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Execu&ve Summary  
Introduc)on 
An evalua)on of an advanced driver assistance system in buses called the Narrow Naviga)on (NN) 
System, developed by Volvo Buses, was carried out and co-financed within the EU project eBRT-2030 
(European Bus Rapid Transit 2030) in collabora)on with Volvo Buses, VL and Svealandstrafiken AB. 
This naturalis)c, longitudinal study inves)gated real-world use and acceptance of the NN system, 
which automates aspects of the docking process, a task oMen described as stressful and cogni)vely 
demanding. The study examined how drivers’ experience and acceptance evolve over )me and 
evaluates passenger comfort during automated dockings using the NN system.  

Method 
A Volvo 7900 electric bus equipped with the NN system operated along a 13 km public bus route in 
Västerås, Sweden. Five professional drivers par)cipated in a 3.5-month trial following a three-day 
training. Data were collected via interviews, ques)onnaires, and driving logs. Passenger comfort was 
assessed through ques)onnaires comparing automated and manual dockings. 

Findings 
Drivers’ experiences with the NN system evolved over )me, shaped by technical performance and 
context. Ini)al experience varied, but all drivers reported increased trust and acceptance over )meas 
they learned how to interact with the system. This increase in trust and acceptance was temporarily 
disrupted in the middle of the test period due to experiences oMen technical issues (e.g., posi)oning 
errors, interface lag) that caused frustra)on but were not seen as safety-cri)cal. AMer, drivers 
adapted their behavior to the NN system; user trust stabilized but did not fully return to ini)al peak 
levels. 
 
The NN system was highly valued during docking for its precision and consistency, reducing driver 
stress and improving passenger comfort significantly compared to manually operated buses. 
However, departures were problema)c due to slow, indecisive accelera)on, making it less suitable 
for merging into traffic. 

Control transi)ons improved with experience, though drivers desired smoother handovers and more 
adap)ve system behavior. LED indicators were preferred over audio due to ambient noise. 

Conclusion 
The NN system shows strong poten)al for improving docking consistency, driver ergonomics, and 
passenger comfort. However, its performance during departures and control transi)ons highlights 
the need for further refinement. 

Future Research Direc)ons 
Future research should therefore: 
(i) Inves)gate the poten)al benefits of automated docking systems using a larger sample size and 
examine in greater detail how driving behavior influences user experience and acceptance at both 
na)onal and interna)onal levels. 
(ii) Explore how an NN system with enhanced func)onality—such as advanced object detec)on, 
auto-braking, and adap)ve driving behavior—would be perceived in real public transport opera)ons. 
(iii) Assess the poten)al economic benefits of an NN system, including reduced )re and wheel axle 
wear and tear, and/or fewer sick leaves due to upper body aches and pains. 
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1. Introduc4on 

In recent years, automated driving systems such as advanced driver assistance systems 
(ADAS) have gained increasing aCenDon, parDcularly in the context of passenger vehicles. 
These systems are designed to either support the driver or fully take over specific driving 
tasks, with the potenDal to enhance road safety, improve traffic efficiency, and increase 
comfort. 

Despite this growing interest, research on automaDon in heavy-duty vehicles—such as buses 
and trucks—remains relaDvely limited (Richardson, Flohr, & Michel, 2018). Even fewer 
studies have explored the use of such systems in real-world seWngs or empirically examined 
the impact on bus drivers (Akridge et al., 2024). 

One scenario of parDcular relevance is bus docking—the process of entering and exiDng bus 
stops. This task is oYen repeated hundreds of Dmes throughout a driver’s shiY and is 
frequently cited as stressful and cogniDvely demanding (Dukic Willstrand et al., 2017). ADAS 
could help reducing this workload and improving the overall working condiDons for bus 
drivers (Nowakowski, Shladover, & Tan, 2015). 

A previous study invesDgaDng a similar ADAS for automated bus docking idenDfied potenDal 
benefits for bus drivers. While drivers acknowledged the system’s potenDal to improve 
working condiDons—such as reducing mental load and physical strain—they also expressed 
concerns about whether they would trust it to perform docking in complex traffic 
environments (e.g., crowded city centers), as well as about its broader implicaDons for their 
role and work (Johansson et al., 2022). 

Building on these findings, the present study therefore invesDgates how professional bus 
drivers experience and accept an ADAS that automates aspects of the docking process under 
bus operaDons in real-world condiDons over Dme. In addiDon, it invesDgates how passengers 
perceive ride comfort during these automated dockings. 

To address these objecDves, the study is guided by the following research quesDons: 

1. How do bus drivers experience and accept an ADAS that assumes control over parts 
of the docking process? 

a. How does bus drivers’ experience and acceptance of ADAS change over Dme? 
2. Do bus drivers perceive benefits of their overall working condiDons from using ADAS? 
3. How do passengers experience ride comfort during automated dockings at bus 

stops? 
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2. Method 
To invesDgate bus drivers’ and passengers’ percepDons of an ADAS that assists with the 
dynamic driving task during dockings, a Volvo 7900 electric bus (12 meters in length) was 
equipped with an automated docking system—referred to as the Narrow NavigaDon (NN) 
system. The NN system could take over longitudinal and lateral control during docking 
maneuvers, while the driver remained responsible for manual driving between stops. 

2.1. Test route 
The study was conducted on public roads along an exisDng bus route (bus route 1) in the city 
of Västerås, Sweden (see Figure 1). This route was selected due to its diversity in stop 
characterisDcs and its coverage of suburban, industrial, and city-center areas. The 13 km 
route included 60 bus stops, of which 57 were possible for docking using the NN system. A 
one-way trip along this route took approximately 50 minutes.  

 

Figure 1 - Bus route 1. 

