 
complex aggregation of tasks that composes the bus drivers’ 
work environment probably produce a multiplied amount 
of cognitive load than that represented in the present study.

The results indicate that irrelevant traffic messages strains 
working memory more than relevant messages. At the same 
time, bus drivers experience that they are exposed to more 
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irrelevant traffic messages than relevant ones. For this rea-
son, we believe that the traffic management should evaluate 
their routines for transmitting each traffic message to all bus 
lines. Instead, the messages should be directed only to the 
bus lines that are affected by the content.

Legislations have been accepted in several countries 
that prohibits drivers from using hand-held phones while 
driving (Parnell et al. 2019). Given this background, it is 
easy to understand why traffic management transmits the 
large amount of traffic messages seen, as the communi-
cation is consistently hands-free, and thus assessed safe. 
Present study shows the problem with exposing bus driv-
ers to irrelevant traffic messages. We agree with Parnell 
et al. (2019) that the legislations against handheld phone 
use might induce a notion of false security, leading to the 
perception of hands-free phone use being a safe alternative 
to verbal communication while driving.

7 � Future research

We believe that the cognitive load occurs when irrelevant 
message content is integrated with prior knowledge, i.e. the 
process where the following questions are answered: “How 
does the message information affect my route and what 
should I do to avoid the obstacle?” It would therefore be 
interesting to investigate how working memory is affected 
by a visualization task while driving. Such a study would 
shed light on the phenomenon we believe to have identified.

We are also interested in investigating how long bus 
drivers remember traffic messages. This is interesting 
because the distance to the obstacle that the traffic message 
informs about determines how long drivers have to keep 
the information in their short-term memory. The sever-
ity of this memorization task should correlate with the 
amount of information to remember.

It would be of interest to carry out a naturalistic study 
that examines how bus drivers are affected by traffic mes-
sages with other distraction sources present, for example 
from IVIS and passengers. This could provide an explana-
tion to whether auditory information processing gives rise 
to altered driving behavior at high working memory loads.

Above studies could be conducted through a synthesis 
between quantitative and qualitative data gathering meth-
ods. For example, eye-tracking data could reveal gaze 
behaviour and heart rates be connected to the effects of 
secondary stimuli. Qualitative data such as NASA-TLX 
could be used to evaluate the participants subjective work-
load during the experiments, thus providing a nuanced 
perspective on the effect of auditory traffic messages.
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