2.2. Setup  - Narrow Naviga5on System 
The NN system could perform lateral and longitudinal dynamic driving tasks during the 
approach to and departure from bus stops. It uDlized two lidar sensors to create a three-
dimensional map of the area. Each docking maneuver followed a pre-programmed path 
defined by coordinates and velocity points spaced every 10–32 cm. During operaDon, the 
system matched real-Dme sensor data with the pre-defined map to navigate accurately. 



   
 

 13  
 

2.2.1. Driver Interface 
Se$ngs 
Upon startup, bus drivers logged into the system via a touchscreen interface (see Figure 2, 
item 1), which enabled the storage of personal seWngs for future use. Through the interface, 
bus drivers could select the bus route (only route 1 was available during the study), acDvate 
or deacDvate specific stops where they wished to use the system, and adjust the volume of 
audio noDficaDons. AddiDonally, they could adjust the brightness of both the display and a 
status-indicaDng LED (see Figure 2, item 2).  

The LED provided real-Dme feedback on system status:  

• Green indicated availability.  
• Blue indicated acDvaDon.  
• Orange indicated disabled bus stop. 
• Red indicated a system error. 

 

 
Figure 2 - Driver interface. 

Docking Procedure 

When approaching a bus stop, if the bus was laterally within +- 0.5 m of the pre-defined 
digital path, the LED light turned green, a sound signal was played, and the touchscreen 
indicated - changing background color to green and presenDng a text - that acDvaDon was 
possible. Bus drivers could then acDvate the NN system by holding down an acDvaDon 
buCon, located to the far right of the dashboard, for half a second (see Figure 2, item 3). 
Upon acDvaDon, the LED light turned blue, a second sound played, and the screen’s 
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background turned blue and displayed a confirmaDon message that the system was 
acDvated (see Figure 3 for the graphical user interface sequences on the touchscreen). 

 
Figure 3 - Flow of graphical user interface sequences on the touchscreen during the docking procedure with the NNS, 
including normal operaBon and error screens (gray background). 

While acDve, the NN system handled lateral and longitudinal control of the dynamic driving 
task but did not respond to obstacles that appeared; the driver sDll retained full 
responsibility and could override the system at any Dme by braking or steering. The system 
automaDcally disengaged if the steering angle or distance deviated significantly from the 
pre-defined path. At the end of the pre-defined path, once the bus was staDonary, the 
system indicated that the maneuver was complete. The same procedure was available for 
deparDng from as when approaching the bus stop. 

If the driver did not take control of the dynamic driving task at the end of the pre-defined 
path for department, the bus would stop automaDcally. 

2.3. Procedure 

The study procedure consisted of two parts, first a comprehensive three-day training session 
and then a 3.5-month long trial period in operaDon. 
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2.3.1. Training session 
On Day 1, bus drivers received an overview of the project, its purpose, the study procedure, 
such as the test route, and provided informed consent (in line with GDPR). They then 
received a detailed introducDon to the NN system, including informaDon that parDcipants 
can hand over steering and speed control to the vehicle, allowing the bus to drive 
automaDcally. That the system can only be acDvated where a digital path has been created, 
for example when approaching and deparDng from a bus stop; between bus stops, the bus is 
driven manually by the parDcipant, and each digital track is customized for each unique bus 
stop so the bus drives the same way every Dme with consistent speed and precision. When 
the bus is performing the dynamic driving task, the driver monitors the driving and is ready 
to take over when necessary, for example if a person steps in front of the bus. 
 
A live demonstraDon followed on a segment of the test route, where bus drivers got to 
observe the acDvaDon and de-acDvaDon procedure. They also received instrucDons 
regarding system descripDon and safety, including a descripDon of the hardware (Lidar, GPS 
and computers), user interfaces (light indicator, display and handover buCon), and acDvaDon 
and deacDvaDon procedures. 

The day concluded with pracDcal training at the depot, including tasks such as acDvaDng and 
canceling automated driving, performing lane changes into bus stops, and experiencing 
simulated anomalies with sharp steering movements. 

On Days 2 and 3 of the study, parDcipants completed supervised driving sessions along the 
bus route to familiarize themselves with the NN system and the test route. Each driver 
received approximately four hours of pracDcal driving experience. AYer compleDng the 
training sessions, drivers were provided with personal logins for the NN system. 

2.3.2. Trial period 
Following training, bus drivers used the NN system-equipped bus one day per week over a 
3.5-month test period (mid-January to late April). This extended exposure was intended to 
allow bus drivers to develop usage paCerns and enable the study to capture not only their 
iniDal acceptance of the system as well as idenDfying changes over Dme. 

2.4. Data collec5on 
The data collecDon focused on both primary users—i.e., the bus drivers—and secondary 
users—i.e., the passengers. It aimed to capture bus drivers’ acceptance and experience of 
using the NN system, as well as passengers’ percepDon of ride comfort during automated 
dockings. An overview can be seen in Figure 4. 
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2.4.1. Bus drivers  
Both subjecDve and objecDve data were collected during and aYer the test period. 
SubjecDve data were gathered through semi-structured interviews and quesDonnaires, while 
objecDve data were obtained via driving logs.  

 

 

 
Figure 4 - Overview of data collecBon methods. 

Interviews were conducted before, during, and aYer the test period to capture both iniDal 
and long-term experiences and acceptance. All interviews followed a semi-structured 
format, combining open- and closed-ended quesDons. The pre-test interviews aimed to 
understand parDcipants’ previous experiences and expectaDons, serving as a baseline for 
interpreDng subsequent responses-i.e., if and how the parDcipants’ experience of the NN 
system was affected by earlier experiences. The following interviews were conducted aYer 
three weeks and again aYer two months to explore general experiences and acceptance of 
the NN system, including how useful they perceived it was to solve a relevant task and how 
willing they were to have it in the buses and use it. A final interview, conducted aYer the test 
period, focused on parDcipants’ long-term acceptance and overall experience. In this 
interview, parDcipants were asked to sketch a curve illustraDng how their experience evolved 
over Dme and to reflect on their use of the system with the aid of individualized driving data 
visualizaDons, which depicted the frequency and duraDon of automated docking events at 
different bus stops. 

Ques,onnaires were administered in conjuncDon with the interviews—aYer three weeks, 
aYer two months, and at the conclusion of the test period. A modified version of the SKAS 
was used to assess user acceptance (See Johansson et al., 2022 for more details). This data 
complemented the interviews and allowed for the idenDficaDon of trends or changes in 
acceptance over Dme. 

Driving data were collected conDnuously throughout the test period. This included 
acDvaDon logs for each bus stop, capturing when and for how long the NN system was used, 
as well as whether acDvaDon occurred when approaching, deparDng, or both. AddiDonal 
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data included the driver ID, Dmestamp, and deviaDon from the predefined path (distance 
and speed). Filters were applied to exclude irrelevant events, such as when bus drivers 
passed stops without docking (e.g., no passengers waiDng or signaling to exit). Furthermore, 
logs captured any adjustments made to user interface seWngs and manual acDvaDons or 
deacDvaDons of specific bus stops. 

2.4.2. Passengers 

Passengers' percepDons of comfort during dockings performed by the NN system were 
assessed via a short quesDonnaire. The quesDonnaire consisted of eight items measuring 
aspects such as:  

• General ride comfort.  
• Smoothness of acceleraDon and deceleraDon.  
• Perceived safety. 
• The appropriateness and effecDveness of the docking maneuver.  

Responses were collected from passengers on both the automated bus and comparable 
manually driven electric Volvo buses operaDng on the same route to be able to compare the 
comfort experience of the NN system with current docking behaviors. 

To maintain consistency across condiDons, responses from passengers riding on similar Dme 
schedules and route condiDons were prioriDzed. Test leaders approached passengers 
immediately aYer they had experienced at least one docking maneuver and invited them to 
complete the quesDonnaire. ParDcipaDon was voluntary and anonymous.  

2.5. Data analysis 

Conclusions of the study were drawn based on triangulaDon1 consisDng of a themaDc 
analysis of the interview data, a compilaDon of the quesDonnaire data, and an analysis of 
the driving data. 

The themaDc analysis of the interview data was conducted to gain a deeper understanding 
of the parDcipants’ experience and acceptance of the NN system, as well as to idenDfy any 
underlying factors. ThemaDc analysis is a qualitaDve method aimed at idenDfying paCerns 
and themes in data—in this case, the interview transcripts (Braun and Clarke 2006). The 
analysis followed an inducDve approach, meaning that no predefined themes were used; 
instead, themes emerged through the process of analysis. Both authors read the transcripts 
together and extracted statements deemed relevant. These were then grouped into themes 
based on similarity. This was done iteraDvely, with some themes being merged and others 
split, in order to refine the analysis and idenDfy recurring paCerns. 

 
1 A combina*on of mul*ple methods and measures used to cross-check findings in order to compensate 
weakness of one method with strengths of another 
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QuesDonnaire data from the bus drivers were compiled to primarily complement the 
interview analysis. The aim was to detect potenDal changes in bus drivers’ acceptance of the 
NN system over Dme. A comparison of the quesDonnaire and interview data was also carried 
out, focusing on idenDfying similariDes and differences between the two sources. This 
triangulaDon aimed at idenDfying specific factors influencing parDcipants’ varying levels of 
acceptance of the NN system, such as the driving behaviour or reliability of the system. 

In addiDon, quesDonnaire data from passengers were used to compare passengers’ ride 
comfort experiences between dockings performed by the automated bus and those by 
manually driven buses. Differences in raDngs were analyzed using Mann–Whitney U tests 
(Wilcoxon rank-sum tests), a non-parametric test used for ordinal or non-normally 
distributed data. Analyses were performed in R (version 2025.09.0+387; R Core Team, 2024) 
using the rsta3x package (Kassambara, 2021). StaDsDcal significance was assessed at the α = 
0.05 level 2 using two-tailed tests. 

To analyze how bus drivers used the NN system, descripDve staDsDcs were applied to 
acDvaDon data. This provided an overview of the total number of acDvaDons per driver, the 
proporDon of acDvaDons performed in relaDon to possible acDvaDons, and how usage 
paCerns changed over Dme. 

 

2.6. Par5cipants  

2.6.1. Bus drivers 
Five bus drivers3 took part in the study: three male and two female. All were professional 
bus drivers with between 4 and 29 years of experience (Mean = 12.6, Standard DeviaDon = 
10), and their ages ranged from 30 to 64 years (M = 44, SD = 12.8). ParDcipants were 
recruited through their employer, and their parDcipaDon was compensated as part of their 
regular working hours. 

2.6.2. Passengers 

A total of 200 passengers completed the quesDonnaire: 61 had traveled on the automated 
bus, while 139 had traveled on manually driven buses. A greater number of responses were 
intenDonally gathered from manually driven buses to reflect the variaDon in driving styles 
among bus drivers. 

Of the respondents, 74 were male and 126 female. Among them, 54 males and 85 females 
rode manually driven buses, while 20 males and 41 females rode the automated bus. 
Passenger ages ranged from 18 to 95 years (M = 42.6, SD = 17.5), with similar age 

 
2 Results were considered significant if there was less than a 5% chance they happened randomly. 
3 The sample size was selected to ensure that each driver had consistent and prolonged exposure to the NN 
system throughout the study period. 
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distribuDons among users of manually driven buses (M = 43.7, SD = 17.4) and the automated 
bus (M = 40.1, SD = 17.5).  

3. Findings 

3.1. Bus Drivers’ Work and Work environment 
Interviews conducted before the test period revealed that bus drivers generally found their 
job enjoyable. They appreciated interacDng with passengers, delivering good service, and 
contribuDng to society by enabling mobility. This posiDve outlook was reinforced by a rather 
good work-life balance, with liCle need to bring work home. Most bus drivers found the job 
sDmulaDng and seldom boring. 

However, they also described several challenges. Unfavourable working hours—including 
weekends, evenings, and early mornings—made balancing work and family life difficult. 
Long shiYs, oYen reaching the legal maximum, were also a concern, as they could lead to 
reduced alertness toward the end of a workday. During peak hours, the schedule could be 
too Dght to allow proper breaks, while at other Dmes, excessive buffer Dme created 
inefficiencies. 

While interacDons with passengers were mostly posiDve, they were also considered to have 
downsides—such as encounters with intoxicated or aggressive individuals. Other road users 
were also menDoned as a challenge, parDcularly when cuWng in front of the bus without 
understanding the risks involved. 

The driving experience was also influenced by the quality of the bus. Some buses had heavy 
steering, which bus drivers said caused faDgue and pain in the shoulders, back, arms, and 
wrists. 

Finally, bus drivers expressed mixed feelings about new technology. While they generally 
welcomed technology that supports their daily tasks, there was some skepDcism toward 
ADAS in buses due to the potenDal risks if the system were to fail. Bus drivers were curious 
about automaDon but cauDous, and uncertain whether these systems would assist in their 
work—or eventually replace them. 

3.2. Overall Experience & Trust Over Time Using NN System 

In total, the bus drivers acDvated the NN system 8,569 Dmes, using it for 28.7 hours and 
covering a distance of 310 km. Their overall experience of the NN system was posiDve, with 
several expressing that the system worked beCer than iniDally expected. All bus drivers 
stated that they would like to have a system like the NN system in the buses they drive. This 
posiDve senDment was reflected in their acceptance raDngs in the quesDonnaire: most post-
trial scores (as seen as black circles in Figure 5) were four or lower on a scale from one to 
seven, where one was most posiDve. 
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Figure 5 - Drivers' acceptance raBngs from the post-trial session, based on a semanBc differenBal quesBonnaire (SKAS). Each 
item was rated on a 7-point scale, with posiBve anchors on the leP and negaBve anchors on the right. 

However, some bus drivers emphasized the difficulty of raDng the NN system as a whole 
because their experience varied significantly between approaching and depar3ng bus stops. 
The system would probably have received more favorable raDngs when used for 
approaching stops and less favorable ones for departures (discussed further in SecDon 3.3. 
NN System Usefulness When Docking). This discrepancy was also evident in usage data: bus 
drivers used the NN system when approaching bus stops on average 82% of the Dme, but 
only 58% of the Dme when deparDng (see Table 1).  
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Table 1 - Number of NN system acBvaBons by driver during bus docking, separated into approaching and deparBng phases. 
´Possible acBvaBons´ refers to the total number of docking opportuniBes available to each driver. The acBvaBon rate is the 
proporBon of opportuniBes where the system was engaged. 

 APPROACHING DEPARTING TOTAL 

User Activations 
Possible 

Activations 
Activation 

Percentage Activations 
Possible 

Activations 
Activation 

Percentage Activations 
Possible 

Activations 
Activation 

Percentage 

P1 1218 1548 79% 109 1511 7% 1327 3059 43% 
P2 1111 1317 84% 952 1339 71% 2063 2656 78% 
P3 884 1092 81% 821 1059 78% 1705 2151 79% 
P4 638 853 75% 530 884 60% 1168 1737 67% 
P5 930 1038 90% 733 988 74% 1663 2026 82% 

 4781 5848 82% 3145 5781 58% 7926 11629 70% 
 

An overview of NN system acDvaDons can also be seen in Figure 6. 

 
Figure 6 - Stacked bar chart showing the number of NN system acBvaBons per driver across three categories: Approaching, 
DeparBng, and Total. For each driver (P1–P5), the total possible acBvaBons are represented by the full height of each bar. 
The lower (blue) porBon of each bar represents NN system acBvaBons, while the upper (grey) porBon indicates the number 
of non-acBvated events (manual dockings). 

3.2.1. Bus Driver experience over >me  
Based on interview narraDves and user experience curves drawn by the bus drivers, their 
experience over Dme was divided into three phases: familiariza,on, disrup,on, and 
recovery (illustrated as three areas overlaying the bus drivers’ own user experience curves in 
figure 7).  
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Figure 7 - Bus drivers’ experience with the NN system over Bme, as illustrated through their own user experience curves. The 
drivers’ experiences are divided into three phases—familiarizaBon (blue), disrupBon (purple), and recovery (green)—shown 
as coloured areas overlaying the individual curves. 

Familiariza3on Phase 

This phase was characterized by increasing trust and familiarity with the system. IniDal 
experiences varied: some bus drivers were immediately posiDve, while others were a bit 
more skepDcal in the beginning. For some bus drivers, leWng go of control was a concern 
iniDally and resulted in increased stress levels when acDvaDng the NN system, as described 
by one driver: 

“The first few 3mes I drove [using the NN system], I found it quite hard to let go of control… 
I'm so used to steering myself, I’m used to having that control completely. I might also have a 
bit of a need for control, so it was difficult to let go completely at first. — but you get used to 
it, you accept how the system works, and you also learn how it feels in the bus.” (P2) 

Regardless of their starDng point, all bus drivers stated that the experience became more 
posiDve, and trust grew over Dme, unDl mid to late March, which marked the end of this 
phase. At this Dme the bus drivers’ experience was very posiDve (which is also visible in the 
user experience curves) and they had established a rather high level of trust in the system, 
even if it was emphasized by several parDcipants that they did not fully trust the system. 
Although they didn’t trust the system fully, this was considered posiDve — they emphasized 
their responsibility as bus drivers to stay vigilant: 

Feb Mar Apr
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“I don’t fully trust It [NN system], I don’t. And I don’t think you should either. Because I s3ll 
need to be mentally aware of what’s around me. Is it crowded? Is someone in the way? The 
system can’t detect that, so I have to stay alert.” (P2) 

Increased trust was largely aCributed to the system's consistent behavior and the bus drivers 
learning how to interact with it — especially how to posiDon the bus and regulate speed to 
ensure a smooth handover. Bus drivers described that it took at least three days of driving to 
get familiar with the system, aYer which they felt calmer and more comfortable using the 
NN system and the interacDon procedures became more automaDc to perform. 

Disrup3on Phase 

In the disrupDon phase, bus drivers’ experiences became more negaDve — as seen in the 
downward trend of their user experience curves (Figure 7). The system was seen as less 
reliable4, with recurring issues like not finding the correct posiDon, lagging interfaces, or bus 
stops being deacDvated without reason. The negaDve effect on their experience was 
menDoned by all bus drivers, but the magnitude differed between bus drivers, where some 
described it as a small dip in their posiDve experience while others experienced it as a more 
negaDve experience. One driver emphasized that since it was a seemingly easy problem 
affected the experience more: 

“I thought, it [NN system] shouldn’t be that easy for it to fail. Like, it just loses posi3on even 
though it's a regular GPS. For example, your car GPS shouldn’t just lose posi3on — that’s 
worthless.” (P3) 

Trust declined as a result, although most bus drivers didn’t feel unsafe since they did not 
experience the problems as safety-criDcal - such as deviaDng from the pre-recorded path or 
unintended excessive speeding - but sDll became more vigilant, one driver describing that: 

“It hasn’t done anything dangerous in traffic — it’s mostly been like, ‘Oh, we stopped two 
meters too far ahead,’ and then I report that. But I’ve never felt afraid that it would steer into 
traffic or onto the sidewalk or anything like that.” (P1) 

Recovery Phase 
Toward the end of the test period, bus drivers had learned and adapted to how the NN 
system funcDoned, adjusDng their behavior to beCer cooperate with the system. They also 
perceived the system as more reliable again, which contributed to more stable—and in some 
cases, more posiDve—experiences. Although trust recovered, it did not reach the very high 
levels observed at the end of the familiarizaDon phase. Bus drivers reported trusDng the NN 

 
4 This may be partly aDributed to a temporary GPS malfunc*on and lag between subsystems, which caused 
delays in the informa*on provided by the interfaces. 
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system to a high degree but remained slightly more vigilant and conDnued to prefer 
retaining control in crowded locaDons. 

Acceptance Ra*ngs Over Time 

Acceptance quesDonnaire raDngs over Dme largely reflected the phases described above. 
From Interview 1 (Week 3) to Interview 2 (aYer two months), most raDngs remained stable 
or became more posiDve (indicated by red arrows poinDng leY in Figure 8). In contrast, from 
Interview 2 to Interview 3 (aYer the test period had ended), a slightly greater number of 
raDngs became more negaDve than posiDve (indicated by more blue arrows poinDng right 
than leY in Figure 8), suggesDng a dip in acceptance toward the end of the study. Consistent 
with the bus drivers’ experience curves and interview responses, overall acceptance 
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increased over Dme, with items rated more posiDvely in the final session compared to the 
first. 

 

Figure 8 - Driver acceptance raBngs of the NNS over Bme, based on a semanBc differenBal quesBonnaire (SKAS). Each item 
was rated on a 7-point scale, with posiBve anchors on the leP and negaBve anchors on the right. Circles represent the final 
raBngs (Session 3), while arrows show changes between sessions: red arrows indicate shiPs from Session 1 to Session 2, and 
blue arrows indicate shiPs from Session 2 to Session 3. 
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3.3. NN System Usefulness When Docking 
Despite bus drivers’ generally posiDve view and high acceptance of the NN system, all bus 
drivers emphasized a disDnct contrast between its usefulness when approaching versus 
depar3ng from bus stops. 

3.3.1. Approaching Bus Stops  

The NN system was seen as highly useful when approaching stops. It was considered to 
make docking safer, more comfortable, and more consistent — a task that, according to the 
bus drivers, could otherwise suffer due to faDgue or momentary distracDons: 

“It [NN system] does the same thing every 3me and approaches each stop calmly. Some3mes 
someone presses the buZon late, or I forget to stop, and then the braking is a bit harder... Or 
maybe I’m just 3red and misjudge something — in the end, I’m only human.” (P5) 

The quality of the dockings by the NN system when approaching was considered to be as 
good or beCer than dockings performed manually by the bus drivers themselves. One of the 
most posiDve bus drivers staDng: 

“Approaches are much beZer with the system. I’d even say that when it’s working, it docks 
beZer than any driver — including myself.” (P1) 

This percepDon was primarily aCributed to the smoothness of the driving behavior and the 
consistent precision during docking. One driver even reported receiving compliments from 
passengers—unaware that it was the system driving: 

“Most of the customers were very happy. Some even thanked me, ‘You drive so well,’ and 
they didn’t know it was the system. I didn’t always have the energy to explain, so I just said, 
‘Thank you.’” (P5) 

Bus drivers stated that they used the NN system almost every docking when approaching, 
and usage data confirmed frequent use during approaches —between 75–90% (M = 82%) of 
all dockings was conducted using the NN system (see Figure 9).  
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Figure 9 - AcBvaBon frequency of the NNS during bus stop approaches over the trial period. Thin lines show each driver’s 
daily usage rate, expressed as the percentage of acBvaBons out of possible acBvaBons. Thick lines represent smoothed 
trends for each driver, calculated using a LOESS funcBon. 

The main reason for not using the NN system when approaching was usually due to 
situaDonal factors: e.g., a bus stop already occupied by other buses or crowded with 
pedestrians, which mostly occurred in the city center. When another bus was occupying the 
bus stop, bus drivers explained that they oYen docked manually since the NN system was 
not able to detect objects and automaDcally break. SituaDons with crowded bus stops, was 
deemed as especially dangerous and most bus drivers preferred to remain in control over 
driving funcDons — both for safety and flexibility in adapDng speed and distance: 

“First of all, I drive differently when there are a lot of people. I don’t stay as close to the curb 
as the system does — people hit their heads on the mirrors. And I probably drive slower. I 
believe I should have control when there are lots of passengers.” (P4) 

However, to make the system even more useful — parDcularly when approaching, but also 
when deparDng from stops — all bus drivers emphasized the need for it to detect objects 
ahead and adapt its speed or brake automaDcally. A few also suggested a less criDcal, but 
sDll valuable, improvement: enabling the system to adjust its driving style based on the 
external and internal environment. For example, driving more slowly and keeping a greater 
distance when many pedestrians are present, or adapDng its path when there are 
snowbanks 

3.3.2. Depar>ng from Bus Stops 

In contrast to the posiDve experience of using the system when approaching bus stops, the 
system was consistently seen as less useful when deparDng. Use rates varied greatly 
between bus drivers with one driver rarely using the NN system at all: 
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“It’s not safe. I have very few departures because I think it's a pain to use. Unlike 
approaching — where it feels nice to hand over — depar3ng just causes stress. I don’t know 
how it will behave. Will it start a^er one second or three? Will it steer weirdly and creep out 
while cars pile up behind? I’d rather check my mirror, see it’s clear, hit the gas, blink, and just 
pull out. I don’t need to think, ‘Should I take over now?’ or ‘Will it jerk?’ There’s nothing 
posi3ve about it.” (P1) 

Driving data reflected this variability (see Figure 10), with total acDvaDon rates ranging from 
7% to 78% (M = 58%). 

 

Figure 10 - AcBvaBon frequency of the NNS during bus stop departures over the trial period. Thin lines show each driver’s 
daily usage rate, expressed as the percentage of acBvaBons out of possible acBvaBons. Thick lines represent smoothed 
trends for each driver, calculated using a LOESS funcBon. 

 

Most parDcipants, regardless of use rate, described that they did not use the NN system 
when there was heavy traffic since the system was perceived as too slow and hesitant, which 
created stress: 

“During departures, especially in rush hour, I drive myself — to save 3me. Otherwise, you’re 
late. Sure, when I have 3me, I use it — so I don’t have to turn the wheel. But when I’m in a 
hurry, I drive myself. The system starts slowly, turns slowly. If I drive, it’s twice as fast and just 
as smooth.” (P3) 

The main issue was a combinaDon of the nature of departures and the driving behavior of 
the system. ParDcipants described that when deparDng from a bus stop, especially when 
there is heavy traffic, you must be asserDve and quickly accelerate and enter the next lane, 
to not stop the traffic or create dangerous situaDons. The driving behavior of the NN system 
was instead perceived to start acceleraDng too late from the point of acDvaDon and 
acceleraDng too slowly, making it hard to merge into traffic swiYly and safely: 
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“From the moment I look le^ and see it’s clear, I ac3vate the system — but it’s like there’s a 
delay, like it’s thinking, ‘Now I’ll start.’ And in that 3me, cars catch up behind. So it becomes a 
stress factor — I have to be sure no one’s behind me.” (P2) 

Some bus drivers noted that turns were iniDated too late, resulDng in sharp angles and 
awkward movements that confused other road users. While all agreed that the driving 
behavior could be improved to enhance both the experience and the system’s usefulness, 
there was also uncertainty about whether such improvements would be sufficient to make 
the system viable in complex scenarios—such as during departure. 

3.4. Bus Driver -NN System Control transi5ons 
One part of using the NN system that bus drivers oYen described as more challenging was 
the control transiDons—specifically, acDvaDng the NN system and handing over parts of the 
dynamic driving task, or disengaging it and taking over control again. 

The acDvaDon phase was the more frequently menDoned of the two. IniDally, bus drivers 
experienced acDvaDons as unpleasant due to abrupt changes in speed and lateral 
posiDoning, which led to a jerky transiDon. However, the quality of transiDons improved 
significantly during the first month. AYer the familiarizaDon phase, transiDons were 
generally described as smooth, as bus drivers had learned how to posiDon the bus and at 
what speed to acDvate the system effecDvely. A few bus drivers noted that if they acDvated 
the NN system too close to a bus stop aYer receiving the noDficaDon, the driving behavior 
could sDll become jerky. Most bus drivers eventually reported that system acDvaDon had 
become almost automaDc and that they had learned approximately where acDvaDon was 
possible at each stop. One driver even menDoned that they someDmes insDncDvely reached 
for the acDvaDon buCon when driving a non-equipped bus: 

"I have to admit, a^er driving this bus and then switching to a regular one, I ins3nc3vely 
reach for the buZon at the point where a handover usually happens" (P2). 

The Dming of acDvaDon aYer receiving the availability signal changed over Dme and varied 
between bus drivers. IniDally, most bus drivers acDvated the NN system as soon as they 
received the signal. Later, however, different strategies emerged. Many began waiDng longer 
before acDvaDon, explaining that they felt less stressed and aimed for a smoother transiDon 
by adapDng their posiDoning. One driver explained: 

"Some3mes if you press at low speed and from far away, it takes a long 3me to roll forward 
[and reaching the bus stop], but you eventually find the right spot to ac3vate [the NN 
system]" (P3). 

Another factor influencing acDvaDon Dming was the type of bus stop and surrounding 
infrastructure—for example, whether there were speed bumps or Dght curves. This led to 
some acDvaDons occurring closer to the stop and others further away. 
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The need to adjust one’s driving to match the predefined digital path was perceived by some 
as a disadvantage. While bus drivers didn’t expect the system to adapt completely to their 
posiDoning or speed, they believed it should be more flexible and handle the transiDon more 
smoothly: 

"What I wish for the most is for it to be more dynamic... If I’m slightly off, the system forces 
me into the path abruptly. It shouldn’t have to feel like that... What really bothers me is that 
even when there's s3ll quite a bit of distance le^ to the bus stop, instead of making a gentle 
correc3on if I’m slightly misaligned, it’s like it gets pulled toward the line like a magnet — 
making an unnecessarily aggressive correc3on that I don’t think is needed. I believe it could 
have adjusted more smoothly over the remaining distance to the stop” (P1). 

In addiDon, some bus drivers also found the transiDon when disengaging the NN system 
slightly challenging—though not to the same extent as acDvaDon. Early in the test period, it 
was difficult to gauge how much to accelerate when taking back control to ensure a smooth 
transiDon. One driver noted that this difficulty was exacerbated by uncertainty about when 
the digital path would end, suggesDng a need for clearer feedback:  

"I also find it hard to know when the path ends... a kind of meter would be helpful so I know 
when it’s 3me to take over. Some3mes I wait too long, and it creates a stressful moment 
when the system suddenly disengages" (P1). 

3.4.1. Interface 

To understand when the NN system could be acDvated, most bus drivers relied primarily on 
the LED light, as they found the audio signal difficult to disDnguish due to the general noise 
level on the bus and the many other compeDng sounds. Two of the bus drivers had even 
muted the audio enDrely—one at the beginning of the test period and the other midway 
through. One of them explained: 

“It was actually quite nice not having the sound on. It works—I see the light and all that, and 
some3mes I don’t even need to look at the light; I just get a feeling that now it’s possible to 
ac3vate. And when there are so many other sounds chiming, this chime becomes just a bit 
too much.” (P1) 

Even though the LED was the primary source of feedback for system availability, bus drivers 
who had kept the audio signal acDvated sDll appreciated having redundancy. One driver 
emphasized that different condiDons affected which feedback source they relied on more: 

“If it’s the middle of the day, some3mes I miss that the light is on, so I prefer to use the 
sound. Then in the evening, some3mes it beeps and a^er a few seconds I forget about it and 
then check if the light is on. Especially during the day, I usually increase the brightness so I 
can see it clearly, and in the evenings I lower it a lot.” (P5) 
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The LED’s color scheme was perceived posiDvely, as it allowed bus drivers to quickly and 
clearly interpret the system’s status—whether acDvaDon was available, the system was 
acDve, or an error had occurred. The iniDal brightness and posiDoning of the LED were 
considered sufficient in most condiDons. However, visibility decreased in direct sunlight, 
making it harder to disDnguish between colors. In contrast, during darker condiDons, bus 
drivers oYen dimmed the light to avoid distracDon. 

The screen display was mainly used in specific situaDons—parDcularly when something 
didn’t work as expected or when logging in at the start of a shiY. One driver reflected: 

“The few 3mes the system hasn’t worked or the light doesn’t come on, then I think, ‘Oh, 
what’s going on here?’—and that’s when I start checking the display where it shows the stop 
and so on. So I’ve mainly used the sound and the sugar cube [Square LED light] and then 
looked at the screen to see what it [NN system] says.” (P2) 

Thus, when approaching a stop, bus drivers generally knew from experience when acDvaDon 
would be possible and used the LED light to confirm the exact moment and verify successful 
acDvaDon. The display was consulted primarily when something seemed off—such as when 
the LED signaled an error or other cues were unclear or absent. 

SuggesDons for improving the interface centered around the acDvaDon buCon. Many bus 
drivers suggested relocaDng the buCon to the steering wheel so they wouldn’t need to take 
their hand off the wheel or shiY their aCenDon away from the road during a criDcal 
moment. A few also recommended that the buCon itself light up in sync with the LED 
indicator, using the same color scheme to beCer communicate both its posiDon and system 
status. Other suggesDons included displaying staDsDcs about system usage and providing 
addiDonal informaDon, such as handover speed and path posiDon relaDve to the bus.  

3.5. Effects of using the NN System 

Bus drivers saw several posiDve effects from using the NN system – for themselves, 
passengers and the organizaDon.  

3.5.1. Passenger comfort 

The most frequently emphasized benefit of the NN system menDoned by bus drivers was the 
increased comfort for passengers. The system’s consistent and smooth driving style—
especially its ability to stop close to the curb—contributed to a noDceably more pleasant 
experience for those on board. 

This improvement was also evident in the passenger quesDonnaire, which compared buses 
using the NN system with manually driven electric buses operaDng on the same route (see 
Figure 11). Across all eight comfort-related items, passengers rated the NN system more 
posiDvely. Mann–Whitney U tests revealed staDsDcally significant differences for all items 
except appropriateness. RaDngs for the manual condiDon were also more varied (indicated 
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by wider boxes and longer whiskers in Figure 11), likely reflecDng the diverse driving styles of 
different drivers. Dockings performed with the NN system were rated similarly to the most 
comfortable manual dockings. 

 
Figure 11 - Passenger raBngs of ride comfort for buses driven with the NNS compared to manually driven electric buses on 
the same route. RaBngs were collected on an seven-point semanBc differenBal scale, with lower values indicaBng more 
posiBve evaluaBons. Each boxplot shows the distribuBon of raBngs across passengers: the thick horizontal line indicates the 
median, the box represents the interquarBle range (middle 50% of responses), and the whiskers extend to the most extreme 
values within 1.5 Bmes the interquarBle range. 

3.5.2. Bus drivers’ physical and psychological ergonomics 

All bus drivers, to varying degrees, believed that prolonged use of the NN system would have 
posiDve effects on their physical well-being—parDcularly by reducing strain on the shoulders 
and arms. One driver noted that they already felt a difference between days driving the NN 
system-equipped bus and those driving manually operated ones, despite only using the 
system about once a week: 

“It [NN system] saves my shoulders… Do you know how many 3mes you have to steer back 
and forth with both hands?” (P3) 
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Many bus drivers also believed that using the NN system reduced stress levels. Because the 
system took over one part of the dynamic driving task—managing speed and posiDoning 
when docking—bus drivers could focus more on other parts of the driving task. A few 
specifically menDoned that manual docking could be stressful, especially when the bus 
brakes were overly sensiDve or hard to control: 

“I’d be less stressed. I’ve no3ced that when I’m driving a regular bus—especially certain ones 
with really unresponsive brakes—it’s hard to get a smooth stop. It’s either too so^ or too 
hard, and I miss the curb. I’m not sa3sfied with my own dockings, and I don’t think the 
passengers are either. The system just handles it. I feel very calm when I drive with it. 
Some3mes when you're driving manually, you stress yourself out, and it becomes jerky—
accelera3ng, braking. But with this, you have to slow it all down and get into a flow. You 
realize, I’m on 3me anyway, it’s going fine. I feel calmer when I use the system.” (P1) 

However, one driver expressed uncertainty about whether the NN system would reduce 
stress, parDcularly during peak hours. In those condiDons, the slower behavior of the system 
when deparDng from stops was described as potenDally frustraDng. 

“I don’t get stressed, but during rush hour, it could make you unnecessarily late. Other buses 
catch up if I use it [NN system] for every docking and departure. With dense traffic and lots 
of people ge$ng on and off, it might become a hindrance.” (P3) 

Another posiDve psychological effect menDoned was the increased variability and 
engagement in the task of driving. AlternaDng between fully manual driving and system 
monitoring was believed to make the job more dynamic and helped some bus drivers stay 
alert. One driver described this as: 

“You start being more awake and focused on the road. Some3mes when I don’t have the 
system, I’m just driving, thinking about other things. But when I have it, I’m wai3ng for the 
signal—I know I’ll get it here, and the bus will drive itself to the stop. You become more 
ac3ve, it becomes a collabora3on between the driver and the bus.” (P5) 

3.5.3. Bus drivers’ Manual Driving Behavior   

Another effect noted by several bus drivers was how the NN system influenced their own 
driving behavior. Many described driving more calmly and smoothly—not only during 
docking but also between bus stops—in order to beCer prepare for acDvaDon and ensure a 
seamless transiDon: 

“If I want it [NN system] to work every 3me, I have to drive the way the bus wants. 
Otherwise, it wouldn’t work. I have to drive in a way that fits the digital path before I even 
enter it, if I want to get the no3fica3on as early as possible. I can’t start adjus3ng a^er I’ve 
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already started entering the digital path—that’s too late. I no3ce that if I don’t get the 
no3fica3on, it’s because I’m driving too fast” (P1). 

Some bus drivers also menDoned that using the NN system had made them more aware of 
their own manual docking behavior, which they began trying to improve. Others did not 
perceive any notable change in how they drove.  

3.5.4. Organiza>onal aspects 

From an organizaDonal perspecDve, bus drivers believed that implemenDng the NN system—
or a similar system—across the fleet would be beneficial in two key ways. First, it would 
likely reduce wear and tear on the buses, especially damage from hiWng curbs during 
docking, leading to cost savings for the operator. Second, several bus drivers suggested that 
the technology could enhance the company’s public image—portraying it as forward-
thinking and aCenDve to employee well-being. 

4. Conclusion 

This study invesDgated professional bus drivers’ experiences and acceptance of an NN 
system for automated docking, focusing on how the system was experienced, used, and 
accepted in everyday operaDons. The findings suggest that automated docking is considered 
a relevant use case for automaDon—parDcularly during approach— that addresses an 
exisDng challenge—achieving consistent, smooth, and safe approaches to bus stops every 
Dme. Bus drivers generally reported posiDve experiences and high acceptance of the NN 
system when approaching bus stops, highlighDng the system’s smooth and consistent driving 
behavior as a key strength. However, its performance during departure was perceived as less 
saDsfactory, which lowered overall acceptance and perceived usefulness of the system. 

The process of handing over control to and from the NN system emerged as a parDcularly 
criDcal and demanding aspect of the interacDon. This moment required high levels of driver 
adaptaDon and was described as the most challenging part to learn. The bus drivers 
developed individualized strategies for managing handovers—relying on a mix of visual, 
auditory, and infrastructural cues, such as lamp posts, bus shelters, and other familiar 
landmarks, to determine when to hand over control - they also expressed a desire for a 
more cooperaDve system that beCer supports the transiDon.  

The driving style of the NN system was central to the bus drivers’ overall appraisal. 
Smoothness, predictability, and appropriate speed adjustments were seen as essenDal for 
both comfort and safety. Conversely, abrupt correcDons—especially during minor 
misalignments—were noted as areas needing improvement. Even small variaDons in speed 
and slight delays in system acDons shaped how the driving style was perceived. These 
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nuances illustrate that driving style is not just a technical detail but an important element to 
consider, which influences trust in and willingness to use the system.  

Despite the challenges, bus drivers anDcipated several benefits from wider implementaDon 
of such a system, including reduced cogniDve load, less physical strain, and a more 
consistent and comfortable experience for passengers. To further enhance usefulness, 
improved system reliability is essenDal, along with the addiDon of key funcDons such as 
object detecDon and automaDc braking. These were seen as criDcal steps in improving the 
NN system from a helpful assisDve tool to a fully integrated and dependable part of bus 
operaDons. 

A system like the NN system shows strong potenDal—parDcularly when approaching bus 
stops—but to improve acceptance and usefulness and fully realize its benefits, it must offer 
reliable performance, smooth and cooperaDve control transiDons, advanced object 
detecDon capabiliDes, and a well-calibrated driving style that aligns with driver expectaDons. 
Future research should therefore (i) invesDgate the potenDal benefits of automated docking 
systems using a larger sample size, and examine in greater detail how driving behavior 
influences user experience and acceptance at both naDonal and internaDonal levels; (ii) 
explore how an NN system with enhanced funcDonality—such as advanced object detecDon, 
auto-braking, and adapDve driving behavior—would be perceived in real public transport 
operaDons; and (iii) assess the potenDal economic benefits of a NN system, including 
reduced Dre and wheel axle wear and tear, and/or fewer sick leaves due to upper body 
aches and pains.  
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